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Neuropeptide Y (NPY) inhibits  cardiac  adenylate 
cyclase activity by interacting  with specific receptors 
coupled to  a  pertussis toxin-sensitive G protein. Struc- 
ture-activity  studies revealed that only C-terminal 
fragments can exhibit an NPY-like inhibitory effect 
on ‘”I-NPY binding and  adenylate cyclase activity of 
rat cardiac  ventricular membranes. Although 
NPY (17-36) inhibited 1251-NPY binding  with  high po- 
tency,  it produced a biphasic effect on basal (GTP, 10 
and 100 p~ or guanosine 5’-~-O-(thio)triphosphate 
(GTPTS), 10 p ~ )  adenylate cyclase activity. Low con- 
centrations (e1 nM)  of NPY(17-36) inhibited  the  aden- 
ylate cyclase activity  whereas high concentrations (>1 
nM) reversed  this action. GTP@ (100 MM) reversed  the 
biphasic effect of NPY(17-36). NPY(17-36) exhibited 
only a stimulatory effect in the membranes from  per- 
tussis  toxin-treated rats  and  an inhibitory effect with 
membranes from cholera  toxin-treated  rats. Low  con- 
centrations (e1 nM)  of NPY(17-36) inhibited isopro- 
terenol-stimulated adenylate cyclase activity  whereas 
high doses (>1 nM) reversed  this  activity.  The  cardiac 
NPY receptor  antagonist,  NPY(l8-36) (1 pM), com- 
pletely blocked the biphasic effect of NPY(17-36) on 
isoproterenol-stimulated activity.  The  inhibitory dose- 
response curve of NPY  on isoproterenol-stimulated 
adenylate cyclase activity  was  shifted  parallel to  the 
right by NPY(17-36) (1 WM), suggesting that it is an 
antagonist of NPY at high concentrations. N-a-acety- 
lated  and C-terminally deamidated analogs of 
NPY(17-36) had no effect on the  adenylate cyclase 
activity. [im-DNP-HisZ6] NPY exhibited a more pro- 
nounced biphasic effect whereas  N-a-myristoyl- 
NPY(17-36) elicited only a stimulatory effect. These 
investigations suggest that: 1) the  inhibitory  and  stim- 
ulatory effects of NPY(17-36) are mediated by high 
affinity NPY receptors coupled to a pertussis toxin- 
sensitive G protein  and a distinct population of low 
affinity  receptors coupled to  a  cholera  toxin-sensitive 
G protein, respectively; and 2) the  stimulatory effect 
of  NPY ( 17-36) is dissociable. 

The role of neuropeptide Y (NPY)’ in  the cardiovascular 
system has become an active area of research since NPY has 
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been shown to be the most predominant peptide present in 
the nervous system innervating the heart  and blood  vessels 
(1). These investigations revealed that  the effects of NPY on 
cerebral and peripheral vessels are  striking  and that NPY is 
among the most potent vasoconstrictor peptides isolated to 
date (2). Although NPY is generally found co-stored with 
noradrenaline in sympathetic  neurons (3), it has also been 
reported to be present in intrinsic cardiac neurons devoid of 
catecholamines (4). Recently NPY has been  shown to be 
synthesized and secreted by rat cardiac myocytes (5), and  this 
observation has generated a new impetus for research on the 
cardiovascular functions of NPY. 

Pharmacological investigations in many laboratories (6-10) 
have shown that NPY exerts negative inotropic effects on 
isolated perfused hearts  and cardiac muscles. NPY has also 
been demonstrated to exhibit  a direct inhibitory effect  on the 
isoproterenol-stimulated CAMP production by isolated car- 
diac myocytes (11, 12). Recently, we reported the character- 
ization of cardiac NPY receptors (13) and showed that they 
could be visualized using biotinylated NPY analogs (14). 
Furthermore, we demonstrated that NPY(18-36) is a com- 
petitive  antagonist of NPY in  rat cardiac ventricular mem- 
branes (15). 

NPY receptors characterized to date have  been  grouped 
into Y1 and Yz subclasses based essentially on their affinity 
to  a single fragment, NPY(13-36). Wahlestedt et al. (16, 17) 
showed that although both NPY and  its homologous peptide, 
peptide YY, could interact effectively with both Y1 and Yp 
receptors only Yz receptors could bind NPY(13-36) and  other 
C-terminal fragments. Since the cardiac NPY receptors dis- 
criminated between NPY and peptide YY but bind to 
NPY(13-36) we have suggested previously that  this receptor 
system be considered as  a subtype of Yz receptors or a new 
class (Y3) of receptors (13). Likewise, there is mounting evi- 
dence for the occurrence of further subclasses of NPY recep- 
tors, suggesting that  the NPY receptor system is much  more 
complex than originally thought (17). This observation war- 
rants a detailed structure-function analysis with each NPY 
receptor system to determine the  structural requirements for 
binding and for precise classification of the receptors. 

With  this  in view, we synthesized a number of partial 
sequences of NPY and evaluated their activity on rat cardiac 
ventricular membranes. These investigations not only led to 
the determination of the active site of NPY in relation to 
cardiac receptors but also resulted in the identification of a 
fragment, NPY(17-36), with unique properties. NPY(17-361, 
contrary to NPY and  other C-terminal fragments, exhibited 
an inhibitory and  stimulatory effect on cardiac adenylate 
cyclase activity. Since NPY has already been implicated in 
the pathophysiology of congestive heart failure (18) the ac- 
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tions of NPY-related peptides on the  heart  are of biochemical 
and perhaps clinical interest. We have therefore investigated 
the mechanism of the biphasic action of NPY(17-36) and 
show that these effects are mediated by receptors coupled to 
pertussis toxin and cholera toxin-sensitive G proteins, respec- 
tively. Furthermore,  structure-activity  studies with NPY(17- 
36) have revealed that specific structural  characteristics  are 
required to exhibit a biphasic effect on cardiac adenylate 
cyclase activity. 

EXPERIMENTAL PROCEDURES 

Materials-Protected amino acid derivatives (Peninsula Labora- 
tories, Belmont, CA), synthesis reagents (Applied Biosystems, Foster 
City, CA); buffer reagents, protease inhibitors, and toxins (Sigma); 
'%I (Amersham Corp.); CAMP radioimmunoassay kit (Du Pont-New 
England Nuclear); and Sprague-Dawley rats (Charles River Labora- 
tories, Wilmington, MA)  were obtained commercially. 

Peptide Synthesis-NPY, partial sequences, and NPY(17-36) an- 
alogs were synthesized on an Applied Biosystems model 430A syn- 
thesizer, cleaved from the resin by HF,  and purified by reversed phase 
chromatography according to our published procedures (19). Peptides 
thus obtained were homogeneous by analytical reversed phase chro- 
matography and had the expected amino acid compositions and 
primary structures. The integrity of acylated and  DNP peptide deriv- 
atives were confirmed by mass spectral analysis. 
Binding and Adenylate  Cyclase  Activity Experiments-Preparation 

of  '"I-NPY labeled at  the N-terminal tyrosine and  rat cardiac ven- 
tricular membranes for binding studies  has been described previously 
(13). Membranes for adenylate cyclase experiments were prepared 
according to the published procedures of Christophe and co-workers 
(20). The protocols used in the displacement (13, 15) and adenylate 
cyclase (15) experiments have been reported earlier. All the points  in 
these studies are the means of three experiments performed in dupli- 
cate or triplicate. The average S.E. in the displacement and adenylate 
cyclase experiments was less than  15  and  lo%, respectively. 

Tozin Treatment--Rats  were anesthetized with halothane, and 
cholera toxin ( 8 0 0  wg/kg) or  pertussis  toxin (100 pg/kg) was admin- 
istered through the jugular vein; the animals were sacrificed 48 h 
later. Hearts were  removed and  the cardiac ventricular membranes 
prepared as described by Christophe and co-workers (20). 

RESULTS 

Radioreceptor assay experiments revealed that  intact NPY 
and  its C-terminal fragments can  inhibit "'I-NPY binding to 
rat cardiac ventricular membranes (Fig. 1). Deletion of C- 
terminal residues or both N- and  C-terminal residues as  in 
NPY(1-23) and NPY(17-27) resulted in  the complete loss of 
binding ability. Although the C-terminal  fragments  inhibited 
the '"I-NPY binding, they exhibited a complex order of 
potency. For example, NPY(17-36) exhibited a potency com- 
parable to that of NPY (IC, = 0.80 versus 0.60 nM) whereas 
a longer C-terminal fragment, NPY(13-36), exhibited lower 
potency (IC60 = 5.0 nM). Furthermore, NPY(17-36) appeared 
to  have higher affinity than NPY at low concentrations 
whereas NPY exhibited greater affinity at high concentra- 
tions. Likewise, NPY( 16-36) exhibited lower affinity than  the 
shorter  C-terminal fragments, NPY(19-36) and NPY(20-36), 
at high concentrations. 

NPY, as reported previously (11, 12, 15), inhibited the 
isoproterenol-stimulated cardiac ventricular membrane aden- 
ylate cyclase activity in a dose-dependent manner with a 
maximum inhibitory effect of 47% (Fig. 2). As in  the binding 
studies, NPY(1-23) and NPY( 17-27) did not  exhibit  any 
inhibitory effect on adenylate cyclase activity. All the C- 
terminal fragments except NPY(17-36) exhibited a pattern 
of inhibitory effect on adenylate cyclase activity similar to 
that in the displacement studies. NPY(17-36), on the  other 
hand, exhibited a unique inhibitory and stimulatory effect on 
the isoproterenol-stimulated cardiac adenylate cyclase activ- 
ity (Fig. 2, inset). Low concentrations (10-300 PM) of 
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FIG. 1. Inhibition of Ia6I-NPY binding to rat cardiac ven- 
tricular membranes by increasing concentrations of NPY and 
its partial sequences. 
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FIG. 2. Inhibition of isoproterenol-stimulated adenylate cy- 
clase  activity of rat cardiac ventricular membranes by in- 
creasing concentrations of NPY and its partial sequences. 
Inset, biphasic effect of NPY(17-36) on isoproterenol-stimulated 
cardiac adenylate cyclase activity. Peptides  are denoted by the same 
symbols as in Fig. 1. 

NPY (17-36) inhibited the enzyme activity whereas high con- 
centrations (1-10 nM)  of the peptide reversed the inhibitory 
effect. Further increases in  the peptide concentration (>lo 
nM) resulted in  the augmentation of the isoproterenol-stim- 
ulated adenylate cyclase activity. It should be noted that in 
preliminary investigations (21)  NPY(17-36) was  suggested to 
exhibit only a stimulatory effect because we did not observe 
any inhibitory effect at  the concentrations (>1 nM)  we had 
used to investigate the dose-response effect of this peptide. 

T o  understand the molecular mechanism of the biphasic 
effect of NPY(17-36) we investigated the effects of G T P  and 
its nonhydrolyzable analog, GTP+, on the actions of 
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NPY(17-36) (Fig. 3). GTP, at 10 and 100 p ~ ,  stimulated the 
cardiac adenylate cyclase activity approximately to  the same 
extent.  In both cases increasing concentrations of NPY(17- 
36) inhibited the enzyme activity up  to a dose of 300 p~ with 
a maximum inhibition of 28-32% (Fig. 3, A and B). A further 
increase in the NPY(17-36) concentration resulted in a re- 
versal of the inhibitory effect. GTP-yS, at 10 and 100 p ~ ,  
stimulated the basal adenylate cyclase activity by 300 and 
400%, respectively.  Again, NPY(17-36) exhibited a biphasic 
effect in the presence of GTP-yS (10 p ~ )  with a peak inhibi- 
tory effect of 36% (Fig. 3C). On the  other hand, this biphasic 
action of NPY(17-36) was reversed in the presence of 100 p~ 
GTP-yS (Fig. 30) .  Low doses (up to 1 nM)  of the peptide 
stimulated the enzyme activity with a peak response of 21% 
whereas higher doses (3-100 nM) reversed the  stimulatory 
effect, resulting in  a bell-shaped dose-response curve. 

To elucidate further the mechanism of the biphasic action 
of NPY(17-36) we investigated the dose-response effect of 
this peptide on the adenylate cyclase activity of the ventric- 
ular membranes obtained from pertussis toxin- and cholera 
toxin-treated  rats.  These experiments were carried out in the 
presence of 10 p~ GTP.  NPY and  NaF did not exhibit any 
significant effect on pertussis  toxin-  and cholera toxin-treated 
membranes, respectively (Table I). This suggested that toxin 
treatments have resulted in the complete ADP ribosylation 
of Gi and GB proteins. NPY(17-36) elicited a dose-dependent 
stimulatory effect (46% maximum) on the adenylate cyclase 
activity of pertussis toxin-treated membranes, and  there was 
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no evidence for any inhibitory effect (Fig. 4A). In cholera 
toxin-treated membranes basal activity was 330% higher than 
that of the control membranes (Table  I).  In  this case, 
NPY( 17-36) exhibited only a concentration-dependent  inhib- 
itory effect, causing a maximum of 48% inhibition (Fig. 4B). 

We also investigated the mutual effects of NPY and 
NPY(17-36) on each other with the aim of determining 
whether the inhibitory effects of these peptides are mediated 
by a common receptor. In  the first experiment we investigated 
the dose-response effect of NPY(17-36) on isoproterenol- 
stimulated adenylate cyclase activity in the presence of NPY 
(1 p ~ )  (Fig. 5A). Although the inhibitory effect of NPY(17- 
36) was not  apparent  in  this experiment, the dose-dependent 
stimulatory effect of this peptide persisted. Furthermore, 
there was a slight but significant ( p  < 0.005, analysis of 
variance) enhancement of the maximal stimulatory response 
of NPY(17-36) in  the presence of NPY. This experiment 
clearly shows that  the inhibitory effect of NPY(17-36) is 
mediated by NPY receptors and  that NPY does not  interact 
with the receptors mediating the stimulatory action of 
NPY(17-36). Next we investigated dose-response effect of 
NPY on isoproterenol-stimulated adenylate cyclase activity 
in  the presence of NPY(17-36) (1 p ~ )  (Fig. 5B). NPY(17- 
36) (1 p ~ )  augmented the adrenergic activity by 45% and 
shifted the dose-response curve of NPY to  the right in a 
parallel fashion. The IC, value of 3 nM for the inhibitory 
adenylate cyclase activity of NPY increased to 63 nM in the 
presence of NPY(17-36). NPY cardiac receptor antagonist, 
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branes in the presence of A, 10 BM GTP; B, 100 PM GTP; C, 10 PM GTPrS; and D, 100 PM GTPrS. 
FIG. 3. Biphasic effect of NPY(17-36) on adenylate cyclase  activity of cardiac ventricular mem- 
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TABLE I 
Effect ofpertussis toxin and cholera toxin treatment on rat cardiac 

ventricular membrane adenylate cyclase activity 
Adenylate cyclase activity was determined as described under 

"Experimental Procedures." Values are  means f S.E. of three differ- 
ent experiments carried out in duplicate. 

Adenylate cyclase activity 
Effectors 

Control  Pertussis  toxin Cholera toxin 
pmollminlmg protein 

None 
GTP (10 pM) 

13.4 f 1.8 12.2 f 0.4  42.6 f 2.1 

GTP (10 pM) + 
29.6 f 1.2 21.6 f 0.9 52.9 f 2.2 
12.1 f 0.5  23.3 f 0.5  36.3 f 2.5 

NPY (3 pM) 
NaF (10 mM) 36.7 f 1.7  57.1 f 5.3 44.7 k 1.3 
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FIG. 4. Effect of NPY(17-36) on adenylate cyclase activity 

of cardiac  ventricular membranes obtained from  pertussis 
toxin (A) -  and  cholera toxin @)-treated  rats. 10 p~ GTP was 
present. 

NPY(18-36) (1 p ~ ) ,  blocked both the inhibitory and  stimu- 
latory effects of NPY(17-36) whereas NPY(18-36) (10 nM) 
antagonized only the inhibitory effect of NPY(17-36) (Fig. 
X ) ,  suggesting that NPY(18-36) also interacts with the 
stimulatory receptors of NPY(17-36) without  transducing the 
signals. 

Several analogs of NPY(17-36) were synthesized, and  their 
effects on cardiac adenylate cyclase activity were investigated 
so as to determine the  structural requirements for the biphasic 
action of the peptide. Since the biphasic action of NPY(17- 
36) was slightly more pronounced with GTPrS  than with 
GTP we investigated the effects of the analogs in the presence 
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FIG. 5. Competitive effects of peptides on isoproterenol, 
stimulated  cardiac  ventricular membrane adenylate cyclase 
activity. A,  effect of NPY(17-36) in the presence (0) and absence 
(0) of 1 p M  NPY; B, effect of NPY in the presence (0) and absence 
(0) of 1 p~ NPY(17-36); C, effect of NPY(17-36) in the absence (0) 
and presence of 10 nM (A) or 1 pM (W) NPY(18-36). 

of GTPyS (10 /AM). N-a-Ac-NPY(17-36), NPY(17-36)-OH, 
and N-a-Ac-NPY(17-36)-OH neither inhibited nor stimu- 
lated  GTPyS-stimulated adenylate cyclase activity signifi- 
cantly (Fig. 6A). However, the [im-DNP-HisZ6]NPY(17-36) 
derivative exhibited a more pronounced biphasic effect than 
NPY(17-36). The maximum inhibitory effect of the  DNP 
analog was 40% greater than  that of NPY(17-36)  (Fig. 6A). 
The N-a-myristoyl-NPY(17-36) analog did not exhibit any 
significant effect up to 1 nM (Fig. 6B). However, a  further 
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FIG. 6. Effect of NPY(17-36) analogs on rat cardiac aden- 
ylate cyclase activity in the presence of 10 p~ GTPrS. A :  0, 
NPY(17-36); 0, [irn-DNP-Hi~~~]NPY(l7-36); A, N-a-AC-NPY(17- 
36); 0, NPY(17-36)-OH; and ., N-a-Ac-NPY(17-36)-OH. B: stim- 
ulatory effect of N-a-myristoyl-NPY(17-36) on cardiac  adenylate 
cyclase activity 

increase in peptide concentration  stimulated the adenylate 
cyclase activity with a peak stimulatory response of 128% and 
an ED,, of  30  nM. 

DISCUSSION 

Our finding that  the C-terminal region of NPY is  important 
for interaction with cardiac NPY receptors is in agreement 
with  a number of studies which have shown that  the C- 
terminal region is crucial for activity in  heart,  brain,  intestine, 
aorta,  and vas deferens (17). In most of these investigations 
it has been reported that  there is a gradual loss of potency in 
binding or  the biological activity with progressive shortening 
from the N-terminal region of the molecule.  However, in this 
investigation the C-terminal  fragments of NPY did not ex- 
hibit  a regular order of potency. This suggests that  the cardiac 
NPY receptor system may be more complicated than previ- 
ously characterized NPY receptors. The most intriguing and 
novel finding in  this investigation is the ability of NPY(17- 
36) to exhibit a biphasic effect on  both basal and isoprotere- 
nol-stimulated cardiac adenylate cyclase activity. This could 
be caused by antagonism of the inhibitory effect of NPY(17- 
36) by  high concentrations of this peptide or by the involve- 
ment of distinct inhibitory and  stimulatory receptors. As 
discussed below, the evidence provided in  this paper supports 
the  latter pathway. 

We have suggested previously that  the inhibitory effect of 
NPY on cardiac adenylate cyclase activity may  be mediated 
by the high affinity NPY receptors (13). This observation and 
the findings that: 1) NPY(17-36) exhibits potency comparable 
to NPY in  the displacement studies; 2) pertussis toxin blocks 
the inhibitory effect of both NPY(17-36) and NPY; 3) only 
picomolar concentrations of NPY(17-36) are required for 
inhibitory action; and 4) the inhibitory effect can be  blocked 
by  low concentrations of a cardiac NPY receptor antagonist, 
suggest involvement of high affinity NPY receptors in the 
inhibitory effect of NPY(17-36). This argument is strength- 
ened  further by the ability of NPY to attenuate  the inhibitory 
effect of NPY(17-36).  On the other hand, the stimulatory 
effect of NPY(17-36) appears to be mediated by a population 
of  low affinity receptors because this occurs at concentrations 
(1-1,000 nM) at which most of the high affinity receptors 
would have been  occupied. This observation is also supported 
by the finding that high concentrations of NPY(18-36) are 
required to antagonize the stimulatory effect. The low affinity 
receptors are also different from that of NPY receptors be- 
cause NPY receptors are coupled to pertussis toxin-sensitive 
G  proteins whereas the NPY(17-36) stimulatory receptors 
are coupled to cholera toxin sensitive G proteins. This is also 
in agreement with the findings that: 1) NPY(17-36)  behaved 
as  a physiological antagonist in attenuating  the inhibitory 
effect of NPY on adenylate cyclase  (Fig. 5B) ;  and 2) the 
presence of NPY did not  attenuate  the dose-dependent stim- 
ulatory effect of NPY(17-36). 

A number of reports have already appeared describing the 
biphasic regulation of adenylate cyclase by other molecules 
including prostaglandin (22), glucagon (23), and thrombin 
(24). Biphasic regulation of phospholipase C by glucagon (25) 
and of the Ca2+ pump by glucagon(l9-29) (26) have also been 
reported. Moreover, these biphasic actions have been shown 
to be modulated by G proteins. The reversal of the biphasic 
effect on increasing the concentration of GTPyS from 10 to 
100 p~ and  the blocking of the inhibitory and stimulatory 
effects of pertussis  and cholera toxins, respectively, suggest 
that G  proteins  are also involved in the biphasic regulation 
by NPY(17-36). These observations also indicate that  the 
nature of action of NPY(17-36)  on adenylate cyclase is de- 
pendent on the concentrations of NPY(17-36) as well as 
guanine nucleotides. The reversal by GTPyS (100 p ~ )  could 
be caused by the alteration  in the affinities of high and low 
affinity receptors by high concentrations of GTPyS. Alter- 
natively, the dissociation of heterotrimeric G  proteins by 
GTPyS may  be catalyzed by  low concentrations of NPY(17- 
36) resulting in  the stimulatory effect which  could be reversed 
by the recombination of cy and Py complexes (27). GTPyS 
has also been shown to reverse the inhibitory action on the 
Ca2+ pump by  low concentrations of glucagon(l9-29) (26). 

In  the perfused rat mesenteric artery, NPY(17-36) has been 
shown to produce a biphasic response on periarterial nerve 
stimulation-induced release of norepinephrine. NPY and 
other  C-terminal fragments produced only a dose-dependent 
inhibitory response (28). It is therefore possible that NPY(17- 
36) may also exert  a biphasic control on the second messenger 
system(s) of the mesenteric arteries. However, this biphasic 
action of NPY( 17-36) appears to be selective to certain tissues 
because this peptide, like intact NPY, exhibited only an 
inhibitory effect on the adenylate cyclase activity of rat cer- 
ebral cortex (not shown). 

It is also interesting to note that  the biphasic effect of 
NPY(17-36) is dependent on the primary structure of the 
peptide. For example, an addition or deletion of a residue at 
the N  terminus of NPY(17-36), as  in NPY(16-36) and 
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NPY(18-36), produced a  drastic change in the property of the 
peptide resulting in agonist and  antagonist activity, respec- 
tively. The  strict  structural requirements for interaction with 
cardiac receptors was also evident in  structure-activity  studies 
using NPY( 17-36) analogs. These investigations revealed that 
the integrity of the C-terminal amide group is crucial for the 
interaction with both high and low affinity receptors. It should 
be noted that NPY-free acid has been shown to be inactive 
in a number of in uiuo and in vitro assays (17). A pronounced 
biphasic action was observed with [im-DNP-HisZ6]NPY(17- 
36), indicating that  the hydrophobic DNP group and/or the 
blocking of the charge on imidazole group increases the  inter- 
action with receptors. On the other  hand, our finding that 
these effects are dissociable, as in the case of N-a-myristoyl- 
NPY(17-36), suggests that  there  are different structural re- 
quirements for interaction with high and low affinity recep- 
tors. 

Certain cationic amphiphilic neuropeptides, which also trig- 
ger histamine release from mast cells, have been reported to 
activate G proteins directly by a receptor-independent mech- 
anism (29). The direct effects of these peptides on G proteins 
have also been shown to be  blocked  by toxin treatment. Since 
C-terminal peptides of NPY are also basic and amphiphilic 
and release histamine from mast cells (17), it is possible that 
the biphasic regulation by NPY(17-36) may  be partly or fully 
mediated by G proteins  in  a receptor-independent manner. 
This possibility is also suggested by the finding that high 
concentrations of NPY can  inhibit the CAMP production of 
aortic cells  by a non-receptor-mediated pathway (30). How- 
ever, since: l) biphasic regulation is only inherent to NPY(17- 
36) and  not  to  other  C-terminal peptides, 2) NPY(17-36) 
displaces lZ5I-NPY bound to NPY receptors with high affinity, 
3) biphasic action requires certain  structural  features,  and 4 )  
NPY(18-36) blocks both the inhibitory and  stimulatory ef- 
fects of NPY(17-36), the biphasic effect of NPY(17-36) seems 
most likely to occur by a receptor-mediated mechanism. To 
obtain  further proof toward this, we attempted  a radioreceptor 
assay investigation using the tracer obtained by reversed 
phase purification (13) of NPY(17-36) labeled by the chlora- 
mine-?' method. However, this proved to be futile because of 
the high nonspecific binding (>90%) associated with 
NPY(17-36) tracer. 

Plasma NPY levels are elevated in congestive heart failure 
patients (18). This observation, together with the finding that 
NPY causes negative chronotropic and inotropic effects, sug- 
gests that NPY may play a role in the pathophysiology of 
congestive heart failure. In  these  instances, if NPY(17-36) is 
physiologically produced in high concentrations it could pos- 
sibly nullify the effect of NPY and may represent  a  pharma- 
cological "fail-safe" mechanism protecting the failing heart. 
Furthermore, since at least half of the &adrenergic receptors 
are desensitized because of excessive release of catechol- 
amines, even exogenous catecholamines may not be effective 
in treating congestive heart failure. Therefore, peptides such 
as NPY(17-36) or its analog N-a-myristoyl-NPY(17-36) 
which exhibits only a  stimulatory effect on cardiac adenylate 
cyclase,  may have potential  therapeutic values. 

In conclusion, a systematic analysis of the NPY cardiac 
receptor system using partial sequences of NPY has shown 
that  the C-terminal region is important for activity and  that 
NPY(17-36) exhibits  a biphasic effect on cardiac adenylate 
cyclase. The evidence provided in this  paper strongly argues 
for the involvement of distinct inhibitory (NPY)  and  stimu- 

latory receptors in  the biphasic regulation of cardiac adenylate 
cyclase by NPY(17-36). The high affinity inhibitory receptors 
are coupled to pertussis toxin-sensitive G proteins whereas 
the low affinity stimulatory receptors are coupled to cholera 
toxin-sensitive G proteins.  Further investigations are required 
to determine the clinical significance and implications of these 
findings. 
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