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ABSTRACT

Chronic exposure of pancreatic islets to elevated plasma lipids such as free fatty acids (FFA)
can lead to B-cell dysfunction which may over time become irreversible, a process referred to
as lipotoxicity. The present investigation examined, by confocal microscopy and biochemical
analysis, whether the expression of islet inducible nitric oxide synthase (iNOS) and the
concomitant inhibition of glucose-stimulated insulin release after a sustained increased in
plasma FFA due to lipid infusion in the rat could be modulated by the islet neuropeptide
pituitary adenylate cyclase activating polypeptide 27 (PACAP27). After lipid infusion for 8
days freshly isolated islets showed a strong expression and activity of iNOS protein as
detected by confocal microscopy and Western blot. The iINOS expression was still evident
after incubation of the islets in the presence of 8.3 mmol/l glucose and was furthermore
accompanied by a high iNOS-derived NO generation and a decreased insulin release
concomitant with an increased cyclic GMP accumulation when compared to islets isolated
from freely fed controls. No iNOS activity could be found in the islets of the control animals.
Addition of PACAP27 to incubated islets from lipid-infused rats resulted in a great increase in
islet cyclic AMP content, a decreased cyclic GMP content and a marked suppression of the
activities of both neuronal constitutive NOS (ncNOS) and iNOS concomitant with an
enhanced insulin response to glucose. These effects were reversed by the protein kinase A
(PKA) inhibitor H-89. The results suggest that PACAP27 through its cyclic AMP and PKA
stimulating capacity is able to strongly suppress not only ncNOS activity but most
importantly also the lipid-induced increase of iNOS activity and hence to decrease the total
production of NO and cyclic GMP in the islets. By doing so it restores the associated
impairment of glucose-stimulated insulin release to normal levels and in addition it might
have a cytoprotective effect against apoptosis and other deleterious actions of iNOS-derived
NO in the B-cells.



INTRODUCTION

The solution used for total parenteral nutrition (TPN) contains a high amount of lipids which
results in increased plasma levels of free fatty acids (FFA), triglycerides and cholesterol (8,
19, 22, 24). FFA has complex effects on pancreatic 3-cells and insulin secretion (8, 9, 16, 19,
20, 22, 24, 30, 34). FFA acutely stimulates insulin secretion from isolated pancreatic islets
(9) whereas long-term incubation (24 h) of islets in the presence of FFA negatively modulates
[-cell function and results in a markedly decreased glucose-stimulated release of insulin (34).
Indeed it has been known for a long time that chronic elevation of plasma FFA impairs the
insulin secreting response to glucose both in humans and animals (8, 19, 20, 22, 24, 30, 34)
and this hyperlipidemia has been suggested to be closely linked to type 2 diabetes (15). We
have previously reported that nutrient-stimulated insulin secretion was markedly disrupted
after lipid infusion in rats (8, 19, 22, 24) and that this insulin secretory defect could be
reversed by agents stimulating cyclic AMP production (22, 23). We also found that islets of
lipid-infused rats exhibited an increased nitric oxide (NO) production due to the induction of
inducible NO synthase (iNOS) (22, 23).

In the present study we wanted to explore whether the cyclic AMP stimulating neuropeptide
pituitary adenylate cyclase activating polypeptide 27 (PACAP27) would affect the increased
expression and activity of INOS as well as the impaired insulin response to glucose in islets
isolated from lipid-infused rats. It should be recalled that PACAP, which originally was
isolated from hypothalamus, is known to reside in islet parasympathetic nerve fibers and it has
been found to be expressed also in islet B-cells (32, 33). It is a potent glucose-dependent
stimulator of insulin release and exists in to main forms PACAP38 and PACAP27 (13). We
have used the C-terminally truncated form i.e. PACAP27 which reportedly is equipotent to
PACAP38 with respect to potentiation of glucose-stimulated insulin release (13, 32, 33).
Because of its abundant localization within islet tissue PACAP has been regarded upon as an
important regulator of insulin secretory processes, but detailed information on its mechanisms
of action is still unclear (13, 32, 33).

MATERIALS AND METHODS
Animals. Male Sprague-Dawley rats (B&K, Sollentuna, Sweden) weighing 200-225 g were

used in all experiments. The rats intended for lipid infusion were anesthesized



intraperitoneally with 5 % chloral hydrate before operation. The neck of the rat was shaved
and the operative field washed with iodine solution. The operation was performed under
sterile conditions. A silicon-rubber catheter, was inserted into the right external jugular vein.
The catheter was delivered to the skull subcutaneously and connected to a swivel via a
protective coil attached to the skin of skull. When the lipid-based solution composed for total
parenteral nutrition (TPN) was infused the catheter was flushed with 100 U/kg/day of low
molecular weight heparin (Fragmin; Pharmacia Corp., Uppsala, Sweden) every second day.
The rats serving as freely fed controls underwent the same operative procedure, but no
catheter was inserted. A detailed description of the methodology used and the composition of
the lipid-based (Intralipid® Pharmacia) TPN solution have previously been reported (8, 22-
24). The animals were infused for 8 days and there was no difference in body weights of
control and lipid-infused rats at the end of the experiments. Further, as recently shown (24),
blood glucose levels were within the normal range and the basal plasma insulin levels
modestly enhanced after 8 days of lipid infusion. The concentrations of FFA, triglycerides and
cholesterol in serum, however, were greatly increased by approximately 150, 80 and 90 %,

respectively (24).

Chemicals. Bovine serum albumin was from ICN Biochemicals, High Wycombe, UK.
PACAP27 was from Peninsula Europe (Merseyside, St. Helens, UK). The radioimmunoassay
Kits for cyclic AMP and cyclic GMP measurements were purchased from Amersham
Pharmacia Biotech (Uppsala, Sweden). The radioimmunoassay kits for insulin determination
was obtained from Diagnostika (Falkenberg, Sweden). All other drugs and chemicals were
from Sigma Chemicals, St Louis, MO or Marck AG, Darmstadt, Germany.

Isolation of pancreatic islets. Preparation of isolated pancreatic islets from the rat was
performed with the Gotoh method; i.e. retrograde injection of a collagenase solution via the
bile-pancreatic duct as previously described (21). Islets were collected under a
stereomicroscope at room temperature, thoroughly washed, and then used immediately for the

different experiments.

In vitro experiments. The freshly isolated islets were preincubated for 30 min at 37° C in
Krebs Ringer bicarbonate (KRB) buffer, pH 7.4, supplemented with 10 mmol/l HEPES, 0.1%
bovine serum albumin, and 1.0 mmol/I glucose as previously described (11, 21). Each

incubation vial contained 50 islets in 1.5 ml buffer solution and was gassed with 95% O,-5%



CO, to obtain constant pH and oxygenation. After preincubation the buffer was changed to a
medium supplemented with test agents, and the islets were incubated for 60 minutes. All
incubations were performed at 37° C in an incubation box (30 cycles/min). Immediately after

incubation, aliquots of the medium were removed for assay of insulin (21).

Confocal microscopy. The freshly isolated islets as well as incubated islets were fixed with
4% formaldehyde, permeabilized with 5% Triton X-100, and unspecific sites blocked with
5% Normal Donkey Serum (Jackson Immunoresearch Laboratories, Inc, CA). iNOS were
detected with the corresponding rabbit-raised primary antibody (BD Transduction Lab, CA)
in combination with Cy2-conjugated anti-rabbit IgG (Jackson Immunoresearch Laboratories,
Inc). For staining of insulin, islets were incubated with a guinea pig-raised anti-insulin
antibody (Eurodiagnostica, Malmd Sweden) followed by a Cy5-conjugated anti-guinea pig
IgG antibody (Jackson Immunoresearch Laboratories, Inc). Fluorescence was visualized with
a Zeiss LSM510 confocal microscope by sequentially scanning at (exication/emission)
488/505-530nm (Cy2) and 633/>650nm (Cyb5).

Assay of islet NOS activities. Preincubation and incubation of freshly isolated islets were
performed as stated above with the exception that each incubation vial contained 200 islets in
1.5 ml of buffer solution and was incubated for 60 min. After incubation aliquots were
removed for insulin determination and the islets were then thoroughly washed and collected in
200 pl buffer solution containing 20 mmol/l HEPES, 0.5 mmol/l EDTA and 1 mmol/l DL-
dithiothreitol, and immediately frozen at -20°C. On the day of assay, the islets were sonicated
on ice and for ncNOS activity the buffer solution was supplemented to contain also 0.45
mmol/l CaCl,, 2 mmol/l NADPH, 25 U/ml calmodulin, and 0.2 mmol/l L-arginine. For the
determination of iNOS activity both Ca®* and calmodulin were omitted. The homogenate was
then incubated at 37°C under constant air bubbling, 1.0 ml/min for 2 h. Aliquots of the
incubated homogenate (200 ul) were then passed through an 1ml Amprep CBA cation-
exchange column for high performance liquid chromatography (HPLC) analysis of the L-
citrulline formed. The methodology has previously been described in detail (11, 21). Since L-
citrulline is created in equimolar concentrations to NO, and since L-citrulline is stable
whereas NO is not, L-citrulline is the preferred parameter when measuring NO production.

Protein was determined according to Bradford on samples from the original homogenate (4).



Western blot analysis. Approximately 250 islets (n= 4 in each group) were collected in
Hanks’ buffer (100 ul) and sonicated on ice (3x10 s). Homogenate samples representing 10
ug of total protein from islet tissue were then run on 10 % SDS-polyacrylamide gels. After
electrophoresis, proteins were transferred to nitrocellulose membranes by electrotransfer (10-
15V, 60 min) (semi-dry transfer cell, B10-RAD, Richmond, CA). The membranes were
blocked in 9 mmol/l Tris-HCI (pH 7.4) containing 5 % non-fat milk powder for 40 min at 37°
C. Immunoblotting with rabbit anti-mouse INOS (N-7782) (Sigma, St. Louis, MO) was
performed for 16 h at room temperature. The membrane was washed twice and then incubated
with alkaline-phosphatase conjugated goat anti-rabbit 1gG (1: 10 000) (Sigma) for 90 min.
Antibody binding to iNOS was detected using 0.25 mmol/I CDP-Star "™ (Tropix, Bedford,
MA) for 5 min at room temperature. The chemiluminiscence signal was visualized by
exposing the membranes to Dupont Cronex® X-ray films for 1-5 min. An appropriate
standard, i.e. molecular mass markers were run in all analyses. The intensities of the bands

were quantified by densitometry (Bio-Rad GS-710 Densitometer).

Measurement of islet cyclic AMP and cyclic GMP. After incubation the islets were thoroughly
washed in glucose-free KRB buffer and collected and stored in 500 pl of ice-cold 10 %
trichloroacetic acid (TCA) containing the phosphodiesterase inhibitor IBMX (0.2 mmol/l),
followed by immediate freezing in a -70° C ethanol bath. Before assay, 500 ul of H,O was
added, and the samples were sonicated (3x5 seconds) followed by centrifugation (1100x g)
for 15 minutes. As previously described (7, 23) the supernatants were then collected and
extracted with water-saturated diethyl ether (4x2 ml). The aqueous phase was removed and
freeze dried, using a Lyovac GT 2 freeze dryer. The residue was then dissolved in 450 ul of
Na-acetate buffer (50 mmol/Il, pH 6.2). The amounts of cyclic AMP and cyclic GMP were
quantified with [**1]-cyclic AMP and [**°I]-cyclic GMP radioimmunoassay kits (RIANEN,
Du Pont Company, Boston, MA). [*H] —cyclic GMP was added to the TCA islet homogenate
in order to determine the recovery of cyclic AMP and cyclic GMP during the ether extraction.

The mean recovery was 90 %.

Statistics. Probability levels of random differences were determined by analysis of variance
followed by Tukey-Kramers” multiple comparisons test. Results are expressed as means +
SEM.



RESULTS

Confocal microscopy and immunocytochemical findings. In the first experiment we wished to
study the influence of long-term lipid infusion (8 days) on iNOS expression in the pancreatic
islets. Insulin immunoreactivity is seen in Fig. 1A and D. As show in Fig.1B no iNOS
immunoreactivity was observed in islets isolated from freely fed control rats, whereas after
lipid infusion a majority of islet cells showed a strong immunoreactivity for iINOS (Fig. 1E).
Double immunolabelling of islets from lipid-infused animals showed that most iNOS-
immunoreactive cells also expressed insulin immunoreactivity (Fig. 1F). The
immunocytochemical findings after lipid infusion were confirmed by Western blot analysis

showing that there was a marked expression of iNOS protein in the islets (Fig.1G).

We recently observed (23) that raising islet cyclic AMP levels brought about a marked
suppression of the increased INOS activity seen in islets exposed to high glucose (11, 22, 23).
Hence the next series of experiments was designed to explore the effects of PACAP27 (a
cyclic AMP stimulating agent) on the lipid-induced expression of islet INOS after incubation
in a modest, physiological concentration of glucose (8.3 mmol/l). The islets were isolated
directly after stopping the lipid infusion. Figure 2 shows a confocal micrograph of the islets
after incubation in the presence of 8.3 mmol/I glucose with or without addition of PACAP27
(200 nmol/l). As shown in Figure 2B and E no iNOS immunoreactivity was detected in
control islets after the incubation at 8.3 mmol/l glucose either in the absence (B) or presence
(E) of PACAP27. In contrast, the expression of INOS (Fig. 2H) induced by lipid infusion was
still evident in such islets after the incubation period. Addition of PACAP27 to the incubation
media suppressed the expression of islet iINOS in lipid-infused rats (Fig. 2K). Double
immunostaining of insulin and iINOS shows that insulin and iNOS immunoreactivities are

confined to the same cells (Fig. 2I).

Influence of PACAP27 on ncNOS and iNOS activities and glucose-stimulated insulin
secretion in incubated islets from control and lipid-infused rats. In the following experiments
we studied the influence of PACAP27 in the presence of 8.3 mmol/l glucose on islet ncNOS
and INOS activities in relation to insulin release. Fig.3A shows that PACAP27 (100 nmol/l)
suppressed ncNOS activity in association with a concomitant potentiation of insulin release in
islets taken from control rats and then incubated at 8.3 mmol/I glucose (Fig. 3C). No iNOS
activity, however, could be detected in these control islets (Fig. 3A). As illustrated in Fig. 3B
pancreatic islets taken from lipid-infused rats and then incubated in the presence of 8.3



mmol/l glucose showed a slight increase in ncNOS activity (P<0.05) and a marked increase in
the activity of INOS compared to islets from controls (Fig. 3A and 3B). Hence, the total NO
production in the islets was greatly elevated after lipid infusion (compare total NOS in Fig 3A
and 3B). The addition of PACAP27 to the incubated islets markedly suppressed the activity of
ncNOS in control islets (Fig. 3A) and both ncNOS and iNOS and thus the total NOS activity
in lipid-infused rats (Fig.3B). This suppressive effect of PACAP27 on iNOS and ncNOS
activities was reversed when H-89 (an inhibitor of PKA), 2 umol/l, was added to the
incubation medium (Fig. 3B). In parallel to the suppressive effects of PACAP27 on islet
INOS and ncNOS activities in islets isolated after lipid infusion, the glucose-stimulated
insulin secretion was markedly potentiated (Fig. 3C). Moreover, the suppressive effect of
PACAP27 on NOS isoenzyme activities was totally reversed and even increased by addition
of H-89 to the incubation medium (Fig. 3B). This was accompanied by a markedly reduced
ability of PACAP27 to potentiate insulin secretion (Fig. 3C).

Effect of PACAP27 on islet cyclic AMP and cyclic GMP production in relation to glucose-
stimulated insulin secretion in lipid-infused and control rats.

Since NO is known to have a stimulatory effect on cyclic GMP production, it was of interest
to investigate the effect of PACAP27 on cyclic GMP levels in isolated islets taken from lipid-
infused rats. The islets were thereby incubated in the presence of 8.3 mmol/I glucose for 60
min in the absence or presence of PACAP27 (100 nmol/l). As shown in Fig. 4A the insulin
secretion was slightly lower (p< 0.05), the cyclic AMP level slightly increased (p<0.05) (4B),
while the cyclic GMP level was greatly elevated (p<0.001) (4C) in the presence of 8.3 mmol/I
glucose in islets isolated from lipid-infused animals compared to the controls. Addition of
PACAP27 to the incubation medium resulted in a marked suppression of cyclic GMP levels
in the islets of lipid-infused rats. In contrast, PACAP27 did induce a much greater increase in
cyclic AMP levels in islets of lipid-infused animals than in controls. The insulin secretory
response to PACAP27 in islets taken from lipid-infused rats was also much greater compared
to control islets (Fig. 4A).

Discussion

General

The metabolic syndrome and diabetes is often associated with an abnormal lipid metabolism
(15, 16, 30, 34) and most type 2 diabetic patients exhibit an elevated plasma level of FFA in

addition to enhanced plasma glucose concentrations (15). Although the pathogenesis of type 2



diabetes is multifactorial in origin, the pancreatic -cell plays a crucial role in the
development of the disease (15, 16, 30, 34), and chronic elevation of plasma levels of FFA
has been attributed to 3-cell dysfunction (15, 16, 30, 34).

Long term lipid infusion in rats is considered a good model to investigate the effect of
increased plasma levels of lipids on B-cell function and insulin secretion (8, 19, 22, 24). We
have previously shown that lipid-infused animals are characterized by hyperlipidemia (FFA,
triglycerides and cholesterol), but at the same time they display normoglycemia (24) and there
is no significant difference in blood glucose levels in these rats compared to freely fed control
rats (24). From the present results we therefore suggest that in our rat model the increased NO
production, exerted by a marked expression and activity of islet iINOS, and the associated
reduction of the insulin secretory capacity of the B-cell is a consequence of increased plasma
lipids and not due to glucose or a combination of elevated levels of both glucose and FFA
(18) which might be still more deleterious (18). It should be emphasized that the present data
do not exclude toxic effects of high concentrations of glucose alone on the 3-cell function

that, at least in part, might be exerted through the induction of iNOS (11).

By using immunocytochemistry and confocal microscopy, we confirmed our previously
reported biochemical observations describing a high production of NO concomitant with a
strong expression of iINOS and an increase in cyclic GMP in pancreatic islets isolated from
lipid-infused rats (22, 23). The confocal micrographs revealed that the expression of iNOS
was manifested throughout the entire islet, and hence, including most p-cells. This further
indicates that the observed biological effects in the islets upon induction of iNOS by lipid
infusion might be at least a contributing factor to the insulin secretory defect seen in these
animals. Obviously cyclic GMP is not primarily a positive modulator of glucose-stimulated
insulin release in lipid-infused rats, since an excessive increase in islet cyclic GMP content
was associated with a significant reduction in insulin secretion. The slight increase in cyclic
AMP content in the islets of lipid-infused rats was probably an effect of the cyclic GMP-
inhibited cyclic AMP phosphodiesterase (27).

It is also well documented that destructive and apoptotic processes in pancreatic islets of
animal models of type 1 diabetes are accompanied by induction of iINOS and a large

production of NO (5, 6, 14). Such a reaction pattern although less pronounced and lacking any



signs of autoimmune processes and insulitis was clearly evident in the islets isolated from
lipid-infused rats and is most likely due to a signal/s produced by fat overloading during the
long-standing lipid infusion. This is supported by previous observations showing that
culturing islets isolated from the Zucker diabetic (fa/fa) rat in the presence of FFA was
associated with an overabundance of islet fat and enhanced NO production and apoptosis
(26).

In contrast to the consistent experimental support of a critical role of iINOS for degenerative
and apoptotic processes in B-cells, significant controversy exists with regard to the role played
by ncNOS in the regulation of insulin secretion (11, 22). A clear indication that ncNOS-
derived NO deserves consideration as a negative modulator of glucose-stimulated insulin
release is coming from the findings that inhibition of ncNOS by selective NOS inhibitors such
as L-NAME or L-NMMA positively affects the insulin response to glucose (1, 10, 11, 17, 25,
29). Moreover, we have recently shown that stimulation of ncNOS-derived NO is inhibitory
to first phase insulin release in perifused rat islets (11). The mechanisms of action of NO to
restrain nutrient-stimulated insulin release are still unclear. We have previously hypothesized
that S-nitrosylation of the glutathione system and/or important regulatory proteins at distal
sites in the secretory process are possible targets (1, 11, 17, 25). In fact a new proteomic
approach in brain tissue has revealed a wide range of metabolic and signaling proteins that
might serve as targets for neuronally generated NO through S-nitrosylation processes (12). In
contrast to the negative impact exerted by NO on nutrient-stimulated insulin release, this
gaseous messenger seems to have no appreciable effect on insulin secretory mechanisms
elicited by secretagogues directly activating the cyclic AMP system (2, 3, 21-23), since such

secretagogues apparently act independently of regulating thiol-groups (3).

Effects of PACAP27

The ability of PACAP27 to potentiate glucose-stimulated insulin secretion by increasing

cyclic AMP production in incubated islets isolated from control rats was accompanied by a
marked suppression of ncNOS activity. Hence this is in good agreement with our previous
data showing that an increased ncNOS activity may negatively affect the insulin response to
glucose (11).

Quantitative biochemical analysis of INOS and ncNOS activities in incubated islets of lipid-

infused rats showed that PACAP27 dramatically reduced the activities of both isoenzymes as
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well as the cyclic GMP production. Regarding iNOS, this effect was further supported by
double immunostaining for insulin and iINOS showing a marked PACAP-induced reduction of
the iINOS flourescence intensity in the islets. The glucose-stimulated insulin secretory
response of islets isolated from lipid-infused rats was strikingly enhanced by PACAP27 and
even greater than in PACAP27-treated control islets confirming our previous data (23)
showing that an increase in the B-cell cyclic AMP system elicited by addition of dibuturyl-
cyclic AMP is compensatory to NO-induced impairment of nutrient-stimulated insulin release

in islets from lipid-infused rats.

The cyclic AMP system is supposed to be the main messenger for PACAP to mediate insulin
secretion from the B-cells (13) but recent observations (7) have shown that the action of cyclic
AMP in the secretory process is not only elicited through activation of PKA but that also
PKA-independent direct effects on distal steps in the stimulus-secretion coupling are
operating. However, our present data speak in favor of PKA being of decisive importance for

regulating islet NOS activities and insulin release in lipid-infused rats.

Concluding remarks

The present investigation reveals a novel pathway by which cyclic AMP, and hence
PACAP27 may stimulate and reverse the reduced insulin response to glucose induced by
long-term lipid infusion to rats. Specifically, we propose that the mechanism by which
PACAP27 exerts this important stimulatory effect is by suppressing the expression and
activity of iNOS through a cyclic AMP/PKA-dependent pathway. This proposal is supported
by the findings that the suppression of iINOS activity in the islets isolated from lipid-infused
rat was totally counteracted by a PKA selective inhibitor i.e. H-89. Moreover, the beneficial
effect of PACAP27 in normalizing the defective insulin response to glucose in lipid-infused
animals is further emphasized by the present finding that addition of PACAP27 to the
incubation media augmented the insulin releasing capacity of islets from lipid-infused rats to
values actually exceeding those found for islets from control animals. Apart from a role as a
physiological regulator of insulin releasing mechanisms PACAP-agonism might be
considered a potential therapy for type 2 diabetes since it was recently reported (28) that a
rather specific agonist for the important VPAC 2 receptor on the B-cell could be used in the
rat without appreciable side effects known to occur after systemic administration of PACAP

itself (28). Such a PACAP agonist might also be useful and provide a rationale for attempting

11



to restore the reduced insulin secretion seen in patients undergoing TPN treatment (31) by

activating the cyclic AMP/protein kinase A pathway in their 3-cells.
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Legends to Figures

Figure 1 (A-F). Confocal micrographs with immunostaining of islets taken “ex vivo” from
control or lipid-infused rats. Control rats are illustrated in A-C and lipid-infused rats in D-F. A
and D insulin immunoreactivity (red) E shows INOS immunoreactivity (green). Co-
localization of insulin/iNOS is seen as yellowish flourecence (F). Bars indicate 20 um. (G)
Representative example of Western blot of islets taken from controls or lipid-infused rat and
then incubated with iINOS antibody. The blots were performed with 20 ug of islet protein on

each lane. Arrow indicates the molecular weight of 130 kDa (iNOS).

Figure 2. Confocal micrographs of rat islets. Islets isolated from controls or lipid-infused rat
were incubated for 60 min in the presence of 8.3 mmol/l glucose (A-C controls and G-I lipid-
infused) or glucose + PACAP27 (100 nmol/l) (D-F controls and J-L lipid-infused). After
incubation the islets were double immunostained for insulin (red) and iNOS (green) and
analyzed by confocal microscopy. Co-localization of insulin/iNOS appears as yellowish

fluorescence (1). Bars indicate 20 um.

Figure 3. Islet NO production from iNOS and ncNOS as well as total NO generation (Total
NOS) measured as L-citrulline formation (A and B) and insulin release (C) from islets
isolated from controls and lipid-infused rats, respectively, and then incubated at 8.3 mmol/I
glucose in the absence or presence of PACAP27 (100 nmol/l) or PACAP27 + the PKA
inhibitor H-89 (2 umol/l). The means + SEM for 6-7 batches of islets per group from 6
independent experiments are shown. Asterisks (*) denote probability level of random
difference vs islets incubated in the absence of PACAP27 or PACAP27 + H-89. * p <0.05; **
p <0.01; *** p<0.001.

Figure 4. Insulin secretion (A) and islet accumulation of cAMP (B) and cGMP (C) in the
absence (open bars) or presence (black bars) of PACAP27 (100 nmol/l) in islets incubated
with 8.3 mmol/ glucose. Islets were isolated from control rats or lipid-infused rats and then
incubated for 60 min. The means + SEM for 6-8 batches of islets per group, isolated from 6
rats are shown. Asterisks (*) denote probability level of random difference. * p <0.05; ***
p<0.001.
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