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Abstract

Ž .We examined whether or not cyclo-oxygenase products of arachidonic acid and endothelium-derived relaxing factor nitric oxide, NO
regulate the vascular response to angiotensin II differently with aging or development. For this purpose angiotensin II responses of
isolated, perfused rat mesenteric vascular beds were compared between rats aged 4 weeks and 32 weeks. Angiotensin II increased
perfusion pressure in arteries and veins of both rats aged 4 weeks and 32 weeks. In the arteries of rats aged 32 weeks the increase was
slight, and less than that in rats aged 4 weeks. In contrast, the veins showed similar increases in perfusion pressure in rats aged 4 weeks
and 32 weeks. Indomethacin, an inhibitor of cyclo-oxygenase, at 5=10y6 M depressed the increase in perfusion pressure only in the

G Ž . Ž .arteries of rats aged 32 weeks. N -nitro-L-arginine methyl ester L-NAME , an inhibitor of nitric oxide NO synthase, applied at
5=10y6 M in the presence of indomethacin enlarged the perfusion pressure increase in the arteries of both rats aged 4 weeks and 32
weeks, while it failed to modify that in the veins. After removal of the endothelium from the blood vessels, the perfusion pressure
responses in arteries were increased in both rats aged 4 weeks and 32 weeks, whereas those in veins were not affected. Regardless of the
endothelium being intact or removed, the increase in arterial perfusion pressure of rats aged 32 weeks all but disappeared with 5=10y6

M furegrelate, an inhibitor of thromboxane A synthase, and with a combined application of furegrelate and 10y6 M SQ29,548, a2

blocker of thromboxane A rprostaglandin H receptors. These results indicate the following: in rat mesenteric vascular beds the2 2

angiotensin II response in the arteries appears to diminish with aging or development, whereas that in the veins does not change. The NO
released from the endothelium regulates the arterial response but vasodilating prostanoids have no role in the response. Moreover, in the
arteries of rats aged 32 weeks, vasoconstricting prostanoids, such as prostaglandin H and thromboxane A , seem to play a role in2 2

angiotensin II-induced vasoconstriction. With aging or development, and depending on the type of blood vessel, NO and prostanoids
appear to modify the angiotensin II response differently.
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1. Introduction

Vascular smooth muscle contracts in response to an-
giotensin II through stimulation of specific receptors lo-
cated on the endothelial and the smooth muscle cell mem-
brane. The stimulus prompts inositol-1,4,5-triphosphate
Ž .IP formation with a subsequent increase in cytosolic3

calcium concentration and diacylglycerol formation, which
Žleads to the activation of protein kinase C Timmermans et

.al., 1993 . Angiotensin II also stimulates the release of

) Ž . Ž .Corresponding author. Tel.: 81-463 82-4751; Fax: 81-463 82-9627.

arachidonic acid metabolites from both endothelial and
Žsmooth muscle cells Nwator et al., 1989; Timmermans et

.al., 1993; Catalioto et al., 1996 . Of these metabolites,
prostaglandin E and prostaglandin I have been reported2 2

Žto regulate angiotensin II-induced contraction Nwator et
.al., 1989; Toda et al., 1990; Encabo et al., 1994 , though

the effects appeared to vary among the different types of
Žblood vessel and among species Minami and Toda, 1988;

Toda et al., 1990; Yamazaki and Toda, 1991; Yoshida et
. Ž .al., 1991; Leung et al., 1992 . Also nitric oxide NO

released from the endothelium may modify the response to
Žthe peptide Gruetter et al., 1988; Zhang et al., 1994,

.1995 . However, it has been reported that angiotensin II
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stimulates the production of contractile prostanoids, such
Žas thromboxane A and prostaglandin H Toda et al.,2 2

.1990; Kaushal and Wilson, 1990; Wilcox et al., 1991 .
Additionally, the participation of lipoxygenase metabolites
of arachidonic acid in the response has also been suggested
Ž .Stern et al., 1989 .

Age-related changes in the vascular responses to va-
soactive substances have been extensively studied and
reviewed, especially with respect to the responses to bioac-

Žtive amines or to acetylcholine Vanhoutte, 1988; Docherty,
.1990; Lakatta, 1993 . Also, several studies have been

carried out to investigate the age-related changes in the
vascular responses to angiotensin II. In rat aorta, an age-re-
lated decrease in angiotensin II response has been reported
Ž .Schoepp and Rutledge, 1984; Wakabayashi et al., 1990 .
In contrast, in dog coronary and mesenteric arteries, no

Žage-related changes have been reported Toda et al., 1987;
.Toda and Shimizu, 1987 . Additionally, receptor binding

studies have demonstrated no age-related changes in an-
Žgiotensin II receptor density in rat glomeruli Chatzian-

.toniou and Arendshorst, 1991 , but an age-related decrease
in angiotensin AT receptor density in rat aorta1
Ž .Viswanathan et al., 1991 . The release of NO from the
endothelium, which seems to regulate the angiotensin II

Žresponse in the blood vessels Gruetter et al., 1988; Zhang
.et al., 1994, 1995 , has been reported to decrease age-re-

Žlatedly in the endothelium of rat aorta Moritoki et al.,
. Ž .1992 and of human umbilical veins Sato et al., 1993 .

Given this background, it is of interest to investigate the
changes in angiotensin II responses with aging or develop-
ment in relation to differences in the roles of arachidonic
acid metabolites and NO in the response. Moreover, most
of the above-mentioned studies did not use vascular beds,
but rather the relatively large conduit arteries, and there are
no reports in which both arterial and venous responses
were examined simultaneously. In the present study, age-
related, especially developmental, changes in the features
of the vascular response to angiotensin II were examined
using isolated, perfused rat mesenteric arteries and veins.

Part of the present study has been presented at the 93rd
Kanto District Meeting of Japanese Pharmacological Soci-
ety in Hamamatsu, October 7th, 1995.

2. Materials and methods

2.1. Isolated, perfused mesenteric Õascular beds

Seventy male Wistar rats of 4 weeks, weighing 82.4–
145.0 g, and of 32 weeks, weighing 508.0–666.2 g were
used following the instructions of the Committee for Ethi-
cal Usage of Experimental Animals in Hatano Research
Institute. The animals were anesthetized with intraperi-
toneal injection of sodium pentobarbital at 50 mgrkg, and
were intravenously given sodium heparin at 100 Urkg.
Subsequently they were killed by exsanguination, and an

abdominal incision was made. Then, an isolated perfused
preparation of rat mesenteric vascular bed was made in

Ž .accordance with Warner’s method Warner, 1990 . Briefly,
polyethylene cannulae were inserted into the superior
mesenteric artery with the ileocolic and colic branches
being ligated, and retrogradely into the portal vein. Modi-

Ž Ž .fied Krebs-Henseleit solution the composition mM was
as follows: NaCl, 118; KCl, 4.7; KH PO , 1.2; MgSO ,2 4 4

1.2; CaCl , 2.5; NaHCO , 25 and glucose, 11, containing2 3

aminobenzylpenicillin sodium at 50 IUrml to avoid de-
.composition of the preparation , being warmed to 388C

and aerated with 95% O -5% CO gas, was sent through a2 2

circuit of vinyl tubes to the arterial cannula at a constant
rate of 3–3.5 mlrmin, by means of a peristaltic pump
Ž .MP-3, Tokyo Rikakikai . The physiological saline was
drained through the cannula placed in the portal vein. After
a 5-min rinse by perfusion, the intestine was removed by
cutting the mesentery closely along the digestive tract. The
cannula at the portal vein was then also connected to the
circuit, and the venous portion of the vascular bed was
perfused retrogradely. After a 45-min equilibration, an-
giotensin II was injected using a microsyringe into rubber
tubes which were placed in the circuit at positions close to
each cannula. The vascular responses were monitored as
changes in perfusion pressure. Perfusion pressure was

Ž .measured by a pressure transducer P23XL, Spectramed
which was placed in the circuit between the outlet of the
pump and the preparation for each arterial or venous
portion.

It is well known that repeated application of angiotensin
II gives rise to a diminution of the response because of

Žtachyphylaxis Toda et al., 1990; Oshiro et al., 1989;
Ullian and Linas, 1990; Frediani-Neto et al., 1991; Porsti¨

.et al., 1993 . To avoid such a reduction in the response
Žduring a series of experiments, firstly we repeatedly 3

.times injected 0.1 nmol angiotensin II, which caused a
sub-maximal response, with 45-min resting intervals in
order to obtain reproducible responses. Thereafter the con-
trol response was recorded.

2.2. Angiotensin II responses in preparations from rats
aged 4 weeks and 32 weeks with and without endothelium

Ž .Angiotensin II 0.01–0.3 nmol was injected and dose-
response relationships in the arteries and in the veins with
endothelium were compared between rats aged 4 weeks
and 32 weeks.

In another series of experiments the control responses to
angiotensin II at 0.1 nmol were examined in rats aged 4
weeks and 32 weeks. Then the endothelium was chemi-

wŽcally removed by injecting 1 ml of 1% 3- 3 cholamido-
. x Ž .propyl dimethylammonio -1-propanesulfonate CHAPS

solution. Endotherium denudation was confirmed by the
abolition of acetylcholine-induced dilation in arteries pre-
constricted by phenylephrine at 10y5 M, and of
bradykinin-induced dilation in veins preconstricted by U-
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46619 at 10y7 M. Thereafter the angiotensin II responses
were examined again in rats aged 4 weeks and 32 weeks.
Afterwards the vascular beds were examined for endothe-
lium denudation under an electron microscope.

In several preparations with and without endothelium,
w 1 8 xSar ,Ile angiotensin II, a blocker of the angiotensin II
receptor, was used at 10y8 M to confirm whether or not
angiotensin II responses were produced through the stimu-
lation of specific angiotensin II receptors.

( )2.3. Modification by prostanoids and nitric oxide NO of
angiotensin II response

Ž .After the control angiotensin II 0.1 nmol responses in
the preparations with endothelium were recorded, indo-
methacin at 5=10y6 M was added to physiological saline.
The responses were observed after a 30-min equilibration

G Žperiod. Additionally, N -nitro-L-arginine methyl ester L-
. y6NAME at 5=10 M was added to physiological saline

containing indomethacin, and changes in angiotensin II
response were examined again. The concentration of L-
NAME was enough to inhibit the production of NO, since
in this preparation L-NAME at 10y4 M caused no addi-
tional increase in angiotensin II responses.

In some arterial preparations from rats of 32 weeks, the
effect of a thromboxane A synthase inhibitor, furegrelate2
Ž .Kaushal and Wilson, 1990 , on the angiotensin II re-
sponse was examined in preparations with and without
endothelium at 5=10y6 M in physiological saline. There-
after SQ 29,548 at 10y6 M was added to physiological
saline in combination with furegrelate to confirm whether
the blockade of thromboxane A rprostaglandin H recep-2 2

tors caused further changes in the angiotensin II response.

2.4. KCl-induced contracture

Physiological saline containing 100 mM KCl was pre-
pared by replacing a sufficient amount of sodium chloride
in physiological saline with potassium chloride. The arte-
rial and venous preparations with endothelium were per-
fused with this high Kq physiological saline and the full
contractures were compared between rats aged 4 weeks
and 32 weeks. Additionally, these responses were also
recorded in the presence of L-NAME at 5=10y6 M to
examine the modification by endothelial NO of the con-
tractures.

2.5. Chemicals

The following chemicals were used in the present study:
Ž .acetylcholine chloride Wako, Osaka, Japan ; aminobenzyl

Ž .penicillin sodium Asahi, Osaka, Japan ; angiotensin II
Ž . w 1 8 x Žhuman , Sar ,Ile angiotensin II and bradykinin Peptide

. Ž wŽ .Institute, Osaka, Japan ; 3- 3 cholamidopropyl dimethyl-
x Žammonio -1-propanesulfonate CHAPS, Bio-Rad, Tokyo,

. G ŽJapan , furegrelate, N -nitro-L-arginine methyl ester L-

. w ww wŽ . x xNAME and 7- 3- 2- phenylamino carbonyl hydrazino -
x w x x w Ž Ž .methyl -7-oxabicyclo 2,2,1 hept-2-yl -, 1S 1a ,2 a , Z ,
.x Ž . Ž3a ,4a -5-heptenoic acid SQ 29,548 Funakoshi, Tokyo,

.Japan ; indomethacin and phenylephrine hydrochloride
Ž .Sigma-Aldrich Japan, Tokyo, Japan ; and 9,11-dideoxy-

Ž9a ,11a-methanoepoxy prostaglandin F U-46619, Cay-2 a

.man, Ann Arbor, MI, USA . All other chemicals were of
the purest grade commercially available.

2.6. Statistics

The results in the present study are presented as means
with standard errors. The difference in group means was

Ž .evaluated by anarysis of variance ANOVA followed by
paired t-test, unpaired t-test or Fisher’s protected least

Ž .significant difference PSLD test.

3. Results

3.1. Angiotensin II responses in arteries and Õeins of rats
aged 4 weeks and 32 weeks

Repeated injection of angiotensin II reduced the vascu-
lar response. Namely, in each preparation, the initial in-
crease in perfusion pressure was approximately 2–3 times
as large as the responses after repeated injections. In these
preparations the veins from both rats aged 4 weeks and 32
weeks showed comparable increases in perfusion pressure,
and the maximum perfusion pressure was 5.1"1.6 mmHg
in rats of 4 weeks and 6.2"1.8 mmHg in rats of 32
weeks. The maximum perfusion pressure in the arteries
was lower for rats of 32 weeks, 1.4"0.5 mmHg, than for

Ž .rats of 4 weeks, 7.5"2.4 mmHg Fig. 1 .
After removal of the endothelium by injection of 1%

CHAPS, acetylcholine-induced dilation in the arteries and
bradykinin-induced dilation in the veins were abolished in
preparations from both rats aged 4 weeks and 32 weeks
Ž .data not shown . We also confirmed the denudation under
an electron microscope. The denudation potentiated an-

Ž .giotensin II 0.1 nmol responses in the arteries of both rats
of 4 weeks, from 7.5"2.4 mmHg to 28.5"4.3 mmHg,
and rats of 32 weeks, from 1.4"0.5 mmHg to 9.2"2.7
mmHg, whereas there were no significant changes in the

Ž .venous responses Fig. 2 . The arterial and venous an-
giotensin II responses were completely inhibited by
w 1 8 xSar ,Ile angiotensin II, whether the endothelium was in-
tact or removed. The control angiotensin II responses in

Žvessels from rats of 32 weeks arterial perfusion
.pressurervenous perfusion pressure in mmHg, ns3 were

1.6 " 0.8r7.1 " 1.5 and 10.0 " 3.5r5.4 " 1.3, in the
preparations with and without the endothelium, respec-
tively. In vessels from rats of 4 weeks the responses
Žarterial perfusion pressurervenous perfusion pressure in

.mmHg, ns3 were 11.5"5.0r5.5"0.9 and 29.7"
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Fig. 1. Dose–response curves for angiotensin II in isolated perfused
mesenteric vascular beds with endothelium in rats of different ages.
Symbols with vertical bars represent mean values with standard errors of
6–10 experiments. Open and filled circles represent the responses in
vascular beds of 4-week-old and 32-week-old animals, respectively.
) P -0.05, significantly different from the response of 32-week-old rats.

3.1r4.2"0.5, in the preparations with and without the
endothelium, respectively. All these responses disappeared
Ž .perfusion pressure reduced to 0 mmHg after addition of
w 1 8 xSar ,Ile angiotensin II.

3.2. Participation of prostanoids and NO

The perfusion pressure increase elicited by angiotensin
II in the arteries and veins from rats aged 4 weeks, and that
in the veins from rats aged 32 weeks, were not changed by
indomethacin, while the response of arteries from rats aged
32 weeks was diminished to 19.7"12.1% of the control

Ž .response Fig. 3 . After addition of L-NAME in the pres-
ence of indomethacin, the angiotensin II responses were
potentiated to 221.8"36.4% and to 166.5"41.2% of the
control in arteries from rats aged 4 weeks and 32 weeks,
respectively. However, the venous responses were not

Ž .much modified Fig. 3 .
In rats aged 32 weeks, the angiotensin II response of the

arteries with endothelium was abolished by furegrelate.
Supplementary SQ 29,548 in the presence of furegrelate no
longer changed the response. In the preparations without
endothelium, however, furegrelate markedly inhibited the
response but it was not abolished. A combined treatment
with SQ 29,548 and furegrelate tended to decrease the

Ž .response further Fig. 4 .

3.3. KCl-induced contracture

There was no difference between rats aged 4 weeks and
32 weeks in the sustained increases in the arterial perfu-
sion pressure produced by 100 mM KCl. Further increases
in the perfusion pressure following addition of L-NAME to
the high Kq physiological saline were similar in rats aged

Ž .4 weeks and 32 weeks Fig. 5 . The contraction produced
by a high concentration of Kq was also observed in veins.

Fig. 2. The influence of endothelium denudation on angiotensin II
responses of isolated perfused mesenteric vascular beds in rats of differ-
ent ages. The changes in perfusion pressure produced by 0.1 nmol of
angiotensin II are shown. Columns with vertical bars represent mean
values of the increase in the perfusion pressure with standard errors for
7–12 experiments. Open columns indicate the responses in the prepara-
tions with endothelium, and hatched columns indicate that without en-
dothelium. ) P -0.05, ) ) ) P -0.001 significantly different from the
response in the preparations with endothelium.

Fig. 3. Effects of indomethacin and L-NAME on angiotensin II responses
of isolated mesenteric vascular beds with endothelium in rats of different
ages. The changes in perfusion pressure produced by 0.1 nmol of
angiotensin II are shown. After the control responses were recorded, the
effects of indomethacin and of the combination of indomethacin and
L-NAME on the responses were succesively examined. Columns with

Žvertical bars represent responses as a percentage of control in the
.absence of indomethacin and L-NAME , means with standard errors of

7–10 experiments. Hatched columns represent the responses in the pres-
ence of 5=10y6 M indomethacin. Filled columns represent the responses
in the presence of 5=10y6 M L-NAME with indomethacin. All the
responses are for preparations with the endothelium. ) ) P -0.01, signif-

Ž .icantly different from the control response 100% .
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Fig. 4. Effects of furegrelate and SQ 29,548 on angiotensin II responses
of isolated perfused mesenteric arteries from 32-week-old rats. The
changes in perfusion pressure produced by 0.1 nmol of angiotensin II are
shown. After the control responses were recorded, the effects of furegre-
late and of the combination of furegrelate and SQ 29,548 on the re-
sponses were succesively examined. Columns with vertical bars represent
responses as a percentage of the control, means and standard errors of 8
experiments. Hatched columns demonstrate the responses in the presence
of 5=10y6 M furegrelate and shaded columns the response in the
presences of 10y6 M SQ 29,548 with furegrelate. q and y Endothelium
indicate the results for preparations with and without endothelium, respec-
tively. ) ) ) P -0.001, significantly different from the control response
Ž .100% .

However, the magnitude of the response was much smaller
than that in the arteries. L-NAME potentiation of the

Ž .venous response was not clear data not shown .

Fig. 5. Potentiation of KCl-induced contracture of isolated perfused
mesenteric arteries with endothelium in rats of different age. Increases in
perfusion pressure by perfusing with physiological saline containing 100

Ž .mM KCl hatched parts and additional increases in perfusion pressure
after addition of 5=10y6 M L-NAME in physiological saline. Columns
with vertical bars represent mean values with standard errors of 10
experiments.

4. Discussion

In the mesenteric vascular beds of adult rats, Warner
Ž .1990 has reported that angiotensin II causes a contraction
not in arteries, but in veins. This was confirmed in the
present study. That is, in rats of 32 weeks almost no
changes in the perfusion pressure of arteries were found
after angiotensin II injection, while in rats aged 4 weeks,
the arteries responded well to the peptide. In contrast with
the perfusion pressure of arteries, the perfusion pressure of
veins from both rats aged 4 weeks and 32 weeks was
similarly increased by angiotensin II injection. These find-
ings indicate that in the mesenteric arteries of mature rats,
angiotensin II does not act as a noticeable vasoconstrictor,
and that the response to angiotensin II decreases with
aging or development. Actually, we observed that the
angiotensin II response was abolished in the arteries of

Ž .70-week-old rats data not shown .
The endothelium was chemically disrupted to examine

its role in the diverse responses to angiotensin II of the
vascular beds. Endothelium denudation potentiated only
the arterial responses, and the increase in the perfusion
pressure of arteries from rats of 4 weeks was still larger
than that in arteries from rats of 32 weeks. Thus it is
suggested that the endothelium negatively regulates the
arterial contraction to angiotensin II, though this regulation
is not particularly stronger in rats of 32 weeks than in rats
of 4 weeks, and that the venous angiotensin II response is
not modified by the endothelium. In addition, to confirm
the role of endothelial NO in angiotensin II responses,
L-NAME was added to physiological saline, and an-
giotensin II response of the arteries with an intact endothe-
lium was examined. After addition of L-NAME to physio-
logical saline, the response was enlarged only in the
arteries, and the change was not specifically pronounced in
rats of 32 weeks in comparison with rats of 4 weeks.
Moreover, the regulatory ability of endothelial NO on the
mechanical response was compared between the prepara-
tions from rats aged 4 weeks and 32 weeks which were
contracted by 100 mM KCl. In the presence of L-NAME,
the KCl-induced increase in arterial perfusion pressure was
further increased, and the magnitude of the additional
increase was similar in rats aged 4 weeks and 32 weeks.
These results demonstrate that the regulation by the en-
dothelium of the angiotensin II response is found only in
arteries, and that NO or NO-related substances derived
from the endothelium play a role in this regulation.

Angiotensin II has been reported to release vasodilating
prostanoids, such as prostaglandin E , and prostaglandin2

I , from both the endothelium and the smooth muscle2
ŽToda et al., 1990; Nwator et al., 1989; Encabo et al.,

.1994 . Thus, in order to examine whether these prostanoids
also regulate angiotensin II responses differently between
rats aged 4 weeks and 32 weeks, the responses were
compared in the presence or absence of indomethacin,
using preparations with an intact endothelium. However,
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neither the arterial response nor the venous one was poten-
tiated by the cyclo-oxygenase inhibitor in preparations
from either rats of 4 weeks or 32 weeks. Therefore, the
vasodilating prostanoids appear not to have a role in
modifying the response.

So far, NO derived from the endothelium and the
vasodilating prostanoids can be ruled out as factors pro-
ducing the difference in the arterial angiotensin II response
between rats aged 4 weeks and 32 weeks. Despite the
age-associated difference, the angiotensin II responses were
mediated through specific receptors, since the responses in
both preparations, with and without the endothelium, were

w 1 8 xcompletely inhibited by Sar ,Ile angiotensin II. More-
over, between rats aged 4 weeks and 32 weeks, there were
no significant age-related alterations in 100 mM KCl-in-
duced perfusion pressure increases in the arteries, indicat-
ing that the contracting potencies in preparations from rats
aged 4 weeks and 32 weeks were comparable. Therefore, it
is possible that the age-related change in arterial an-
giotensin II response may be due to a difference in the
number of specific receptors or to the post-receptor mecha-
nisms in the smooth muscle cells which link the stimuli of
the receptors to the contractile protein.

It has been reported that in rat aorta and mesenteric
arteries the dilation response to acetylcholine or ATP

Ždecreases with age Hongo et al., 1988; Mantelli et al.,
.1995 . We also found an age-related decrease in acetyl-

choline- or ATP-induced dilation in the perfused mesen-
Ž .teric arteries of rats data not shown . Thus it is conceiv-

able that the release of endothelial NO through the stimuli
of NO-releasing vasodilators decreases with age. However,
in the present study, the L-NAME potentiation of the

Žangiotensin II response indicating regulatory control by
.NO was not necessarily diminished in proportion to the

control response in rats of 32 weeks compared with that in
rats of 4 weeks. Additionally, the similar KCl-induced
increases in arterial perfusion pressure in preparations
from rats aged 4 weeks and 32 weeks were further in-
creased by L-NAME by the same magnitude. Therefore, it
is likely that the release of NO triggered by vasoconstrict-
ing agents for regulation of the responses has different
characteristics from that triggered by vasodilating agonists.

Interestingly, indomethacin blocked angiotensin II re-
sponse in the arteries of rats of 32 weeks. The angiotensin
II response in the arteries with an intact endothelium was
so small that it might not be important as a local vascular
response. However, the mesenteric vascular bed is one of
the important parts of the circulatory system in controlling
systemic blood distribution and blood pressure. Therefore
even such a small change may have an important role in
the function of the circulation throughout life. Thus, we
analyzed the angiotensin II response using pharmacologi-
cal tools. The response was inhibited by indomethacin,
furegrelate and the combined treatment with furegrelate
and SQ 29,548, demonstrating that contractile prosta-
glandins, such as prostaglandin H and thromboxane A ,2 2

play a role in the angiotensin II contraction. The an-
giotensin II response was inhibited by furegrelate in the
arteries with endothelium. A strong inhibition of the re-
sponse by furegrelate and further inhibition by the com-
bined treatment with furegrelate and SQ 29,548 were
observed in the arteries without endothelium. Therefore,
thromboxane A synthesis seems to play a key role in the2

angiotensin II response. An additional interesting finding
was that furegrelate and the combined treatment with
furegrelate and SQ 29,548 inhibited the angiotensin II
responses in both preparations, with and without endothe-
lium, but the inhibitory effect was pronounced in the
preparation with endothelium. Actually, it has been re-
ported that the major origin of the prostanoids in blood

Ž .vessels may be the endothelium Lin and Nasjletti, 1991 ,
though smooth muscle cells are also known to release

Ž .them Shirahase et al., 1987 . The present finding may
reflect such a difference in potency to release vasocon-
stricting prostanoids through angiotensin II stimulation. In
the presence of the endothelium, angiotensin II might
contract the arteries indirectly, by releasing prostanoids
from the endothelium. In contrast, in the absence of the
endothelium, the peptide might contract the arteries pre-
dominantly through a direct action on specific receptors.

In conclusion, with aging or development, the an-
giotensin II response in the venous portion of the rat
mesenteric vascular bed does not change, but the arterial
response diminishes. The arterial response is regulated by
endothelial NO, whereas the venous response is not. Cy-
clo-oxygenase products, such as prostaglandin H and2

thromboxane A seem to play a role in angiotensin II-in-2,

duced contraction of the arteries in rats of 32 weeks,
though the magnitude of the response is small. NO derived
from the endothelium and prostanoids modify the an-
giotensin II-induced responses of arteries and veins differ-
ently with age, though they do not appear to be major
mechanisms underlying the age-related decreases in an-
giotensin II responses in arteries.
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