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Studies on Amylase Secretion Mechanism by Mouse Pancreatic Fragments.
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ABSTRACT

Patterns of amylase secretion in mouse pancreatic fragments were studied
over a period of time after the tissue was stimulated by acetylcholine and
MNNG. MNNG is known to activate guanylate cyclase and thus increase the
c¢GMP concentration in the pancreatic acinar cell. These amylase secretion
patterns were studied to investigate the role of ¢GMP in reaction cascade
during secretion response of the tissues stimulated by acetylcholine.

Cellular response of amylase secretion in the pancreas by acetylcholine was
divided into two phases. During the first phase, zymogen granules which had
existed in the cells were secreted by the action of Ca?* and calmodulin
immediately after secretagogue administration, this being known as the initial
response. When the tissue was stimulated by acetylcholine in a Ca?*-deficient
medium or one containing trifluoperazine as a calmodulin antagonist, this
initial response was reduced.

In the second phase, newly formed zymogen granules were secreted as
sustained response after protein synthesis was triggered by secretagogue. This
response was provoked by an activation of protein kinase C. When either
cycloheximide as a protein synthesis inhibitor or dibucaine as a protein kinase
C inhibitor were added to the incubation medium, this sustained response was
remarkablely depressed in the pancreatic fragments stimulated with acetylcho-
line. In the pancreatic acinar cell, phosphatidylinositol turnover plays an
important role in the secretion response and hexachlorocyclohexane inhibits
this phosphatidylinositol turnover. The pancreatic tissue treated with the
hexachlorocyclohexane exhibited inhibition on both initial and sustained

responses of amylase secretion by acetylcholine.
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MNNG also accelerated amylase secretion from the tissue gradually along
incubation time. The 22 minutes fraction of the pancratic secretion after
administration of both acetylcholine and MNNG showed higher amylase
activity than the neighboring fractions. Guanylate cyclase potentiated the
sustained response. Even if it is experimented with an indirect method,
guanylate cyclase was found respomsible for activation of the sustained
response of a step prior to the action of protein kinase C.

As conclusion, it was considered that amylase secretion in mouse pancreatic

fragments stimulated by acetylcholine is a three phasic response.
A 2

A7 acinie £l 4ol o4 AF—2v] 4L Fohus] A5ke] ARE el o
L3+= o skA] W Eo] od#x glo (Amsterdam and Jamieson, 1972; Bruzzone et
al., 1985; Case et al., 1968; Rothman, 1964) o]=] 8} W& o] &3l Hn| &N EFAHL 4
# acinar cello] 2L A2 S = wA A Zule] gl Ca’fo] A Z WHE o] Fdli Ho]o]
Byl o] Rt Aol o8 AEE gz 99t Douglas, 1968; Schulz and Stolze,
1980).

A4 acinar cell| A= Ao} w44 24 cAMP} cGMPA A7) 4§34 (Gar-
dner, 1979; Schulz and Stolze, 1980), acinar cello] Z&35l% Hu]Z2Fao] wlal JZ—
By ulgA 27} cGMPE (3l F2E 714+ A (Albano et al., 1976; Cristophe ez
al., 1976; Haymovits and Scheele; 1976) cAMPE 13l A2 & 7lx]= A o] (Gardner
et al., 1976; Robberecht et al., 1976; Pearson et al., 1984) TE=E Zloz delxd 9l

EE ofw E8 EFZAE FulA Zete] A phosphatidylinositol turnover (PI turnover)Z-
o o 7] = u}(Fisher et al., 1981, Hokin and Hokin, 1956) 4} A Azl A= Pl-turnoverz}
cAMPo}:= A7 gloh cGMPsl: 7113k B 9l Aoz aed ¢ o (Michell,
1975), A ZEuto] Al PI turnoverd Fubshis 4] Al ZE9] H&S% Zteke] Fekw, EvlE
AgAel vl Azt FE&Ao A-Lokyg & vl A3 AEuhe] vl 4wk Aol phos-
pholipase C(PLC)7} Al Zx=te] 4 A%<l phosphatidylinositol2 inositol phosphates}
diacylglycerol(DG) 2. %33l A] Ca?t gater} ddalA] Ho AE vty Ca?to] Jz Uz &
o= 2 (Michell, 1975) Holo] Az A odejrtx] wl-gFo] Loluhs =}, 4 Ca?t
2 calmodulin(CAM)o]l 2Hg-3le AlZje] o]m] EA)3ld FulEAL Wl &7 AF &
7198 A4 kg (initial response; first phase)$ Qo7 7 § A Zuh W Zo A= Z7l5
Cato = qlai4] Ca®-2]%4] phosphodiesterases] 9]l PI turnovers} A|<4: A& 5] = 4
AEQl Pyt Al ZW A Aol A Ca?t &g o o7 (Hokin, 1985; Streb et al., 1983)
1€ Ca?t2 A zad W9 protein kinase C (PKC)E A2 U abol] 224 7] =1 4] PI turnover
371 DGoll ols] PKCr} &4 315 v} (Ashendel, 1985). o] PKC: A 2] ojw —hulze
1Rez fAA wael fES AT FuEe FHo] Yol AF ¥ wA ¥
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A}, 2@ A PI turnoverst #edsts Fwldbg ol2]3t 244l (biphasic response) 2 2
A o] Eo] d&A o A T Ryl e % %A vk $-(integrated response)g
o} o 71} 3 3F¢ v} (Rasmussen and Barrett, 1984).

ojz] ¥u|zAd A Ca?*-CAM &4 protein kinase (PK)~7} #ql= ¢.2n (Brooks and
Landt, 1985; Gorelick et al., 1983) | #2] acinar cello] A = CAMe] d&& Az gl
t}(Gorelick ez al., 1983). =3 ¢cGMPx cAMP2} w}a7bx 2 249 PKqg ¢GMP-PKE
FAaAA9E A2 4HA o] (Aswad, 1984; Flockerzi et al., 1978; Jensen and
Gardner, 1978; Nishizuka, 1983) #1|7 acinar cello] 4] dojup& PI turnovers}t ¢cGMP>} &
A et dedAE obd FEHA @k

#4¢) acinar cello] 4] PI turnover® 077 = GMPE 53 Hul&s doilE

71 0. & acetylcholineo] 1} cholecystokinnin octapeptide(CCK-OP) 8} 72 7ol < YU+
d 2 A4 E acetylcholines FvFHEAE A&t A A AY AR 2 obd et
olAl 7} BulEHE AdE FAHoE AAEL A 72 acinar cello] /] guanylate cyclase®
g3 A9 E AR gzl MNNGE Foste] o|o] whg opbdziola] F¥ & ZAGE -
ol5 FrtA| obEel] ok Bl el & 2= EA A Aol A vk acetylcholineo]] €] & o}
gholA] w4 % guanylate cyclased] J &g PolRI = 9o R BuledAgEa
Eo A}43te acetylcholines] o8t ofl gfolx] FulsA o FHRAE H4 3t Bz 3
At

R
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=5 A F 25g~30g8 AFHE &F TEwel AHEsged olw A3 E 7
g 1247 ol 4 %7 F AEodE EAsd F5E AT s AT weldA 95%
0,—5% CO, T8 =2 533 T3k« 7 modified Krebs Henseleit solution (Pearson et
L, 1980)e] wzx ¥dod FES AAG o2 3§ SR AA el A4 1~2mm
o Mcans oEa
2. ¥ulE A4 2 GAAE
Ao rlaRdREL 37°CE 285 FLazdlel 73 A5k vl FE71 (W74 lemX Fo] 5em)

o A7 3mme FLEF A ¥ b HE & A e TP F
23] A F FEHFE ALstd igErIE Hel 3 A ZAA Fuld F
Bl Eo] a4 W ker]2RE Yo F£99 SFo] Iml/mine] Hxs zAsted £y
A7 e 2o A 28 Ao At EvFAEAY A 3087w &y
< g AFANAA AFAZES vz FAo s dFA7 oHE F¥lFFAEA- Y acetyl-

choline(105 M) o] v} Ayy17(9. 6107 M) =& N-methyl-N’-nitro-N-nitroso-guanidine(M-
NNG; 1 mM)o] z3tg wjgkd oz BPF“H *r°1*1 2087 vl &R A% th(Asada and
Kanno, 1985). Z3o] QA&3ste ojF #u|&FZAE4e] gt el v L4S 2084 o
FAARA FANEE A

A &R Ao glAE FNAAEAES A4 Mgl Hrbste AF2A &
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W Fete A7zl A FFRAZAEE Aol kel Eod F 4 Eu| A EAo]l 23¢A H)
dHell #lF BRI FNELE oM AFAZEE AFFAZ b cycloheximide: 2Xx107¢ M,
trifluoperazine(TFP)2- 0.1 mM, dibucaine® 0, 1mM =8 3087 #AAZ dJgovt
hexachlorocyclohexane(HCCH)2- 0.1 mMs-x 2 7087 AA g 34k

A,q;7 HCCHE dimethyl sulfoxideo], MNNGE acetones] =8 = dibucaine2 ethyl
alcohold] FolA] Rl g wlA whEo] ARE-3gich.

3. ot ztotal ZA %é

ol g} >4 (1985)8 8.2 o gt o ztolA] &3 g ol E3H e HlES ¥A
Z e HEZAE 3o 57
THOE el &g A4 o] gg AR Fo ¥ ofddtels TAHER A

o om &2

100" £ obdetobd 4=
(starch reducing rate; %)
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of2totd =H[o i St acetylcholine2 5o}
FulE F9 opyrjeld] 42 Fig. 1oA RFo] Hu&3A Fo T FA4 4
H] &2 A 7L w) FA | EABT 717 ol 2 acetylcholined wl) gFod o A A A g
& FEo® &k YUgirh acetylcholinee & AN EESL A3l Al 30%
A1 FA = W FEII2HE AAG LEFAA obd glolA]l FAJo] vehte
o ztol& ot e A e F4e Bk olfF ¥FF F FIY
M3te ofdelolAd A E] W3lel X sl 4 FE mAor 53 acetylcholine
EES AT AR T 228A o)A ol elold] FAo] Hrt Hgx
s g9 dakx 958 @k

By So UEH=EIH OLLU0LA 2HI0 OIXl= s

“AF—Eu e A7 A AL WA Ayt 9wl Catfo] AZUE {4 EElA HEH
th wEAd Az o Fole AE el wetd A sz gl EAfsto ok 3t
Ed AAZ AZW 2 FEE 1eM uste]Aut A2 = 1mM o] Folrh. 2 A
o218l Ca**¢] & E Lolnr] $ote] WA WA Fol A AL FAEHFT T
| 239 2Ee AANA SR 3087 Avl Y R EHY Fig. 2014 & 5+ %0l
o] 717k el ot efolA] FE o] AUk RIAAE g 2AA Wl A U2E
ofo] acettylcholineo] 107°M = =% Holgh vk oz Qolo] 2087 AFAZLEES AT
g t}$ acetylcholine & wj 3 2&] ZA 2 ZA<o] 2.56mM Z &= wjFAd oz FHFAZ
Y A Zgd Fo| Zgro] Ay Ao A% acetylcholined] AFFo] o)A o} gholA
o7t $438 FoerlE e 94 = wpesA Pastg o] acetylcholined glo
v o] 2.56 mM HEE A Ao #74& ubFo] FuY A3 Caft mszte] 3
A e B EgE gA g oy etolA]l Hulst Fr S A wEA FastE A
2 4 gt dEa A 2.56 mMe] 2k X Tof o} acetylcholineo] 107°M 21ql oo} &
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Fig. 1. Effect of acetylcholine on the secretion of amylase from pancreatic fragments. Mouse
pancreas was minced to fragments about 1~2mm diameter and incubated within incubation
chamber (I cm inner diameterx5cm height) at 37°C with perifusing modified Krebs Henseleit
solution by peristaltic pump. After 30 minutes preincubation with the medium, acetylcholine
(1075 M) containing Kreb solution was given for 20 minutes from the time indicated by the
arrow to stimulate the pancreatic secretion of amylase. After that the medium was changed to
one without acetylcholine to observe the sustained response of the pancreatic acinar cells. Flow
rate of incubation ruedium was 1ml/min. and 2 ml fractions were collected. The amylase activity
from each fraction was analysed as described in the text. The results are shown as the mean-+SD
of eight experiments. The total protein of the fractions was also determined by measuring optical
density at 280 nm. The results are the mean value of five experiments.

FHEEEe W HHE otdetoldl FAE ZRL HoFgie)
Fig. 3-& 3087 Al st 77kl & A4S 2.56 mME 87 21} acetylcholine o,

= AFE e adnagad 2c0A 24 Az PelEPAT 10°ME Aol oo
Ag FFAAT. 2087 2E] ARD FAolA AFEAL AFY G B4 BEl
2.56mM £3¥ $¢ FAuglz Hole] acetylcholine(10°M)ez ¥ulE 2347
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29} 2 ARA L2 opdold FYEE Fig 304 Fig. 2020} ¥%3 = okl zho}

A A= B9 g 71e0 7t FAF shabstg o
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gt A ZlNE A Fe AAAuES FHE A4S Vel Rl @gkoh.  acetylcholine
AFA 2 AESAEE dAAY ek wp3istA Z(Fig. 8) PKC 94 E4 9l dibucaine-g-
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Fig. 2. Ca?*-dependence of acetylcholine effect on amylase secretion after Ca?*-deficient preincu-
bation. Pancreatic tissue fragments were perifused with Ca?*-deficient medium for 50 minutes.
During this period, acetylcholine (10~°*M) was administered at the time indicated by the first
arrow for 20 minutes. After the incubation in the calcium-deficient environment, calcium (2. 56
mM) was supplied in the medium. The arrows indicate the time when acetylcholine was
introduced. Each value is the mean of five different experiments.
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acetylcholme°ﬂ 4?& 1] 4—?24 k3o dlbucamew] d S e A Fig )7 kot Agserd
3% 23rch(Table 1. 5o]g A& MNNGE Foigt ¥ 2283 4EA Y Lo of



April 1987 Cho & Choe—Amylase secretion in pancreatic fragments 199

+
® ca’ 2 @
e T A L EEIRE S
Acetylcholine Acetylcholine
—— e [
~— 100 4
oy
2 e VN
® 904
~
> Bb
o e
25 80
—
2%
& A
o .= 701
n o
@3
~
P
22 o0
50 A
3 Fol O
0 —T r—— T r r - Y r
(] 20 30 40 -50 60 70 80 90

Incubation time (minute)

Fig. 3. Acetylcholine effect on amylase secretion in Ca®*-deficient medium. The calcium deficient
period was only 20 minutes, during which time acetylcholine (10~ M) was administered to
the tissue fragments, and the response was checked for amylase secretion. The later period of
acetylcholine stimulation in the presence of calcium (2. 56 mM) was followed for comparison
with the effect without calcium. Each value represents the mean of four different experiments.
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Fig. 4. Effect of calcium ionophore(Assg) on amylase secretion from mouse pancreatic fragments.
After 30 minutes preincubation, the medium containing Asmsr (9.6X10-°M) was perifused
for 20 minutes and replaced by the medium without the calcium ionophore. Each value is the
mean=+SD of five different experiments.
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Fig. 5. Effect of guanylate cyclase activator to stimulate amylase secretion by pancreatic fragments
in the presence or absence of dibucaine. Pancreatic fragments were preincubated for 30 minutes
with perifusion of the Kreb solution. The solution containing MNNG (1 mM) was given during
20 minutes to activate guanylate cyclase in pancreatic acinar cells for amylase secretion in presence
or absence of dibucaine. The preincubation solution was given after the administration of the
activator containing medium to observe sustained response by the tissue fragments in amylase
secretion. Upper figure represents the effect of MNNG in the absence of dibucaine in the incuba-
tion medium for amylase secretion and data are expressed asthe mean=+SD of four experiments.
Lower figure represents the effect of MNNG in the presence of dibucaine(0.1 mM) in the

incubation medium during the entire period of perifusion and data are expressed as mean of
four experiments.
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Fig. 6. Effect of acetylcholine on cycloheximide-inhibited amylase secretion. Protein synthesis
inhibitor, cycloheximide (2x10-*M), was given the entire perifusion period and acetylcholine
(10-°M) was added for 20 minutes from the arrow indicated. Each value represents the mean
of six different experiments.

ZHA 7] A acetylcholine 1075M=zZ £33 52459 Hul& 2247ty Fig. 704 HdF
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Fig. 7. Effect of acetylcholine on amylase secretion by trifluoperazine-treated pancreatic fragments.
Pancreatic fragments were perifused with trifluoperazine (0. 1 mM) containing medium through
the entire incubation period and the same medium with acetylcholine (10-3M) was perifused
from the time indicated by the arrow. Each value is the mean of four different experiments.
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Fig. 8. Effect of acetylcholine on anylase ‘secretion by dibucaine-treated pancreatic fragments.
Protein kinase C inhibitor, dibucaine(0.1mM), was given for the entire period of perifusion.
Acetylcholine (107M) was administered for 20 minutes from the arrow indicated. Each values
is the mean of six different experiments.
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Table 1. Comparison of dibucaine-inhibited responses of amylase secretion by acetylcholine,
Azam’; and MNNG.

Amylase activity

Time after ; .
stimulation Kind of stimulators (starch reducing rate; %) in}j/iabi(go n p-value
(minutes) Not inhibited  Inhibited

4 Acetylcholine (10-5M) 94, 0+2.58(8) 87.0:t5. 14(6) 7.4  p<0.025
Asznsr(9. 6 X 107M) 63.316.42(5) 63.6+7.92(3) —0.5 —

MNNG (ImM) 78.2+7.07(4) 62.316.98(4) 20.3 p<0. 025

20 Acetylcholine 94.4+1.17(8) 78. 5:+6. 08(6) 16.8 p<0.001
Ajzisr 83.2+7.08(5) 81.4+5.24(3) 2.2 p>0.5

MNNG 86.845.30(4) 69 2+5, 50(4) 20.3 p<0.005

22 Acetylcholine 95, 4+1,41(8) 81.4+6.67(6) 14.7 p<<0. 005
Aszaigr 83.8+£8.11(8) 84.3+4,73(3) —0.6 —

MNNG 92.1+2.17(4) 79.6+4. 38(4) 13.6 p<0.025

36 Acetylcholine 92.3+£2.17(8) 70.4+8.47(6) 23.7 p<0.005
“Asgisr 85.7+5.77(5) 81.8:+5.95(3) 4.6 p>0.2

MNNG 90.0+2.31(4) 63.44:8.04(4) 29.6 p<0. 005

In each experiment, pancreatic fragments were incubated in the medium containing dibucaine
(0.1 mM) through the full testing period. After 30 minutes preincubation, the same medium
with each stimulator added at the concentration given in parentheses was perifused for 20 minutes
and exchanged for a stimulator free medium. The observation times were chosen from the time
course experiments of each stimulator as representative points as initial response peak (4 min),
early sustained responmse phase (20 min), guanylate cyclase response peak (22 min) and late
sustained response phase (36 min). Results are shown as mean+SD with number of experiments
in parentheses. The p-values are evaluated under the null hypothesis for amylase secretion
between those inhibited and not-inhibited.

QA9 Aol o weWANA A% AEE wlwstReY 24 ionophores] B¢ A
9] 333 acetylcholineo] Y} MNNG2] 4% Er} dibucaineo| 2]3}o] Fujuts Fr 2 sy
A QA E el ZA vehve AE B 4 Ak

#) #-9] acinar cello] 4] PI turnoverd] wlE 23§44 T Fuw|&AF3E o] 2 g8zl
Qoloj 4 PI turnoverAlo]| A A= E 4A+E< ionositiols} §A}8F Fx% 7}z hexachlorocy-
clohexane(HCCH)o] #|7& acinar cello] 4] Fg) %4 <FE<¢l carhachole] Ao &3k o}wd
ghotAl FulE AAAZTE Aol @A AUAT 2 AAFEE AAHE F o] AE
o] =A%t Boreh. HCCH7E 0.1mM B x2 HryxE mdusgatog 7087 o kg
A3 A%zA 2B acetylcholine(10°M) 2.2 AFAAA g7 424 F9 obd=t
obA] A& ZASIATIY Fig. 9o el wtel o] AAHA WSl AHFH UG 25
AAS el gglot TA4 f4e dglrk ol Fig od® & A4
w3 F 1A 2o JEF ukegA & FE5he] acetylchloine Fof 3 43, 208, 228
e 36A W FE7) HEE B9 obUntels] FAx=F Figs. 6, 7, & 8l A3l
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Minutes after acetylcholine administration

Fig. 9. Effect of acetylcholine on amylase secretion from inhibitors-treated pancreatic fragments.
Pancreatic fragments were treated with various inhibitors, cycloheximide(2x10*M), trifluo-
perazine(0. 1 mM), dibucaine(0.1mM) or hexachlorocyclohexane(0.1 mM), during the entire
experimental period. Acetylcholine(1075M) was introduced to the tissue fragements for 20 minutes
as in control experiment shown in Fig. 1. Values were taken from amylase activity curve after
acetylcholine administeration at four representative times as initial response peak(4 min.), early
sustained response phase(20 min.), guanylate cyclase-dependent response peak(22 min.) and late
sustained response phase(36 min.). The influence of inhibitors were compared to the control
value which was stimulated by acetylcholine alone. The results are shown as the mean=+SD
with the number of experiments in parentheses. *p<{0.05, **p<(0.001 and =% p<0.005 are
p-values for the null hypothesis on amylase secretion between those inhibitor-treated and acetyl-
choline(1075M) alone in same representative time.

controlz.#] Fig. 14 9 ztsh @ vl watele}.

i

1]

AGe A e Fge AR Aurtxl 24 Fol 4G g AR AFL 5
delel A A9 206 AN xstasgd ¥ £3EsE Puske 2 FuEUa9E
AR, T W 37474 29 E hepsiuh,

acetylcholinee & A& #1739 acinar cell& A ZFA 7L w] olyatold] Aoz =
Euut-§-2 acetylcholine $o] & FH38 =/l A 404259 A9 dAI 2L &
A ol gk &3-S acetylcholinez} 7. F2) %4 <&l bethanecholo] A9l %
Ao 4] (Williams and Chandler, 1975), 2] 3 caeruleino] %] 9] &2 = ]2 o] A (Bruzzone
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et al., 1984) ot tolAl & EulA7l Aste FAS A54F gk 23} Asadad} Kanno
(1985), Shibuyas} Kanno (1985)% CCK-OP& ®=® 29 #4132 AZslgtiy 200 pM
FEA il A Eulzt FAY BegE ol FolEd CCKOP Fof & =4 H79 gy
Aot FA s Foteted dEd S5 E o] FAZ sty Bul S A A A3 Fob
steboh st FdEw Ao R vEbA o Eeldde] E AYe] A AR
Aol 8k = acetylcholine, CCK-OP ¥ caerulein® A4 2 o)A 7o ARE 7
Ae Aoz A gloeng o Jolt Aste F ¥ FEH ok T 74 oz ¥rh

2 A8l AaE Kojimak-(1983)e] Bol < = A F-Alo| A angiotensine]| 2] 3k aldosterone
Bul st AA A Fulge s w8t A " Asadadl Kanno (1985)9 Axte 3 239
Langerhans’s isleto] 4] ¢] insulin v &) (Zawalish et al., 1983)9} v] =5l z B 4 9lt).

Kojima:-(1983) 7} Zawalich-2(1983)-2 calcium ionophore (Ajse) 2 Fujul-8-¢] initial
phaseZ-, 12-0-tetradecanolyphorbol-13-acetate (TPA)Z. sustained phase® #-&] X #H A 2y
E FRAZ ¢ 949.7] wFol Rasmussens} Barrett (1984 ©1 &9 AAE MAAuS
(initial response)®} =] 47l (sustained response) © 2 TE3}lo] A=3lPRA 5 X AFH
A Agaigr©] initial phasent-g £33 o2 vehdo] FA Rstg ot AR oA s
= cycloheximiderx} PKCE A3l Zloz ¢z dibucaine (Shulman, 1984)-¢ = =]3}4
% ® AAH 2R sustained phased] &) Fele FEo Fulst o4 QA JAH =2
(Fig. 9) acetylcholineol] ©]3t A #| 3 4olAe] ot etobd] FHlAAE & Fulz=d ¥
kgt mPAAR R o gA R FA" S wgolstz 44 4 Yt dibucainee]
MNNGe] 8 F7ub&mtA A A2 cGMPej & &3t d&A 9] hgAA = o] E40f
gate gAEE A =& dibucaineo] UF FantHA o] 7] W Foll Al Xt Ca*
o] & JAEEA velvE o)Al A FUUAE ofF sl

TFP= 2 AgdlA AAAEEol Y A5AueS 25 AAlstg el o2& o] <FEo
% @ Ao Langerhans’s isleto] A ¢l<r2l 8u] S A8 7 (Janjic et al., 1981)3} 72 oF
T 2o Fx gk AAHEEe] f4 A Fige 9) JAHE ALoZ Heol oln] &
calmodulin(Gorelick et al., 1983)0] )49 acinar cello]| A %= ¥ 2J]¢] FL3vizm £

T et FAEEA dAg A F ool FgEer & Aog R

HCCH<¥ inositols} Fz7} -fAbele] A3 & Ao 4 carbachol, CCK-OP & Ayggroll &
ofd globA E-ul & o) stgdttz g+ (Crouch and Roberts, 1985) £ A& A= AAH
% A%Ago] BE Aol A acetylcholines 2 $u]& FAAAw 47 24 acinar
cell] A} PI turnovers} Hulel Fojslis A-S zbg Aol el ¢ = Qo)

A Z Y Fe] Cat*o] AL o] dejrte whgo]l FHoste AL £93% dolA
Ca?*o] A= LA oz 3087 Au] ke stz FU3 LA acetylcholined & r}slo] =
S A7 acinar cell] £ A ZgBo] o] 2.56 mM EAE wjell x| @Al v 2go
Aol A A *]@B}Q-q A5eA 2FPslo] opdefolx] Hulsl 492 E o)FE e B F
A el Z olfre © 42 43 AF acinar celle] Te] Ca*ro] AT = Y& F£
Zol SlolAl ulE Almod] Fo Ca*to] A= olx o] 23k FEEFo| EoJUrl Ca?*e
A% FAS Aok G ek G 22 AR 3 o FEA
A 4 ol & transverse tubule ¥ rie] glycocalyxeli= Ca?o] AT 4+ Y& L4 ¢

O

s
o}o

s

—

f

rtl°Azrl
N Y
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TFz8o] ¢lo]A excitation-contraction couplinge] geo]d w) Ca?to]Fo] 7|3tz odd
A 9leh(Langer, 1978; Langer et al 1976) =& @ A Ex9 A9 Z5fFo HAAgle] PI
turnover2 A 71 IPy7t AlZu] Ca**A Fao Al EZFF8hvdnt Ca¥*g &A% 7] wEo] o}
ot Aze) B 4 9leh(Hokin, 1985; Pandol et al., 1985; Rosoff and Cantley, 1985). o]
213t A5 AFAZAA A2 oE2RE F9d Ca* & AT ubgo] el %
SxAY wEelA FaFFaAL ofd Zolte AAE /1A Fvd Williamse} Chan-
dler(1975) % A Z gl A Fd " Ca¥& A 2o EAFHE do oo 73 F
g 89l oty thuk $elAA g 24 wEolztx 3. Shibuyast Kann0(1985)l‘\:
Ca**o] A &% 3 AAF] FFAI 1A CCK-OP2 A5E = 8pMo A& 3
Haulzb A9l 200 pMe] Al &= =t} F-u] (monophasic secretion) & 2 vt s}4 ch. Asadag}
Kanno(1985) 5. CCK-OP 200 pMg Ca**o] A s Fdo] 4o 7 A Fo] Fo3t35 & o
A Fulsh F7k A Catto] Aoz zdE LAE EuFAA gle] FHelof
FFAAEY Ca?t AGA Ful&AAe] 9% Axct o g e E oA B A
g3k el Holk uha ot 2o e w3

MNNGe] €& 4] okl ebolx) Hu]7h 229 71 wko 23 acinar celljof 4 cGMPS] aw-
& Gelete 444 AL £9A% MNNGA 429 GMP 558 747 0E 2
L o rA] z2F o)A gz AFA Z 4 Gunthers} Jamieson(1979) % Gunther(1981)%& 71
Hobo 2o A 2ol 4] MNNG0™*M)of] ojgk A2 cGMPe] $-7t= MNNG Fof 5
233 We] Az FEE Ry ot A EuloE dFE 1 &gk caerulein(107° M)
¢cGMP = 722 opion ZJAAT gllARex 37k 9 2} acetylcholine,
CCK-OP 4 caerulein 22 4 50| #AFA Lo cGMPo] Fr7hel vl Eo] £3as59
Tl E FAAGE AL FAY AHdelnE ¥o g cGMPo] whE F&ubgo] o A9
Tt s o] ok A gk cGMPE cAMPS} wpabstA] 2 o wl whll A g Ql4bst A7) vl #-8-3t
224 AFAZ ol M8 wbgel o gris A zd .

2 AYo = MNNG( mM)o &3] A opd gpolx] £ul7t 315 91-& ¥ ot 2k MNNG
ol 3 2287 248A FHA F9 £HRE v & £ 57HE 24 acetylcholine ¥

T 228A ZHe A ol etobd] ARV Fwl A Fake] FI] L A AAHLE
o X} 5ke] acetylcholine(10°M)o & A% 249 acinar cell& =<3 79 Pl turnoverd]
w B FuEFAHAF L AP A5t o} 2 39 o 2= guanylate cyclasex &4 315 o] A} cGMP
% cGMP-PKE Az PKCo & b2 57‘? od MbEAEE E3tY JEvlExd P
A E2A A&ANged AdetE Ao ndild,

A7 #AFzAe A acetylcholinee] #4Fo] wh2 o} holr] Eu| &AL wr] $5he]
2AFA3} AAFAES o §5h] 4GS IR A} g T AEE

1. acetylcholineo} 2]t 433 4 acinar cello] A9 ofxlzbolz] Hul & uts-& FA

oo AAAREH ASARGo T FHE & ok
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2. FuldAe] doiA AAAuEE Ca* 3} calmoduline] 9J3te siAg sz RAH
acetylcholine %o = & ulSo] F<43] A= g o]7 & acinar cell Vo] o]uw] ZA|3}
d xafdAEe] $35E Hgelga Lok

3. ¥HAY ASALLL ATl SAe A2 FHod Polse Ao @
A o] g AEE AAH dduve UEEe] A AYgHE HoE YENE

4, acetylcholine %o 3 2085 Ru]E 3o ] oldglela] FA L Fodwia ko] o
5 £33 ro gghed MNNGz guanylate cyclaseE B3} A#HE dE o] LH 9 o}
ebobdl 4ol 77 £ ebstet.

5. protein kinase C¢] <}x] &4 ¢l dibucatine2 acetylcholine®] Ao o3&} o} elolx|
o EFRubE Foll A A G uSE A skA £l calcium ionophored] opd glolx] £u)Fzl
Aol e 4FE FA F¢A T MNNGo| g g A8 24 g

6. guanylate cyclase?] #Aste FAAQl AR =¥ & dbgA R QA A%H
wbgol]  shAEE Zles AzsEe A Wl o3 FAe|rlE A wk guanylate
cyclase«l Z A ¥k-8-A < (reaction cascade)-&- protein kinase Coll ¢ 3} 7 ¥.c} &l Al Yebyioh

. o] Ao® Bol A3l #A acinar celld] 4 acetylcholined] Ao &3} o}l efo}A] &
‘ﬂ‘-—ﬁ‘ Zuk %% 371§ (three phase response) 2 & Al 23 4 glch=z £o}

[~
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