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Mechanisms underlying the insulinostatic effect of peptide YY 
in mouse pancreatic islets 
A.G. Nieuwenhuizen, S. Karlsson, I". Fridolf, B. Ahr~n 
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Summary Peptide YY is an insulinostatic peptide 
which is released into the circulation from the intes- 
tinal mucosa upon food intake. Peptide YY is also 
co-stored with glucagon in the secretory granules of 
the pancreatic alpha cells. We examined the mechan- 
isms underlying the insulinostatic effect of peptide 
YY in isolated mouse pancreatic islets. We found 
that peptide YY (0.1 nmol/1-1 ~tmol/1) inhibited glu- 
cose (11.1 mmol/1)-stimulated insulin secretion from 
incubated isolated islets, with a maximal inhibition 
of approximately 70 % observed at a dose of 1 nmol/ 
1 (p < 0.001). Also in perifused islets the peptide 
(1 nmol/1) inhibited insulin secretion in response to 
11.1 mmol/1 glucose (p < 0.001). Furthermore, pep- 
tide YY inhibited glucose-stimulated cyclic AMP for- 
mation (by 67 %, p < 0.05), and insulin secretion sti- 
mulated by dibutyryl cyclic AMP (p < 0.01). In con- 
trast, the peptide was without effect both on the cyto- 
plasmic Ca 2 + concentration in dispersed mouse islet- 
cell suspensions as measured by the FURA 2-AM 
technique, and on insulin release in isolated islets, 

when stimulated by the protein kinase C-activator 
12-O-tetradecanoyl phorbol 13-acetate. Finally, in 
pre-labelled perifused islets, peptide YY caused a 
small and transient increase in the 86Rb+ efflux 
(p < 0.001), but only in the absence of extracellular 
Ca 2 +. We conclude that peptide YY inhibits glucose- 
stimulated insulin secretion from isolated mouse is- 
lets by inhibiting two different steps in the cyclic 
AMP cascade, that is, both the accumulation and the 
action of the cyclic nucleotide. In contrast, the data 
suggest that protein kinase C, K + channels, the cyto- 
plasmic Ca 2 + concentration or other processes direct- 
ly regulating the exocytosis are not involved in the 
signal transduction underlying peptide YY-induced 
inhibition of insulin secretion. [Diabetologia (1994) 
37: 871-878] 

Key words Insulin secretion, beta cells, cytoplasmic 
calcium, potassium channels, protein kinase C, cyclic 
AMR peptide YY. 

Peptide YY (PYY) is a 36-amino acid peptide, which 
was initially found to be localized in mucosal endo- 
crine cells of the terminal ileum and colon [1], and 
more recent results have shown that PYY is also an 
enteric neuropeptide [2]. The peptide shows structur- 
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al homology to pancreatic polypeptide and neuro- 
peptide Y [3], both of which are regulatory peptides 
influencing insulin secretion among other processes 
[4, 5]. Recently, PYY has been localized to the alpha 
cells in both the mouse and the rat pancreas [6, 7], 
where it is co-stored with glucagon in the secretory 
granules [8]. The peptide has previously been demon- 
strated to inhibit stimulated insulin secretion under in 
vivo conditions in the rat [9], dog [10, 11] and mouse 
[8], and in vitro in the perfused isolated rat pancreas 
and in isolatedrat islets [12]. This suggests that PYY 
participates in the regulation of insulin secretion. 

In the present study, we have examined possible 
mechanisms underlying the inhibitory effect of PYY 
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on  insulin secret ion.  O u r  s tudy focused  on  wel l -es tab-  
l ished be ta-ce l l  signal t r ansduc t ion  pa thways .  I t  is 
well  k n o w n  tha t  severa l  ion channe l s  in the  be ta -ce l l  
p l a s m a  m e m b r a n e ,  in pa r t i cu la r  v o l t a g e - d e p e n d e n t  
Ca  2+ and  A T P - r e g u l a t e d  K + channe l s  [13, 14], a re  
crucial  for  the  s t imulus -sec re t ion  coupl ing  of  insulin 
secret ion.  Also,  p ro t e i n  k inase  C and cyclic A M P  are  
in t race l lu lar  m o d u l a t o r s  of  insulin sec re t ion  [13, 15]. 
We  have  s tudied,  in n o r m a l  m o u s e  islets and  dis- 
pe r s ed  m o u s e  islet cells, the  inf luences  of  P Y Y  on  1) 
K + p e r m e a b i l i t y  (by m e a n s  of  86Rb+ efflux),  2) the  
con ten t  and  ac t ion  of  cyclic A M R  3) p ro t e i n  k inase  
C - d e p e n d e n t  insulin secre t ion  and  4) the  cytoplas-  
mic  Ca  2 § concen t ra t ion .  

Materials and methods 

Animals. The experiments were performed in 6-8-week-old 
female mice of the NMRI strain (Laboratory Animals Breed- 
ing, Laven, Denmark), weighing 25-35 g. The animals had 
free access to a standard pellet diet (protein 21%, fat 5 %, car- 
bohydrates 51.5 %, fibres 3.5 %, ashes 7 %, water 12 %) (Lac- 
tamin AB, Vadstena, Sweden) and tap water before the ex- 
periments. 

Isolation o f  islets. Pancreatic islets were isolated by the collage- 
nase digestion technique described by Lacy and Kostianovsky 
[16] with slight modification. In short, animals were anaesthe- 
tised with sodium-pentobarbital (120 mg/kg; Apoteksbolaget, 
Umegt, Sweden). A catheter was inserted in the common bile 
duct, the duodenal papilla was occluded and the pancreas was 
retrogradely filled with 3 ml ice-cold Hanks balanced salts so- 
lution (Sigma Chemical Co., St. Louis, Mo., USA) containing 
0.3 mg/ml of collagenase (Collagenase P, Boehringer Mann- 
heim GmbH, Germany). After removal, the pancreas was in- 
cubated for 20 min at 37 ~ and, subsequently, washed three 
times in Hanks balanced salts solution. This procedure yields 
about 100200 islets per pancreas. Islets were then hand- 
picked under a stereo microscope and cultured overnight in 
RPMI 1640 medium, supplemented with 10 % fetal calf se- 
rum, 2.06 mmol/1 L-glutamine, 100 IU/ml streptomycin, and 
100 IU/ml penicillin at 37 ~ in an atmosphere of humidfied 
air equilibrated with 5 % COs. 
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Measurements o f  islet cAMP content. For the studies on islet 
cyclic AMP content, 20 isolated and overnight-cultured islets 
were incubated for 30 rain in glass vials containing 0.2 ml of 
the Hepes buffer, as described previously [18]. The Hepes 
medium was supplemented with 1.8 or 11.1 mmol/1 glucose 
with or without the addition of PYY (1 nmol/1). As a control, 
incubations with the adenylate cyclase activator forskolin 
(1 vmol/1) were also included. After the incubation period, cyc- 
lic AMP was extracted by adding ice cold trichloracetic acid to 
the vials, which were then rapidly frozen to -70 ~ After thaw- 
ing, the islets were centrifuged at 2000 g for 15 min. The super- 
natant was discarded and washed four times in water-saturated 
diethyl ether, and then the samples were lyophilized. There- 
after, the samples were diluted in assay buffer and the cyclic 
AMP content was determined after acetylation of the samples 
using a rabbit anti-succinyl cyclic AMP serum and cyclic 2-0- 
succinyl-3-[~25I] methyl ester as tracer and cyclic AMP as stan- 
dard (Amersham Inc., Amersham, Bucks., UK). 

Perifusion experiments. After overnight culture, islets were 
washed in the Hepes buffer. Thereafter, 200 islets were trans- 
ferred to a chamber containing 500 V1 Krebs ringer supplemen- 
ted with 3.3 retool/1 glucose and 40-170 ~Ci 86RbC1 (added 
from a stock solution with the initial specific activity of 1.6- 
6.4 mCi/mg), and incubated in this medium for 90 min at 37 ~ 

After labelling and washing in the Hepes buffer, groups of 
50 islets were transferred to perifusion columns where they 
were sandwiched between two layers (200 ~1) of gel (Bio-gel 
P-4, 200-400 mesh, Bio-Rad Lab., Richmond, Calif., USA) as 
described previously [17]. The islets were perifused at a flow 
rate of 100 ~d/min, at 37 ~ After 20 rain of pre-perifusion 
with the Hepes buffer containing 11.1 mmol/l glucose, the peri- 
fusate was collected at 2-min intervals for 80 rain. Twenty min 
after the pre-perifusion period, PYY (1 nmol/1) was intro- 
duced to the perifusion medium for a further 20 min. Controls 
perifused with 11.1 mmol/1 glucose alone were included in 
each separate experiment. The K+-channel opener, diazoxide 
(400 ~mol/1), was added to all columns at the end of each peri- 
fusion period as a positive control. In the experiments per- 
formed under Ca 2 +-deficient conditions, the perifusion medi- 
um was supplemented with 0.5 mmol/1 EGTA (British Drug 
Houses Ltd., Poole, Dorset, UK). From each sample, 25~1 
was removed for determination of insulin immunoreactivity, 
and 100 ~tl was removed and added to 5 ml of scintillation 
fluid (Ready SafeT; Beckman Instruments Inc., Fullerton, Ca- 
lif., USA) for liquid scintillation counting (Packard Instru- 
ment Inc,, Downers Grove, Ill., USA). 

Batch incubations. After overnight culture, the islets were 
washed three times and pre-incubated for 60 min at 37 ~ in 
a Hepes buffer (pH 7.35) supplemented with 0.1% human se- 
rum albumin and 3.3 mmol/1 glucose. The buffer consisted of 
(in mmol/1) 125 NaC1, 5.9 KC1, 1.2 MgCI 2, 1.28 CaC12 and 25 
Hepes. After the pre-incubation, single islets were transfer- 
red into new chambers (Microwell Module F-8, Immunoqual- 
ity, Medium binding capacity; Nunc, Roskilde, Denmark), 
containing 0.1 ml of the Hepes medium supplemented accord- 
ing to the protocols, and incubated, as described previously 
[17]. 

For studying the effects of PYY on insulin secretion, the 
Hepes buffer was supplemented with glucose (5.6, 8.3 or 
11.1 mmol/1), PYY (0.1 nmol/1-1 ~mol/1), the phorbol ester 
TPA (0.1 ~mol/1) or dibutyryl cyclic AMP (1 retool/l) accord- 
ing to the protocols. The single islets were incubated for 
60 Inin at 37~ whereafter 25 ~tl of the incubation medium 
was collected from each chamber and stored at -20~ for de- 
termination of its insulin immunoreactivity. 

Insulin analysis. The concentration of insulin was determined 
with a radioimmunoassay, using a guinea-pig anti-rat insulin 
antibody (Linco Research, St. Louis, Mo., USA), lasI-labelled 
porcine insulin (Novo Research, Bagsvaerd, Denmark) as a 
tracer, and rat insulin (Linco) as a standard. The bound anti- 
body-antigen complex was precipitated through the use of an 
anti-IgG (goat anti-guinea pig) antibody (Linco). 

Studies on the cytoplasmic Ca 2 + concentration. The cytoplas- 
mic C a  2+ concentration was measured in islet cell suspensions 
as described previously [19]. Overnight cultured islets were 
washed three times in fresh culture medium. Thereafter ap- 
proximately 1200 islets were mechanically disrupted with a 
Pasteur pipette in a Ca 2 +- and M g  2 +-free phosphate buffered 
saline-Dulbecco solution (Biochrom KG, Berlin, Germany), 
which was supplemented with 0.025 % trypsin (Gibco BRL, 
Paisley, Scotland) and 0.05 % EDTA (Versen, Biochrom). The 
cells were then resuspended in RPMI 1640 medium and gent- 
ly shaken for 2 h at 37~ in humified air equilibrated with 5 % 
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Fig.1. Effect of PYY on glucose-stimulated insulin secretion 
from isolated mouse islets. Islets were incubated for 60 min at 
5.6 (El) or 11.1 mmol/1 ([])  glucose with or without PYY at 
0.1 to 1 ~tmol/1. Probability level of random difference in insu- 
lin secretion from islets incubated at 11.1 mmol/1 glucose in 
the presence vs in the absence of PYY; ***p < 0.001; 
**p < 0.01;*/) < 0.05 (n = 22-44 in each group) 

CO 2. This procedure yields cell suspensions consisting of single 
cells and clusters of up to 20 cells. The cell viability in these sus- 
pensions as measured by trypan blue staining is above 98 %. 
After 2 h, F U R A  2-AM (10 ~mol/1; Sigma) was added to the 
cell suspension and loaded for 45 rain. The cell suspension 
was thereafter rinsed in the Hepes buffer and gently shaken 
for a further 20 min in order to allow equilibration of the Ca 2 + 
concentration of the islet cells. After resuspension in 2 ml of 
fresh Hepes buffer, the cell suspension was transferred to a 
cuvette in a Perkin-Elmer LS50 spectrofluorometer for mea- 
surement of cytoplasmic Ca 2+ concentrations. The excitation 
wavelengths were 340 and 380 nm and the emission wave- 
length was 490 nm. The various test substances were added in 
small volumes according to the protocols. PYY was added at 
concentrations from 1-100 nmol/1 and as control, (in retool/l) 
0.1 carbachol, 15 glyceraldehyde, 32.5 KC1, and the Ca 2 +-chan- 
nel blocking agent D-600 (5 ~tmol/1) were used. Fluorescence 
maximum was obtained by adding 0.03 % triton and fluores- 
cence minimum by adding EGTA in excess (British Drug 
Houses Ltd.). The cytoplasmic Ca 2+ concentration was 
calculated according to the formula initially described by 
Grynkiewics et al. [20]. K d was assumed to be 224 nmol/1. 

Statistical analysis 

The results are given as means + SEM. The data from the 
perifusion experiments are presented as the fractional out- 
flow of S6Rb+ from the islets, as calculated for each time 

0 
G l u c o s e  

( m m o l / I )  
5.6 8.3 

Fig.2. Effects of PYY (1 nmol/1) on TPA (0.1 ~mol/1)- and di- 
butyryl cyclic AMP (1 mmol/1)-stimulated insulin secretion 
from isolated mouse islets incubated for 60 rain in the pre- 
sence of 5.6 or 8.3 mmol/1 glucose. Islets were incubated toge- 
ther with TPA (0.1mmol/1) or dibutyryl cyclic AMP 
(dbcAMR 1 mmol/1) in the absence ([])  or in the presence 
(~N) of PYY (1 nmol/l). Controls with glucose alone ([~). 
Probability level of random difference in insulin secretion 
from islets between the experimental groups as indicated in 
the figure, **p < 0.01, (n = 44-45 in each group) 

point, and the degree of statistical significance was calculated 
by two-way analysis of variance (ANOVA). Student's un- 
paired t-test was used for statistical analysis of the batch incu- 
bation experiments, and the probability levels of random dif- 
ference are given. The results from the FURA-2AM experi- 
ments are reported as one typical trace out of five different 
cell preparations. 

Results 

Effects of  P Y Y  on basal and glucose-stimulated insu- 
lin secretion. A t  a g lucose  c o n c e n t r a t i o n  o f  
11.1 mmol/1,  P Y Y  s igni f icant ly  i nh ib i t ed  g lucose-s t i -  
m u l a t e d  insul in  sec re t ion ,  wi th  a m a x i m a l  inh ib i t ion  
(o f  a p p r o x i m a t e l y  7 1 % )  o b s e r v e d  at  l nmol/1 
(p< 0.001). H i g h e r  dose  levels  (10nmol/1-1~tmol/1) 
d id  n o t  f u r t h e r  inh ib i t  insu l in  sec re t ion .  I n  con t ra s t ,  
P Y Y  was  w i t h o u t  e f fec t  o n  insul in  s e c r e t i o n  at  
5.6 mmol /1  g lucose  (Fig. 1) o r  at  8.3 mmol /1  g lucose  
(20 + 4 vs 13 + 4 ~tU/ml, n = 8, NS,  d a t a  n o t  s h o w n  in 
Fig. 1). Thus,  P Y Y  was  f o u n d  to  inhib i t  g lucose-s t i -  
m u l a t e d  insul in  s e c r e t i o n  f r o m  m o u s e  p a n c r e a t i c  is- 
lets, w h e r e a s  n o  ef fec t  was  o b s e r v e d  at  low, subs t imu-  
latory,  g lucose  c o n c e n t r a t i o n s .  
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Fig,& Effects of PYY (1 nmol/l) on the fractional outflow of 
S6Rb+ (upper panel) and insulin release (lower panel) from 
perifused 86Rb+-pre-labelled mouse islets. The absolute insulin 
values during the 2-min period before the introduction of 
PYY were 144 + 25 ~tU/ml. The perifusion medium contained 
11.1 mmol/1 glucose throughout the perifusion period; PYY 
(1 nmol/1) and diazoxide (400 ~mol/1) were added as indica- 
ted. Columns to which PYY (1 nmol/1) was added ( - �9  Con- 
trol columns (-o-) (n = 4 in both groups) 
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Effects of  PYYon  TPA- and dibutyryl cyclic AMP-sti- 
mulated insulin secretion. At 5.6 mmol/1 glucose, ex- 
posure of islets to the phorbol  ester TPA (0.1 Fmol/1) 
st imulated insulin release f rom 14 + 4  to 226 
+ 36 ~U/mt (p < 0.001). PYY (1 nmol/1) did not af- 
fect this TPA-induced insulin secretion (226 _+ 36 vs 
228 _+38FU/ml, NS). Dibutyryl cyclic A M P  
(1 mmol/l),  at 8.3 mmol/1 glucose, increased insulin 
secretion f rom 86 + 18 to 396 + 51 FU/ml, p < 0.01). 
PYY (1 nmol/1) inhibited the dibutyryl cyclic AMP- 
st imulated insulin secretion from 396 + 51 to 232 
+ 43 ~U/ml (p < 0.01). Taken together, these results 
indicate that  PYY inhibits insulin secretion by a me- 
chanism not  related to PKC activation but rather re- 
lated to inhibition of the action of cyclic A M E  

Effects of  P Y Y  onSO Rb+ efflux in the presence of  extra- 
cellular Ca 2+. At  a glucose concentrat ion of 
11.1 mmol/l ,  administration of PYY (1 nmol/1) did 
not affect the fractional outflow of 86Rb+ from pre-la- 
belled islets (Fig. 3, upper  panel), al though the pep- 
tide caused a concomitant  suppression of insulin se- 
cretion f rom the same islets (p < 0.001; Fig. 3, lower 
panel). This suppression of insulin secretion started 
immediately  after the addition of PYY, and lasted un- 
til PYY was withdrawn from the perifusion medium.  
The K+-channel-opener diazoxide (400 ~tmol/1), 
which was added as a positive control at the end of 
each experiment,  was found to increase the 86Rb+ ef- 
flux and, at the same time, to decrease insulin release 
(p< 0.001). Thus, under  conditions where PYY inhib- 
ited insulin secretion, the pept ide was without effect 
on 86Rb+ efflux, indicating that PYY does not  inhibit 
insulin secretion by increasing the K + permeability. 

Effects of  PYYon  86Rb+ efflux in the absence of  extra- 
cellular Ca 2 +. In order  to eliminate the contribution 
of Ca 2 +-activated K + channels to the 86Rb+ efflux, ex- 
periments  with PYY were per formed in the absence 
of extracellular Ca 2 +. It was thereby found that PYY 
(1 nmol/1) caused a small but significant increase in 
the fractional outflow of S6Rb+ (p< 0.001; Fig. 4). 
This increase occurred immediately  after addit ion of 
PYY, but lasted for only 12 rain al though PYY was 
present  in the perifusion med ium for a further 8 rain 
(Fig. 4, lower panel). Addi t ion  of diazoxide 
(400 ~mol/1) to the perifusion med ium increased the 

86 + fractional outflow of Rb from the islets (p < 0.001; 
Fig. 4, upper  panel). 

Effects of  P Y Y  on islet cyclic A M P  conWnt (Table 1). 
The cyclic A M P  content  of islets incubated at 
11.1 mmol/1 glucose was significantly increased com- 
pared to islets incubated at 1.8 mmot/1 glucose (31 
_+ 2 vs 22 + 3 fmol/islet, p < 0.05). At  1.8 mmol/1 glu- 
cose, PYY (1 nmol/1) did not affect the islet cyclic 
A M P  content.  In contrast, at 11.1 mmol/ t  glucose, 
PYY (1 nmol/1) caused a significant decrease in the 
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Table 1. Effects of PYY on islet cyclic AMP content 

Substance Cyclic AMP 
(fmol/islet) 
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1.8 mmol/1 glucose 22 + 3 
1.8 retool/1 glucose + PYY (1 nmol/1) 18 + 4 
11.1 mmol/1 glucose 31 + 2 a 
11.1 mmol/1 glucose + PYY (1 nmol/1) 21 + 3 b 
1.8 mmol/1 glucose + forskolin (1 ~tmol/1) 117 + 16 ~ 

Islets were incubated for 30 min at 1.8 or 11.1 mmol/1 glucose 
in the absence or in the presence of PYY (1 nmol/1) (n = 3--4 
in each group), a p < 0.05 vs 1.8 mmol/1 glucose, b p < 0.05 VS 
11.1 mmol/1 glucose without PYY, C p < 0.01 vs 1.8 mmol/1 glu- 
cose 

islet cyclic A M P  content  (p < 0.05), indicating that  
PYY under  condit ions during which it inhibits glu- 
cose-st imulated insulin secretion, the pept ide also re- 
duces the islet concentra t ion of cyclic A M R  Addi t ion  
of the adenyla te  cyclase-activator forskolin (1 ~mol/1), 
added  as a control,  marked ly  raised the islet cyclic 
A M P  content  (p < 0.01). 

Effects o f  P Y Y o n  the cytoplasmic Ca 2 + concentration. 
At  11.1 mmol/1 glucose, PYY, at concentrat ions  ran- 
ging f rom 1 to 100 nmol/1, was wi thout  effect  on the 
c y t o p l a s m i c  C a  2 + concentra t ion in dispersed mouse  
islet cells. A d d e d  as a control  in the same experi- 
ments,  carbachol  (0.1 mmol/1) marked ly  increased 
the cytoplasmic Ca 2+ concentra t ion in a biphasic 
manner .  Also, glyceraldehyde (15 mmol/1) and KC1 
(32.5 retool/l) increased the cytoplasmic C a  2 + concen- 
tration, whereas it was markedly  reduced  by addit ion 
of the Ca 2 + channel  blocking agent  D-600. Thus, un- 
der condit ions in which PYY inhibits insulin secre- 
tion, the pept ide  is wi thout  effect  on the cytoplasmic 
Ca 2 + concentrat ion.  

Discussion 

Previous studies have shown that  PYY inhibits insu- 
lin release both  in vivo [8-11], and in vitro [12]. The 
present  s tudy provides fur ther  evidence for a direct 
islet action of this peptide,  since a clear-cut inhibi- 
t ion of insulin secretion was observed in perifused 
mouse  islets. Fur thermore ,  this s tudy suggests that  
the mechanism behind the insulinostatic effect of 
PYY involves inhibit ion of both  the accumulat ion 
and the action of cyclic A M R  

It is known that  the ATP-regula ted  K-channels  are 
of importance  in beta-cell  signal t ransduct ion [13, 14, 
21]. For  example,  glucose closes these channels 
which leads to depolar izat ion and opening of vol- 
t age-dependent  Ca 2 § channels and init iat ion of  the 
exocytosis [14]. Some insulinostatic peptides, for ex- 
ample somatostat in,  have been suggested to inhibit  
insulin secretion by opening these channels and there- 
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Fig.5. Effects of PYY (1-100 nmol/1) on the cytoplasmic Ca 2+ 
concentration in dispersed cells from isolated mouse pancrea- 
tic islets. Also the effects of carbachol (Carb, 0.1 mmol/1), Gly- 
ceraldehyde (Gly, 15 mmol/1), KC1 (32.5 mmol/1) and D-600 
(5 ~mol/1) are shown. Representative trace out of five differ- 
ent islet cell preparations. Different test substances were admi- 
nistered as indicated 

by hyperpolarize the beta cell and lower the cytoplas- 
mic Ca 2+ concentration [22]. We also examined 
whether  the insulinostatic effect of PYY is due to 
such an action by the use of 86Rb+ pre-loaded islets, 
since the subsequent 86Rb+ efflux from such islets re- 
presents the degree of K + permeability [23, 24]. We 
found, however, that PYY was without effect on 
86Rb+ efflux from pre-labelled mouse islets in the pre- 
sence of extracellular Ca 2 +, despite the fact that the 
peptide inhibited glucose-stimulated insulin secre- 
tion from the very same islets. This suggests that the 
inhibition by PYY of insulin secretion is not medi- 
ated by increased K+-permeability, since such an ac- 
tion would have increased the 86Rb+ efflux, as was ob- 
served by diazoxide, which inhibits insulin secretion 
by opening the ATP-regulated K + channels [25, 26]. 

In a Ca2+-deficient medium, however, PYY in- 
duced a slight and transient increase in the 86Rb+ ef- 
flux. It should be emphasized that the 86Rb+ efflux 
from pre-labelled islets represents the sum of the ac- 
tivity of all plasma membrane  K + channels, i.e., not 
only the ATP-regulated but also Ca; +- and voltage- 
dependent  K + channels. Our results could be inter- 
preted as if PYY indeed has the ability to increase 
the K + permeability, for example by opening the 
ATP-regulated K § channels, but that this is not seen 
in the presence of extracellular Ca 2 + due to a conco- 
mitantly reduced activity of the Ca 2+- and/or vol- 
tage-dependent  K+-channels [27]. An  increased K + 
permeability through the opening of ATP-regulated 
K+-channels could thus, due to hyperpolarization of 
the plasma-cell membrane,  lower the cytoplasmic 
Ca 2 + concentration and thereby restrain the activity 
of the Ca 2+-activated K + channels. However, such a 
mechanism seems less likely since we repeatedly 
found that PYY was without effect on the cytoplas- 
mic Ca 2 + concentration, as measured by the F U R A  
2-AM technique in dispersed mouse islet cells. It is 
therefore concluded that the mechanism behind the 
insulinostatic effect of PYY does not involve in- 
creased K + permeability or lowering of the cytoplas- 
mic Ca 2 + concentration. 
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The mechanism by which PYY increases the frac- 
tional outflow of 86Rb+ from isolated mouse pancreat- 
ic islets in the absence of extracellular Ca 2 § is thus not 
clear. Previously, it has been shown in other tissues, 
i.e., in Aplysia sensory neurons, that activation of 
the cyclic AMP cascade reduces certain K § currents 
[28]. Although this has not been reported for islet 
beta cells, the increase in 86Rb+ efflux could, theoreti- 
cally, result from the restraining effect of PYY on the 
accumulation and action of cyclic AMR On the other 
hand, such a hypothesis is contradicted by a previous 
study, in mouse beta cells, which showed an in- 
creased K+-permeability after increasing the cellular 
cyclic AMP content by forskolin at a stimulatory glu- 
cose level [29]. 

PYY is known to exert its effects, in other tissues, 
through acting on at least three subtypes of a generic 
neuropeptide Y/PYY receptor, i.e., the Y1, Y2 and 
Y3 subreceptors [30, 31]. In a recent study in a con- 
SClOUS dog, the PYY-receptor subtype involved in 
the inhibitory effect of PYY on 2-deoxy-o-glucose-in- 
duced insulin secretion was suggested to be of the Y1- 
subtype [32]. The subtype of receptor involved in the 
inhibitory effect of PYY on insulin secretion under 
in vitro conditions in mouse islets cannot be deduced 
from the present study, since adenylate cyclase inhibi- 
tion is a known feature of all three neuropeptide Y/ 
PYY receptor subtypes [30, 31], and in the present 
study, PYY was found to reduce glucose-stimulated 
cyclic AMP accumulation. The characterization of 
the PYY receptor subtype involved in the inhibitory 
effect of PYY on insulin secretion under in vitro con- 
ditions has therefore to await further studies. 

In addition to inhibiting cyclic AMP accumulation 
in mouse pancreatic islets, PYY also seems to inhibit 
the action of cyclic AMR since the peptide inhibited 
dibutyryl cyclic AMP-stimulated insulin secretion. 
Thus, PYY seems to exert an inhibitory effect on the 
cyclic AMP system in islets by acting at two consecu- 
tive steps in the intracellular cyclic AMP cascade. 
Furthermore,  PYY was found to be without effect 
on insulin secretion induced by the PKC-activating 
agent TPA. This shows that the peptide is not an inhi- 
bitor of protein kinase C or an inhibitor of the exocy- 
tosis process itself, but rather has a specific inhibitory 
effect on the cyclic AMP system within the pancreatic 
beta celt. Interestingly, PYY has previously been de- 
monstrated to inhibit insulin secretion stimulated by 
the insulinotropic hormone gastric inhibitory poly- 
peptide in the dog [11], and formation of cAMP is a 
mechanism behind the insulinotropic effect of GIP 
[33]. 

Plasma levels of PYY have previously been 
shown to increase within an hour after food intake 
in humans (from approximately 8 to 45 pmol/1) and 
in the dog (from approximately 200 to 400 pmol/1) 
[34, 35]. In the dog, PYY inhibits stimulated insulin 
secretion at concentrations within this range [10, 
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11]. This suggests a possible endocrine role for PYY, 
at least in the dog. Whether PYY also inhibits stimu- 
lated insulin secretion in man is not known. Under 
basal conditions PYY does not affect plasma insulin 
levels in man [36]. In addition to a possible endo- 
crine role of PYY, the co-localization of PYY and 
glucagon within the same secretory granules of the 
pancreatic alpha cell [6, 7] suggests that PYY might 
also act as a paracrine modulator of insulin secre- 
tion. Under the conditions used in the present ex- 
periments a possible release of PYY from the alpha 
cells is, however, probably negligible, since we used 
a high glucose concentration, which inhibits alpha- 
cell secretion. 

In conclusion, PYY inhibits glucose-stimulated in- 
sulin secretion by a direct effect on the pancreatic 
beta cell possibly by interacting with two different 
steps in the cyclic AMP cascade, and thereby inter- 
acting with the accumulation as well as with the ac- 
tion of cyclic AMR 
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