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Abstract

The ECL cells control parietal cells by releasing histamine in their immediate vicinity. Gastrin and pituitary adenylate cyclase-activat-
ing peptide( PACAP stimulate histamine secretion from isolated ECL cells, while somatostatin and galanin inhibit stimulated secretion.
Prostaglandin E and related prostaglandins likewise suppress ECL-cell histamine secretion. Conceivably, that is how they inhibit acid
secretion. In the present study, we examined if prostaglangdin E can be generated by isolated ECL cells. Rat stomach ECL cells were
purified (> 90% purity by counterflow elutriation and gradient centrifugation and cultured for 48 h. ECL cell stim@lants gastrin and
PACAP) and inflammatory agents interleukif;1tumor necrosis factos= and bradykinin were tested for their ability to induce
prostaglandin E accumulatidn 24-h incubajion , measured by radioimmunoassay. Gastrin and PACAP did not affect prostaglandin E
accumulation but interleukinBL(300 pg/ml), tumor necrosis factos (10 ng/ml) and bradykinin( JuM) induced a 2- to 3-fold increase
in the amount of prostaglandin,E accumulated. While the combination of interle@kamd bradykinin induced a 9-fold increase, the
combination interleukinfi + tumor necrosis facto& and bradykinin+- tumor necrosis factos induced additive effects only. The
combination of interleukinfi + tumor necrosis factos+ bradykinin did not induce a greater effect than interleukin+1bradykinin.

The effect of interleukinfd + bradykinin was abolished by adding 10 nM hydrocortisdne suppressing phospholipase A and
cyclooxygenase or M indomethacir( inhibiting cyclooxygenase . Incubating ECL cells in the presence of interle@ikirbiadykinin

for 24 h reduced their ability to secrete histamine in response to gastrin. The inhibitory effect was revergel liydbmethacin. Also,
increasing the concentrations of hydrocortisone in the medium resulted in an enhanced gastrin-stimulated histamine secretion. Hence, th
previously described acid-inhibiting effect of inflammatory agents may be explained by inhibition of ECL-cell histamine mobilization,
consequent to enhanced formation of prostaglandin E by cells in the oxyntic mucosa, including the ECL cells them2€0és.
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1. Introduction nists (Black and Shankley, 1987; Black, 1993 or by
inhibitors of histamine synthesis Andersson et al., 2996 .
- ) o The ECL cells secrete not only histamine but also
type in the rat stomach for a review, see Hakanson et al., o omogranin A-derived peptides, such as pancreastatin, in
1994 . They play a pivotal role in the control of acid response to gastrin. This has been shown in conscious rats
secretion in that they respond to gastrin by mobilizing (Chen et al.. 1994: Kitano et al., 2000 as well as in
histamine( Sandvik et al., 1987; Kitano et al., 2000 , which experiments using the isolated vascularly perfused stomach
in turn stimulates parietal cells to secrete acid Waldum et (Chen et al., 1996 and isolated ECL cells Lindstrom et
al., 1991 . The stimulatory effects of gastrin on acid 5 1997 . Recently, pituitary adenylate cyclase-activating
secretion can be blocked by histaming H receptor a”tago'peptide( PACAP was identified as a stimulant of ECL-cell
secretion( Lindstrom et al., 1997; Zeng et al., 1899 , while
T Corresponding author. Tel246-46-222-75-85: fax:+46-46-222-44- somatostatin q_nd galanin were found to exert inhibitory
20, effects ( Lindstfom et al., 1997; Zeng et al., 1998 . In a
E-mail address: erik.lindstrom@farm.lu.sé E. Lindstrom . recent study, it was also shown that prostaglandins such as

ECL cells are the predominant endocriparacrine cell
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prostaglandin E and prostaglandin, E are powerful in-
hibitors of ECL-cell histamine and pancreastatin secretion
(Lindstrom and Hakanson, 1998 .

Prostaglandins protect the oxyntic mucosa by stimulat-
ing secretion of mucus and bicarbonate, by stimulating
mucosal blood flow and by inhibiting acid secretion for a
review, see Whittle and Vane, 1987 . At least part of the
acid-inhibiting effect is likely to reflect inhibition of his-
tamine mobilization from ECL cell{ Sandvik and Wal-
dum, 1988; Lindstrom and Hakanson, 1998 . Oxyntic mu-
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USA). Matrige® was from Collaborative Biomedical
Products( Bedford, MA, USA .

2.2. Isolation and primary culture of ECL cells

The ECL cells were purified as described earlier Lin-
dstrom et al., 1997 with modifications. Briefly, mucosal
cells from four male Sprague—Dawley rats were dispersed
using pronase digestion( 0.9 niml, Boehringer
Mannheim, Mannheim, Germahy and calcium chelation

cosa produces prostaglandins, especially prostaglangin E (EDTA). After dispersion, the cell preparatién M cells for

(Bennett et al., 1967; Pace-Asciak and Wolfe, 1970;

Creaghe et al., 1979; Singh, 1980; Skoglund et al., 1980;

Boughton-Smith and Whittle, 1983 , but how much the
various mucosal cell types contribute is not known. Pari-

mucosal cells contained 2—-3% ECL cells, identified by
immunocytochemistry( see below . The ECL cells were
enriched by repeated counterflow elutriation using first a
standard chamber and then a Sanderson chafber Beck-

etal cells are thought to be one source of oxyntic mucosal man, Palo Alto, CA . The enriched cells from the standard

prostaglandin E , but if they are responsible for the bulk of
local prostaglandin production is not cl€ar Skoglund et al.,
1980; Schepp et al., 1986; Ota et al., 1988; Hatt and
Hanson, 1988 . Also non-parietal gastric mucosal cells

chamber were collected at 25 yrhin and at a speed of
2000 rpm( 380-56& g). They were purified further in a
Sanderson chamber and collected at 1&mmh and 2000
rpm. This cell preparation consisted of about 80% ECL

have been shown to generate prostaglandins Postius et algells.

1985; Chen et al., 1989; Olson et al., 1989 but it is not yet
known if and how much the ECL cells contribute to local
prostaglandin formation.

Cyclooxygenase, the rate-limiting step in the biosyn-
thesis of prostaglandins, exists in two isoforms cyclo-

The ECL cell preparation was then subjected to density
gradient centrifugation. A stock solution of 60% iodixanol
(Optiprep® , Nycomed Pharma, Oslo, Noryay was en-
riched with(final concentration 1.2 mM Mgg¢l , 15 mM
HEPES at pH 7.4 and 10 manl bovine serum albumin.

oxygenase-1 and cyclooxygenase-2. Cyclooxygenase-1 isThe stock solution was diluted to 15% and 10.8%, respec-

constitutively expressed while the expression of cyclooxy-
genase-2 is induced in relation to inflammation and ulcer-
healing( Schmassmann et al., 1998; Takahashi et al.,)1998

tively, with medium consisting of mM : 140 NaCl, 1.2
MgSQ,, 1 CaC} , 15 HEPES at pH 7.4, 11 glucose, 0.5
dithiothreitol and 10 mgml bovine serum albumin. In a

The expression of these enzymes in ECL cells has not15-ml centrifuge tube, 5 ml of the 15% iodixanol solution

been studied.
The aim of the present study was to examine if isolated

was overlaid with 5 ml 10.8% iodixanol. Enriched ECL
cells(2x 10° in one m) were layered on the two layers of

ECL cells generate prostaglandip E and if they respond to iodixanol and centrifuged Beckman, Spinchron R cen-

well-known stimuli of ECL-cell secretion, such as gastrin
and PACAP, with accelerated formation of prostaglandin
E,. In addition, inflammatory mediators, known to stimu-
late the formation of prostaglandin,E , such as interleukin-
1B, tumor necrosis factos- and bradykinir( Farmer, 1997 ,
were investigated for their ability to induce formation of
prostaglandin E in isolated ECL cells.

2. Materials and methods

2.1. Chemicals

Recombinant human interleukirgland tumor necrosis
factoro were purchased from R&D Systeris Abingdon,
Oxon, UK). Rat gastrin-17 was obtained from Research
Plus (Bayonne, NJ, USA . PACAP-38 and bradykinin
were from Peninsula Euroge St. Helens, Merseyside) UK .
Indomethacin, hydrocortisone, Dulbecco’s Modified Ea-
gle’s Medium ( DMEM /Ham’'s F-12 and all culture
medium supplements were from Sigrta St. Louis, MO,

trifuge). A slow acceleration period 400 rpfmin) was
followed by 5-min centrifugation when the speed reached
1000 rpm. Deacceleration lasted 5 min. The cells in the
light density fraction( above the 10.8% cushion were
collected ( estimated density: 1.05§ml). The yield of
cells in this fraction was 0.8 0.1x 10° cells ( mean:
S.EM., n=17).

The purity of each ECL cell preparation was assessed
by immunocytochemistry using an anti-histamine anti-
serum( 1:100D( Flakanson et al., 1986 . A drop of the cell
suspension was applied to a glass slide and allowed to dry.
They were fixed in 4% 1-ethyl{3 3-dimethylaminopropy! -
carbodiimide hydrochloridé Sigm& Panula et al., 1988 .
The primary antiserum was applied for 12 h &C4
Immunoreaction was visualized by the use of fluorescein
isothiocyanate( FITT -conjugated swine anti-rabbit im-
munoglobulin G( 1g3 ( 1:4D( Dako, Glostrup, Denmark .
At least 150-200 cells were examined on each slide. The
final cell preparation consisted of 94.0%1.2 ECL cells
(Fig. 1.

The ECL cells were cultured in 96-well plates pre-coated
with Matrigel® (diluted 1:10 in DMEM-Ham’'s F12 .
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replaced with fresh serum-free medium containing
DMEM-Ham's F12( 1:1, 15 mM HEPES, 2 mM glu-
tamine, 100 IU/ml penicillin, 100 wg/ml streptomycin,
250 ng/ml amphoteracin B plus test substances. Incuba-
tion lasted for 24 h. The experimental groups wefe: 1
controls,( 2 300 pgml interleukin-B + 1 wM bradykinin,

(3) 300 pg’ml interleukin-B + 1 wM bradykinin+ 1 uM
indomethacin. Five microliters of gastrin final concentra-
tion 10 nM or saline were added to the medium 30 min
before concluding the incubation. The plates were cen-
trifuged and the supernatants collected and stored2(°C
until histamine analysis.

In another experiment, 5000 purified ECL cells were
cultured as mentioned previously with different concentra-
tions of hydrocortisone( 0.1 nM-10@M). Following
culture for 48 h, the medium was aspirated and replaced
20,000 cells were plated per well in 1Q0-volume of with fresh serum-free mediurh see abpve . After 1-2 h
culture medium in a humid atmosphere with 5% £©5% this medium was again aspirated and replaced with secre-
air at 37C for 48 h until the start of the experiments. The tion medium( containing in mM : 150 NaCl, 5 KCI, 2
culture medium consisted of DMEM—-Ham’'s F12 1:1 CaCl,, 10 HEPES at pH 7)0 with or without 10 nM
supplemented with 2% fetal calf serum, 2 mM glutamine, gastrin for 30 min. The plates were centrifuged and the
100 1U/ml penicillin, 100 ng/ml streptomycin, 250  supernatants collected and stored-20°C until histamine
ng/ml amphotericin B, 10pn.g/ml insulin, 5.5 pwg/ml analysis. Histamine was determined using a commercially
transferrin, 5 ngml selenious acid, 0.5.g/ml bovine available radioimmunoassay Kit Immunotech, Marseilles,
serum albumin, 15 mM HEPES, 30M pyridoxal-5-phos- France .
phate and 100 pM gastrin-17. In one series of studies, the
effect of hydrocortisone on prostaglandin production and 2.5. Satistical analysis
histamine secretion was studied by adding various concen-
trations of hydrocortisone to the culture medium. In previ- All values are expressed as meanS.E.M. n is the
ous studies of histamine and pancreastatin secretion 10 nMnumber of cell preparations. E¢  valués the concentra-
hydrocortisone was routinely added to the culture medium tion eliciting half-maximal effedt were calculated using

Fig. 1. Immunofluorescence of isolated ECL célts 90% purity stained
with anti-histamine antiseruh see Materials and methods for details .

(Lindstrom and Hakanson, 1998 . Graph Pad Prism softwafe San Diego, CA, USA . Statisti-
cal analysis was performed using one-way analysis of
2.3. Formation of prostaglandin E, variance ( ANOVA with post-hoc Dunnett's or Bonfer-

roni's tests. P values of < 0.05 were considered to be
Following culture for 48 h, the medium was aspirated statistically significant.

and replaced with fresh serum-free medium containing
DMEM-Ham’'s F12( 1:), 15 mM HEPES, 2 mM glu-
tamine, 100 IY/ml penicillin, 100 wg/ml streptomycin, 3. Results
250 ng/ml amphotericin B plus test substandes e.g., the
inflammatory mediators interleukingl tumor necrosis fac-  3.1. Induction of prostaglandin E, accumulation by ECL
tor-a and bradykinin, the peptides gastrin and PACAP and cells
the cyclooxygenase-1 and-2 inhibitor indomethacin .
Twenty-four hours later, the plates were centrifuged and ECL cells generated prostaglandin, E in response to
the supernatants collected. Supernatants were immediatelynterleukin-B, tumor necrosis factox- and bradykinin
acidified by addition of 4l 0.65 M HCI/100 wl and during the 24-h incubatioff Fig. 2A9C . An incubation
stored at—20°C until prostaglandin E radioimmunoas- time of 24 h was chosen because incubation for 1 or 4 h
say. Prostaglandin £ was determined using a commer-caused only marginal accumulation of prostaglandin E
cially available radioimmunoassay kit E.l. Du Pont de over basal data not shown . Interleukif-1300 pg/ml)

Nemours, Boston, MA, USA . increased the amount of prostaglandin E 3-fold, with an
EC;, concentration of 30 ggnl. Tumor necrosis factos-
2.4. Histamine secretion (10 ng/ml) increased the amount of prostaglandin E

2-fold (EC;, 1 ngZml). Also bradykinin( 1uM) enhanced
In one experiment, 5000 purified ECL cells were cul- the amount of prostaglandin,E 2-fold EC Ou2M).
tured as mentioned previously without hydrocortisone. Fol- Using maximally effective concentrations, potentiating ef-
lowing culture for 48 h, the medium was aspirated and fects were seen when combining interleuk-with
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S o _
w10 from the amounts produced by purified ECL cdlls Fig. 4 .
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o A A S — glandin E, accumulation
basal -7 -6 -5
log BK [M] Hydrocortisone( 10 nM; present throughout the 48-h

Fig. 2. Concentration—reponse curves demonstrating prostaglandin E culture period and during the subsequent 24-h incubation
accumulatior{ 24 h in the medium surrounding the ECL cells in response

to (A) interleukin-B (IL-1B), (B) tumor necrosis factos- (TNF-a) and
(O) bradykinin( BK . All values were compared statistically to controls NS

(Dunnett's test . Meast S.E.M.,n=8. "P < 0.05," "P < 0.01. =50 T e |
; | —
2140_ |:| M cells
bradykinin (9-fold increase( Fig.)3 . Combinations of = B3 ECL cells
interleukin-B + tumor necrosis factos or bradykinin+ 2 30+ L
tumor necrosis factos did not induce an effect greater S T S
than merely adding the effects of the individual agents § 201 55
(Fig. 3. The effect of interleukinfl+ tumor necrosis S 101 5
factor« + bradykinin did not differ from that of inter- - 5
leukin-18 + bradykinin ( data not shown . Gastrin-17 and g 0 m SRR

PACAP-38( at 10 nM, EG,, concentrations for histamine basal IL18 basal IL1B
and pancreastatin release, Lindstrom et al., 1997 had no +BK +BK

effect on the amount of prostaglandin, E accumulated Fig. 4. The 'effects of 300 pgnl interleuk_in-.’BJrl ;L!\/I bradykinin on
d prostaglandin E accumulation, comparing unfractionated mudosal M

(Flg' 3. Th.e amounts of prOSta.glandmz E  accumulate cells (containing 2—3% ECL cells, open bars and purified ECL cells
after exposing cultured, unfractionated M cells 2-3% (< 909 ECL cells, hatched bars . Mea.EMM., n=7-9. * P <
ECL cell9 to interleukin-@ + bradykinin did not differ 0.001( Bonferroni's test .



period prevented the accumulation of prostaglandin E
observed after challenging the ECL cells with interleukin-
1B + bradykinin( Fig. 5A ; basal levels were not affected.
Hydrocortisone, at 10 nM, also prevented the accumulation
upon incubation with the various
individual inflammatory mediators alorie data not shown .
Indomethacin( 1uM; included during the 24-h incubation
period prevented the accumulation of prostaglandjn E in
response to interleukingl+ bradykinin ( Fig. 5B , while
basal levels of prostaglandin,E were unaffected.

of prostaglandin E

3.3. Effects of hydrocortisone and indomethacin on ECL-

cell histamine release
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Fig. 6. (A Effect of different concentrations of hydrocortisone in the

culture medium( 48 h on the ability of ECL cells to release histamine.

Open circles: basal release, closed circles: secretion evoked by 10 nM

gastrin.( B The effect of 300 pgnl interleukin-B +1 wM bradykinin

on basal and gastrin-evoked histamine release during 24 h. 10 nM gastrin

was added during the last 30 min. The inhibitory effect of interleulin-1

+bradykinin on basal and gastrin-evoked secretion was reversed by

adding 1M indomethacin to the medium. MearS.E.M., n=8. NS:

not significant,” "P < 0.01, " * * P < 0.001( Bonferroni’s tegt .

with interleukin-3 + bradykinin did not respond to gastrin
at all. The inhibitory effect on basal and gastrin-stimulated
secretion disappeared when includinguM indomethacin
together with interleukinf4 and bradykinin, suggesting
the involvement of prostaglandins.

4, Discussion

Prostaglandin E ( both exogenously administered and
endogenously producgd modulates gastric blood flow,
stimulates bicarbonate and mucus secretion and blocks
acid secretion( Whittle and Vane, 1987 either by direct
inhibition of parietal cell activity or by inhibiting ECL-cell
histamine secretion. We have previously shown that
prostaglandin E and its congeners are powerful inhibitors
of ECL-cell histamine secretion Lind$trom and Hakanson,
1998 . It has also been suggested that prostaglandin E
impairs growth of ECL cells in sitq¢ Kapraali et al., 1999 .
Based on the results of the present study we suggest that
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not only are ECL cells inhibited by prostaglandip E , they prostaglandin E impairs both synthesis and release of
also have the ability to generate the prostanoid. ECL-cell histamine( Kondo et al., 1994; Lindstrom and

Neither gastrin nor PACAP, known stimulators of Hakanson, 1998, it is conceivable that ECL cells respond
ECL-cell secretion( Prinz et al., 1993; Lindstrom et al., to interleukin-B with production of prostaglandin £ and
1997, seemed to accelerate prostaglandjn E formation.with the consequent inhibition of histamine secretion Fig.
This seems to rule out the idea that prostaglandjn E is 7).
generated by the ECL cells in response to gastrin or  An acute challenge with bradykinin per se had no effect
PACARP to restrain the stimulated secretion of histamine by on the secretion of histamine and pancreastatin from ECL
auto-feedback inhibition. Instead, inflammatory mediators, cells (Lindstiom et al., 1997 . However, in the present
such as interleukinfl, bradykinin and tumor necrosis study we found bradykini( 24-h incubatibn to induce
factorw, induced prostaglandin £ formation in isolated prostaglandin E accumulation; the effect of interleukgh-1
ECL cells. Interleukin-p and tumor necrosis facter-are + bradykinin was even more pronounced. Previously,
produced in inflamed gastric mucosa and their expressionbradykinin has been reported to induce prostaglandin E
is upregulated during healing of gastric ulceration Noach formation/release from isolated gastric cells Chen et al.,
etal., 1994 . In fact, ECL cells are thought to express both 1989; Brown et al., 1992 .
interleukin-1 receptors( Prinz et al., 1997 and tumor  Purified ECL cells produced at least as large amounts of
necrosis factor: receptors( Prinz et al.,, 1999 . Inter- prostaglandin E ( on a cell to cell basis as a crude
leukin-13 and tumor necrosis facter-share many biologi-  preparation of mucosal cell§ M cell see Fig) 4.
cal properties and at times they act synergistically Prostaglandin E generated by ECL cdlls as well as by
(Okusawa et al., 1988; Pfeilschifter et al., 1989 . A ten- other cells in the mucoga can inhibit parietal cells directly
dency for a potentiating interaction between interleukin-1 or indirectly via autocrine, inhibitory effects on ECL-cell
and tumor necrosis facter-was noted with the ECL cells  histamine secretion. The demonstration of receptors to
(not statistically significant . However, the combination of interleukin-B (Prinz et al.,, 199¥ and tumor necrosis
interleukin-B and bradykinin induced a quite powerful factor« (Prinz et al., 1999 on ECL cells would seem to
synergistic effec{ 9-fold activation . support the view that these agents act directly on the ECL

Interleukin-3B is a potent inhibitor of gastric acid secre- cells. However, an acute challenge with these agents does
tion and protects against gastric injury produced by a wide not seem to affect either basal or stimulated histamiine
variety of noxious stimuli( Wallace et al., 1990, 1992; pancreastatin secretion Lindstrom and Hakanson, 2001 .
Robert et al., 1991; Shibasaki et al., 1991; Perretti et al., Conceivably, their effects are delayed rather than immedi-
1992; Mugridge et al., 1995 . Indeed, interleukip-bas ate, causing prostaglandin,E to accumulate with time,
been shown to inhibit acid secretion from isolated parietal eventually suppressing the activity of the ECL cells. As-
cells (Nompleggi et al., 1994; Beales and Calam, 1998; suming that ECL cell-histamine mediates the acid-stimulat-
Schepp et al.,, 1998 . Wallace et 4. 1991, however, ing effect of gastrin, it appears conceivable that the acid-
showed that interleukingl was an effective inhibitor of  inhibiting effects of interleukin-& (Wallace et al., 1991;
gastrin-evoked acid secretion but not of the secretion Schepp et al., 1998 and tumor necrosis factdNakatsuji
evoked by bethanechol or histamine, suggesting that inter-et al., 1990 reflect their ability to induce oxyntic mucosal
leukin-18 interferes specifically with the gastrin—ECL-cell
axis. Pretreatment with interleukirglwas also able to
inhibit gastrin-induced histamine secretion from isolated IL-18
ECL cells (Prinz et al.,, 1997 . These earlier findings, §\\§\\§
together with our results, suggest that ECL cells are a -
target for interleukin-@. Interestingly, interleukinfi-
stimulation has been demonstrated to induce the expres-
sion of inducible nitric oxide synthasé iINQ®S and the
subsequent increase in NO production in ECL c€lls Prinz Exocytosis of
et al., 1997; Mahr et al., 2000 . NO is a known stimulator R
of cyclooxygenase-enzymeé Salvemini et al., 1993 .

Hence, the stimulatory effect of interleukif$-lon prosta-
glandin E, production may be mediated by NO.

The acid-inhibitory and ulcer-protective effects of inter- PGE, v
leukin-13 are suggested to be prostaglandin-dependentrig. 7. Cartoon illustrating the stimulatory effects on the ECL cell of
(Uehara et al., 1989; Wallace et al., 1990; Shibasaki et al., gastrin and PACAP and the inhibitory effects of somatostatin, galanin and
1991; Saperas et al., 1992 . Indeed, two studies Showed:)rostagIandin E on the process of exocytosis, and the stimulatory effects

. . . of inflammatory mediators such as interleuki;tumor necrosis factos-
that interleukin-g could accelerate the formation of and bradykinin on the accumulation of prostaglandin E . The possibility

prostaglandin E _ in rat oxyntic_mucosa in vi¢o RObe_rt €l of an autoinhibitory autocrine effect of prostaglandip E on ECL-cell
al., 1992 and in vitro( Mugridge et al., 1989 . Since activity is suggested but not proven.

NN

Stimulation
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dstrom and Fakanson, 19})8 . Certainly, prostaglandzln E References
generated by ECL cells in response to interleuk+l

br_adykinin can be Sus_peCte_d to inhibi_t gastrin- or I_DACAP_' Almawi, W.Y., Saouda, M.S., Stevens, A.C., Lipman, M.L., Barth, C.M.,
stimulated ECL-cell histamine secretion. Indeed, in previ- Strom, T.B., 1996. Partial mediation of glucocorticoid antiprolifera-
ous studies of histamine secretion, hydrocortisone was tive effects by lipocortins. J. Immunol. 157, 5231-5239. _
routinely added to the culture medium in concentrations Andersson, K., Cabero, J.-L., Mattsson, H., Hakanson, R., 1996. Gastric
that block prostaalandin JE formation. If hvdrocortisone acid secretion after depletion of enterochromaffin-like cell histamine.
p g . . . Yy Scand. J. Gastroenterol. 31, 24-30.

was not added, basal histamine secretion was suppressefleales, I.L.P., Calam, J., 1998. Interleuki@ and tumor necrosis factor
and the response to gastrin and to PAGAP was much « inhibit acid secretion in cultured rabbit parietal cells by multiple
impaired. Since gastrin- and PACAP-stimulated histamine  pathways. Gut 42, 227-234. _
secretion occurs within minutes, while prostaglandip E Bennett, A., Friedman, C.A., Vane, J.R., 1967. Release of prostaglandin
synthesis requires longer periods of time, it was difficult to B, from the rat stomach. Nature 216, 873-876.

y ) a gerp ! . Black, J.W., 1993. Reflections on the analytical pharmacology of his-
€xamine the role of endO_genously perUCEd prostaglandin  tamine H, receptor antagonists. Gastroenterology 105, 963—968.

E, in the present experimental setting. However, when Black, J.W., Shankley, N.P., 1987. How does gastrin act to stimulate
measuring the amount of histamine released into the oxyntic cell secretion? Trends Pharmacol. Sci. 8, 486—490.
medium during 24 h of incubation, ECL cells maintained Boughton-Smlth', N.K., V\{hltt!e, B.J.R,, 1983. Stimulation ahd mhlbltpn
in the presence of interleukirBlJr bradvkinin had a re- of prostacyclin formation in the rat gastric mucosa and ileum in vitro
In p . . y by anti-inflammatory agents. Br. J. Pharmacol. 78, 173-180.
dqced basal histamine rglease compare'd to COm"OlS andrown, J.J., Whittle, B.J.R., Hanson, P.J., 1992. Bradykinin stimulates
failed to respond to gastrin. The effect of interleukip- PGE, release in cell fractions isolated from the rat gastric mucosa via
bradykinin was reversed by indomethacin suggesting that @B, receptor. Biochem. Soc. Trans. 20, 276S.

endogenously formed prostaglandip E can indeed inhibit €€ M-C., Sanders, M.J., Amirian, D.A., Thomas, L.P., Kauffman, G.,

ECL-cell histami tioh Fig) 7 Soll, A.H., 1989. Prostaglandin,E production by dispersed canine
-cell istamine secret I9) 7. _ fundic mucosal cells. J. Clin. Invest. 84, 1536-1549.

An inhibitory action of glucocorticoids on cytoplasmic  chen, b., Monstein, H.-J., Nylander, A.-G., Zhao, C.-M., Sundler, F.,

phospholipase 4( cPL4) , the enzyme mediating arachi-  Hakanson, R., 1994. Acute responses of rat stomach enterochromaf-
donic acid formation, could contribute to their inhibitory fin-like cells to gastrin: secretory activation and adaptation. Gastroen-
effect on prostaglandin £ formatidh Dolan-O’Keefe and __ terology 107, 18-27.

. . Chen, D., Marvik, R., Ronning, K., Andersson, K., Waldum, H.L.,
Nick, 1999 . Indeed, several studies have shown that glu- Hakanson, R., 1996. Gastrin-evoked secretion of histamine, pancreas-

COCOI‘tiF:OidS are {ible to suppress interlf?UNB\afld tumor tatin and acid from the isolated, vascularly perfused rat stomach.
necrosis factor-induced cPLA activity at both the Effects of isobutylmethylxanthin and-fluoromethylhistidine. Regul.
MRNA level and the enzyme level in a variety of cell Pept. 65, 133-138.

types( Lin et al., 1992: Newton et al., 1997; Dolan-O’Keefe Creaghe, S., Peskin, G., Groenburg, A.G., Saik, R.P., 1979. Gastric tissue
. . . prostaglandin levels, effect of vagotomy. Arch. Surg. 114, 331-332.
and_ Nick, 1999 . In addition, during the 48 _h culture Dolan-O’Keefe, M., Nick, H.S., 1999. Inhibition of cytoplasmic phospho-
period, hydrocortisone may be expected to stimulate the jipase A, expression by glucocorticoids in rat intestinal epithelial
expression of lipocortins which in turn can inhibit cPLA cells. Gastroenterology 116, 855-864.
activity (Almawi et al., 1996 . Fgrmer, S.G., 1997. The Kinin System. Academic Press, London.
Recently, inflammation in the oxyntic mucosa was found Hakanson, R., Bottcher, G., Ekblad, E., Panula., P., 'Smjonsson, .M.,
. . . . Dohlsten, M., Hallberg, T., Sundler, F., 1986. Histamine in endocrine
tq be associated with o!own-regulatlon of ECL-cell histi- cells in the stomach. A survey of several species using a panel of
dine decarboxylase Mei and Sundler, 1999 . Our observa- pistamine antibodies. Histochemistry 86, 5-17.
tions seem to offer an explanation of this finding in that H&kanson, R., Chen, D., Sundler, F., 1994. The ECL cells. In: Johnson,
inflammatory mediators by inducing prostaglandin E for- L.R. (Ed), 3rd edn. Physiology of the Gastrointestinal Tract, vol. 2,
mation can be expected to impair the ability of the ECL _Raven Press, New York, pp. 1171-1184.

lls t dt tri d oth ti lat t Hatt, J.F., Hanson, P.J., 1988. Inhibition of gastric acid secretion by
cells to respond 1o gastrin and other simulatory agents. epidermal growth factor. Effects on cyclic cAMP and on prosta-

glandin production in rat isolated parietal cells. Biochem. J. 255,
789-794.

Acknowledgements Kapraali, M., Johansson, O., Uribe, A., 1999. Endogenous prostaglandins
are physiological regulators of endocrine cells in the gastroduodenal

. mucosa of the rat. Regul. Pept. 83, 105-116.
We thank Mrs. Inger Lundgren and Mrs. Britt Carlsson Kitano, M., Norfen, P., Flakanson, R., 2000. Gastric submucosal micro-

for their excellent technical assistance. The study was gialysis: a method to study gastrin- and food-evoked mobilization of
supported by grants from the Swedish Medical Research  ECL-cell histamine in conscious rats. Regul. Pept. 86, 113-123.



262

Kondo, S., Shinomura, Y., Kanayama, S., Kawabata, S., Miyazaki, Y.,
Imamura, I., Fukui, H., Matsuzawa, Y., 1994. Interleuki-ibhibits
gastric histamine secretion and synthesis in the rat. Am. J. Physiol.
267, G966—-G971.

Lin, L.-L., Lin, A.Y., DeWitt, D.L., 1992. Interleukin-& induces the
accumulation of cytosolic phospholipasg A and the release of prosta-
glandin E in human fibroblasts. J. Biol. Chem. 267, 23451-23454.

Lindstrom, E., Hakanson, R., 1998. Prostaglandins inhibit secretion of
histamine and pancreastatin from isolated rat stomach ECL cells. Br.
J. Pharmacol. 124, 1307-1313.

Lindstrom, E., Hakanson, R., 2001. Neurohormonal regulation of secre-
tion from isolated rat stomach ECL cells. A critical reappraisal.
Regul. Pept. 97, 169-180. .

Lindstrom, E., Bjorkqvist, M., Boketoft, A., Chen, D., Zhao, C.-M,,
Hakanson, R., 1997. Neurohormonal regulation of histamine and
pancreastatin secretion from isolated rat stomach ECL cells. Regul.
Pept. 71, 73-86.

Mahr, S., Neumayer, N., Gerhard, M., Classen, M., Prinz, C., 2000.
IL-1B-induced apoptosis in rat gastric enterochromaffin-like cells is
mediated by iINOS, NkB, and Bax protein. Gastroenterology 118,
515-524.

Mei, Q., Sundler, F., 1999. Local downregulation of enterochromaffin-like
cell histamine formation in ulcer healing: a study in rats. Digestion
60, 227-237.

Mugridge, K.G., Donati, D., Silvestri, S., Parente, L., 1989. Arachidonic
acid lipooxygenation may be involved in interleukin-1 induction of
prostaglandin synthesis. J. Pharmacol. Exp. Ther. 250, 714-720.

Mugridge, K.G., Perretti, M., Ghiara, P., Galeotti, C.L., Melli, M.,
Parente, L., 1995. Gastric antisecretory and anti-ulcer actions of IL-1
in rat involve different IL-1 receptor subtypes. Am. J. Physiol. 269,
G763—-G769.

Nakatsuji, K., Kii, Y., Fujitani, B., Ito, T., 1990. General pharmacology
of recombinant human tumor necrosis factor, 1st communication:
effects on cardiovascular, gastrointestinal, renal and blood functions.
Arzneimittelforschung 40, 218-225.

Newton, R., Kuitert, L.M., Slater, D.M., Adcock, |.M., Barnes, P.J.,
1997. Cytokine induction of cytosolic phospholipasg A and cyclo-
oxygenase-2 mRNA is suppressed by glucocorticoids in human ep-
ithelial cells. Life Sci. 60, 67—-78.

Noach, L.A., Bosma, N.B., Jansen, J., Hoek, F.J., Van Deventer, S.J.H.,
Tytgat, G.N.J., 1994. Mucosal tumor necrosis factomnd inter-
leukin-18, and interleukin-8 production in patients withelicobacter
pylori infection. Scand. J. Gastroenterol. 29, 425—-429.

Nompleggi, D.J., Beinborn, M., Roy, A., Wolfe, M.M., 1994. The effect
of recombinant cytokines oft* Ic -aminopyrine accumulation by iso-
lated canine parietal cells. J. Pharmacol. Exp. Ther. 270, 440-445.

Okusawa, S., Gelfand, J.A., lkejima, T., Connolly, R.J., Dinarello, C.A.,
1988. Interleukin 1 induces a shock-like state in rabbits. Synergism
with tumor necrosis factor and the effect of cyclooxygenase inhibiton.
J. Clin. Invest. 81, 1162-1172.

Olson, C.E., Chen, M.C., Amirian, D.A., Soll, A.H., 1989. Oxygen
metabolites modulate prostaglandip E production by isolated gastric
mucosal cells. Am. J. Physiol. 256, G925-G930.

Ota, S., Razandi, M., Krause, W., Terano, A., Hiraishi, H., Ivey, K.J.,
1988. Prostaglandin.E output by isolated rat gastric parietal cells and
non-parietal epithelial cells. Prostaglandins 36, 589—600.

Pace-Asciak, C., Wolfe, L.S., 1970. Biosynthesis of prostaglandins E
and B, from tritium-labelled arachidonic acid by rat stomach ho-
mogenates. Biochem. Biophys. Acta 281, 539-542.

Panula, P., Happola, O., Airaksinen, M.S., Auvinen, S., Virkamaki, A.,
1988. Carbodiimide as a fixative in histamine immunohistochemistry
and its application in developmental neurobiology. J. Histochem.
Cytochem. 36, 259—269.

Perretti, M., Mugridge, K.G., Wallace, J.L., Parente, L., 1992. Reduction
of aspirin-induced gastric damage in rats by interleulfdn-fossible
involvement of endogenous corticosteroids. J. Pharmacol. Exp. Ther.
261, 1238-1247.

E. Lindstrém et al. / European Journal of Pharmacology 416 (2001) 255-263

Pfeilschifter, J., Pignat, W., Vosbeck, K.,"Marki, F., 1989. Interleukin 1
and tumor necrosis factor synergistically stimulate prostaglandin syn-
thesis and phospholipase,A release from rat renal mesangial cells.
Biochem. Biophys. Res. Commun. 159, 385-394.

Postius, S., Ruoff, H.-J., Szelenyi, I., 1985. Prostaglandin formation by
isolated gastric parietal and nonparietal cells of the rat. Br. J. Pharma-
col. 84, 871-877.

Prinz, C., Kajimura, M., Scott, D.R., Mercier, F., Helander, H.F., Sachs,
G., 1993. Histamine secretion from rat enterochromaffinlike cells.
Gastroenterology 105, 449-461.

Prinz, C., Neumayer, N., Mahr, S., Classen, M., Schepp, W., 1997.
Functional impairment of rat enterochromaffin-like cells by inter-
leukin 18. Gastroenterology 112, 364—375.

Prinz, C., Huber, C., Schepp, W., Classen, M., 1999. TNF-receptors and
TNF-a effects on rat gastric enterochromaffin-like cells. Gastroen-
terology 116, A28€ abs. .

Robert, A., Olafsson, A.S., Lancaster, C., Zhang, W.R., 1991. Inter-
leukin-1 is cytoprotective, antisecretory, stimulates PGE2 synthesis by
the stomach and retards gastric emptying. Life Sci. 48, 123-134.

Salvemini, D., Misko, T., Masferrer, J.L., Seibert, K., Currie, M.G.,
Needleman, P., 1993. Nitric oxide activates cyclooygenase enzymes.
Proc. Natl. Acad. Sci. U. S. A. 90, 7240-7244.

Sandvik, A.K., Waldum, H.L., 1988. The effect of misoprostol on
base-line and stimulated acid secretion and on gastrin and histamine
release in the totally isolated, vascularly perfused rat stomach. Scand.
J. Gastroenterol. 23, 696—700.

Sandvik, A.K., Waldum, H.L., Kleveland, P.M., Schulze Sggnen, B.,
1987. Gastrin produces an immediate and dose-dependent histamine
release preceding acid secretion in the totally isolated, vascularly
perfused rat stomach. Scand. J. Gastroenterol. 22, 803—-808.

Saperas, E.S., Cominelli, F., Tache, Y., 1992. Potent inhibition of gastric
acid secretion by intravenous interleukif-ande in rats. Peptides
13, 221-226.

Schepp, W., Steffen, B., Schusdziarra, V., Classen, M., 1986. Calcium,
calmodulin, and cyclic adenosine monophosphate modulate prosta-
glandin E, release from isolated human gastric mucosal cells. J. Clin.
Endocrinol. Metab. 63, 886—891.

Schepp, W., Dehne, K., Herrmuth, H., Pfeffer, K., Prinz, C., 1998.
Identification and functional importance of IL-1 receptors on rat
parietal cells. Am. J. Physiol. 275, G1094-G1105.

Schmassmann, A., Peskar, B.M., Stettler, C., Netzer, P., Stroff, T.,
Flogerzi, B., Halter, F., 1998. Effects of inhibition of prostaglandin
endoperoxide synthase-2 in chronic gastro-intestinal ulcer models in
rats. Br. J. Pharmacol. 123, 795-804.

Shibasaki, T., Yamauchi, N., Hotta, M., Imaki, T., Oda, T., Ling, N,
Demurs, H., 1991. Interleukin-1 inhibits stress-induced gastric erosion
in rats. Life Sci. 48, 2267-2273.

Singh, J., 1980. Prostaglandin release from rat stomach following vagal
stimulation or administration of acetylcholine. Eur. J. Pharmacol. 65,
39-48.

Skoglund, M.L., Gerber, J.G., Murphy, R.C., Nies, A.S., 1980.
Prostaglandin production by intact isolated gastric parietal cells. Eur.
J. Pharmacol. 66, 145-148.

Takahashi, S., Shigeta, J.-l., Inoue, H., Tanabe, T., Okabe, S., 1998.
Localization of cyclooxygenase-2 and regulation of its mMRNA expres-
sion in gastric ulcers in rats. Am. J. Physiol. 275, G1137-G1145.

Uehara, A., Okumura, T., Sekiya, C., Okamura, K., Takasugi, Y., Namiki,
M., 1989. Interleukin-1 inhibits the secretion of gastric acid in rats:
possible involvement of prostaglandin. Biochem. Biophys. Res. Com-
mun. 162, 1578-1584.

Waldum, H.L., Sandvik, AK., Brenna, E., Petersen, H., 1991. The
gastrin—histamine sequence in the regulation of gastric acid secretion.
Gut. 32, 698-700.

Wallace, J.L., Keenan, C.M., Mugridge, K.G., Parente, L., 1990. Reduc-
tion of the severity of experimental gastric and duodenal ulceration by
interleukin-B. Eur. J. Pharmacol. 186, 279-284.

Wallace, J.L., Cucala, M., Mugridge, K.G., Parente, L., 1991. Secreta-



E. Lindstrém et al. / European Journal of Pharmacology 416 (2001) 255-263 263

gogue-specific effects of interleukin-1 on gastric acid secretion. Am. Zeng, N., Kang, T., Wen, Y., Walsh, J.H., Sachs, G., 1998. Galanin
J. Physiol. 261, G559-G564. inhibition of ECL cell function. Gastroenterology 115, 330-339.
Wallace, J.L., Keenan, C.M., Cucala, M., Mugridge, K.G., Parente, L., Zeng, N., Athmann, C., Kang, T., Lyu, R.-M., Walsh, J.H., Ohning,
1992. Mechanisms underlying the protective effects of interleukin-1 G.V., Sachs, G., Pisegna, J.R., 1999. PACAP type | receptor activa-
in experimental nonsteroidal anti-inflammatory drug gastropathy. Gas- tion regulates ECL cells and gastric acid secretion. J. Clin. Invest.
troenterology 102, 1176-1185. 104, 1383-1391.
Whittle, B.J.R., Vane, J.R., 1987. Prostanoids as regulators of gastrointes-
tinal function. In: Johnson, L.R( EH., 2nd edn. Physiology of the
Gastrointestinal Tract, vol. 2, Raven Press, New York, pp. 143-180.



