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Conditions permitting suppression of stretch-induced and
vasoconstrictor tone by basal nitric oxide activity in porcine
cerebral artery
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1 This study examined the ability of basal nitric oxide activity to suppress intrinsic and
vasoconstrictor tone in isolated rings of porcine cerebral artery.

2 Following stretch of approximately 1 g, NC-nitro-L-arginine methyl ester (L-NAME, 100 um)
produced a rise in tone in endothelium-containing but not endothelium-denuded rings. Thus,
intrinsic tone was present and was powerfully suppressed by basal nitric oxide activity.

3 Nevertheless, when concentration-response curves were constructed to U46619 and 5-
hydroxytryptamine (5-HT), no endothelium-dependent depression of vasoconstriction was observed.
It therefore appeared that basal nitric oxide activity was able to suppress intrinsic but not
vasoconstrictor tone in these vessels.

4 Stretch-tension curves generated following the application of stretch over the range 0—5.5 g on
endothelium-denuded rings showed that tension was stretch-induced. Experiments conducted in the
presence of L-NAME (100 uM) revealed that the level of tone present in endothelium-containing
rings was substantially higher than in endothelium-denuded rings across the entire range of stretch.
5 When endothelium-containing and endothelium-denuded rings were set at similar levels of
stretch-induced tone, rather than similar levels of stretch, the presence of the endothelium now
depressed significantly vasoconstrictor responses to U46619 and 5-HT.

6 Thus, when endothelium-containing and endothelium-denuded rings of porcine cerebral artery
are set at similar points along their respective stretch-tension curves, rather than at similar levels of
stretch, basal nitric oxide activity can be seen to inhibit both stretch-induced and vasoconstrictor
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tone.
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Introduction

Release of nitric oxide from endothelium is known to exert a
profound depressant action on the sensitivity of isolated
vascular preparations to a wide range of vasoconstrictor
agents, including potassium chloride, a-adrenoceptor agonists,
5-hydroxytryptamine (5-HT), prostaglandin F,,, angiotensin II
and histamine (see Martin, 1988 for review). In a small number
of cases, for example, with norepinephrine or 5-HT in canine
and porcine coronary arteries (Cocks & Angus, 1983; Cohen et
al., 1983) and with the a,-adrenoceptor agonist, UK 14,304, in
canine pulmonary artery and veins (Miller & Vanhoutte,
1985), the depression of vasoconstrictor clearly arises from
enhanced release of nitric oxide, stimulated by the vasocon-
strictors themselves. In most, however, stimulated release does
not occur, demonstrating that a basal release of nitric oxide is
responsible for the depression of vasoconstrictor responses (see
Martin, 1988 for a review). Moreover, the elevations of blood
pressure resulting from administration of inhibitors of nitric
oxide synthase (Rees et al., 1990), demonstrate that nitric oxide
exerts a tonic vasodepressor action in the vasculature in vivo.
Whether such elevations result from blockade of basal release
or from agonist- or flow-induced release of nitric oxide,
however, remains to be determined.

*Author for correspondence; E-mail: W.Martin@bio.gla.ac.uk

Although resistance vessels from many vascular sites
including the coronary and mesenteric beds exhibit intrinsic
(myogenic) tone (Sun et al., 1992; Rajagopalan et al., 1995;
Miller et al., 1997), most large systemic vessels do not.
Consequently, inhibitors of the actions or synthesis of nitric
oxide normally have no effect on the tone of large systemic
vessels in the absence of a vasoconstrictor (Martin et al., 1985;
Rees et al., 1990). Notable exceptions to this rule, however, are
cerebral arteries from a variety of species including rat, cat,
rabbit, dog and monkey (Connor & Feniuk, 1989; Alonso et
al., 1992; Trezise et al., 1992; Brian & Kennedy, 1993; Toda et
al., 1993b; Benyo et al., 1998). In these, direct contractile
actions in the absence of vasoconstrictor tone have been
observed in endothelium-containing but not endothelium-
denuded preparations following treatment with agents that
inhibit the actions or synthesis of nitric oxide. Thus, basal
nitric oxide activity acts to suppress the intrinsic myogenic
tone generated by these cerebral vessels. In addition, as with
systemic vessels, basal nitric oxide activity suppresses the
vasoconstrictor responses of cerebral arteries to 5-HT,
prostaglandin F,,, the thromboxane mimetic U46619, nor-
epinephrine and histamine (Connor & Feniuk, 1989; Trezise et
al., 1992; Brian & Kennedy, 1993; Lee ef al., 1996; Minato et
al., 1995; Yamakawa et al., 1997). In keeping with these
findings, infusion of inhibitors of nitric oxide synthase into
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rats, rabbits, cats and dogs in vivo results in reductions in
cerebral blood flow (Prado et al., 1992; Kovach et al., 1992;
Seligsohen & Bill, 1993; Toda et al., 1993a). Whether these
reductions in blood flow arise from inhibition of synthesis of
nitric oxide in endothelial cells, perivascular nitrergic nerves,
central neurones or astrocytes, however, remains to be
determined (Toda et al., 1993a).

In this study we wished to identify the cellular source of the
basal nitric oxide activity in pig isolated cerebral arteries and
determine how this influenced the generation of both myogenic
and vasoconstrictor tone. A preliminary account of these
findings has already been presented (Wallis & Martin, 1999).

Methods

Isolation of porcine cerebral arteries for tension
recording

Heads from adult, freshly killed Yorkshire pigs of either sex,
weighing 50—75 kg and aged 6 —9 months, were obtained from
a local slaughterhouse. The entire brain was removed within
30 min and transported to the laboratory in oxygenated Krebs
solution at 4°C. Anterior cerebral arteries (approximately
1 mm, outside diameter) were dissected out with the aid of a
light microscope, cleared of adhering fat and connective tissue
and cut into 2.5 mm wide transverse rings. Some tissues were
used that day, while others were stored in oxygenated Krebs
solution overnight at 4°C, for use the following day. For some
arterial rings, the endothelium was mechanically removed by
gentle rubbing of the intimal surface with a piece of stainless
steel wire. Rings were mounted under 1 g resting tension
(except where otherwise stated in the Results) onto two
stainless steel hooks within 10 ml organ baths, and bathed at
37°C in Krebs solution containing (mM): NaCl 118, KCI 4.8,
CaCl, 2.5, MgSO, 1.2, KH,PO, 1.2, NaHCO; 24, D-glucose
11, and gassed with 95% O, and 5% CO,. Tension was
recorded isometrically with Grass FTO03 transducers and
displayed on a MacLab (8e Series, AD Instruments). Tissues
were allowed to equilibrate for 60—90 min before experiments
were carried out, during which time the resting tension was re-
adjusted to 1 g, if required.

Assessment of basal nitric oxide activity

The ability of basal nitric oxide activity to suppress tone in
porcine cerebral arteries was assessed using three separate
protocols. The first involved adding the inhibitor of nitric
oxide synthase, L-NAME (100 uM), to endothelium-containing
and endothelium-denuded rings in the absence of a
vasoconstrictor. The ensuing rise in tone of the endothelium-
containing preparations that was not observed in the
endothelium-denuded preparations provided an index of the
ability of basal nitric oxide activity to suppress intrinsic tone in
the vessels. The two other protocols were employed to assess
the ability of basal nitric oxide activity to suppress
vasoconstrictor tone. One involved constructing full concen-
tration-response curves to two vasoconstrictors, i.e., the
thromboxane mimetic U46619 (0.3 nM—10 uM) and 5-hydro-
xytryptamine (5-HT, 1 nMm—10 uM) on endothelium-contain-
ing and endothelium-denuded rings and assessing the
depression of vasoconstriction produced by the presence of
the endothelium. In the other, endothelium-containing and
endothelium-denuded rings were pre-constricted with the half
maximal effective concentration (ECs,) of U46619 (10—30 nM)
or 5-HT (10—30 nM). L-NAME (100 uM) was then added and

the enhancement of tone in endothelium-containing prepara-
tions, which was absent in endothelium-denuded preparations,
was taken as an index of basal nitric oxide activity.

Investigation of origin of intrinsic muscle tone

The Results show that in the absence of a vasoconstrictor, the
addition of L-NAME (100 uM) to endothelium-containing but
not endothelium-denuded vessels resulted in a large rise in
tone. This suggested that even in the resting state, intrinsic tone
was present in these vessels and that basal nitric oxide activity
suppressed this. Experiments were therefore conducted to
investigate the possible origins of this tone. The first series
investigated the potential role of endothelium-derived con-
stricting factors, such as endothelin and products of
cyclooxygenase and lipoxygenase, using appropriate blocking
agents. In these experiments, rings were incubated for 30 min
with either the mixed ETA/ETy endothelin antagonist
SB209670 (1 um) (Ohlstein et al., 1994), the cyclo-oxygenase
inhibitor flurbiprofen (10 uM) (Nozu, 1978), or one of a
number of lipoxygenase inhibitors, curcumin, nordihydro-
guaiaretic acid (NDGA) and MK-886 (3-[1-(chlorobenzyl)-3-z-
butylthio-5-isoprpylindol-2-yl]-2,2-dimethylpropanoic  acid)
(Kim et al., 1992; Ford-Hutchinson et al., 1993; Brouet &
Ohishima, 1995), and the effects on the magnitude of the
subsequent rise in tone induced by L-NAME (100 um)
assessed. In addition, the potential role of nerve-derived
constricting factors was tested by treating rings for 30 min
with tetrodotoxin (1 uM) and the effects on the rise in tone
induced by L-NAME assessed.

A second series of experiments investigated the possibility
that the tone was stretch-induced by constructing stretch-
tension response curves. These were constructed by suspending
endothelium-containing and endothelium-denuded rings at
different levels of stretch between 0 and 5.5 g. Papaverine
(100 uM) was then added, and the ensuing relaxation gave a
measure of the apparent tone in the vessels (see Figure 1). For
endothelium-containing vessels this apparent tone was an
underestimate of the total level because of suppression by basal
nitric oxide activity. A further series of stretch-tension curves
was constructed using L-NAME to assess the total level of tone
in these vessels. Again, endothelium-containing and endothe-
lium-denuded rings were suspended at different levels of stretch
between 0 and 5.5 g. L-NAME (100 uM) was then added to
abolish the suppression of tone by basal nitric oxide activity,
and papaverine (100 uM) was subsequently added to abolish
all active tone (see Figure 1). The difference (in g) between the
level of tone in the presence of L-NAME and after the
application of papaverine was taken as a measure of the total
tone present in the vessel.

Drugs

Curcumin, 9,11-dideoxy-9a,110-methanoepoxy prostaglandin
F,, methyl acetate (U46619), S-hydroxytryptamine hydro-
chloride (5-HT), N%-nitro-L-arginine methyl ester (L-NAME),
nordihydroguaiaretic acid (NDGA), papaverine hydrochloride
and tetrodotoxin were obtained from the Sigma Chemical Co.,
U.K., (Poole, Dorset, U.K.). MK-886 (3-[1-(chlorobenzyl)-3-z-
butylthio-5-isoprpylindol-2-yl]-2,2-dimethylpropanoic  acid)
was obtained from Calbiochem (Nottingham, U.K.). ([(+)-
(1S,2R,3S)-3-1-(3,4-methylenedioxyphenyl)-5-(prop-1-yloxy)
indene-2-carboxylic acid] (SB209670) and sodium flurbiprofen
were kind gifts from SmithKline Beecham Pharmaceuticals,
King of Prussia, PA, U.S.A. and Boots Pharmaceuticals,
Nottingham, U.K., respectively. All drugs were dissolved in
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Figure 1 Schematic diagram showing how apparent stretch-induced
tone and total stretch-induced tone was calculated in (a) endothe-
lium-containing (E+) and (b) endothelium-denuded (E—) rings of
porcine cerebral artery. Apparent tone was taken as the difference
between the amount of stretch applied to the vessel and that
remaining after the application of papaverine (100 um). Total tone
was taken as the difference between the level of tone in the presence
of L-NAME (100 um) and that remaining after the addition of
papaverine (100 um).

0.9% saline, with the exception of NDGA (0.1 m), MK-886
(20 mM) and U46619 (10 mM), which were dissolved in
absolute ethanol and curcumin (0.1 M) which was dissolved
in dimethylsulphoxide. All dilutions were made in saline
(0.9%).

Statistical analysis

Results are expressed as mean+s.e.mean of n separate
experiments. ECs, and pD, values were calculated by a
computer-based curve-fitting program (GraphPad Prism).
Multiple comparisons were made by one-way analysis of
variance (ANOVA) followed by Bonferroni’s post hoc test.
Single comparisons were made using Student’s unpaired z-test,
as appropriate. Stretch-tension curves were fitted by second-
order polynomial analysis and comparisons made using the F-
test. A value of P<0.05 was considered significant for all
analyses.

Results

Effects of L-NAME and endothelial removal on intrinsic
and agonist-induced tone

Following application of approximately 1g stretch
(1.424+0.11 g, n=6) to endothelium-containing rings of
porcine cerebral artery, addition of the inhibitor of nitric
oxide synthase L-NAME (100 uMm) produced a rapid and
sustained increase in tone (Figure 2a,b). In contrast, L-NAME
(100 pum) had no significant effect on the tone of endothelium-
denuded vessels set at a similar level of stretch (1.16+0.15 g,
n=26). Furthermore, following induction of approximately
50% of the maximal tone inducible by U46619 (10—30 nM) or
5-HT (10-30 nM), addition of L-NAME (100 uM) resulted in
a rapid and sustained increase in tone in endothelium-

(a)
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b) 150,
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Figure 2 Individual experimental traces (a) and mean data (b)
showing the increase in tone obtained when the inhibitor of nitric
oxide synthase, L-NAME (100 um), was added to endothelium-
containing (E+) and endothelium-denuded (E—) rings of porcine
cerebral artery in the absence of a vasoconstrictor. Each point is the
mean+s.e.mean of six observations. ***P<0.001 indicates that L-
NAME had a significant effect on tone.

containing but not endothelium-denuded rings (Figure 3a,b).
These data are consistent with a powerful basal release of nitric
oxide suppressing the development of tone.

Surprisingly, when rings of cerebral artery were placed
under an initial 1 g of stretch, full concentration-response
curves to U46619 (0.3 nMm—10 uM) constructed on endothe-
lium-containing and endothelium-denuded rings were not
significantly different (maximum contractions 2.25+0.30 g
and 1.73+0.30 g; pD, values 7.214+0.15 and 7.42+0.21,
respectively; Figure 4a). Similarly, 5-HT (1 nM—10 um)-
induced contractions in endothelium-containing and endothe-
lium-denuded rings were not significantly different (maximum
contractions 1.48+0.24 g and 1.30+0.26 g; pD, values
7.30+0.15 and 7.72+0.17, respectively; Figure 4b).

Origin of the intrinsic muscle tone in cerebral artery
rings

The above data suggested that the intrinsic muscle tone was
more effectively suppressed than vasoconstrictor tone by basal
nitric oxide activity. The possibility that this intrinsic tone

British Journal of Pharmacology, vol 130 (3)
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Figure 3 The effects of L-NAME (100 um) on the tone of
endothelium-containing and endothelium-denuded rings of porcine
cerebral artery, pre-constricted with the half-maximal effective
concentration (ECsy) of (a) U46619 (10—30 nm) or (b) 5-HT (10—
30 nMm). Each value is the meants.e.mean of 6—10 observations.
**P<0.01 and ***P<0.001 respectively indicate where L-NAME
produced a significant augmentation of 5-HT- and U46619-induced
tone.

was stretch-induced was investigated by generating stretch-
tension curves on endothelium-containing and endothelium-
denuded rings. These were constructed (see Figure 1) by
mounting rings at different levels of applied stretch (0—5.5 g)
and estimating the apparent level of muscle tone present from
the relaxation produced by the addition of papaverine
(100 pum). Bestline fit polyomial analysis (Figure 5) shows that
stretch did indeed induce muscle tone and that the levels
generated were similar in endothelium-containing and en-
dothelium-denuded rings except at high levels of stretch
(>4 g), where the latter appeared to plateau. The levels
observed on endothelium-containing rings were, however, an
underestimate of the total level of muscle tone present because
of suppression by basal nitric oxide activity. The total levels of
muscle tone were therefore determined by treating rings with
L-NAME (100 M) to remove basal nitric oxide and measuring
the subsequent fall in tone produced by papaverine (100 uMm).
Following this procedure the total levels of muscle tone present
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Figure 4 Concentration-response curves showing contractions to (a)
U46619 (0.3 nMm—10 uM) and (b) 5-HT (1 nMm—10 uM) on endothe-
lium-containing and endothelium-denuded rings of porcine cerebral
artery, placed under 1 g of stretch. Each point is the mean +s.e.mean
of 6—8 observations.

(Figure 5) were substantially higher in endothelium-containing
than in endothelium-denuded rings across the entire range of
stretch.

The possibility that endothelium-derived vasoconstrictors
were responsible for the greater levels of actual muscle tone in
endothelium-containing than in endothelium-denuded rings was
investigated using the mixed ET,/ETp endothelin receptor
antagonist SB209670, the cyclo-oxygenase inhibitor flurbiprofen
or the lipoxygenase inhibitors curcumin, NDGA and MK-866.
Moreover, the potential involvement of nerve-derived constric-
tors was investigated using tetrodotoxin. When artery rings were
mounted at an initial stretch of 1 g and pre-treated for 30 min
with either SB209670 (1 um), flurbiprofen (10 um), tetrodotoxin
(1 uM) or curcumin (30 uM), the endothelium-dependent rise in
tone induced by L-NAME was unaffected (Figure 6). In contrast,
MK-886 (30 uM) and NDGA (30 um) abolished the rise in tone
induced by L-NAME. Unlike the other agents, these last two also
had effects by themselves on endothelium-containing rings; MK-

British Journal of Pharmacology, vol 130 (3)
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Figure 5 Stretch-tension curves generated on endothelium-contain-
ing (E+) and endothelium-denuded (E—) rings of porcine cerebral
artery, showing the apparent level of stretch-induced tone (AT)
revealed by the addition of papaverine (100 uM) and the total level of b
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=X i Figure 7 Concentration-response curves showing contractions to (a)
U46619 (1 nMm—10 um) and (b) 5-HT (1 nMm—3 uM) on endothelium-
o5 containing and endothelium-denuded rings of porcine cerebral artery
b set at the same level of stretch-induced tone. In these experiments,
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Figure 6 Graph showing how the increase in tone resulting from
addition of L-NAME (100 uM) to endothelium-containing rings of
porcine cerebral artery was affected following a 30 min pre-treatment
with the mixed ETA/ETp endothelin receptor blocker SB209670
(1 um), the cyclo-oxygenase inhibitor flurbiprofen (10 um), the
neurotoxin tetrodotoxin (1 uM), or the lipoxygenase inhibitors
curcumin (30 pm), MK-886 (30 um) and NDGA (30 pum). Each value
is the mean+s.e.mean. 7—10 observations. ***P<0.001 indicates a
significant reduction.

886 produced a powerful fall in tone (0.43+0.7 g, n=9,
P<0.001) and depressed subsequent contraction to 5S-HT and
U46619 (data not shown), and NDGA produced an increase in
tone (0.28 +0.14, n=8, P<0.05).

level of total tone as an endothelium-denuded vessel stretched to 1 g.
Each point is the mean+s.e.mean of 7—12 observations. *P<0.05,
**P<0.01, and ***P<0.001 respectively indicate that contractions
were significantly greater in endothelium-denuded rings.

U46619- and 5-HT-induced contraction on endothelium-
containing and endothelium-denuded rings set at similar
levels of muscle tone

Experiments were conducted to determine if basal nitric oxide
activity depressed vasoconstrictor responses to U46619 and 5-
HT when endothelium-containing and endothelium-denuded
rings were mounted at different levels of stretch but at similar
levels of stretch-induced tone. Using data derived from Figure
5, endothelium-denuded rings were placed under approxi-
mately 1 g (1.394+0.04 g and 1.28+0.03 g for experiments
with U46619 and 5-HT, respectively) of stretch, and the
corresponding stretch giving the same level of total tone

British Journal of Pharmacology, vol 130 (3)



572 S.J. Wallis & W. Martin

Basal NO in cerebral artery

(~0.7 g) for endothelium-containing rings was 0.3 g
(0.36+0.02 g and 0.33+0.02 g, respectively). When concen-
tration-response curves were constructed under these condi-
tions, endothelium-containing rings were significantly less
sensitive than endothelium-denuded rings to both U46619
(1 nM—10 pM; maximum contractions 1.430+0.162 g and
2.043+0.174 g; pD, values 6.45+0.12 and 6.717+0.07,
respectively, P<0.01) and 5-HT (1 nM-3 gM; maximum
contractions: 0.87+0.09 g and 1.36+0.16 g; pD, values
7.20+0.13 and 7.88+0.10, respectively, P<0.01) (Figure
7a,b).

Discussion

We found that in the absence of a vasoconstrictor, but in the
presence of an applied stretch of approximately 1 g, addition
of the nitric oxide synthase inhibitor, L-NAME, to endothe-
lium-containing rings of porcine cerebral artery resulted in an
immediate and sustained increase in tone of around 1 g. Such
rises in resting tone in response to agents which either inhibit
the actions or synthesis of nitric oxide have previously been
found in cerebral arteries from other species, including, rat,
cat, rabbit, dog and monkey (Connor & Feniuk, 1989; Alonso
et al., 1992; Trezise et al., 1992; Brian & Kennedy, 1993; Toda
et al., 1993b; Benyo et al., 1998). Together, these reports
suggest two things, i.e. that these vessels exhibit intrinsic tone
and that the powerful tonic influence of basal nitric oxide
continuously suppresses the development of this tone. There
are two potential sources of nitric oxide in these cerebral
arteries, i.e. the vascular endothelium and the perivascular
nitrergic nerves, and both structures are known to release nitric
oxide under basal conditions (Martin, 1988; Gillespie et al.,
1989; Li & Rand, 1989). Our finding that endothelial removal
abolished the ability of L-NAME to elevate tone in porcine
cerebral artery is, however, in keeping with previous reports on
cerebral arteries from other species (Connor & Feniuk, 1989;
Alonso et al., 1992; Trezise et al., 1992; Brian & Kennedy,
1993; Toda et al., 1993b), indicating that the major, if not
exclusive, source of this basal nitric oxide is the endothelium.

Despite exhibiting powerful basal nitric oxide activity, we
did not observe the expected endothelium-dependent depres-
sion of vasoconstrictor tone when full concentration-response
curves were generated to U46619 and 5-HT on rings of porcine
cerebral artery; responses were, in fact, not significantly
different on endothelium-containing and endothelium-de-
nuded rings. Others have, however, reported that the
endothelium in cerebral arteries does indeed suppress
vasoconstrictor responses to these agents (Connor & Feniuk,
1989; Trezise et al., 1992; Brian & Kennedy, 1993). We did
find, however, that when porcine cerebral arteries were
contracted by approximately the ECs, concentrations of
U46619 or 5-HT, the subsequent addition of L-NAME led to
an immediate rise in tone in endothelium-containing but not
endothelium-denuded rings. The magnitude of these rises were,
however, similar to those that would have been expected if L-
NAME had simply been added to endothelium-containing
rings in the absence of a vasoconstrictor. Thus, it was likely
that these rises in tone resulted from loss of the suppression by
basal nitric oxide of intrinsic rather than vasoconstrictor tone.
In other words, it seemed that under our experimental
conditions, basal nitric oxide activity was able to suppress
intrinsic but not vasoconstrictor tone.

These findings led us to investigate the nature of the
intrinsic tone exhibited by rings of porcine cerebral artery.
Myogenic tone is known to be generated in vascular smooth

muscle in response to an increase in transmural pressure or
stretch (D’Angelo & Meininger, 1994). We therefore con-
structed stretch-tension curves on rings of porcine cerebral
artery. This was done by applying stretch over the range 0—
5.5g to both endothelium-containing and endothelium-
denuded rings and determining the level of tone present by
adding a maximally effective concentration of papaverine. We
found that the tone did indeed develop almost linearly in
proportion to the applied stretch, i.e. it was stretch-induced.
Moreover, the magnitude of the tone induced was identical in
endothelium-containing and endothelium-denuded rings, ex-
cept at very high levels of stretch (>4 g), where the magnitude
of the latter began to decline.

It must be remembered, however, that the presence of the
endothelium powerfully depresses the stretch-induced tone in
these vessels, and so the levels assessed by the above analysis
gave only apparent and not total levels of tone in the
endothelium-containing vessels. In order to determine the
total levels of stretch-induced tone present, a new set of
stretch-tension curves was generated in which following
application of the initial stretch (0—5.5 g), L-NAME was
added to inhibit the synthesis of nitric oxide. As before, L-
NAME elevated the tone in endothelium-containing but not
endothelium-denuded rings, and the total level of stretch-
induced tone present was assessed following the addition of
papaverine. Comparison of the curves now showed that across
the full range of applied stretch, the total levels of stretch-
induced tone present in endothelium-containing rings was
substantially higher than in endothelium-denuded rings.

Our experiments on endothelium-denuded vessels showed
clearly that the presence of the endothelium is not an absolute
requirement for the generation of stretch-induced tone.
Nevertheless, some workers have suggested that endothe-
lium-derived vasoconstrictors may contribute to the develop-
ment of myogenic tone. For example, Benyo er al. (1998)
provided evidence that endothelium-derived thromboxane A,
contributes to myogenic tone in the rat cerebral artery, but
inhibitors of cyclooxygenase have no effect in canine (Connor
& Feniuk, 1989) or rabbit (Trezise et al., 1992) cerebral
arteries. Moreover, NDGA abolished stretch-induced tone in
porcine cerebral artery, suggesting the involvement of a
lipoxygenase product (Kim et al., 1992). Endothelin has also
been considered as a potential mediator of myogenic tone in
human pial arteries (Thorin et al., 1998). Our experiments
showed clearly, however, that the cyclooxygenase inhibitor
flurbiprofen (Nozu, 1978), and the mixed ET,/ETy receptor
antagonist SB209670 (Ohlstein et al., 1994), had no effect on
the L-NAME-induced rise in tone in endothelium-containing
rings of porcine cerebral artery. Thus, neither a cyclooxygen-
ase product nor endothelin appears to contribute to the
generation of myogenic tone in porcine cerebral artery.
Moreover, the results with tetrodotoxin ruled out the
involvement of a nerve-derived vasoconstrictor. The results
with lipoxygenase inhibitors were, however, equivocal;
curcumin had no effect, but both NDGA and MK-886
abolished the endothelium-dependent rise in tone induced by
L-NAME. The effects of NDGA and MK-886 may, however,
have resulted from non-selective actions rather than blockade
of lipoxygenase, since the former produced a rise in tone
consistent with its ability to inhibit the activity of nitric oxide
(Furchgott, 1984) and the latter depressed both stretch-
induced and vasoconstrictor tone. Thus, it is not possible to
conclude for certain that a lipoxygenase product contributes to
stretch-induced tone in the porcine cerebral artery.

Whatever the origins of stretch-induced tone, the stretch-
tension curves generated on porcine cerebral artery show that
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when suspended at our standard resting stretch of 1 g,
endothelium-containing and endothelium-denuded rings ex-
hibit markedly different levels of tone (roughly 1.8 and 0.7 g,
respectively). Thus, when we failed to observe the expected
endothelium-dependent depression of vasoconstriction to
U46619 and 5-HT, the endothelium-containing and endothe-
lium-denuded vessels had been set at different points along
their respective stretch-tension curves. Consequently, in order
to make a more appropriate comparison of the effects of the
vasoconstrictors on endothelium-containing and endothelium-
denuded rings, a new set of experiments was conducted in
which the two groups of vessels were suspended at different
levels of stretch but at similar levels of stretch-induced tone.
Furthermore, a relatively low level of stretch was chosen since
basal nitric oxide activity would then be working against a low
level of stretch-induced tone. Specifically, endothelium-
denuded vessels were suspended at the standard stretch of
1 g, generating roughly 0.7 g of tone. Endothelium-containing
vessels were stretched to roughly 0.3 g, since the data in Figure
5 indicate that this produces the same level of total stretch-
induced tone (0.7 g) as denuded vessels stretched to 1 g. When
concentration response curves were constructed to U46619
and 5-HT under these conditions, endothelium-containing
rings were observed to be significantly less sensitive than
endothelium-denuded rings. Thus, when set at the same level
of stretch-induced tone, rather than at a similar degree of
stretch, endothelium-dependent depression of vasoconstrictor
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