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Short communication

Cocaine promotes an apparent direct vasoconstrictor
effect of neuropeptide Y in the rat tail artery
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Abstract

Neuropeptide Y is a powerful vasoconstrictor in vivo; however, in vitro it shows weak constrictor effects. This discrepancy may
have led to conflicting reports concerning the contractile effects of neuropeptide Y on isolated blood vessels. Using isolated rat
tail and femoral artery segments neuropeptide Y (0.1-100 nM) did not induce any contractile response. However, if the
catecholamine neuronal uptake blocker cocaine was added to the tissue bath, neuropeptide Y induced a contraction which could
be fully blocked by prazosin (1000 nM). Furthermore, an age-dependent increase in the contraction to neuropeptide Y plus
cocaine was observed. In conclusion, in the rat tail artery an apparent direct vasoconstrictor effect of neuropeptide Y occurs only
in the presence of cocaine. Since this contraction can be fully blocked by prazosin, spontaneously released norepinephrine is an
important component of the contraction. The discrepancy between in vivo and in vitro effects of neuropeptide Y may be

explained in part by the presence of circulating vasoconstrictors.
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1. Introduction

Neuropeptide Y is a 36 amino acid peptide co-trans-
mitter with norepinephrine in peripheral adrenergic
nerves (Lundberg et al., 1983). Neuropeptide Y has
been shown to be a powerful vasoconstrictor in vivo
but appears to be less effective in vitro (for review see
Zukowska-Grojec and Wabhlestedt, 1993). Neuropep-
tide Y has been reported to act both as a direct
vasoconstrictor and as a nonselective potentiator of
various vasoconstrictor agents which include norepi-
nephrine, endothelin, and potassium (Edvinsson et al.,
1984; MacLean and Hiley, 1990; Andriantsitohaina and
Stoclet, 1988). Numerous factors appear to influence
the ability of neuropeptide Y to cause vasoconstriction,
including anatomical size and location of blood vessels.
For example, feline cerebral arteries have been shown
to contract to neuropeptide Y in the presence of
adrenergic receptor blockade (Edvinsson, 1985). Fur-
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thermore, in small vessels such as the main side branch
of the central rabbit ear artery, neuropeptide Y is
more likely to act as a direct vasoconstrictor than in
larger blood vessels (Owen, 1993).

There are reported discrepancies, however, as to
whether or not neuropeptide Y acts as a direct vaso-
constrictor. For example, Neild (1987) has reported
that neuropeptide Y (30-1000 nM) can cause a slowly
developing vasoconstriction in the rat tail artery
whereas Vu et al. (1989) were unable to observe such a
response with neuropeptide Y (10-100 nM) and ob-
served only a potentiation of the contractile responses
to adrenergic nerve stimulation or addition of exoge-
nous norepinephrine. We and others have recently
shown that neuropeptide Y preferentially potentiates
contractile responses to lower concentrations of nor-
epinephrine as well as lower frequencies of adrenergic
nerve stimulation (Fallgren et al., 1993; Glenn and
Duckles, 1994). Given this ability of neuropeptide Y to
potentiate other vasoconstrictors particularly when they
exist at low concentrations, we hypothesize that sub-
pressor levels of vasoconstrictors such as norepi-
nephrine must be present for the apparent direct vaso-
constrictor effects of neuropeptide Y. To test our hy-
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pothesis we used the adrenergic uptake blocker co-
caine to elevate basal levels of norepinephrine in iso-
lated rat tail artery segments which were then tested
for neuropeptide Y responses. Additionally, by using
the «-adrenoceptor antagonist prazosin we further
studied the contribution of norepinephrine to the neu-
ropeptide Y response. Finally, we performed the stud-
ies in tail arteries from three ages of Fischer 344 rats to
determine if age alters the response to neuropeptide
Y.

2. Materials and methods
2.1. Tissue isolation and preparation

Male F344 rats ages 4 (289 + 8 g), 12 (417 + 10 g),
and 24 months (386 + 9 g) (NIH-NIA colony operated
by Harlan Sprague Dawley, Indianapolis, IN, USA)
were decapitated and proximal tail arteries removed
and cleaned of excess connective tissue. Arteries were
cut into 3 mm ring segments, and platinum wires were
carefully inserted through the lumen of the rings.

2.2. Measurement of isometric contraction

Isometric force measurements were made from tail
artery ring segments mounted in 50 ml tissue baths
containing oxygenated Krebs buffer (NaCl 118 mM,;
KCl 48 mM; CaCl, 1.6 mM; KH,PO, 1.2 mM;
NaHCO; 25 mM; MgSO, 1.2 mM; ascorbic acid 0.3
mM; and glucose 11.5 mM) at 37°C. An optimal resting
tension for the age groups studied here was applied to
all segments (Duckles, 1987). Isometric force was mea-
sured by a Gould Statham UC2 transducing cell con-
nected to a Maclab analog digital convertor and Mac-
intosh computer.

2.3. Drugs and chemicals

All drugs were added directly into the tissue baths
containing the artery rings. Neuropeptide Y was pur-
chased from Peninsula Labs, Belmont, CA, USA, and
cocaine hydrochloride and prazosin hydrochloride were
purchased from Sigma Chemicals, St. Louis, MO, USA.

3. Results
3.1. Actions of neuropeptide Y and cocaine

Neuropeptide Y in concentrations from 0.1 to 100
nM did not induce a contractile response in rat tail
artery segments regardless of age (Fig. 1A, n=15).
Cocaine (10> M) also had no contractile effect alone;
however, if cocaine was added to the tissue bath after a
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Fig. 1. Neuropeptide Y (NPY) produced contraction in the presence
of cocaine which was blocked by prazosin. (A) Representative trac-
ings show the lack of contractile response of tail artery segments to
neuropeptide Y (1-5x10~8 M), cocaine (10™° M), or prazosin
(10~% M) alone. (B) In contrast in the presence of cocaine, neu-
ropeptide Y (2x10~% M) produced a contractile response of 0.6 g.
Prazosin (10 ™% M) completely inhibited the response.

concentration response with norepinephrine had been
established, even after repeated washing, a contraction
of 0.2 g upon addition of cocaine was abserved (n = 2).
In a norepinephrine naive bath containing cocaine the
addition of neuropeptide Y (2 X 107 M) now pro-
duced a contraction (Fig. 1B and Table 1; n =15). A
similar response was seen in isolated femoral arteries
where the combination of cocaine and neuropeptide Y
(10~8 M) produced a contraction of 0.25 + 0.12 g (n =
2). This contractile response to neuropeptide Y in the
presence of cocaine was observed regardless of the
order of addition of the two compounds to the tissue
bath. The combined effect of neuropeptide Y plus

Table 1
Contractile response to neuropeptide Y (2x10~% M) plus cocaine
(1073 M) in the rat tail artery

Age Contractile response (g)
(months)
4 0.08 +£0.02
12 0.37+0.09 2
24 0.524+0.112

Contractions are expressed as grams of isometric tension. * Different
from one age group, P < 0.05, ANOVA, n=5.
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cocaine was consistently seen in all tail and femoral
artery segments studied (n = 17).

3.2. Antagonism by prazosin

Prazosin (1075 M) by itself did not affect the resting
tension of the rat tail artery (Fig. 1A, n = 5). However,
prazosin completely inhibited the contractile response
to cocaine plus neuropeptide Y (n = 5).

3.3. Influence of age

The magnitude of the contractile response to neu-
ropeptide Y in the presence of cocaine was age depen-
dent. Contraction caused by neuropeptide Y together
with cocaine was significantly greater in 12- and 24-
than in 4-month-old F344 rat tail artery rings (Table 1,
n = 5). This cannot be explained merely as a difference
in contractile responsiveness as ring segments from all
three ages responded similarly to a maximal concentra-
tion of norepinephrine (7 X 1075 M) (4 months, 1.94 +
0.4 g; 12 months, 2.2+ 0.2 g; 24 months 1.8 + 04 g;
n = 5). Neither neuropeptide Y alone nor cocaine alone
caused any change in the isometric tension regardless
of age (n =5 in each age group).

4. Discussion

In this study, varying concentrations of neuropep-
tide Y (0.1-100 nM) alone did not induce a contractile
response. However, in the presence of cocaine, which
blocks the re-uptake of norepinephrine, neuropeptide
Y caused a marked contractile response. Furthermore,
addition of the a;-adrenoceptor antagonist prazosin
completely inhibited the response to cocaine plus neu-
ropeptide Y, indicating that norepinephrine is present
and involved in the contractile response. Thus block-
ade by prazosin of the response to neuropeptide Y in
the presence of cocaine suggests that when norepi-
nephrine uptake is blocked, spontaneously released
norepinephrine reaches significant levels in this iso-
lated tissue. Therefore this study shows that under
these conditions an apparent direct vasoconstrictor ac-
tion of neuropeptide Y requires the presence of an-
other agonist, albeit at a subthreshold level.

The ability of neuropeptide Y to non-selectively
potentiate vasoconstrictor agents has been well docu-
mented. We have recently shown in the rat tail artery
that an inverse relationship exists between the magni-
tude of the contractile response to nerve stimulation
and the percent potentiation caused by neuropeptide
Y (Glenn and Duckles, 1994). Therefore, at extremely
low concentrations of norepinephrine, neuropeptide Y
would be expected to induce the greatest level of
potentiation. It has been suggested that a ‘threshold

synergism phenomenon’ may be responsible for the
cooperativity or potentiation seen with neuropeptide Y
and norepinephrine (Wahlestedt et al.,, 1990). How-
ever, in the tail artery we do not observe any direct
contractile response to neuropeptide Y alone, and
therefore it is unlikely that a ‘threshold’ level of neu-
ropeptide Y is present. Therefore, the most plausible
role for neuropeptide Y in this tissue is solely as a
potentiator.

This study underscores that discrepancies seen be-
tween different reports may be due to different experi-
mental conditions. For example, pre-treatment of tis-
sue segments with norepinephrine to establish an ini-
tial concentration response curve may create a reser-
voir of norepinephrine which may serve as a source of
subthreshold levels of vasoconstrictor. In support of
this we found that addition of cocaine following nor-
epinephrine exposure and thorough washout still pro-
duced a small contraction.

The observation that the response to neuropeptide
Y plus cocaine was greater in older animals suggests
several possible explanations. One possibility is that
the presynaptic uptake of norepinephrine is diminished
with age thereby increasing the concentration of nor-
epinephrine in the synapse. This is unlikely as it has
previously been shown that reuptake and metabolism
of norepinephrine do not change with age (Duckles,
1987; Buchholz and Duckles, 1990). A second possibil-
ity is that the younger vessels cannot achieve the same
level of contractile force as the older animals. How-
ever, we have shown in the present study and in
previous studies that the maximal contraction of tail
artery does not change with age thereby eliminating
the possibility of age-related differences in the ability
of the blood vessels to contract (Duckles et al., 1985).
Furthermore it has been shown that the sensitivity to
vasoconstrictors such as norepinephrine does not vary
with age in the rat (Duckles et al., 1985). Another
possibility is that an age-related increase in the sensi-
tivity to neuropeptide Y occurs. We have recently
shown that sensitivity to the potentiating effects of
neuropeptide Y at concentrations up to 10~% M does
indeed increase with age, reaching a plateau at 12
months which is then maintained through 24 months
(Glenn and Duckles, 1994). Therefore, it is likely that
the age-related differences in response to neuropep-
tide Y plus cocaine are due, at least in part, to the
greater potentiation caused by neuropeptide Y in older
animals. A fourth possibility is that the level of sponta-
neously released norepinephrine may be greater in
older animals. Indeed, we have demonstrated that
stimulation-evoked norepinephrine release increases
with age in the rat tail artery; however, we have no
information on the effect of age on basal norepi-
nephrine release as this is below the sensitivity of our
detection system (Buchholz and Duckles, 1990). Thus
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we cannot rule out the possibility that there is also a
greater spontaneous release of norepinephrine.

In conclusion, the apparent direct vasoconstrictor
effects of neuropeptide Y in the rat tail artery appear
to require the presence of subthreshold levels of a
vasoconstrictor such as norepinephrine. Since neu-
ropeptide Y can non-selectively potentiate a wide range
of vasoconstrictor agents it is possible that the power-
ful in vivo actions of neuropeptide Y are due to the
presence of low levels of circulating vasoconstrictors.
Effects of prazosin, which completely abolished the
contractile response to cocaine plus neuropeptide Y in
our experiments, as well as other antagonists of en-
dogenous vasoconstrictor substances may help to clar-
ify the role of neuropeptide Y in vasoconstriction both
in vivo and in vitro.
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