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nmary 

he effects of  neuropeptide Y (NPY), peptide YY (PY 
.'rminal fragments of  NPY or PYY were tested on dit 
ions in vitro. The fragments were NPY 19-36, NP~ 
36 and PYY 27-36. NPY and PYY appear to exer 
zts at the level of  the sympathetic neuroeffector jul 
ct post-junctional effect, leading to constriction of  ce 
lied on the guinea-pig iliac vein. Secondly, they poten 
9constrictors; this was studied on the rabbit femoral 
.maline and histamine, respectively, as agonists. Thin 
ztionally in that they suppress the release of  norac 

different smooth muscle prep- 
NPY 24-36, PYY 13-36, PYY 
exert three principally different 

unction. Firstly, they have a 
of  certain blood vessels; this was 

9otentiate the response to variou., 
artery and vein, using nor- 

Thirdly, NPY and PYY act pre- 
noradrenaline from sympathetic 

ation; this was studied in the rat vas deferens. 
~roximately equipotent in constricting the guinea-pig ilia~ 
• and the fragments were without effect. Desamido-NPY 
ffective also in potentiating the response to noradrenalim 
~, nor did they potentiate the response to histamine in th~ 
md PYY potentiated the response to noradrenaline in th~ 
ase to histamine in the vein. The NPY- and PYY-inducec 
ae release from the prostatic portion of  the rat vas deferem 
3-36 but not by the shorter fragments nor by desamido 

dnal portion seems to be sufficient for exerting the pre 
nd  PYY, while the whole sequence seems to be requirec 

olf Hgtkanson, Department of Pharmacology, S61vegatan I0, S-223 6~ 

,wier Science Publishers B.V. (Biomedical Division) 

aratlons 
24-36 
effects 
d i r ec t  
studied 
vas(  

adrenaline 
junctionall 
nerve endings upon stimulation 

NPY and PYY were approxima 
vein, while desamido-NPY 
and the fragments were ineffect 
in the rabbit femoral artery, 
rabbit femoral vein. NPY and 
artery, as well as the response to h 
suppression of  noradrenaline re 
was reproduced by PYY 1 
NPY. 

In conclusion, a C-terminal 
junctional effect of  NPY and 
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aduction 

ieuropeptide Y (NPY) and peptide YY (PYY) are Z 
~ing to the pancreatic polypeptide (PP) family. They 
porcine brain [1] and gut [2], respectively. NPY has 
~emistry to have a wide distribution, being present i 
3] and peripheral neurones [cf. 4]. PYY, on the other l 

ndocrine cells in the gut [5], but it is also present in 
lterestingly, in several locations NPY coexists with c~ 
oradrenaline (NA) and adrenaline neurones in the bl 
ic neurones [4,8]. 
[PY has been attributed with a variety of  functional ro 
been demonstrated in vivo [8] and in vitro [9,10]. BesJ 
effect, NPY potentiates NA-evoked vasoconstrictioi 
junctionally, NPY has been shown to inhibit the rel 
)n to these three actions of NPY (direct, and pre- and 
~ts) which have been observed in the periphery, NP'~ 
tte ~2-adrenoceptors in the rat brain stem [17]. 
he aim of this study was to compare the effects of  
:ments with the effects of  the full peptides. We decic 
: vein (direct effectS, the rabbit femoral arterv and v 
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Besides the direct vasoconstric- 
:onstriction post-junctionally [10-12]. 

release of  NA [13-16]. In ad- 
post-junctional modulatory 

NPY has been claimed to upre- 

a series of  NPY and PYY 
decided to study the guinea pig 

rabbit femoral artery and vein (post-junctional modu- 
'as deferens (pre-junctional modulatory effect). 

uinea-pigs and rabbits were killed by a blow on the neck 
nea-pig iliac vein (GPIV) (close to the cava) and the rabbit 
vein (RFV) were rapidly taken out and placed in ice-cold 
sition see below). Care was taken to avoid stretching or 
te vessels. Segments, 2-3 mm long, were mounted on two 
~. mm in diameter), one of  which was connected to a force 
r continuous recording of  the isometric tension on a Grass 
the other holder could be adjusted by means of  a movable 
termination of  the tension [18]. 

tor 
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dition to these 
effects 
gulate 

The 
fragl 
iliac vein (direct effect), the 
latory effect), and the rat vas 

Materials and Methods 

Blood vessels 
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and exsanguinated. The guinea-pig 
femoral artery (RFA) and vein 
Krebs solution (for composition 
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displacement transducer for 
polygraph. The position of  the 
unit allowing precise predetermina 
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:Is and were set as 100%. Concentrat ion-response cl 
ed by applying the peptides (see Table I) in single c 
ion per specimen); from these curves pD2 values wel 
'he effect of  the peptides (Table I) on the R F A  and R 
,: concentrat ion-response curves for NA (RFA) and 
ained by cumulative addition. The various peptides w 
:applicat ion of  N A  or HI.  The experiments were th 
. Matched vascular segments were used as controls; 
Xor without prior exposure to the peptides. The i 
tionship was approximated by linear regression o f '  
nse interval. The difference between the pD2 values 
he ECso value) for N A  and for HI  in the absence a 
ed for statistical significance using Student 's t-test. 

ao acid sequences of porcine NPY, PYY and fragments thereof 

Tyr-Pro-Ser-Lys-Pro-Asp-Asn-Pro-Gly-Glu-Asp-~ 

Tyr-Pro-Ser-Lys-Pro-Asp-Asn-Pro-Gly-Glu-Asp-~ 

14 15 16 17 

~-Ala-Pro-Ala-Glu-Asp-Leu-Ala 

~-Ala-Fro-Ala-Glu-Asp-Leu-Ala 

a-Lys-Pro-Glu-Ala-Fro-Gly-Glu-Asp-Ala-Ser-Fro-Glu-Glu-Leu-Ser 

Ser-Pro-Glu-Glu-Leu-Ser 

33 34 35 36 

r-Ser-Ala-Leu-Arg-His-Tyr-Ile-Asn-Leu-Ile.Thr-Arg-Gln-Arg-Tyr-NH 2 

r-Ser-Ala-Leu-Arg-His-Tyr-Ile-Asp-Leu-Ile-Thr-Arg-Gln-Arg-Tyr 

r-Ser-Ala-Leu-Arg-His-Tyr-Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH 2 

r-Ser-Ala-Leu-Arg-His-Tyr-Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH 2 

r-Ser-Ala-Leu-Arg-His-Tyr.Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-NH 2 

Leu-Arg-His-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-NH 2 

Leu-Arg-His-Tyr-Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH 2 

Tyr.Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH 2 

YY and the fragments employed in the study. Abbreviations: NPY = 

TABLE I 

Amino 

1 2 3 4 

NPY 1-36 

Desamido-NPY 1-36 

PYY 1-36 Tyr-Pro-Ala-L 

PYY 13-36 

19 20 21 22 

NPY 1-36 Arg-Tyr-Ty 

Desamido-NPY 1-36 Arg-Tyr-Ty 

PYY 1-36 Arg-Tyr-Ty 

PYY 13-36 Arg-Tyr-Ty 

NPY 19-36 Arg-Tyr-Ty 

NPY 24-36 

PYY 24-36 

PYY 27-36 

Amino  acid sequences of  NPY, PYY 
neuropeptide Y; PYY = peptide YY. 
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wer the electrodes, pulse duration 1 ms, frequency 0. 
ans of a pair of platinum electrodes connected to a GI 
~very pulse gave an identical response, a peptide (Ta[ 

inhibition of the twitch was calculated for each cc 
t expressed in percent. 

ggs 

)rugs used were neuropeptide Y (NPY, Peninsula, Be 
(PYY, Peninsula), desamido-NPY (NPY free acid) 

le HC1 (NA, Sigma, St. Louis, MO, U.S.A.), histam 
pstaglandin F2~ (Amoglandin ®, Astra, S6dert/ilje, S~ 
nts of NPY and PYY were synthesized by solid-phase 
-36, PYY 13-36, PYY 24-36, and PYY 27-36. The 
h-performance liquid chromatography and amino a( 

~oconstriction (direct post-junctional effect) 
]uinea-pig iliac vein (GPIV). The GPIV proved to be 
Y. Of many different blood vessels from a numbel 

o v a t ~  l ~ l ~ o ~  ~ j l l ~ l l ~ , o a o ,  ~ l x  x x J  J r ,  ~ , a  • 

Their purity was confirmed b2 
acid sequencing. 

be quite sensitive to NPY an< 
number of species it was the onl,. 

he peptides evoked a maximum contractile response ex 
ed by high K + (Wahlestedt and H~tkanson, unpublishe~ 
~YY were equipotent (Fig. 1), the pD2 values being 7.4" 
:ontrast, neither desamido-NPY nor the C-terminal frag 
ced vasoconstriction in the concentrations tested (<_ 10- 
:samido-NPY and the fragments might act as vasodilator 
ats in which the GPIV had been precontracted with pros 
aot shown). Moreover, neither desamido-NPY not PY~ 
tration) inhibited the effect of subsequently added NP'~ 

ction (post~junctional modulation) 
RFA). Neither NPY nor PYY (<  10 -6  M)  affected th~ 
,wer, both peptides (3 x 10 -7 M) caused a left-shift of th~ 
se curve (Fig. 2A, Table II). NPY was somewhat mor~ 

high-I 

Results 

Vasoconstriction 
Guinea- 

PYY. y 
peripheral one in which the 
ceeding 50% of that evoked 
observations). NPY and PYY 
and 7.56, respectively. In contrast 
ments (see Table I) produced 
M). The possibility that desamido 
was ruled out in experiments 
taglandin F2~ (10 -6 M) (not 
13-36 (at 10 -6 M concenl 
(10-9-10 -6 M) (not shown). 
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Rabbit femoral artery (RFAj 
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NP'Y p y y  

(10 -8 M ) (10"8M) (10"6M) 

0- 

0 

, :i 
10-8 10-7 10-6 

1. Motor responses of the guinea-pig iliac vein. (A) Typical tracil tracings following application of NPY 
Y 13-36 (10 -6 M). (B) Concentration-response curves illustrating the 
The vasoconstriction is expressed as percentage of the response to high 

values for the enhancement  o f  the contracti le response to 
1 8.58, respectively (not  shown). D e s a m i d o - N P Y  and the 
share the potent iat ing ability o f  N P Y  and P Y Y  and did 

e at the concent ra t ion  tested (3 x 10 -7 M) (Table II). 
PYY 13-36 (10 -6  M) did not  inhibit the effect o f  subse- 
10-7 M) (not  shown). 

"). Nei ther  N P Y ,  PYY,  de samido -NPY nor  the fragments  
:oncentrat ion o f  3 x l0 -7  M. N P Y  and PYY, but  not  
gments, sensitized the R F V  to HI ,  thus causing a left-shift 
nse curve (Fig. 2B, Table II). 
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Fig. 
(10 -8 M), PYY (10 -8 M) or PYY 
effect of NPY (0)  and PYY (11). The 
K + concentration. Means + S.E.M. 

potent  than PYY, the pD2 values 
10 -6 M N A  being 8.82 and 

fragments  (Table I) did not  
not  affect the vascular tone 
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o o 

100 100 -] 10, 
~ ' ~  Control ol 

o: ,,, , C ,  ,.-/, 4 
8 7 6 5 4 3 

Histamine (pM) 
2. (A) Noradrenaline concentration-response curves in the rabbil 

',nee o f N P Y ( 3  x 10 -7 M; left; O). PYY (3 x 10 -7 M; middle; 

; T). (B) Histamine concentration-response curves in the rabbi 

race of NPY (3 x 10 -7 M; left), PYY (3 x 10 -7 M; middle) or 

vasoconstriction is expressed as percentage of the response to high 

tegative log molar concentration. Means 4- S.E.M. See also Tabb 

pression of  NA release (pre-junctional modulation) 
',at vas deferens (R VD). In the prostatic (and less so il 
he RVD, NPY and PYY induced a concentration-deI 
ally evoked twitches (Fig. 3). Both peptides produce 
on, but NPY was slightly less potent than PYY, the 
7, respectively. Interestingly, one of  the C-terminal f 
n~t ~ ~,We~-tiv~ a t  N I P Y  n n d  P Y Y  ( F i ~  q]" t h e  r i D .  

I able 11. 

so in the ependidymal) segment 
)endent suppression of  elec- 

iroduced the same maximum inhi- 
pD2 values being 7.82 and 

fragments, PYY 13-36, was 
( and PYY (Fig. 3); the pD2 value for PYY 13-36 was 
; and desamido-NPY ( <  3 × 10- 7 M) were without effect. 
esamido-NPY (3 x 10 -7 M) did not inhibit the effect ot 
10 -7 M) (not shown). 
istic properties of  NPY, PYY, PYY 13-36 and desami- 
n Table III. 

.ossible actions at the sympathetic neuroeffector junction 
effect, (b) potentiation of  NA- (or HI)-evoked vasocon- 
• stimulated NA release. All these actions can be mimicked 
)YY. In this study we have attempted to elucidate whethei 
and PYY share the abilities of  the full peptides. 
fleets of  NPY and PYY have been demonstrated both it 
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Discussion 

NPY has at least three possible 
(a) direct vasoconstrictor effect. 
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(Y and related peptides of the motor response of the rat vas deferen 
:ctrical stimulation at low frequency. (A) Typical tracings following ap 
13 36 (10 -7 M of either). (B) Concentration-response curves illustratin 
peptides on the electrically induced twitches expressed as percentage o 

ication of peptide: NPY (O), PYY (11) or PYY 13-36 (A). Each valu 
bars give S.E.M. 

,10]. Briefly,  ce r t a in  ce r eb ra l  vessels  a n d  ce r t a in  p e r i p h e r a  

he t w o  pep t ides ,  whi le  m o s t  p e r i p h e r a l  a r t e r i es  s eem un  

: a n d  Hfi, k a n s o n ,  u n p u b l i s h e d  obse rva t i ons ) .  T h e  v a s o c o n  

o b l o c k a d e  o f  C a  2 + inf lux [9]. N P Y  a n d  P Y Y  h a d  a l m o s  

C 
O :.= 

• ~ 40-  
_c 

20- / 

10 .9 10 .8 

Fig. 3. Suppression by NPY, PYY 
(prostatic part) to continuous electrical 
plication ofNPY, PYY or PYY 13 36, 
the suppressive effects of various 
the twitch amplitude before application 
is the mean of 4-8 observations; ba rs  

v i v o  [8,9,19] a n d  in v i t r o  [9,10]. 
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~n to greatly enhance the sensitivity to NA and other 
restingly, NA responses were 
zentration-response curve was shifted to the left in t 
he rabbit femoral artery the potentiating action ot 
;-lasting, requiring an influx of  Na ÷ and the mobi 
stered Ca 2 ÷ [11]. Interestingly, the potentiation of  the 
equire lower concentration of  NPY than the direct 
was the case also in the pithed rat, in which the ct-adr 

;sure increase was enhanced by NPY in doses lower 
irect pressor effect of  NPY [12]. The combination 
zts of NPY may be physiologically desirable, leading 
:er release and a more pronounced effector response, 
~es of the various NPY-evoked effects at the sympat] 
following rank-order of  physiological significance can 
Lal modulation of NA response (pD2 8.82), (2) pre-ju 
ase (pD2 8.16), and (3) direct vasoconstriction (pD2 
a the present study, post-junctional modulatory effe 
NPY and C-terminal peptide fragments were exami 
ons. The rabbit femoral artery was studied with NA as 
l with HI as the agonist. Since NPY and PYY, but 1 
~ments, sensitized the rabbit femoral artery to NA (a 

~athetic neuroeffector junction 
nificance can be suggested: (1) post-junc- 
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