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in human intestine by radicimmunoassay'® where it is
present in highest concentration in the lamina propria and
muscularis externa. This peptide has also been demonstrat-
ed in brain'® suggesting that PHI may act as a neurotrans-
mitter or neuromodulator peptide. The plasma half life of
PHI was calculated to be 3.1 min, similar to the reported
plasma half life of VIP of 1.03 min!4 The relatively short
half life of PHI may possibly be more in favor of PHI being
a neurotransmitter rather than a circulating hormone, being
considerably shorter, for example, than the hormonal pep-
tides, GIP and glucagon.

The plasma levels of PHI achieved during this study are
comparable to the level at which the very similar peptide
VIP results in facial flushing, hypotension and tachycar-
dia®®. No such effects were observed during the PHI
infusion, suggesting that these 2 peptides, despite having
similar sequences alter either in their biological activities or
potency. At the plasma levels achieved during this study, no
effect was noted on secretion of gastric acid and pepsin,
and this contrasts with the findings on animal studies on the
effects of the members of this family of peptides. In
addition, infusion of PHI in man did not effect release of
pancreatic glucagon or insulin in this study, and this
contrasts with the stimulation observed in the isolated rat
pancreas’.

As this is the Ist study in which porcine PHI has been
infused in man, there is no data on its possible other
bioactivity. It is possible that the dose of PHI infused may
have been too low to produce an effect. The dose however,
probably produced pharmacological blood levels as normal
basal levels of PHI in healthy controls are less than
20 pmoles/1, and the plateau levels achieved during the
infusions reported here were more than 10 times this level.
On the other hand, PHI may be a neurotransmitter or
neuromodulator rather than a circulating hormone to be
released by local nerves in the gastric mucosa. It is thus
possible that the local cellular concentration of PHI may be
much higher than that achieved after the exogenous PHI
infusion in this study.
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Summary. In human large pial arteries, dopamine-induced relaxations appear to be mediated via dopaminergic receptors,
and predominate over contractions mediated via alpha-adrenoceptors.

Regional and species differences in the response of the
vasculature to dopamine have been demonstrated in vivo
and in vitro!2. These differences are mainly associated with
variable magnitudes of activation of postsynaptic dopamine
receptors and alpha-adrenergic receptors in the vascular
smooth muscle. Isolated mesenteric, renal, splenic and
coronary arteries from dogs and rabbits®™’, as well as
isolated dog and cat cerebral arteries treated with high
concentrations of alpha-adrenergic antagonists, respond to
dopamine by relaxation, possibly mediated via dopamine
receptors®®, However, an analysis of dopamine action has
not been made in primate cerebral arteries, despite evi-
dence indicating the effectiveness of dopamine in treating
acute brain ischemia'®. The present study was undertaken
to compare the effect of dopamine and norepinephrine in
isolated human cerebral arteries and to clarify the mechan-
ism of dopamine action.

Four basilar, 5 middle cerebral and 3 vertebral arteries
were obtained during autopsy of 4 patients (13-, 49-, 55-
and 71-year-old males). The arteries were helically cut into
strips, approximately 20 mm long. The specimen was
vertically fixed under a resting tension of 2 g in a muscle
bath containing ‘modified Ringer-Locke solution, which
was maintained at 37£0.3°C and was aerated with a
mixture of 95% O, and 5% CO,. Detailed procedures have
been described in an earlier report'!. Preparations were
allowed to equilibrate for 60 to 90 min, before the start of
experiments. Cumulative dose-response curves for dopa-
mine and norepinephrine were obtained.

Human cerebral arteries under resting conditions respond-
ed with a slight contraction to high concentrations of
dopamine (2x 107> to 10™* M). However, when the arteries
were contracted partially with prostaglandin (PG) F,, or
serotonin, dopamine (5% 1078 to 5x 1076 or 2x 10 M)
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Figure 1. Responses of human middle cerebral arteries to nore-
pinephrine and dopamine. Two strips were obtained from the same
cerebral artery segment. The horizontal line just left of the lower
tracing represents the level prior to the addition of 1077 M
prostaglandin (PG) F,. Concentrations of norepinephrine from 1
to 6=2%1078 1077, 5x 1077, 2% 1076, 1075 and 5x 1075 M,
respectively. Concentrations of dopamine from 1 to 6=5x 1078,
2x 1077, 1076, 5x 1076, 2x 107> and 1074 M, respectively.
PA =104 M papaverine.

produced a concentration-dependent relaxation and at the
higher concentrations produced a contraction (fig.1). In
contrast, norepinephrine (2x 107 to 107> M) contracted
human cerebral arteries dose-dependently under resting
conditions (fig. 1) and when contracted with PGF,,. Relax-
ations induced by low concentrations of dopamine were
potentiated and contractions induced at high concentra-
tions were reversed to relaxations by treatment for 30 min
with 10 M phentolamine (fig.2) or 10~ M prazosin.
Norepinephrine-induced contractions were aftenuated by
these alpha-antagonists.

Relaxations induced by dopamine in concentrations of
2% 1077, 107 and 5x 107° M in middle cerebral arteries
obtained from 4 individuals averaged 10.0+4.9,
36.5+10.7 and 58.84 13.5%, respectively, relative to relax-
ations induced by 10™* M papaverine, which maximally
relaxes isolated arteries'>. Dopamine-induced relaxations
were not influenced by treatment with 107 M propranolol
(fig.2) and 107% M atropine; therefore, beta adrenergic and
muscarinic mechanisms are excluded. Treatment for 30 min
with 3x 107> M droperidol markedly attenuated or abo-
lished the relaxation induced by dopamine (fig.2) in 3 out
of 3 preparations but did not alter the relaxant response to
adenosine and papaverine. Selective antagonism of dopa-
mine-induced relaxation by droperidol has also been
demonstrated in an earlier report with dog coronary and
renal arteries’®. These findings indicate that the predomi-
nant relaxation induced by dopamine in human cerebral
arteries is associated with activation of dopamine receptors,
and conractions induced by high concentrations of dopa-
mine are mediated by alpha-adrenoceptors, as are contrac-
tions induced by norepinephrine.

Dopamine-induced relaxation is more evident in human
cerebral arteries as compared with the response of other
isolated human arteries (unpublished data). In contrast,
isolated human renal arteries contract in response to dopa-
mine'®. The present study clearly demonstrated a dopa-
mine-induced vasodilatation in human large pial arteries.
Since high concenirations of dopmaine are present in
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Figure 2. Modification by phentolamine, propranolol and droperi-
dol of the relaxant response of a human vertebral artery strip to
dopamine. Concentrations of dopamine, same as those in figure 1.
Concentrations of phentolamine, propranotol and droperi-
dol=10-%, 1076 and 3x 107 M, respectively. PA=10"4 M papav-
erine.

human plasma'®, circulating dopamine may play some role
in regulating the cerebral circulation. Moreover, dopamine
may be a useful therapeutic agent for certain cerebral
vascular disorders, such as spams of large cerebral arteries.
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