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Endothelin increases [Ca2+]i in rat pancreatic acinar cells by 
intracellular release but fails to increase amylase secretion 
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In individual tufa-2 loaded cells of rat pancreatic acini endothelin- I (ET- I ) (10-50 riM) induced sustained oscillations in [Ca" + ]i- 
At higher concentrations a larger, but transient increase in [Ca-" + ], was observed, which was largely unaffected by removal of 
extracellular Ca'-+. ET-I induced the release of Ca~+ from the same store as cholecystokinin (CCK), bu! with le;s potency. At 
concentrations of endothclin which transicntly increased Ca -'+ , ETA increased the accumulation of inositol phospha:cs. Specific 
binding sites for J'Jl-cndothelin were dcmonstrat_ -'a. cz, rat pancreatic acini. A single class of binding sites was identified with an 
apparenl K,j 108 _+ 12 pM and Bn~ , of 17l _+ 17 fmol/mg for ET-I. The relative potency" order for displacing [J'--'IIET was 
ET-I > ET-2 > ET-3. In contrast to CCK and the non-phorbol ester tumour promoter Thapsigargin (TG) which induce bo!h 
transient and snstaincd components of [Cae" ii elevation, ET-! fai~.ed to increase amylase release over the range 100 pM-!  p.M. 

Introdtmtie~ 

Recently, much interest  has been shown in the 21 
amino-acid pept ide termed endothel in  (ET). This pep- 
tide, originally isolated from the cul ture medium of 
porcine aortic endothel ia l  cells, is synthesized and se- 
creted by vascular endothel ia l  cells and has been shown 
to be the most potent  endogenous vasoprcssor sub- 
stance yet discovered [152]. Three  genes have been 
found in human DNA, which code for different iso- 
forms of endothelin,  denoted ET- i ,  ET-2 and ET-3 [3]. 
The endothel ins  are synthesised as isoform specific 
pre-pro-pept ides of  approx. 200 amino acids, which are 
protcolytically 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, it is 
thought  unlikely to function as a circulating vasoregula- 
tory hormone.  It has been proposed that  ET could 
function as a paracrine signal, released locally to influ- 
ence the underlying smooth muscle tone [4]. Since 
receptors have been Iocalised not only on the vascula- 
ture but  on a diverse varieP of t issues including the 
brain, adrenal  glands, lung  kidney and liver [5,6], it is 
~-~sible that  ET could hz v¢ a wider  role, functioning 
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as a local regu!a:Gr in these ~i.~.~ues. Indeed,  ET has 
been shown in 3T3 fibroblasts and cultured mesengial  
cells to be a potent  mitogen, s t imulat ing c-fos and 
c-myc proto-oncogene expression [7,8]. ET receptors 
are also present  in the CNS and ET can cause nor- 
adrenal ine release from nerve endings [9]. 

Recently, FT  has been shown to act on cells isolated 
from pancre.,tlc arterioles to increase [Ca"+]i (with 
permission, personal commun|cat ion D. Storm, E. 
Stuenkel  and C. Webb). As lET acting on ar ter iolar  
muscle cells might also interact with the parenchymal 
cells of  the pancreas,  we have investigated the possibil- 
ity of  ET action directly on pancreatic acinar cells. 

Mater ia ls  and Methods 

Materials 
Endothel ins  were obtained from Bachem (Torrance, 

CA), fura-2 AM from Molecular  Probes (Eugene,  O R )  
and thapsigargin from L.C. Services (Boston, MA), 
[3H]inositol and 3-[J2-~l]-iodotyrosyl endothel in-I  from 
Amersham (Arlington Heights,  IL). Unless otherwise 
stated, all o ther  materials  were from Sigma (St. Louis, 
MO). 

Methods  
The methods u ~ d  are essentially similar  to those 

previously dcsc, ibcd [t0-12].  In brL'f, pancreata  were 
excised from fed adult  male  Spzagu¢-Dawley rats (200-  
250g) and acini prepared  by enzymatic digestion with 
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collagenase [10]. Acini werc then suspended in a 
physiological salt solution (PSS) cGntaining 10 mg/n-,.l 
BSA, 0.1 m g / m l  soybean tq,'~_in inhibitor (SBTI) and 
(in mM); NaCI (137L KCI (4.7L MgCI_, (0.56). CaCI, 
(!.28), NazHPO 4 (i.0L Hepes (i0L L-glutamine f21 and 
~glucuse (5.5). The pH was adjusted to 7.4 and equili- 
brated with 100% O,.  For fluorescence measurements 
the PSS was identical, except that BSA and SBT! were 
omit~.cd. To prepare Ca-" *-free media. CaCI, was omit- 
ted from the PSS and 1 mM EGTA was added. 

Measnrement of/Ca-" "], 
Isolated acini were incubated with I /LM fura-2 AM 

at ambient temperature for 311 rain and then washed 
and resuspended in fresh PSS. For measurement of 
intracellular Ca-'*, fura-2 loaded acini were transferred 
to a closed chamber, mounted on the stage of a Nikon 
Diaphot micro~ope, and continuously superfused at I 
ml /min  with 37°C PSS [12]. Solution changes were 
rapidly accomplished by means of a valve attached tc, 
an 8-cham,er superfusion reservoir. Individual cells 
protrnding from an aci,'us were isolated optically by 
means of a pin-hole diaphragm. Dual excitation, aizcr- 
nating bctwzcn 340 and 380 nm, was provided by a 
SPEX fluorolog system (SPEX. Edison. NJ.) and emis- 
sion at 505 nm assooated with this excitation was 
stored and analysed by DM3[g)0cm .software (SPEX). 
Calibration of fluorescent ratio signals was accom- 
plished as previously dc.'~cribed according to the equa- 
tion of Grienkiewicz et al. [13]. in which [Ca-" "] = k,j-//  
" {R - Rmi,}/{R~o.~, - R} " Rm~ ,. Rmi . and /~ are 11.4. 
0.64 and 8.125. respectively. 

Meas,.trement of/*H]inositol phosphates 
For the measurement of total [3H]inositol pho.,- 

phat¢ production, acini were labeled with 20 izCi/ml 
[3H]inusi;ol for 90 milz at 3"PC. The labeled acini were 
washcd twice with PSS containing l0 mM LiCI and 
resuspended in the same solution. Aliquots of acini 
(0.6 ml) were incubated with agents for ej~j s and the 
ineubatior, terminated by addition of an equal volume 
of 20% ice-cold trichloroacetic acid. After cemr/filga- 
~ion at 1000 x g for 15 min. 0.9 ml of each :.ul.,crnatant 
w.xs washed three times with water-saturated dicth- 
ylctber, neutralized with 1 M KHCO 3. and diluted with 
2.5 ml of water. Analysis of total [~H]inositol phos- 
phates was carried out by the method described by 
Berridge [14]. 

Measurement o f  [ I-'Sl/endothelin bimling to acini 
For the measurement of endothelin binding. 4 ml 

aliquots of acinar suspension were placed in Z'~ cm 2 
tissue culture flasks, together with 5 pM [l~Sl]ET-I and 
specified concentrations of ET. Non-specific binding 
determined in the presence of 100 nM ET-I was less 

than 10c~ of total binding. Incubations were performed 
in a shaking water bath at 37'C, and the binding 
reac:ion terminated by removing triplicate I ml aliquots 
of acinar cell suspension from each flask and layering 
each aliquot ox.er 2 ml ice cold 0.9% ,%laC{. Following 
ccnh'ifugation at 200 × g  for 3 rain, the pellets were 
~-.asl ed twice with 0.9,% NaCI and the radioactivity 
asso.iated with the pellet was detem,ined. Competitive 
inhibition of [t'--Sl]ET binding by non-radioactive ET-I 
was anal~.'sed using a version of the LIGAND non-lin- 
ear cu.,x'e fitting program [15]. 

Measuret,wnt o f  ank*'lase release from acini 
For the measurement of amylase release, acini were 

prcineubatcd for 30 min, washed once and resus- 
pended in fresh, ga.,~sed PSS. Aliquo's of l mi were 
then distributed into 241 ml blood dilution vials and 
incubated with agents at 3"PC for 5 or 30 rain. The 
incubation was terminated by centrifugation for 15 s in 
a microfuge, and amyla_se released into the supernatant 
was as:aycd as pre~iously described, using procion yel- 
low starch as the substrate [2.3~7]. Amylase release was 
expressed as the percentage of the total amylase in the 
acini at the beginning of the incubation. 

Results 

Stimulation with endothelin-i increases/Ca 2 +]~ 
Stimulation of fura-2 loaded acini, with ET-I at 

threshold concentrations of between 10 nM and 50 nM 
resulted after a delay of 2-4 miu in the appearance of 
a slow. sustained oscillating intracellular free calcium 
signal ([Ca-"],)(Fig. I A)with a frequency of one c3'ele 
per 2-4 min, somewhat slower than prc,,iously 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. IA). At higher concentrations of ET 
(iCdO nM or I /LM). a different pattern was observed, 
consisting of a single large transient increase, rapidly 
rising from a basal concentration of 92 _+ 11 nM (S.E.) 
(n = 37) to a peak ol 503 +_ 29 nM (n = 23) (100 nML 
which returned to near basal values within 3 min (Fig. 
IC). Stimulation with I /zM ET increased [Ca2+]i to a 
peak of (544 _+ 43 riM) (n =- 3L a respon~ very similar 
in amplitude and profile to that observed wit.h stimula- 
tion with IW, I uM ET. In onl~ 2 of ~'~ cells was any 
indication of a sustained increase in [Ca:* ]~ observed, 
such as is seen with sti::mlation by CCIL carbaehol or 
bombesin [11,12,i6]. Furthermore, in 3 experiments 
performed on a population of cells in a stired cuvctte 
no indication of a sustained phase of the response was 
seen (data not shown). The return of the signal to basal 
was more rapid for El" than CCK (time to 75% de- 
crease 55 _+ 6 s, and 105 _+ 5 s for ET and C O L  respec- 



t ively). A t  concentrations of  the pept ide intermediate 
between the induct ion o f  oscil lations and the transient 
reponse, the [Ca-'+], signal consisted o f  a sharp in- 
crease in [Ca-'*,l, fo l lowed by small i r regular oscilla- 
t ions (n  = 3)(F ig-  IB) .  A t  concentrat ions below l0  uM,  
no effects o f  endothel in were seen (n = 8). In four 
experiments no effects on [Ca ; *  ]+ o f  ET-3 st imulat ion 
(10 n M - !  p M ) w e r e  ~ e n .  

St imulat ion o f  acini superfused in a Ca-" - f ree media 
wi th 100 n M  E l ,  resulted in a transient increase in 
[Ca-" + ]~ o f  similar ampl i tude (496 _+ 47nM, n = 4) to 
that observed in the presence o f  extracel lular Ca~+, 
indicating that ET  predominant ly  releases Ca 2+ from 
an intracel lular store (Fig. ID) .  Experiments were per- 
formed to assess i f  ET  released the same intracel lular 
store as more t radi t ional  agonists, such as CCIC A f te r  
con t inued  s t imulat ion by a high dose  o f  E l ' ,  C C K  (!  
nM) was  still capab le  o f  evoking a fu r the r  increase in 
[ Caz÷ ]i (Fig. 2a). Conversely, hm;vcver, af ter pr ior  stim- 
ulat ion wi th  CCIC ET- I  was ineffective (Fig. 2B). in 
another series o f  experiments thapsigargin (TG),  which 
is known to discharge the agonist-sensitive intracel lular 
Ca -'+ pool [17], was uti l ised pr ior  to st imulat ion wi th  

x:t I I "  
500 sec 

5OO 70 ~u E-r - I 

"~1 s~ 

200 ~c: 

c D co a" tREE 

: -10o 

20o s¢¢ 200 se~ 

Fig. I. (A) ET-I at concentrations between 10 riM-50 nM induced 
an oscillating [Ca 2 + ], signal (n = 5). (B) Superfusion of 70 pM ET-I 
rt-sulls in a sharp transient increase in ICn e+ ]+. follo~'ed b} much 
smaller irregular oscillations. At higher co~centrations. (0.1, ! IzM) 
ET-I induced a larger, but tnmsient ioctease in [Ca 2+ l, i n =  16). 
which wa.s m)l significantly different from the response generated in 

the absence of external Ca-" ° (n = 4) (i~,). 
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F@5. 2. (A) After stimulation wRh ET-I (0.I p.M). subsequent +uper- 

fusion of CCK (I nM) is still able to relea~ further Ca:" ( n  = }):  ( B )  

after stimulation with CCK (I nM). ET-I (0.1 izM) is unable to 
release furlher Ca ~* (n = 3); (C) after stimulation with thapsigargio 
(I pM). neither ET-I ((~.1 ,uM) or CCK (I nM) is able to induce any 

further increase in [Ca" ° ], ( ,  = 4). 

e i ther  C C K  or  ET-I .  i'~either E T  nor  C C K  appl6:d  
a f t e r  T G  evokecl any  fu r the r  increase in [Ca-'+]+. (Fig. 
2C). These  da t a  indicate  tha t  the  int racel lular  pool 
re leased  by ET is a subset  o f  the total  s tores  in the  cell. 
The  total  agonis t  re leasable  store,  however ,  is accessed 
by CCK.  

Endothelin stimulatiou results in the formation of btosi- 
zol plt'~phu,cs 

In tissues where  a n  increase in [Ca'-*]+ has  been  
descr ibed  af te r  chal lenge  with ET, it is though t  to  be  
med ia t ed  at  least  in pa r t  ' :hrough the hydrolysis o f  
phospha t idy l inos i tq l -4 ,5 -b i sphospha te  (PIP2), which 
p roduces  inositol i ,4 ,5- t r isphosphate  a n d  the subse- 
quen t  re lease o f  C a  2÷ f rom intracel lular  s tores  [18,19]. 
As  an  assay o f  PIP:  hydrolysis, acini were  labelled with 
[~H]inositol a n d  total  inositoi phospha t e  p roduc t ion  
was  measured .  ET-I  was  observed :o induce Pl tu rnover  
in a dose  d e p e n d e n t  manne r ,  aowever ,  to a much  
smal ler  extent  than  C C K  (Fig. 31. ht  t i re  exper iments  
E T  (!  p M )  s t imula ted  P! tu rnover  by 19.3 + 3 .7% of  
the  max imum C C K  response.  In this series, a maximal  
concen t ra t ion  o f  C C K  (0.1 p M )  increased  PI hydrolysis 
to 1381 ~ 424% above basal .  In ear l ier  s tudies  100 p M  
C C K  has been  found  to  be  the th reshold  concen t ra t ion  
at  v, hich measureab le  PI hydrolysis can  be  de t e rmined  
[32l. 

Receptors for endothelin ou rat pancreatic aci:zi 
Multiple recep tor  sub- types  have been  descr ibed for  

endothel in ,  which differ  in thei r  selectivity for  the 
different  members  o f  the  endothe l in  family [20]. W e  
de t e rmined  whe the r  a specific type o f  endothe l in  re- 
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Fig. 3. Concentration dependence t,f cnd~lhclin and chol¢cystokinin 
to increase hsdrolysi.~ of ph~rsphoint~htdcs in pancreatic ucini. Acini 
pre-labelled with [~Hlinositol ~ere incubated for q0 s v, ith either 
endolhelin or CCK and the [3H]inositol p,"~sphates were ~,s.sayed. 
Data ate the mean +_ S.E. of t-rze separate experiments calcu *ted a~ 
the £i- of the maximal CCK re,,p~mse in each pal!icular exv"eriment. 
Stimulation 133." )0 -7 ~nd 10-" M ET-I tu.~ ~.ig~;fic;,ntly different 

I from bu.,ial (P  < 0.05). using an unpaired t-le~t. Stimulation b3" I~ *" 
M ET-I was significantly different from basal, using ANOVA with 

the Duncan multiple range test (P  < 11.1)5). 

c c p t o r  cou ld  be  i d e n t i f i e d  on  i so la t ed  p a n c r e a t i c  ac ini .  
Spec i f i c  b i n d i n g  u f  [ t ' - s l ]ET-I  to  ac in i  was  o b s e r v e d  

~ h i c h  r e a c h e d  a s t e a d y  s t a t e  o f  9.9 ± 0.8-% p e r  100 m g  
o f  a e i n a r  cell  p r o t e i n  a f t e r  120 m i n .  B i n d i n g  o f  [ ~ : " i ]ET  
to  ra t  ac in i  w a s  c o m p e t i t i v e l y  inh ib i t ed  by E T - I ,  E T - 2  
a n d  E T - 3  m a c o n c e n t r a t i o n  d e p e n d e n t  m a n n e r  (F ig .  
1). T h e  c o m p e t i t i v e  inh ib i t ion  c u r v e s  for  E T - I  ond  
E T - 2  w e r e  s i g m o i d a l ,  pa ra l l e l  a n d  inh ib i t ion  o c c u r r e d  

o v e r  two  o r d e r s  o f  m a g n i t u d e  o!  E T - I  ~ r  E T - 2  c o n c e n -  

t r a t ions .  E T - !  w a s  approx .  2 o u m e s  a .  p~ ten t  as  E T - 2  
at  i nh ib i t i ng  [ t z s i ] E T - I  b i n d i n g  ( I C s .  o c c u r r i n g  at  160 

a n d  410 p M  for  E T - I  and  ET-2 .  r - spee t ive ly ) .  T h e  
c u r v e  d e s e r i b i n g  ir, h ib i t ion  by E T - 3  w a s  non -pa ra l l e l  
a n d  E T - 3  a t  a conccntr 'a t ior ,  o f  0.1 p M w a s  u n a b l e  to  
inhib i t  b ; n d i n g  to  non-spcc i f -¢  levels.  N o n - l i n e a r  attaly- 

si,-. o f  c o m p e t i t i v e  inh ib i t ion  o f  [ t?_s i ]E  I'- I b i n d i n g  to ra t  

ac in i  by E T - i  w a s  best  fit  by a one - s i t e  m o d e l  y i e ld ing  

a Kd o f  108 ± 12 p M  a n d  B ~  o f  171 + 17 f r r o l / m g  
a c i n a r  p r o t e i n  ( n  = 3). T h e s e  d a t a  a rc  c o n s i s t e n t  wt,~h 
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Fig. 4. Cof0pelil;se inhtbition of ~1'5 IIET-I binding I~." ETA. r-'T-2 
2ud ET-3 in rat pancroatic acini. Acini v, erc inc'abated and binding 
a_.,~ayed a_~ demrib~d in Materials and Metho,Js. A represenlath'e 

experiment of three others is ~:tmxu. 

the  r e c e p t o r  on  ac in i  b e i n g  a e n d o t h e l i n  type  I r e c e p -  
tor ,  s i m i l a r  in b o t h  a p p a r e n t  a f f in i ty  a n d  r a n k  potent3.- 
o r d e r  to  t h a t  d e s c n b e d  on  ra t  m e d u l l a r y  in te rs t i t i a l  

cel ls  [20]. 

Endovrelin does not stim~ late amylase secretion 

Occup . ' , don  o f  s e c r e l a g u g u c  re, '~ 'ptors  c o u p l e 0  to  
P l -me tab . ? l i sm  in t h e  p a n c t = a s  r e C K .  b o m b e s i n ,  m u s -  

carin.;c choi ,Mergic)  invar iab ly  l e ads  to  t h e  s e c r e t i o n  o f  

a m y l a s e  a n d ,  t h e r e f o r e ,  t h e  abi l i ty  o f  e n d o t h e l i n  to  
i n d u c e  an~, lase  s e c r e t i o n  w a s  t e s t ed .  Surp r i s ing ly ,  in all 

experitaents endothelin (100 p M - I  / . tM) caused no 
significant increase in secretion over basal after either 
30 rain incubation (Table I) or after 5 min (data not 
shown), whilst in the same experiments CCK (100 pM) 
and a maximal concentration of  thapsigargin (2 p.M) 
induced significant secretion. In another series ot ex- 
periments ET (10O pM-1 p M )  was shown not to effect 
secretion evoked by a maximal concentration of  CCK 
(100 pM)(data not shown). In addition, when cndothe- 
lin was added contaurrently with the phorbol ester 
T P A .  no  p o t e n t i a t i o n  o f  s e c r e t i o n  w a s  o b s e r v e d .  S e c r e -  

TABLE I 

Effect.~ of cmlothelin. TPA. TG and CCK on am)?a~e release 

Comparismn of the effects of ET-I. CCK and TG on amyla_se secretion from rat pancreatic acini in the presence or absence of phorbol ester. 
Valut.~. are means .+_ S.E. from 3 experiments. ;.n each of which am)'la.~ release was measured ca'er a 30 mitt period in duplicate. 

Amylay, c relea.~ Ba,,al 100 nM Endo I t~M Endo 2/JM TG I00 pM CCK 
(% of total) 

without I ~ M TPA 3.7 -+ 0.3 4.6 _+ 0.7 3.4 _+ 0.5 9.8 4-_ 1.8 :~).8 _+ Z6 
with 1/.LM TPA 14.1 _+0.94 12.1 _+ 1.3 I~1 + 1.7 25.4_+Z8 28.8_+ Z2 



tion induced by TG, howe'er,was significantly in- 
creased by TPA (Table I). 

Discussion 

In this present study we ha~e shown f~r the first 
time a direct action o f  endothelin on rat pancreatic 
acinar cells, involving activation o f  the PI-PLC system 
leading to an increase in [ca-'÷]i- Stimulation o f  pan- 
creatic acinar cells with PI-PLC linked agonists, such 
ax CCIC bombcsin or  acetylcholinc gives rise to distinct 
patterns o f  [Cat*I . ,  signals depending on the d o ~  of  
agonist, Characteristically, at low concentrations o f  ag- 
onistx, stimulation results in the generation o f  an o~ i l -  
latory [Ca-~+]~ signal, a response which is primarily due 
to the release of  [CaZ+]~ from intracellular stores 
[12,2t]. In this respect, stimulation with ET results in 
sucb a ~-pical response, namely the generation o f  a 
pulsatile [ca'~*]i signal (scc Fig. IA). although the 
frequency is lower. Higher concentrations o f  tradi- 
t ional agonists, however, result in a different pattern. 
which is characteriscd L-y a large initial spike, followed 
by a much lower sustained plateau [16] (see also Fig. 
2B). a rcspon~ which is dependent both on release of 
Ca-'* from intraccllular stc,res and the influx of Ca-" 
from the extracellular space. In this rrspect, stimula- 
tion with high doses of ~ /  differs from more estab- 
lished agonists as no susta;:.~ "0. e!evation in the signal 
v/as se,,,. : i,olc,~,¢=, ~i=e m~ease in [CaZ+]i appears to 
bo almost exclusively through a release of Ca-'* from 
intracellular stores, as little difference was obser~.ed 
between ceils stimulated in the presence or absence of 
external [Ca-" + ].. The source of this intracellular Ca"" 
release appears to be the ~ame store which is accessed 
by COL ET, however, is only able to release a sub- 
fraction of these stores. 

The absence of any measurable amylase secretion in 
response to ET is somewhat surprising as all previously 
studied pancreatic Pl-linked agonists induce amylase 
secretion [23]. This lack of secretion may be related to 
the relatively small [Ca-"]i signal induced by ET-i 
together with the absence of any sustained rise in the 
signal. This su,~tained increase in the [Ca~+], signal, 
attributed to Ca*'+ influx from the extracellular fluid 
has been shown to be an important modulator ef 
amylase .secretion. Recently, Tsunoda and colleagues 
[24] have shown that experimental manoeuvres de- 
signed to perturb Ca *'+ influx, such as administration 
of inorganic Ca: +-channel blockers, markedly reduce 
the sustained increase in [Ca:+]~ and amylase secre- 
tion. These observations are consis'ent with the well 
established fact that amylase secretion is affected by 
removal of extracellular Ca z* by chelation with EGTA 
[25,2o]. The observation that TG, a Ca-'* mobilising 
agent which induces sustained Ca*'* influx (see Fig. 
2 0 ,  can stimulate amylase secretion is also consistent 
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with the idea that the inability of ET to induce Ca 2 + 
influx is closely related to tbe lack of any measurable 
amylase secretion. A similar situation is well estab- 
lished in anotber model secretory system, the bovine 
adrenal chromaffin cell, where only agonists which 
induce Ca"* influx arc aole to stimulate full secretion 
of catecholamines [30]. In this .system investigators 
have rn)stulated that Ca-" influx, as opposed to ¢elca~ 
of intracellular stores, facilitates secretion by increas- 
ing [Ca-'+]. at the plasma membrane, where presum- 
ably t.hc secretory apparatus is located [31]. 

The concentrations of endothelin which are effec- 
tive on rat pancreatic acini ~re higher than tho~ 
reported to be efficacious in o[ ler tissues. For exam- 
pie, in hepatocytes, ET-I concentrations of 0 . l - i  nM 
can evoke an increa~ in [Ca2+]i [6]. As the appa:ent 
affinity of the receptor for cndothelin that we report 
does not greatly di f fer from that repor[ed in other 
tissues [6,20], including the hepatocyte, one possible 
explanation for the high conccntratious is that rapid 
de~nsit isation or internal;zation o f  the receptor may 
occur, a phenomenon reported for ET in other tissues 
[22]. This idea is censistent with ET only inducing a 
small turnover o f  inositol-phosphates and, conse- 
quently, only releasing a portion o f  stored intracellular 
Ca-'*. The observation that the time for the ET re- 
spouse to decay is quicker than for CCK may al~,o 
indicate descnsitisafion o f  the ET receptor. An alter- 
native explanation is that the pancreatic endothelin 
receptor may show a very low efficiency for coupling to 
its tcansducfion mechanism, possibly at the level o f  the 
G-;~roteins and this may result in the production o f  
relatively small amounts o f  second messengers in com- 
parison with CCK. It is also possible that Ca -~ ÷ release 
induced by endothclin is not mediated exclusively by 
1,4,5-!p;. Evidence exists in the exocrine pancreas for 
an alternate signalling pathway, which results in an 
increase in [Ca-'+]i; this includes reports that at con- 
centrations of  traditional agonists which induce Ca ~'*- 
oscillations and maximal amylase" secretion no changes 
in PI- hydrolysis can be detected [32,33,34]. 

This study has shown the existence o f  endothelin 
receptors on acinar cells and that i=: terms o f  signal 
transduction ET appears to function in the exocrine 
pancreas as a Pi-coupled agonist. However, some dif- 
ferences exist compared tc stinmlation with more tradi- 
tional Pi-coupled agonists, the most striking being the 
lack of any measurable Ca 2÷ influx or accompanying 
amylase secretion. Pancreatic agonists coepled to PI- 
turnover have a variety of actions in addition to the 
secretion of amylase, including modulation of ion- 
channels, leading to fluid secretion [28] and the stimu- 
lation of growth and development of the pancreas [29]. 
h is possible that further study of the consequences of 
ET receptor occupation will reveal a role in on= of 
these functions. 



180 

Acknowledgements  

T h i s  work  was s u p p o r t e d  by N I H  g r a n l s  DK-41122 

and  DK-41225 ( J A W ) ,  5 1 3 2  D K 0 7 3 6 7 - 1 2  ( G T B )  the  

Mich igan  G a s t o i n t e s t i n a l  Pep t ide  C e n t e r  (DK.349.~3) 

a n d  a M a r i o n  Mcr re l  Dow fe l lowship  (D[Y) .  W e  ~aank 

T i m  Ess ing ton  for  va luab l e  technica l  &ssistance on  

these  s tud ies  

References  

I Yanae.isawa. M. Kur:hara. tl.. Kimura. S.  Tombc. Y.. Koba!,-ashi. 
M. MiLqni. Y.. Yazaki. Y~ Goto. K. and Masaki. T. 119&'~) Nature 
33Z 411--414. 

2 Simonsork M.S and Dulln, MJ. (I~41})lyp~rlensk)n 15 (supp It. 
1-5-1-12. 

3 Inoue, A_ YanugJ,av.-a. b4.. Kimura. S,. Ka_,,uya. Y_ Mi~.auchi, I". 
Goto, K. and Masaki T. (1989) Pruc. Natl. Acad. S.ft. USA 88. 
2863-~67. 

4 Dc Nucci. G~ Tl'.)mas. R.. D'Orleans-Ju.stc. P.. Antunes. E.. 
W2!de- ¢" Warner. "I.D. and Vane. J.R. (19881 Proc. Nail. 
Acad. ScL USA 85. 9"/97-9800. 

5 Koscki. C, Imai. M.. |liratm M. Yanagisama. M. and Masaki. T. 
119881 in Abstracl.s of Ihe International s)'mposium on Biosig- 
n dling in Cardiac and Va:,cula- s~.~;tems 1988. pp  37 

6 SeradciI-Lc Gal. C .  JoupcauA. C .  5anch~:z-Bucno. A., Raufab)e. 
D.. Roche. B~ Prcax. A.M._ Maffrand, J.P, Cobbold. P.II.. 
Hannoune. J.M. and Lote~zlajn. 5. (1991) J. Clin. Inv:-st. 8";'. 
133-13t~. 

7 Takuwa. N. Takuwa.Y_ Yanagisawa M., Yamashita K. a~d 
M.t.~ki. T. ~l )$9) J. Biol. Chem. 2f~4. 7856 7861. 

8 Simonson. M 5.  Wann. 5~ Mene. P.. Dabyak. G.R.  Kcster .A. 
Nakazato. Y. Scdor. J.R. and Dunn. MJ. (1989) J. Clin. Ire'est. 
83. 7[~-7~2. 

9 Wildund. N.P.. Ohlcn. A. aa,~ O:t~crqvisL B. (19881 Acta Ph],~iol. 
Scand 1.34. 311-31 "~ 

10 Williams...r A.. Korc. M. and Dormer. R.i. ( 19781 Am. J. Ph~,-si,)l. 
235. ESIT-E524. 

II Yule. D.*. :rod Gallacher. D.V. (1988) FEB5 1.eft. ~'~g. 358-36Z 
12 T.~unoda. Y_ E.L- Stuenkcl. and Williarn_s, J.A. ( I9901 AmJ.Phys- 

ioL ~_58, CI47-C15~,. 

13 G~,'nkic-v, ic~.. G.. M. Po~nh:. and Tsien. R.Y. (1985) J. Biol. 
Chem. 2~ .  34-~- 3450. 

14 Bcmdgc, MJ. (19831 Bii~:h~.m.J. 212, 849-858. 
15 Munson. PJ. and Rodbard. D. (19801 Anal. Bioehem. 107, 220- 

"ri9. 

16 MatosakL T_ 7..hu. W-Y.  Ts'~imda. Y.. Goke. B. and Williams. 
J.A. (Iq911 Ant. J. Phi'5iol. 260. G858-G864. 

17 Kw~n. C.Y_ Takemura. H_ Obie, J.F., Thapstrup, O. and Putncy, 
J.W_ Jr. (19901 Am. J. Ph~.'siol. 249, CI006-CI015. 

III MasakL T (1989! J. Cardiol. 1)harnlacol. 13, supp. 5. 51-54. 
19 ~rii~'~. MJ. (19871Annu. Ri.-v. Biochcm. 56. 159-193. 
21) W]lke~ B.~.t_ Ruslon. A.. Menlo. P.. Giradi. E ,  Hart. D_ Van 

Dcr Mo!cn. ~.~. BarnelL R. and Nord. R. (1991) Am J. Physiol. 
260. FSTg- 5h'9. 

21 Yule. D.I.l.a~e. A. and Gallacher. D.V. (1991) Cell Calcium 
I~ 145-151. 
Ai'ai. H~ HorL 5~ Ar-,~mpli, I., Onkubo, li. and Nakanishi. 5. 
(I"~0) Nature 348. 730-73 TM 

~_'4 Williams. J.A-. l~rc.  M. and Dormer. R.L  (1975) Am. J. Physi(.!. 
~3 .  E517 - E5"28. 

24 Tsunoda. "'.. Stunkel. E .L  and Williams. J.A. (1990) Am. J. 
P~-slol_ C~ ."92 -G801. 

?~ Gardener. J.D_ Costenb~der. C.L. and Uhlemann. E R. (19791 
Am J. l:'nysi,)l. 236. E754-E762. 

26 WilliarrLs. J . ~  (IgS0} Am. J. Ph~,siol. 238. E517-E524. 
27 tung. D.I|.  (19801Clin. Chim. Acta 100. 7-11. 

Pctrrsen, O.!1. (1980) The Electrophysiology of Gland Cells. 
Academic Prcs~ New Yodc 
5oloman. T.r: in Physiology of ;l:e dig¢,aive tract (Johnson. LR.. 
cd). pp. 633-893. Raven Pres_,~ l~ew York. 

30 Cheek. T.R. and Burgoyne. R.D. {1(~. ¢ ) Bi~him. Biophys. Acla 
846. 167-173. 

31 Burla'yr,~. R.D. (1991) Biochim. Bio~,im/s. Acia I071. 174-202. 
32 Matozaki. T.. Gokeo B. Tsunoda. Y_ Rodriquez. M, Marlincz, J. 

and Williams. J.A_ (1990) J. Biol. Chem. 265. 6247-6254. 
33 R(~h.-y. W.H. Sato. 5~ Huang. S.C. Co!lado--Escabar. D.M.. 

Beaxen. M.A .  Wang. Lu.Hua.. Martinez J_ Gardner. J.D. and 
Jens~n. ~.T. 119901 Am. J. Physiol. 2-~0. (..655-G065. 

:',.4 5aluja. A.K.. Powee~,. R.E. Steer. M.L (1(-891 Biochcm. Biophys. 
Rc~. Comm. 164. 8-13. 


