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Endothelin increases [Ca®*]; in rat pancreatic acinar cells by
intracellular release but fails to increase amylase secretion
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In individual fura-2 loaded cells of rat pancreatic acini cndothelin-1 (ET-1) (10-50 nM) induced sustained oscillations in [Ca®* .
At higher concentrations a larger. but transicnt increase in {Ca®* ], was observed. which was largely unaffected by removal of
extracellular Ca**. ET-1 induced the release n( Ca}* from the same store as cholecystokinin (CCK), but with leis potency. At
ions of endothelin which i ed Ca**, ET-1 increased the ion of inosito} Specific

binding sites for '>1 in were 4 ou rat ic acini. A singlc class of binding sites was identified with an
appareni K, 108 + 12 pM and B,,, of 171 + 17 fmol/mg for ET-1. The relative potency order for Jisplacing ("*IJET was
ET-1> ET-2> ET-3. In contrast to CCK am:l the non-phorbol ester tumour promoter Thapsigaigin {TG) which induce both
icnt and i of [Ca** ion, ET-1 taifed to incrcasc amylase release over the range 100 pM-1 uM.

introduction as a local regulator in these tissues. Indeed, ET has

been shown ip 3T3 fibrobl and cul

Recently. much interest has been shown in the 21
id peptide termed cndothelin (ET). This pep-
tide, originally isolated from the culture medium of
porcine aortic endotheliai cells, is hesized and se-
creted by vascular cndothclial cclls and has been shown
10 be the most potent endogenous vasopressor sub-
stance yet discovered [1.2]. Three genes have been
found in human DNA, which code for different iso-
forms of endothclin, denoted El'-l ET-2and ET-3 [31
The endothelins are h as specific
pre-pro-peptides of approx. 200 amino acids, which are
proteolytically cleaved to form a 38-39 residue ‘Big’
endothelin. A proteinase then cleaves ‘Big’ ET to give
the mature endothelin.

Plasma levels of ET are reported to be below that
which would cause vasoconstriction and thus, |( is
thought unlikely to ion as a circul:
tory hormone. It has been proposed that ET could
function as a paracrinc signai. released locally to influ-
ence the underlying smooth muscle tone [4). Since

have been ised not only on the vascula-
ture but on a diverse varier of tissues including the
brain, adrenal glands, lung; kidney and liver [5,6], it is
possible that ET could hzve a wider role, functioning
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cells to be a potent mitogen, stimulating c-fos and
c-myc proto. pression [7.8]. ET
are also present in the CNS and ET can cause nor-
adrenaline release from nerve endings [9)].

Recently, FT has been shown to act on cells isolated
from _pancre.tic arterioles to increase [Ca**]; (with

| ion D. Storm, E.

Sluenkcl anu C. Webb). As ET acting on arteriolar
muscle cells might also interact with the parenchymal
cells of the p. we have i i d the bil
ity of ET action directly on pancreatic acinar cells.

Materials and Methods

Materials
Endothelins were obtained from B: (Torrance,
CA), fura-2 AM from Molecular Probes (Eugene, OR)
and thapsigargin from L.C. Services (Boston, MA),
[*Hlinositoi and 3-{'®1}-iodotyrosy! endothelin-1 from
Amessham (Arlington Heights, IL). Unless otherwise
stated, all other matcrials were from Sigma (St. Louis,

MO).

h

Methods

The methods used are essentially similar to those
previously Jdesciibed [10-12). In brief, pancreata were
excised from fed adult male Sprague -Dawluy rats (200-
250g) and acini prepared by ic digestion with
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collag(.ndsc [IO] Acini were then suspended in a

logical salt solution (PSS) ¢ ining 10 mg/r:i
B\A, 0.1 mg/ml soybean trypsin inhibitor (SBTI) and
(in mM); NaCl (137), KC1 (4.7), MgCl, (0.56). CaCl,
(1.28), Na,HPO, (1.0), Hepes (i0), L-glutamine {2) and
p-glucose (55). The pH was adjusted to 7.4 and cquili-
brated with 1005z O,. For fluorescence measurements
the PSS was identical, cxccpl that BSA and SBTI were
omiticd. To prepare Ca® *-frec media. CaCl, was omit-
ted from the PSS and | mM EGTA was added.

Measurement of [Ca”" ],
Isolated acini were wincubated wiih § xM fura-2 AM
at ambient temperaturc for 30 min and then washed

than 109 of total binding. Incubations wese performed
in a shaking water bath at 27°C, and the binding
reac*ion terminated by removing triplicate 1 ml aliquots
of acinar cell suspension from cach flask and layering
cach aliquot over 2 ml ice cold 0.9% NaCl. Following
ceniifugation at 200 X g for 3 min, the pellets were
vasted twice with 0.9 NaCl and the radioactivity
assoiated with the pellet was determined. Competitive
inhibition of ['*1JET binding by non-radioactive ET-1
was analysed using a version of the LIGAND non-lin-
car cueve fitting program [15}.

Measurement of amylase release from acini
For the measurcment of amylase release, acini were
bated for 30 min, washed once and resus-

and resuspended in fresh PSS. For of
intraccllular Ca®*, fura-2 loaded acini were transferred
to a closed chamber, mounted on the stage of a Nikon
Diaphot microscope, and continuously supcrfused at 1

pended in fresh, gassed PSS. Aliguo's of 1 ml were
then distributed inte 20 ml blood dilution vials and
mcubalcd with agents at 37°C for 5 ¢r 30 min. The

was ter d by centri for 15sin

mi/min with 37°C PSS [12]. Solution ch were
rapidly accomplished by means of a valve attached e
an 8-chamer supertusion reservoir. Individual cells
protruding from an aci-us were isolated optically by
means of a pin-hole diaphragm. Dual excitation, aiter-
nating betwzen 340 and 380 nm, was provided by a
SPEX fluorolog system (SPEX, Edison, NJ.) and cmis-
sion at 505 nm associated with this excitation was
stored and analysed by DM3000cm software (SPEX).
Calibration of fluorescent ratio signals was accom-
plished as previously described according to the equa-
tion of Grienkiewicz et al. [13]. in which [Ca®*J =4, B
{R-R,}/{R.—R}'R_,.. R, and B are 114,
0.64 and 8.125. respectively.

Measuzement of | *H[inositol phosphates
For thc mecasurement of total [*Hlinositol pho.-
phalc production. acini were labeled with 20 pCi/ml
[*Hlinositol for 90 mix: at 37°C. The labeled acini were
washed twice with PSS containing 10 mM LiCl and
resuspended in the same solution. Aliguots of acini
(0.6 ml) were incubated with agents for 99 s and the
incubatior terminated by addition of an egual volume
of 20% ice-cold trichloroacetic acid. After centrifuga-
tion at 1000 X g for 15 min. 0.9 mi of each :upcrnatant
was washed three times with water-saturated dicth-
vlether. neutralized with 1 M KHCO,. and diluted with
2.5 ml of water. Analysis of total [*H]inositol phos-
phates was carricd out by the method described by
Berridge [14).

Measurement of |'**I]endothetin binding to acini

For the measurement of endothelin binding, 4 mt
of acinar ion were placed in 25 cm?

tissue culture flasks, together with 5 pM ['**1)ET-1 and

specified concentrations of ET. Non-specific binding

determined in the presence of 100 nM ET-1 was less

a microfuge. and amylase released into the supernatant
was as:ayed as previously described, using procion yel-
low starch as the substrate [23.27]. Amylase releasce was

p d as the p of the total lasc in the
acini at the beginning of the incubation.

Results

Stimudation with endothelin-1 increases [Ca’* 1,
Stimulation of fura-2 loaded acini, with ET-1 at
threshold concentrations of between 10 nM and 50 aM
resulted after a delay of 2—-4 min in the appearance of
a slow, } oscillating i llutar free calci
signal ([Ca*~),) (Fig. 1A) with a frequency of one cycle
per 2-4 min, somewhat slower than previously re-
ported for CCK induced oscillations in this tissue {12).
The average amplitude of the rise was 357 + 37 nM
and was characterized by repetitive, pulsatile increases
in fluorescence. originating and then returning towards
basal values (Fig. 1A). At higher concentrations of ET
{100 nM or | uM). a different pattern was observed,
consisting of 2 single large transient increase, rapidly
rising from a basal concentration of 92 + 11 nM (S.E.)
(n =37) 10 a peak of 503 + 29 aM (n = 23) (100 nM),
which returned to near basal values within 3 min (Fig.
1C). Stimulation with | pM ET increased [Ca’*); to a
peak of (544 + 43 nM) (u2 = 3), a response very similar
in amplitude and profile to that observed with stimula-
uun with 109 aM ET. ln only 2 of 23 cells was any
ion of a ined in {Ca®*}; observed,
such as is seen with stimulation by CCK, carbachol or
bombesin [11.12,i6). Furthermore, in 3 experiments
performed on a population of cells in a stired cuvette
no indication of a sustained phase of the response was
seen {data not shown). The return of the signal to basal
was more 1apid for ET than CCK (time tv 75% de-
crease 55 + 6 s, and 105 + 5 s for ET and CCK, respec-




tively). At concentrations of the peptide intermediate
between the induction of oscilfations and the transicnt
reponse, the {Ca’*], signal consisted of a sharp in-
crease in [Ca®*), followed by small irregular oscilla-
tions (n = 3) (Fig. 1B). At concentrations below 10 nM,
no effects of endothelin were seen (n=8). In four
experiments no cffects on [Ca®*); of ET-3 stimulation
(10 nM-1 ¢ M) were seen.

Stimulation of acini superfused in a Ca®*-frec media
with 100 nM E7' resulted in a transient increase in
{Ca**), of similar amplitude (496 + 47nM, n =4) to
thal observed in the presence of extraccllular Ca®*,

dicating that ET pred: ly rel Ca®* from
an intracellular store (Fig. 1D). Experiments were per-
formed to assess if ET rel d the same intracellul
store as more traditional agonists, such as CCK. After
continued stimulation by a high dose of ET, CCK (1
nM) was still capable of evoking a further increase in
[Ca**]; (Fig. 2a). Conversely. however, after prior stim-
ulation with CCK, ET-1 was inelfective (Fig. 2B). In
another scnes of experiments lhapmgargm (TG), which
is known to disch the ag intracellul
Ca’* pool [17], was utilised prior to stimulation with

50nM E1-1
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Fig. 1. (A) ET-1 at concentrations between 10 nM-50 nM induced

an oscillating [Ca** ], signa! (n = 5). (B) Superfusion of 70 pM ET-1

results in a sharp transient increase in JCiis* ). followed by muci

smaller irregular oscillations. At higher ions. (0.1, 1 uM)

ET-I induced a larger. but transient increase in [Ca* ), (n=16).

which was not significantly different from the response generated in
the absence of external Ca** (n = 9) (D).
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Fig. 2. (A) After stimulation with ET-1 (0.1 2 M). subsequent super-

fusion of CCK (1 nM) is still able to release further Ca** (1 = 3): (B}

after stimulation with CCK (1 aM). ET-1 (0.3 M) is unable to

relcase further Ca®~ (i = 3); (C) after stimulation with thapsigargin

1 M), neither ET-1 (6.1 kM) or CCK (1 nM) is able to induce any
further increase in [Ca®* ), (n = 3).

cither CCK or ET-1. iNeither ET nor CCK applicd
after TG evoked any further increase in [Ca®*],. (Fig.
2C). These datit indicate that the intracellular pool
released by ET is a subset of the total stores in the cell.
The total agonist reeasable store, however, is accessed
by CCK.

Endothelin stimulation results in the formation of inosi-
9l phospiiaes

In tissues where an increase in [Ca®*), has been
described after challenge with ET, it is thought to be
medciated at least in part “hrough the hydrolysis of
phosphatidylinositcl-4,5-bisphosphate (PIP,), which
produces inositol 1,4,5-trisphosphate and the subse-
quent release of Ca®* from intracellular stores [18,19).
As an assay of PIP, hydrolysis, acini were labelled with
[*Hlinositol and total inositol ptosphate production
was measured. ET-1 was observed ‘o induce Pl turnover
in a dosc dcpendent manncr, azowever, to a much
smaller exient than CCK (Fig. 3). L tive experiments
ET (1 pM) stimulated Pl turnover by 19.3 + 3.7% of
the maximum CCK response. In this scries, a maximal
concentration of CCK (0.1 u M) increased P1 hydrolysis
to 1381 + 424% above basal. In earlier studies 100 pM
CCK has been found to be the threshold concentration
at v.nich measureable PI hydrolysis can be determined
(32

Receptors for endothelin on rat pancreatic acini
Muitiple receptor sub-types have been described for
endothelin, which differ in their sclectivity for the
diffcrent members of the endothelin family (20). We
determined whether a specific type of endothelin re-
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Fig. 3. C d g of cadsthelin and chol Kini
to increase is of inosi in catic acini. Acini

pre-labelled with [*Hjinositol were incubated for 90 s with either
endothelin or CCK and the [*Hlinosito} phosphates were assayed.
Data are the mean+S.E. of five separate experiments caley 1ted as
the % of the maximal CCK response in each particular experiment.
Stimulation by 1077 and 107" M ET-1 was » tly different
from basal (P < 0.05). using an unpaired ¢-1est. Stimulation by 1) *
M ET-1 was significantly different from basal. using ANOVA with
the Duncan multiple range test (P < 0.05).

ceptor could be identified on isolated pancreatic acini.
Spe.ific bindirg of {'"IET-1 to acini was observed
which rcached a steady siate of 9.9 4 0.8% per 100 mg
of acinar cell protein after 120 min. Binding of { ' i]JET
to rat acini was competitively inhibited by ET-1, ET-2
and ET-3 n a concentration dependent manner (Fig.
1). The competitive inhibition curves for ET-1 and
ET-2 were sigmoidal, parallel and inhibition occurred
over two orders of magnitude of ET-1 or ET-2 concen-
trations. ET-1 was approx. 2 b umes a, potent as ET-2
at inhibiting ['*1JET-1 binding (IC, occurring at 160
and 410 pM for ET-1 and ET-2, r:spectively). The
curve describing inhibition by ET-3 was non-parallcl
and ET-3 at a concentratior. of 0.1 M was unable to
inhibi* binding to non-specif-¢ levels. Non-lincar analy-
siz of competitive inhibition of ['**1]JE I-1 binding to rat
acini oy ET-1 was best fit by a one-site mode! yiciding
a K, of 108+12 pM and B_,, of 171 + 17 forol/mg
acinar protein (n = 3). These data arc consistent with

TABLE |
Effects of endothelin, TPA, TG and CCK on amylase releose

Boeweg

Fig. 3. Competitae inhibition of {'*UET-1 binding by ET-1. ET-2

=nd ET-3 in rat pancreatic acini. Acini were incubated and binding

assayed as describud in Materials and Methods. A representative
experiment of three others is shosn.

the receptor on acini being a endotkelin type 1 recep-
tor, similar in both apparent affinity and rank potency
order to that described on rat medullary interstitial
<cells [20].

Endorielin does not stimlate amylase secretion
Occupziion of sccretaguguc recentors coupled to
Pl-metabolism i ite pancizas (CCK, bombesin, mus-
carinic choiinergic) invariably leads to the secretion of
amylase and, therefore, the ability of endothelin to
induce amylasc sccretion was tested. Surprisingly, in all
cxperiacnts endothelin (100 pM-1 M) caused nic
significant increase in secretion over basal after either
30 min incubaticn (Table 1) or after 5 min (data nct
shown), whilst in the same experiments CCK (100 pM)
and a smal ion of igargin (2 M)
induced significant secretion. In another series ot ex-
periments ET {100 pM-1 M) was shown not to cffect
secretion evohed by a maximal concentration of CCK
(100 pM) (data not shown). In addition, when endothe-
fin was added concurrently with the phorbol ester
TPA., no potentiation of secretion was ebserved. Secre-

Comparision of the effects of ET-1. CCK and TG on amylase secretion from rat pancreatic acini in the presence or absence of phorbol ester.
Values are means+S.E. from 3 experiments, in each of which amylase release was measured over a 36 min period in duplicate.

Amylase release Basal 100 oM Eado 1 pM Endo 2uMTG 100 pM CCK
(<z of total)

without 1 gM TPA 3703 16407 34105 98+18 308+26
with | uM TPA 1414094 121+13 12117 2534428 288122




tion induced by TG, howeverwas significantly in-
creased by TPA (Table 1).

Discussion

In this present study we have shown for the first
time a direct action of endothelin on rat pancreatic
acinar cells, involving activation of the PI-PLC system
leading 10 asi increase in [Ca®*],. Stimulation of pan-
creatic acinar celfs with PI-PLC linked agonists, such
as CCK. bombesin or acctylcholine gives rise to distinct
patterns of {Ca®"],, signals depending on the dosc of
agonist. Characteristically. at low concentrations of ag-
onists, stimulation results in the gencration of an oscil-
latory [Ca’*); signal. a response which is primzarily due
to the release of [Ca’ *1, from intraccllular stores
[12,21]. In this respect, stimufation with ET results in
such a typical response, namely the generation of a
pulsatile {Ca®*}; signal (sce Fig. 1A). aithough the
frequency is lower. Higher concentrations of tradi-
tional agonists, howeveyr, result in a differcat pattern,
which is characierised by a large initial spike, followed
by a much lower sustained plateau [16] (sce also Fig.
2B). a response which is dependent both on release of
Ca** from intraccllular steres and the influx of Ca®
from the extracellular space. In this respect, stimula-
tion with kigh doscs of E7 differs from more estab-
lished agonists as no suswa’; e elevation in the signal

12as seon. L IuICova, LI 1ncrease in [C.r‘] appears to
be almost exclusively threugh a release of Ca®* from
intracellular stores, as little difference was observed
between cells stimulated in the presence or absence of
external [Ca’*],. The source of this intracellufar Ca®”
relcase appears to be the same store which is accessed
by CCK. ET, however, is only able to release a sub-
fraction of these stores.

The ab of any bl I ion in
responsc to ET is somewhat surprising as all previously
studied p. Pl-linked induce
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with the idea that the inability of ET to inducc Ca’*
influx is closely related to the lack of any measurable
amylasc sccretion. A similar situation is wcll estab-
lished in another mode! secretory system, the bovine
adrenal chromaffin cell, where only agonists which
induce Ca** influx are aole to stimulate full secretion
of catecholamines [30). In this system investigators
have postulated that Ca®* influx, as opposed to celcase
of intraceliuiar stores, facilitates sccretion by increas-
ing [Ca®*), at thc plasma membranc, where presum-
abiy the sceretory apparatus is located [31).

The concentrations of endothelin which are effcc-
tivc on rat pancreatic acini “re highker than thosc
reported to be efficacious in otaer tissucs. For exam-
ple. in hepatocytes, ET-1 concentrations of 0.1-1 nM
can evoke an increase in [Ca’*]; [6]. As the apparent
affinity of the receptor for cndothelin that we rcport
does not greatly differ from that reported in other
tissucs [6,20], including the hepatocyte, one possible
explanation for the high concentrations is that rapid
desensitisation or inter of the plor may
occur, a phenomenen seported for ET in other tissues
{22]. This idca is censistent with ET only inducing a
smail turnover of inositol-phosphates and, conse-
qucntly, only releasing a portion of stored intraceflular
Ca’*. The obscrvation that the time for the ET re-
sponsc to dccay is quicker than for CCK may also
indicate d itisation of the ET ptor. An alter-
native explanation is that the pancreatic endothelin
recentor may sh:ow a very law efficiency for coupling to
its transduction mechanism, possibly at the leve! of the
G-proteins and this may result in the production of
relatively small of second in com-
parison with CCK. It is also possible that Ca** release
induced by endothelin is not mediated cxclusively by
1,4,5-4 P.. Evidence exists in the exocrine pancreas for
an alternate signalling pathway, which results in an
increase in [Ca®*];; this includes reports that at con-

secretion [23]. This lack of secretion may be refated to
the relatively small [Ca®"); signal induocd by ET-1

her with the ab of any ined rise in the
signal. This suctained increase in the [Ca®* ), signal,
attributed to Ca®* influx from the extracellular fluid

s of traditional agonists Wthh mducc Ca®*
oscillations and imal 1 5 no
in PI- hydrolysis can be dcteclcd [32 33,34

This study has shown the existence of endothelin

receptors on acinar cells and that irr terms of signal

has been shown to bc an important medulator of
amylase secrction. Recently, Tsunoda and colleagues
[24] have shown that expcrimental manocuvres de-
signed to perturb Ca>* influx, such as administration
of inorganic Ca*-channel block rkedly reduce

ion ET appears to function in thc exocrince
pancreas as a Pl-coupled agonist. However, some dif-
ferences exist compared te stimuiation with more tradi-
tional Pl-coupled agonists, the most striking being the
lack of any measurable Ca®* influx or accompanying

the sustained increase in [Ca®>*], and amylase secre-
tion. These observations are consis*ent with the well
fact that 1 is affected by

of Tlul ** by chel with EGTA
[25,20]. The obscrvation that TG, a Ca®* mobilising
agent which induces snslamco Ca®* influx (sec Fig.

lase secretion. P: ic s coepled to PI-
turnover have a vancty of acuons in addition to the
secretion of 1 dulaiion of ion-

channels, leading to fluid sccretion [28] and tae stimu-
lation of growth and development of the pancrcas [29].
It is possible that fusther study of the consequences of
ET receptor occupation will reveal a role in onz of

2C), can stimu) is also

these fi
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