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Rapid communication

A proteasome inhibitor lessens the increased aortic endothelin-1 content
in deoxycorticosterone acetate-salt hypertensive rats

Hisako Okamoto, Masanori Takaoka ), Mamoru Ohkita, Makoto Itoh, Mio Nishioka,
Yasuo Matsumura

Department of Pharmacology, Osaka UniÕersity of Pharmaceutical Sciences, 4-20-1 Nasahara, Takatsuki, Osaka 569-1094, Japan

Received 22 April 1998; accepted 24 April 1998

Abstract

Ž .Deoxycorticosterone acetate DOCA -salt-treated rats developed marked hypertension after 4 weeks with an increase in aortic
Ž .endothelin-1. Treatment of DOCA-salt hypertensive rats with a proteasome inhibitor, N-benzyloxycarbonyl-Ile-Glu O-t-Bu -Ala-leucinal,

significantly reduced the elevation in systolic blood pressure and the effect was accompanied by a decrease in aortic endothelin-1 content.
Thus, a proteasome-dependent proteolytic pathway appears to play an important role in the enhanced production of endothelin-1 in blood
vessels and the consequent increase in blood pressure in this model of hypertension. q 1998 Elsevier Science B.V. All rights reserved.
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Endothelin-1 is a potent vasoconstrictor peptide isolated
Ž .from vascular endothelial cells Yanagisawa et al., 1988 .

Endothelin-1 has been implicated in the pathogenesis of
hypertension in humans and in experimental animals. We
reported that the vascular endothelin-1 content is increased

Ž .in deoxycorticosterone acetate DOCA -salt hypertensive
rats, indicating that endothelin-1 contributes to the devel-
opment and maintenance of DOCA-salt-induced hyper-

Ž .tension Fujita et al., 1995 . The mechanisms by which
endothelin-1 production is enhanced in blood vessels of
DOCA-salt hypertensive rats are obscure. Corder et al.
Ž .1997 recently showed that proteasome inhibitors blocked

Ž .tumor necrosis factor-a TNF-a and transforming growth
Ž .factor-b TGF-b -stimulated endothelin-1 synthesis in

bovine aortic endothelial cells. This led us to speculate that
proteasome may represent a potent target for endothelin-
1-related cardiovascular diseases and that proteasome in-
hibitors could be useful for the attenuation of the enhanced
production of endothelin-1 in blood vessels in vivo. In the
present study, we examined whether a proteasome in-

Ž .hibitor, N-benzyloxycarbonyl-Ile-Glu O-t-Bu -Ala-
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Ž .leucinal PSI , would reduce the increased endothelin-1
content in aorta of DOCA-salt hypertensive rats.

Ž .Male Sprague–Dawley rats Japan SLC, Shizuoka
weighing about 190 g were used. DOCA-salt hypertensive

Ž .rats were prepared as described Fujita et al., 1995 .
Briefly, unilaterally nephrectomized rats were treated twice
weekly with DOCA suspended in corn oil, administered

Ž .subcutaneously 15 mgrkg and 1% NaCl was added to
Žtheir tap water for drinking. Sham-operated rats sham

.group were unilaterally nephrectomized but were not given
DOCA or salt. Two weeks after the start of DOCA-salt
treatment, the DOCA-salt rats were randomly divided into

Ž .two groups PSI and control groups and were given PSI
Ž . Ž3 mgrkg or the vehicle a solution consisting of 35%

.ethanol, 35% polyethylene glycol 400 and 30% saline for
2 weeks. PSI or vehicle in a volume of 1 mlrkg was
injected subcutaneously every other day. Systolic blood
pressure was monitored with a tail cuff and a pneumatic

Žpulse transducer. At the end of the experiment at 4
.weeks , all the rats were exsanguinated, and the thoracic

aorta was excised. Endothelin-1 was extracted from the
Ž .aorta, according to the method of Fujita et al. 1995 . A

radioimmunoassay for endothelin-1 was carried out as
Ž .described elsewhere Matsumura et al., 1990 . All values

are expressed as means"S.E.M. For statistical analysis,
we used one-way analysis of variance combined with
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Table 1
Effects of DOCA-salt and PSI treatment of rats

Sham DOCA-salt

Control PSI

Number 5 5 6
b dŽ .SBP mmHg 132"4 197"9 148"5

bŽ .Body weight g 368"12 313"18 347"5
a cŽ .Aorta weight mgrcm 11.3"0.5 14.0"1.0 11.7"0.3

b dŽ .Aortic ET-1 content ngrg tissue 0.46"0.02 2.43"0.28 0.73"0.09

Each value represents the mean"S.E.M. SBP: systolic blood pressure;
ET-1: endothelin-1.
aP -0.05, bP -0.01, compared with the value for the sham group.
cP -0.05, dP -0.01, compared with the value for the control group.

Duncan’s multiple range test for multiple comparisons.
Differences were considered significant at P-0.05.

As shown in Table 1, the gain in body weight of the
control DOCA-salt rats was smaller than that of sham-op-
erated rats. The body weight gain of PSI-treated DOCA-salt
rats was similar to that of sham-operated rats and was
greater than that of control rats. The systolic blood pres-
sure and aorta weight of the control group were signifi-
cantly greater than those of sham group, but the adminis-
tration of PSI significantly lessened the effects on these
alterations. In addition, a marked increase in aortic en-
dothelin-1 content was observed in the control group com-
pared with that in the sham group. A significant attenua-
tion of this increase occurred in the PSI group.

Evidence has accumulated for the view that the protea-
some-dependent proteolytic pathway serves important
functions in cell cycle control or transcriptional regulation.
Reagents inhibiting proteasome activity were used for the
purpose. Among these reagents, PSI is a potent and rela-
tively selective inhibitor of the chymotrypsin-like activity

Ž .of proteasome Figuereido-Pereira et al., 1994 . The use of
PSI with cultured cells has shown physiological functions

Žof proteasome Figuereido-Pereira et al., 1994; Traenckner
.et al., 1994; Griscavage et al., 1996 . We found that the

increased aortic endothelin-1 contents in DOCA-salt hy-
pertensive rats were lessened by PSI treatment, with the
chymotrypsin-like activity of aortic proteasome in this

Žhypertensive rats being inhibited by about 30% Takaoka
.et al., unpublished observation . The mechanism for the

enhancement of the production of vascular endothelin-1
via a proteasome-dependent proteolytic pathway may be
related to any of the different stimuli that increase produc-
tion of vascular endothelin-1. The stimuli include vasoac-
tive substances and cytokines. A recent observation that
proteasome inhibitors block TNF-a and TGF-b-stimulated
endothelin-1 synthesis in bovine aortic endothelial cells
Ž .Corder et al., 1997 , suggests that at least the two cy-

tokines enhance the endothelin-1 production in endothelial
cells via the proteasome-dependent proteolytic pathway. It
is also of interest that aortic TGF-b mRNA levels are

Ž .increased in DOCA-salt rats Sarzani et al., 1989 .
In conclusion, the present study demonstrated that pro-

teasome is responsible for the enhanced production of
endothelin-1 in the aorta of DOCA-salt hypertensive rats.
Together with previous data showing an important role of
vascular endothelin-1 in DOCA-salt-induced hypertension
Ž .Fujita et al., 1995 , the present findings suggest the
possible involvement of a vascular proteasome-dependent
proteolytic pathway in the mechanisms underlying ele-
vated blood pressure in this model of hypertension.
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