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Tachyphylaxis of the ECL-cell response to PACAP:
receptor desensitization and/or depletion of
secretory products

M Bernsand!, R Hiakanson! and P Norlén'?

YUnit of Cellular and Molecular Pharmacology, Department of Experimental Medical Sciences, Lund University, Lund, Sweden and
2Unit of Clinical and Experimental Pharmacology, Department of Laboratory Medicine, Lund University Hospital, Lund, Sweden

Background and purpose: Rat stomach ECL cells secrete histamine and pancreastatin in response to gastrin and pituitary
adenylate cyclase-activating peptide-27 (PACAP). This study applies microdialysis to explore how ECL cells in situ respond to
PACAP and gastrin.

Experimental approach: Both peptides were administered by microinfusion into the gastric submucosa. The microdialysate
was analysed for histamine and pancreastatin (ECL-cell markers) and for somatostatin (D-cell marker).

Key results: Microinfusion of PACAP (0.01-0.3nmolul~") raised microdialysate histamine and pancreastatin dose-
dependently. The response was powerful but short-lived. The response to gastrin was sustained at all doses tested. It is
unlikely that the transient nature of the histamine response to PACAP reflects inadequate histamine synthesis, since the
pancreastatin response to PACAP was short-lived too, and both gastrin and PACAP activated ECL-cell histidine decarboxylase.
Unlike gastrin, PACAP mobilized somatostatin. Co-infusion of somatostatin abolished the histamine-mobilizing effect of
PACAP. However, pretreatment with the somatostatin receptor type-2 antagonist (PRL-2903) did not prolong the histamine
response to PACAP, suggesting that mobilization of somatostatin does not explain the transient nature of the response.
Repeated administration of 0.1 nmol ul~" of PACAP (1 h infusions, 1 h intervals) failed to induce a second histamine response.
Pretreatment with a low dose of PACAP (0.03 nmol ul~") abolished the response to a subsequent near-maximal PACAP
challenge (0.3 nmol u™h.

Conclusion: The transient nature of the histamine response to PACAP reflects desensitization of the PACAP receptor and/or
exhaustion of a specific storage compartment that responds to PACAP but not to gastrin.
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Introduction

Histamine- and pancreastatin (PST)-producing enterochro-
maffin-like (ECL) cells are numerous in the oxyntic mucosa
(Hékanson et al., 1994). They secrete histamine (and PST) in
response to gastrin, and the histamine that is mobilized
causes adjacent parietal cells to produce acid. While the
existence and functional significance of a gastrin-ECL cell-
parietal cell axis seems to be widely accepted (Lindstrom
et al., 2001a), there is no consensus as to how the nervous
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system controls ECL cells and parietal cells. Most nerve fibres
in the oxyntic mucosa derive from the enteric nervous
system, which operates under vagal and sympathetic con-
trol. Candidate neurotransmitters in the enteric neurons
comprise not only acetylcholine and noradrenaline, but also
neuropeptides such as pituitary adenylate cyclase-activating
peptide (PACAP) and vasoactive intestinal peptide (VIP;
Ekblad et al., 1985, 1991; Green and Dockray, 1988). PACAP
belongs to the glucagon/VIP/secretin peptide family and
inhibits both basal and stimulated acid secretion (Mungan
et al., 1992, 1995; Li et al., 2000; Piqueras et al., 2004; for
a different point of view see Sandvik et al., 2001). Since
histamine is a major stimulus of acid secretion, it is
paradoxical that although PACAP stimulates ECL cell
histamine secretion (Lindstrom et al., 1997, 2001b; Zeng
et al., 1998, 1999; Lindstrom and Hakanson, 2001; Norlén



et al., 2001), it does not stimulate acid secretion (Mungan
et al., 1995). This apparent paradox may be resolved by
assuming that PACAP (unlike gastrin) mobilizes not only
histamine (from the ECL cells) but also somatostatin (SST;
from the D cells; Hummelt et al.,, 1977; Schubert, 1991;
Piqueras et al., 2004), SST being a well-known suppressor of
parietal cell activity (Schubert and Makhlouf, 1991). Indeed,
PACAP has been found to stimulate acid secretion in the
anaesthetized rat following immunoneutralization of SST
(Zeng et al., 1999), and Sandvik et al. (2001), working with
the isolated, vascularly perfused stomach of the rat, found
that PACAP at low doses stimulates acid secretion.

Interestingly, microdialysate experiments conducted in
conscious rats revealed that the release of ECL cell histamine
in response to local infusion of PACAP was powerful but
short-lived, in contrast to the moderate and sustained
response seen upon microinfusion of gastrin. The short
duration of the histamine response to PACAP may reflect
desensitization of the PACAP receptor (see, for example,
Shintani et al., 2000), exhaustion of the releasable histamine
pool, and/or mobilization of local agents, such as SST, which
inhibit the activity of the ECL cells (Prinz et al., 1994a;
Lindstrom et al., 1997; Norlén et al., 2001; Bjorkqvist et al.,
2005).

The aim of the present study was to determine the
characteristic features of the PACAP-evoked histamine
response of ECL cells in situ. The mobilization of histamine
and PST was monitored by sampling extracellular fluid from
the submucosa of the oxyntic mucosa of conscious rats using
a microdialysis technique (Kitano et al., 2000; Ericsson et al.,
2003). PACAP and gastrin were compared with respect to
their ability to mobilize histamine and PST, activate histidine
decarboxylase (HDC) in the stomach wall, and release SST.

Methods

Animals

Female Sprague-Dawley rats (250-300 g) were kept at a 12-h
light and 12-h dark cycle in plastic cages (4-6 in each cage)
with free access to standard rat food pellets (Lactamin,
Vadstena, Sweden) and tap water. When the rats were to be
fasted, they were housed in individual cages with wire mesh
bottoms for 24h. During perfusion of the microdialysis
probes, they were kept in Bollman-type restraining cages.
One week before the experiments, all rats were thoroughly
familiarized with such cages by training daily for 1-2h. The
studies were approved by the Local Animal Welfare Com-
mittee, Lund.

Drug treatments
Omeprazole was dissolved in 0.25% Methocel (Dow Corning,
Midland, MI, USA) and administered once daily in the
morning for 4 days, by oral gavage (400 mmolkg !day %;
Larsson et al., 1986; Konagaya et al., 2001). Control rats
received the vehicle. Experiments were conducted 2-3 h after
the last dose of omeprazole (or vehicle).

PRL-2903 was dissolved in 0.9% saline and given systemi-
cally (1.5mgkg™" as an i.v. bolus at time O followed by
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continuous i.v. infusion of 1.5mgkg 'h~!). Treatment with
PRL-2903 was initiated concomitantly with infusion of
PACAP. The dose used for i.v. administration was similar to
that used in the studies of Piqueras et al. (2003, 2004).

Implantation of the microdialysis probe and sampling of
microdialysate

A flexible microdialysis probe (MAB3.8.4, AgnTho’s AB,
Stockholm, Sweden; length of membrane, 4 mm; outer
diameter, 0-57mm, 35kDa cutoff) was implanted in the
acid-producing part of the stomach as described previously
(Kitano et al., 2000; Ericsson et al., 2003). Surgery was
performed under chloral hydrate anaesthesia (300mgkg~!
i.p.). All rats were fasted for 24h before the start of the
microdialysis, which was performed 3 days after implanta-
tion of the probe. All rats were awake during the experiments
since anaesthesia has been shown to suppress histamine
mobilization from the ECL cells (Norlén et al., 2000). The
inlet tube to the microdialysis probe was connected to a
microinfusion pump (Model 361, Sage instrument; ATI
Orion, Boston, MA, USA) and the outlet was allowed to
drain into 300 ul polyethylene vials. Microdialysis (that is,
perfusion with saline 1.2ulmin~!) started at 07 h. After a
2-h-equilibration period, collection of microdialysate
samples commenced. The time taken for the solution to
be transported from membrane to the outlet of the probe
(3 min) was corrected. Each rat and each probe was used once
only. After completion of the experiments, the rats were
killed by an overdose of chloral hydrate and the position of
the probes in the submucosa of the stomach wall was verified
by visual inspection.

Local administration of agents: study design

(1) Microdialysate samples for measurement of basal
histamine, PST and/or SST were collected for 2h in
fasted rats. At this time point (time 0), saline was
replaced by saline containing the different challenging
agents to be tested: PACAP was infused at different
concentrations and gastrin 0.1nmol ul~! (1.2 glmin~?)
for 3h. Microdialysate samples were collected every
20min (for histamine) or every 30 min (for PST) during
the first hour of stimulation, then every hour for 3 or 4 h.
In some of these experiments, specimens of the stomach
wall surrounding the probe were collected for determi-
nation of the HDC activity.

(2) Rats were pretreated with omeprazole or vehicle for 4
days and received PACAP via the microdialysis probe for
3h.

(3) Rats received local microinfusion of a-fluoromethyl-
histidine («-FMH; 0.1 nmol x1 =) + gastrin (0.1 nmol ul )
for 3h, after basal microdialysate samples had been
collected for 1h.

(4) PACAP (0.1 nmol ul-') was microinfused locally for 3h
followed by microinfusion of PACAP +i.v. infusion of
gastrin (5nmolkg~'h~!) for another 2h.

(5) PACAP (0.1nmolul™') and/or gastrin (0.1nmolul ™)
were microinfused locally for 3 h after basal microdialy-
sate samples had been collected for 1h.
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(6) PACAP (0.1nmolul™!) was microinfused twice for 1h
with 1h interval between the infusions.

(7) PACAP (0.1nmol ul~') was microinfused and the con-
centration of SST was measured in the microdialysate.

(8) Rats received SST (0.1 nmol xl~!; Norlén et al., 2001) via
the microdialysis probe for 1h followed by coadminis-
tration of PACAP (0.1nmolul ") +SST or gastrin
(0.1nmol ul =) +SST for 3h.

(9) Microinfusion of PACAP (0.1nmolul™!) and of PA-
CAP+SST (0.1nmolul™!) was combined with the i.v.
infusion of the SST receptor type 2 (SSTR2) antagonist
PRL-2903 (1.5 mgkg~' bolus followed by 1.5mgkg ' h~!
for 3h).

Analysis of microdialysate

Histamine, PST and SST were measured by the use of
commercially available radioimmunoassay (RIA) Kkits: a
histamine RIA kit from Immunotech (Marseille, France)
and PST and SST RIA kits from Euro-Diagnostika (Malmo,
Sweden). We used 5-10 ul of microdialysate for measurement
of histamine, 25-50ul for PST and 50ul for SST. The
histamine and SST concentrations were expressed in nano-
moles and picomoles, respectively, per litre microdialysate.
The concentration of PST-like immunoreactivity was ex-
pressed as picomole equivalents of rat PST per litre.

Determination of serum gastrin

The serum gastrin concentration was determined by RIA
(Stadil and Rehfeld, 1973), using antiserum no. 2604 (a kind
gift from Dr JF Rehfeld, Copenhagen, Denmark), and
expressed as picomole equivalents of rat gastrin-17 per litre.

Determination of HDC activity in the oxyntic mucosa

Minute specimens (2 x 12mm) of the stomach wall embed-
ding the microdialysis probes were collected from along
the probes by means of a razor blade. The specimens were
weighed and homogenized in ice-cold 0.1M sodium phos-
phate buffer (pH 7.4) to a concentration of 100mgml~".
Aliquots (80ul) of the homogenates were incubated with
L-[1-'*C]histidine (specific activity 50 mCimmol %), 0.5 mm
L-histidine, and 0.01 mM pyridoxal-5-phosphate in a total
volume of 160ul at 37°C for 1h as described previously
(Larsson et al., 1986). The HDC activity was expressed as
picomole **CO,mg 'h 1.

Statistical analysis

Data are presented as mean values+s.e.mean. Differences
between groups were analysed with analysis of variance followed
by Dunnet’s or Bonferroni’s multiple comparison tests.

Chemicals

Human Leu'S-gastrin-17 was purchased from Research Plus
(South Plainfield, NJ, USA). Rat PACAP-27 was from Bachem
(Bubendorf, Switzerland) and from the Yanaihara Institute
(Shizuoka, Japan). The proton pump inhibitor omeprazole
was from AstraZeneca (Molndal, Sweden). o-FMH, an
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irreversible inhibitor of HDC (see Andersson et al., 1992),
was obtained from Sigma (St Louis, MO, USA). SST was from
Bachem. The selective SSTR2 antagonist PRL-2903 (Kawakubo
et al., 1999) was generously provided by Dr DH Coy (Tulane
University, New Orleans, LA, USA).

Results

Mobilization of histamine and PST in response to microinfusion of
gastrin and/or PACAP

Local microinfusion of PACAP mobilized histamine and
PST in a dose-dependent manner. With low doses of PACAP
(0.01-0.03 nmol ul 1), the histamine response was modest
and long-lasting. At doses of 0.1 and 0.3nmolul~!, the
microdialysate histamine concentration increased 8 and
15-fold, respectively, after 20-40min of PACAP infusion and
then declined gradually. The levels measured 3-4 h later were
still higher than the basal level at the start of the infusion
(Figure 1la). Microdialysate PST concentrations increased 5
and 10 times respectively, reaching maximum after 1-1.5h
and then declining slowly to the basal level after 3-4h of
infusion (Figure 1b). Integrated dose-response curves are
shown in Figure 1c. A near-maximally effective dose of
gastrin (0.1 nmol ul~1; Norlén et al., 2001) evoked a sustained
fourfold increase in the microdialysate concentrations of
both histamine and PST (Figure 1d).

The concomitant microinfusion of PACAP (0.1 nmol ul™ %)
and gastrin (0.1nmolul~') seemed to induce an additive
histamine response in comparison to the responses to
PACAP and gastrin, given separately (Figure 2). In fact, the
calculated integrated 3-h-histamine response to PA-
CAP + gastrin was quite similar to the sum of the responses
to PACAP and to gastrin (42.6+6.05 versus
43.3+7.04pmol3h~Y).

HDC activation by gastrin and PACAP microinfusion

Local microinfusion of gastrin (0.1nmol ul~!) induced a 13-
fold increase (compared to saline-treated fasted rats) of the
HDC activity (3h after start of microinfusion) in stomach
wall specimens collected from along the probe. The
corresponding effect of PACAP (0.1nmol ul~') was a 3-fold
HDC increase (Figure 3).

Effect of PACAP microinfusion on mobilization of histamine and
PST in hypergastrinaemic rats

To assess whether the comparatively low HDC-activating
effect of PACAP might explain the short duration of the
histamine response, we compared the PACAP-evoked hista-
mine response in fasted rats (low HDC activity) to that in
hypergastrinaemic rats (high HDC activity). Acid blockade
induced by treatment with the proton pump inhibitor
omeprazole for 4 days raised the serum gastrin concentration
(415+26pmol1™" in freely fed omeprazole-treated rats
versus 11+0.7 pmoll™! in vehicle-treated fasted rats), in-
creased the oxyntic mucosal HDC activity 30-fold
(179+24pmol “CO,mg 'h~! in omeprazole-treated rats
versus 5.8+0.6pmol '*CO,mg 'h™' in fasted rats), the
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doses of pituitary adenylate cyclase-activating peptide (PACAP) administered via the microdialysis probes (local microinfusion; horizontal line).
(c) Dose-response curves for the histamine- and PST-releasing effects of PACAP (integrated 3-h increments). (d) Histamine and PST
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Figure 2 Histamine mobilization in response to microinfusion of
pituitary adenylate cyclase-activating peptide (PACAP) (0.1 nmol ul™"),
or gastrin (0.1 nmol ="y and of PACAP + gastrin. The combination
of the two peptides seemed to induce an additive effect. Means+
s.e.means (vertical lines) are shown; n=5-9.

basal microdialysate histamine concentration (402 +25nmol1!
in omeprazole-treated rats versus 28+ 2.6 nmol 1™ in fasted rats;
Figure 4) and the basal PST concentration (47+11pmoll~! in
omeprazole-treated rats versus 10+1.6pmoll~! in fasted
rats). However, the magnitude of the histamine and
PST responses to PACAP (rise over basal level, that is the

pmol CO, mg™ h'

75 _ *k%k
> 50
=
©
®©
O
a
T 25
0
,(;\0
&

Figure 3 Histidine decarboxylase (HDC) activity in homogenates
of small specimens collected from the stomach wall along the
microdialysis probe after local microinfusion of saline, pituitary
adenylate cyclase-activating peptide (PACAP; 0.1nmolul™") or
gastrin (0.1 nmol ul=") for 3h. Means+s.e.means (vertical lines)
are shown; n=>5-6. **P<0.01, **P<0.001.

increment in absolute values) in omeprazole-treated rats
was similar to that seen in vehicle-treated fasted rats
(Figure 4). The microdialysate histamine concentration
in the omeprazole-treated rats was back to prestimulation
levels after 1h, and the microdialysate PST concentration
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Figure 4 Histamine mobilization in response to local microinfusion
of pituitary adenylate cyclase-activating peptide (PACAP) (horizontal
line) in hypergastrinaemic rats (omeprazole pretreatment for 4 days)
and hypogastrinaemic rats (food deprivation for 24 h). The high
basal histamine concentrations in the microdialysate in the hyper-
gastrinaemic rats can be ascribed to the high serum gastrin
concentration (see text). Means+s.e.means (vertical lines) are
shown; n=6.

was back after 2h (not shown), despite continued infusion
of PACAP. Clearly, the transient nature of the histamine
response to PACAP is not due to inadequate HDC activation.

Histamine mobilization in response to microinfusion of gastrin
after HDC blockade

If histamine resynthesis is essential for the duration of the
histamine response to gastrin, then inhibition of HDC would
shorten the response. To this end, gastrin and the HDC
inhibitor «-FMH were microinfused simultaneously. How-
ever, co-infusion of «-FMH did not overtly affect either the
magnitude or the duration of the histamine response to
gastrin during the 3-h period of the study (Figure 5).

Somatostatin mobilization by gastrin and PACAP microinfusion
Microinfusion of PACAP raised the microdialysate SST level
more than 10 times within 1h. Gastrin in contrast did not
mobilize SST (Figure 6a).

Effect of somatostatin and somatostatin receptor type 2 blockade
on histamine mobilization in response to PACAP

The histamine response to gastrin and PACAP microinfusion
was reduced by about 80 and 70%, respectively, upon
coadministration of SST (Figure 6b). The SST receptor of
the ECL cells has been identified as type 2 (SSTR2) (Prinz
et al.,, 1994a). The SSTR2 antagonist PRL-2903 effectively
blocked the inhibitory effect of SST but failed to affect either
the magnitude or the duration of the histamine response to
PACAP (Figures 6b and c).

Histamine mobilization in response to i.v. infusion of gastrin
superimposed on PACAP microinfusion

Microinfusion of PACAP (0.1nmolul™!) resulted in hista-
mine mobilization that reached its peak after 40min and
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Figure 5 Histamine mobilization in response to local microinfusion
of gastrin or gastrin 4 a-fluoromethylhistidine («-FMH), as indicated
by the horizontal line. Means+s.e.means (vertical lines) are shown;
n=4-6.

then declined gradually. After 3 h of PACAP stimulation, the
microdialysate histamine concentration remained approxi-
mately three times higher than basal (Figures 1 and 7). At
this point, i.v. infusion of gastrin triggered a histamine
response that was similar in magnitude (absolute values) and
shape to the response to gastrin alone (Figure 7). This
suggests that the transient nature of the PACAP-evoked
histamine response does not reflect depletion of all relea-
sable ECL-histamine (although it might reflect the depletion
of a specific histamine pool that responds to PACAP but not
to gastrin).

Histamine and PST mobilization in response to repeated
microinfusion of PACAP
Repeated microinfusion of PACAP (0.1 nmol ul™%, 1h inter-
val) failed to induce renewed histamine mobilization after
the initial spectacular response (Figure 8a). Moreover, a
submaximally effective dose of PACAP (0.03 nmol ul™h),
microinfused for 2h, abolished both the histamine and the
PST response to a subsequently given, near-maximally
effective dose of PACAP (0.3 nmol ul~*; Figures 8b and c).
This finding supports the view that the cessation of the
response to PACAP reflects receptor desensitization rather
than depletion of releasable histamine and PST.

Discussion and conclusion

Acid secretion is induced by vagal excitation and by a rise
in circulating gastrin. The latter peptide hormone acts by
stimulating the release of histamine (Kahlson et al., 1964)
from the ECL cells (Hakanson et al., 1977; Sandvik et al.,
1987; Chen et al., 1994; Prinz et al., 1994b; Lindstrom et al.,
1997, 2001b), which in turn stimulates the parietal cell to
produce HCI (Kahlson et al., 1964; Black and Shankley, 1987;
Waldum et al., 1991). This pathway is referred to as the
gastrin-ECL cell-parietal cell axis (Lindstrom et al., 2001a).
The vagal input to the stomach is transmitted through
command neurons in the stomach wall. Among candidate
neurotransmitters in these command neurons are not only
acetylcholine but also neuropeptides, such as PACAP and VIP
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(Ekblad et al., 1991; Sundler et al., 1992). Transmitters from
the enteric neurons may stimulate the parietal cells directly
and/or indirectly via the release of gastrin from the G cells or
histamine from the ECL cells. While ECL cells do not seem to
be capable of responding to acetylcholine (Lindstrom et al.,
1997; Lindstrom and Hakanson, 2001; Norlén et al., 2001), it
has been shown that they possess receptors that enable them
to respond to PACAP and VIP, and secrete histamine (Sandor
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Figure 7 Effect of intravenous infusion of a near-maximally
effective dose of gastrin on histamine mobilization in rats adminis-
tered either pituitary adenylate cyclase-activating peptide (PACAP)
or saline via microdialysis probes. Means+s.e.means (vertical lines)
are shown; n=5-7.

et al., 1996; Lindstrém et al., 1997, 2001b; Zeng et al., 1998,
1999; Norlén et al., 2001; Bjorkqvist et al., 2005). The PACAP
neurons in the stomach wall probably operate under vagal
control and, consequently, PACAP may be released from
vagally stimulated, local nerve fibres to regulate the activity
of ECL cells (and parietal cells) together with circulating
gastrin. In fact, there is experimental evidence in favour of
the view that vagal stimulation augments the response of the
ECL cells to gastrin (Qvigstad et al., 1999; Norlén et al., 2005).
Although direct evidence is lacking, it is not inconceivable
that PACAP is involved in the vagal control of ECL cells (and
parietal cells). In the present study, we confirm the finding
that PACAP mobilizes histamine (and PST) from ECL cells in
conscious rats and explore the mechanisms behind the
release, in an attempt to explain the characteristic transient
response pattern (see below).

The histamine response to PACAP differs from that to gastrin
At a near-maximally effective PACAP dose (0.3 nmol ul™%),
the histamine response was strong (15-fold increase over
basal) but short-lived as was the PST response (Figure 1). By
comparison, the histamine and PST responses to a near-
maximal dose of gastrin (0.1nmolul™') were weaker but
lasted longer. The histamine response to the combined
microinfusion of PACAP and gastrin seemed to be additive,
favouring the view that PACAP and gastrin draw histamine
from intracellular stores that are at least partly different
(Figure 2; see also Lindstrom et al., 2001a). The gradual
decline in microdialysate histamine in response to PACAP
(despite continued PACAP microinfusion) may be explained
in various ways: depletion of histamine because of inade-
quate histamine resynthesis, release of SST and/or other local
inhibitors of the ECL cells, downregulation of the PACAP
receptor and/or depletion of histamine (and PST) from a
restricted, PACAP-sensitive pool.

Is the histamine response to PACAP short-lasting because of slow
histamine resynthesis?

PACAP was a less powerful activator of HDC than gastrin. It
is possible therefore that the PACAP-evoked increase in HDC
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Figure 8 (a) Histamine mobilization in response to repeated 1h
administrations of pituitary adenylate cyclase-activating peptide
(PACAP; 0.1 nmol ul~", local microinfusion) given at 1h intervals.
n=6. Histamine (b) and pancreastatin (PST) (c) mobilization in
response to microinfusion of a near-maximally effective dose of
PACAP in rats pretreated with a low dose of PACAP (indicated by
horizontal lines); n=>5. In (a—c) means+s.e.means (vertical lines) are
shown.

activity is too small to allow histamine resynthesis to

compensate fully for the PACAP-induced secretion of

histamine. The following observations argue against this
hypothesis:

e In omeprazole-treated (hypergastrinaemic) rats, which
have much higher HDC activity than fasted vehicle-
treated rats, the submucosal histamine and PST concen-
trations were high (a consequence of activation of the
ECL cells; Konagaya et al., 2001) but the mobilization of
ECL-cell histamine and PST in response to PACAP was
quantitatively similar to that in hypogastrinaemic rats and
remained short-lasting.

British Journal of Pharmacology (2007) 152 240-248

e In view of the fact that the histamine response to gastrin
seemed unchanged after acute HDC blockade («-FMH), it
seems unlikely that a low HDC activity could explain why
the histamine response to PACAP was short-lived.

e Intravenous infusion of gastrin during ongoing micro-
infusion of PACAP resulted in prompt histamine mobiliza-
tion, indicating that the ECL cells also retain releasable
histamine after exposure to PACAP.

e Finally, the PST response to PACAP was also quite short-
lived, indicating that mechanisms other than histamine
depletion are of overriding importance.

Is the histamine response to PACAP short-lasting because of
somatostatin mobilization?
PACAP (unlike gastrin) was found to raise the SST concentra-
tion in the microdialysate 10-fold, and coadministration of
PACAP and SST abolished the histamine response to PACAP.
SST is known to interact with SSTR2 on the ECL cells (Prinz
et al., 1994a; Bjorkqvist et al.,, 2005). However, SSTR2
blockade, which abolished the effects of exogenous SST, did
not enhance or prolong the histamine response to PACAP.
Thus, although exogenous SST effectively inhibited the
response to PACAP, it seems unlikely that endogenous SST is
responsible for the short duration of the PACAP response.
Repeated administration of PACAP resulted in a dramati-
cally reduced histamine response. It is unlikely that this can
be explained by the mobilization of SST: a time interval of
60min between PACAP challenges should be enough to
clear SST (and other possible inhibitors mobilized by PACAP)
from the mucosa/submucosa. Together, these findings argue
against the view that endogenous SST acts to shorten PACAP-
evoked histamine mobilization. Still, the possibility that
other local inhibitors may be instrumental in bringing about
a short-lasting response cannot be excluded.

Is the histamine response to PACAP short-lasting because of
depletion of a specific PACAP-sensitive compartment in the ECL
cell or because of desensitization of the PACAP receptor?

As would be expected, ‘unprovoked’ ECL cells in omepra-
zole-treated (hypergastrinaemic) rats released more hista-
mine than ECL cells in fasted (hypogastrinaemic) rats
(Konagaya et al., 2001). Interestingly, PACAP provocation
mobilized the same amount of histamine in omeprazole-
treated rats as in fasted rats (the response was equally short-
lived in both groups of rats). This finding seems to favour the
view that PACAP is capable of exhausting a specific, PACAP-
sensitive histamine compartment that does not seem to
increase in size in response to long-standing hypergastrinae-
mia. In contrast, the histamine compartment that is being
tapped by gastrin was greatly increased as a result of the
hypergastrinaemia.

Our observation that repeated PACAP stimulation caused
release of histamine in response to the first but not to
subsequent challenges can be explained either by PACAP
receptor desensitization or by depletion of a sequestered
compartment that responds to PACAP but not to gastrin.

The fact that the histamine/PST response to PACAP is
short-lived also at submaximally effective doses of PACAP



(0.1nmol u1~!) favours the desensitization hypothesis rather
that the depletion hypothesis, because the low PACAP dose
mobilized modest amounts of histamine only—not enough
to exhaust the histamine store. Indeed, pretreatment with
an even lower dose of PACAP (0.03 nmol x1~}) abolished the
histamine/PST response to a subsequently given, near-
maximal effective dose of PACAP (0.3 nmol ul~*; Figure 8),
despite the fact that the histamine/PST stores were not
depleted (as shown by the remaining histamine response to
gastrin; Figure 7). The finding that the histamine response
was more rapid and more short-lasting than the PST response
seem to contradict both hypotheses, in that both histamine
and PST should decrease in parallel if the receptor was
downregulated, or if the stores were depleted. However, the
delay in the PST response to PACAP may reflect simply a slow
diffusion rate of peptides in general, including PST (there
was also a delay in the PST response to gastrin).

It seems likely that receptor desensitization is at least
partly responsible for the cessation of the ECL-cell response
to PACAPD, and that depletion of a PACAP-sensitive storage
compartment may contribute to this effect.

In conclusion, microdialysis studies revealed that local
administration of PACAP by microinfusion into the stomach
wall mobilized histamine and PST from the ECL cells
(transient response) and SST from the D cells (sustained
response). Repeated stimulation with PACAP failed to induce
a second histamine response. Although PACAP released SST
from the D cells, SST does not seem to be responsible for the
decrease in histamine mobilization, since SSTR2 blockade
failed to affect the histamine response to PACAP. The
characteristically short-lived histamine (and PST) response
to PACAP and the large reduction in the amount of
histamine that is released following a repeated PACAP
challenge may reflect PACAP receptor desensitization. Alter-
natively, the short-lived PACAP-evoked response may reflect
depletion of a specific sequestered intracellular histamine
compartment that responds to PACAP but not to gastrin.
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