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SUMMARY

1. The effect of membrane stabilizers and cytochalasin-B on amylase secretion,
basal and induced by ionophore A23187, CCK-PZ, bethanechol and glucagon, was
studied in dissociated mouse pancreatic acinar cells.

2. Cytochalasin-B did not affect basal or secretagogue-stimulated amylase
secretion.

3. Membrane stabilizers [thymol (10-7-104 M), chlorpromazine (I0-7-104 M) and
propranolol (10-7-10-5 M) did not alter basal release of amylase. At higher concen-
trations of thymol (10-3 M), chlorpromazine (10-3M) and propranolol (104M),
dissociated acinar cells were lysed as indicated by an increase in release of lactic
dehydrogenase (LDH).

4. Ionophore A23187, CCK-PZ (maximal effective concentrations, 0*01 u. ml.-'),
bethanechol (maximal effective concentrations, 10-4 M) and glucagon increased
amylase secretion in a dose-dependent fashion. Concentrations of CCK-PZ and
bethanechol beyond optimal levels decreased amylase secretion. Concentrations of
ionophore A23187 and glucagon when tested beyond 10-6 M and 104 M respectively
increased the release of LDH. In concentrations that were non-toxic, membrane
stabilizers blocked the stimulating effect of chlolecystokinin-pancreozymin and
bethanechol on amylase secretion but did not alter the response to A23187 and
glucagon.

5. Unlike bethanechol, glucagon neither increased the uptake of 45Ca nor did it
alter the release of 45Ca from cells previously loaded with 45CaCl2.

6. These data provide evidence that stimulus-secretion coupling in dissociated
pancreatic acinar cells is basically similar to cells in situ. The effect of glucagon is
consistent with the model in which hormone-dependent mobilization of Ca2+ from
intra- or extracellular sources is bypassed leading to digestive enzyme secretion.

INTRODUCTION

A group of membrane-active amphiphilic drugs have been employed to study the
amylase release process from the pancreas (Singh, Black & Webster, 1973; Beaudoin,
Marois, Dunnigan & Morisset, 1974; Williams, Poulsen & Lee, 1977). At lower concen-
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trations, these drugs stabilize membranes and lead to inhibition of stimulus-secre-
tion coupling; higher concentrations lead to membrane destabilization and lysis of
cells. It has been observed thatglucagon increases amylase secretion from dissociated
mouse pancreatic acinar cells (Singh, 1978, 1980b). Recently, other investigators (see
Manabe & Steer, 1979) reported a concentration-dependent stimulation of amylase
secretion in response to glucagon from mouse pancreatic fragments. These findings
indicate a direct stimulatory effect of glucagon which is contrary to its inhibitory
(possibly indirect) effect on pancreatic secretion stimulated by secretin or secretin +
CCK-PZ in vivo (Dyck, Rudick, Hoexter & Janowitz, 1969; Nakajima & Magee,
1970; Konturek, Tasler & Obtulowicz, 1973, 1974; Shaw & Heath, 1973; Clain,
Barbezat, Waterworth & Bank, 1978).

It is not clear at present whether the mechanism of secretion in dissociated cells is
similar or dissimilar to acinar cells insitu (see Case, 1978). It was reported by some
(Williams, 1977) but not by others (Amsterdam & Jamieson, 1974a) that the cell
dissociation procedure causes loss of organization of the apical membrane complex of
microtubules and microfilaments, leading to partial loss of luminal specialization of
the plasma membrane of acinar cells. In the present study, the ability of membrane
stabilizers to inhibit steps in stimulus-secretion coupling was utilized to validate
dissociated acinar cells as a model for secretion and to study the mechanism of
glucagon-stimulated amylase secretion in vitro.

METHODS

Preparation of dissociated mouse pancreatic acinar cells. All studies were carried out on
pancreases from male outbred Swiss mice (ARS/Sprague Dawley, Madison, WI, U.S.A.).

Glands were collected from five to eight mice which had an average weight of 25 g. After an
overnight fast, the animals were decapitated and exsanguinated. The glands were trimmed free
of mesentery and fat and weighed to - 800 mg as the starting material. The basic incubation
solution used to isolate cells was Krebs Ringer HEPES medium containing 120 mM-NaCl,
6 mx-KCl, 15 mi-HEPES, 1 mM-KH2PO4, 1-2mM-MgSO4, 14 mm-glucose, 2mM-L-glutamine,
0.01 % w/v soybean trypsin inhibitor (chromatographically purified) and 2% v/v minimal
Eagle's medium amino acid supplement (Eagle, 1959). The digestion medium also contained
0.1 mM-CaCl2, collagenase 0 75 mg ml.-' (Sigma, Type I) and 1-5 mg ml.-' hyaluronidase (Sigma,
Type I). Dissociated acinar cells were prepared by modifications of techniques developed by
Amsterdam & Jamieson (1974a, b) as described in detail in anearlier publication (Singh, 1980b).
Cell counts showed that more than 95% of the cells were acinar and were intact by trypan Blue
exclusion studies. Characterization of isolated cells, including intracellular ion content and
response to secretagogues, is reported elsewhere (Singh, 1980b).

Secretory studies with CCK-PZ, bethanechol, glucagon, A23187 and surface-active drugs. The
cell suspension was pre-incubated for 30 min at 37 IC with the gas phase of 100% 02 at 60 oscil-
lations min-. The cells were pelleted by centrifugation for 5 min at 50 x g and resuspended in
ten volumes of the incubation medium. Before the start of secretary studies, the cell suspension
was distributed in 0-5 ml. aliquots. One 0.5 ml. aliquot was used to determine time-zero amylase
and lactic dehydrogenase (LDH) by centrifugation in a Beckman Microfuge-B at 10,000
rev/min for 1 min. The pellet was resuspended in 1 ml. distilled H20, transferred to a tared
aluminium foil planchet, dried overnight at 80 0C and the dry weight determined. In some
experiments aliquots of cell suspensions were treated with equal volume of 2 1 N-perchloric acid
and protein content of the pellets was determined by the biuret method (Gornall, Bardawill &
David, 1969). The rest of the 0*5 ml. aliquots of cell suspension were used for secretary studies.
Appropriate concentrations of secretagogues (CCK-PZ, bethanechol, glucagon, A23187),
cytochalasin-B, and membrane stabilizers (thymol, chlorpromazine and propranolol) were
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added to the cell suspension in a final incubation volume of 5 ml. (- 2 mg dry wt. ml.-' or
0-6 mg protein ml.-') and incubated at 37 0C (60 oscillations min-') for 60 min under gas phase
of 100% 02 (pH 7-4). At the end of the incubation, the medium and cells were separated by
centrifugation in a Beckman Microfuge-B. The cells were suspended in twice-distilled water and
sonicated (Sonic Dismembrator, Fisher, Model 300). The media and sonicated cells were used
for amylase assay by the method described by Bernfeld (1955) using Lintner's starch as a
substrate.
Because A23187 and cytochalasin-B were prepared in stock solution with dimethylsulphoxide

(DMSO), studies involving ionophore A23187 and cytochalasin-B also contained 0-1% DMSO
in the control flasks. Previous studies had shown that DMSO at 0-1 % concentration has no effect
on amylase secretion from rat pancreas (Singh, 1979). Lactic dehydrogenase was measured
spectrophotometrically by the method described by Kornberg (1955) as used previously (Singh,
1979).
Measurement of"Ca uptake and release. These studies were done by modifications of methods

described by Lucas, Schmidt, Kromas & Loffler (1978).
4"Ca uptake. For 'Ca uptake studies, 0-5 ml. aliquots of cells were pre-incubated for 30 min

with or without secretagogues to reach steady-state condition and the final incubation was
carried out with or without secretagogues in a volume of 5 ml. of media containing 4"Ca,
0 4 ,sCi ml.-'. Aliquots of 0-2 ml. were taken out at 10 min intervals for up to 100 min and were
transferred to Eppendorf tubes and centrifuged for 1 min at 10,000 x g. The cell pellets were
washed 3 times with Krebs Ringer HEPES buffer (without CaCl2 and MgSO4 but containing
2 mM-EGTA so as not to disturb the cell pellet). The cell pellets were suspended by stirring in
50 /zI. water to which 0-4 ml. 50% of Hyamine in ethanol (v/v) was added and the mixture
incubated at 56 °C for 120 min. Counting of the samples was done by the method used previously
(Singh, 1980a).
"Ca release. 0-5 ml. aliquots of the final suspension were pre-incubated for 30 min as in the

secretary studies. The cells were distributed to vials containing 0-4 gCi "CaCl2 in a final volume
of 5 ml. After 60 min incubation, secretagogues were added at the desired concentration without
changing the medium. At 2, 5, 10 and 20 min intervals, 0-2 ml. aliquots of cell suspension were
removed, spun at x 10,000- g for 1 min and treated similarly to the samples in the 4"Ca uptake
studies.
Measurement of the extracellular space. Following a 30 min pre-incubation, cell suspensions were

incubated with 0-4 ,sCi 3H[sucrose] in the presence or absence of glucagon or bethanechol for 15,
30, 45 and 60 min. Aliquots of 0-2 ml. were placed in Eppendorf tubes and centrifuged at
- 10,000 g for 1 min. 3H radioactivity in the pelleted cells was determined as in 45Ca uptake
studies. Extracellular space was calculated from the specific activity of 3H[sucrose] in the
medium and expressed as #1. mg-' pelleted protein, following the procedure of Lucas et al. (1978).

45Ca (specific activity 25-5 mCi mg-1) was purchased from International Chemical Nuclear
Pharmaceuticals Inc., Cleveland, OH, U.S.A. [3H]sucrose (specific activity 4-79 Ci m-mole-1)
was purchased from New England Nuclear, Boston, MA, U.S.A. Glucagon was purchased from
the Sigma Chemical Co., St Louis, MO, U.S.A. Cholecystokinin-pancreozymin (CCK-PZ) was
purchased from the Gastrointestinal Hormone Research Unit, Karolinska Institute, Stockholm,
Sweden, and ionophore A23187 was a gift from Dr R. J. Hosley of the Eli Lilly Company Inc.,
Indianapolis, IN, U.S.A. Chlorpromazine was kindly provided by the Smith, Kline & French
Laboratories, Sunnyvale, CA, U.S.A. All other chemicals were obtained from commercial sources
and were of the highest purity available.

Calculations. The activities of amylase and LDH released into the medium at the end of
60 min incubation minus the amylase and LDH activities of the supernatant at the start of the
incubation plus the amount remaining in the tissue at the end of the incubation were considered
as total amylase and LDH and were defined as 100 %. Secretion of amylase and release of LDH
into the medium were expressed as % of total. Data on 'Ca uptake and release (after correction
for extracellular space) were calculated as n-mole 'Ca per mg protein based on the specific
activity of the loading medium and expressed as such at various times. Student's t test (Snedecor
& Cochran, 1975) for unpaired groups was used to analyse the data presented as means ± S.E.
of means.
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RESULTS

Fig. 1 shows that thymol at concentrations of 10-7-104 M did not significantly
alter basal amylase secretion and LDH release from dissociated mouse pancreatic
acinar cells; at 1O-3m, it increased amylase secretion (+ 315 %) and LDH release
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Fig. 1. Effect ofmembrane stabilizers on basal amylase secretion and LDTH release from
dissociated acinar cells of mouse pancreas. Amylase secretion is plotted as a function
of the added concentration of membrane stabilizers. All values are mean ± S.E. ofmean
of four experiments.

(+ 332 %). Chlopromizine at concentrations of 10-7-10-5 M did not significantly alter
basal amylase secretion and LDH release; at 104 M, it significantly increased amylase
secretion (+ 287 %) and LDH release (+ 228 %). Propranolol at concentrations of
10-7-10-4 M did not significantly alter basal amylase secretion and LDH release; at
10-3 M, it increased amylase secretion (+ 216 %) and LDH release (+ 232 %).

Fig. 2 shows that cholecystokinin-pancreozymin (CCK-PZ) increased amylase
secretion from dissociated mouse pancreatic acinar cells in a dose-dependent fashion,
with a peak effect observed with 0.01 s. ml.-' (+ 110 %) and decreases at 0-1 and
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Fig. 2. Effect of secretagogues on stimulated amylase secretion and LDH release from
dissociated acinar cells of mouse pancreas. Amylase secretion was stimulated with
bethanechol (BC), glucagon, ionophore A23187, CCK-PZ and plotted as a function ofthe
added concentration of secretagogues. All values are mean + S.E. of mean of fout to
eight experiments.

1 u. ml.-'. Bethanechol also increased amylase secretion in a dose-dependent fashion,
with a peak effect observed at 104 M (+ 178 %). Glucagon increased amylase secretion
in a progressive manner with + 192% increase at 104 M. Ionophore A23187 em-

ployed in concentrations (1I0 M) which have been shown not to cause Ca2+-dependent
damage to acinar cells (see Chandler & Williams, 1977) also increased amylase
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TABLE 1. Effect of membrane stabilizers and cytochalasin-B on basal, CCK-PZ, bethanechol,
glucagon and A23187 stimulated amylase secretion from dissociated acinar cells of mouse
pancreas

Amylase secretion (% of total in medium)

Addition
CCK-PZ Bethanechol

Basal (0-01 u. ml.-') (10-4 M)
Glucagon
(10-4 M)

A23187
(10-6 M)

0 1-78 ± 0 19 3*75 + 0-33b 4*96 + 0*43d 5*21 + 0.61b 4*52 + 0-49b
Cytochalasin-B 1P68 + 0418 3-26 + 0.31b 3*92 + 0.41c 5-38 ± 0o99a 4.49 + 0*49b
(5 /tg ml.-')

Thymol 1 65 + 0 21 1 75 + 0 19 2*41 ± 0-31 537 + 0-83b 4.21 + 0.48b
(10-4 M)

Chlorpromazine 1-89 ± 0-27 2-41 + 0*26 1*97 ± 0-28 4*61 + 0.54b 4-81 ± 0-51b
(10-i M)

Propranolol 1P73 + 0-26 1 71 ± 0-18 2-55 + 0-34 3.88 ± 0.49a 4-63 ± 0.41c
(10-4 M)

All values are mean ± S.E. of mean of four experiments. Statistical comparisons are between
amylase secretion without additions or in media containing indicated concentration of cyto-
chalasin-B or a membrane stabilizer (thymol, chlorpromazine and propranolol) to amylase
secretion stimulated with indicated concentrations of the CCK-PZ, bethanechol, glucagon or
A23187 inidenticalmedia. a, P < 005; b, P < 0-025; c, P < 001; d, P < 0.005.
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Fig. 3. "Ca uptake curves from dissociated acinar cells of mouse pancreas due to
glucagon (5 x 10-' M) or bethanechol (10-4 M). Each point is the mean of six experi-
ments. For experimental details see Methods. Incubations were done in a medium
without KH2PO4, and MgCl2 was substituted for MgSO4.
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secretion (+ 154 %). LDH release was not increased significantly by any of these
secretagogues.
Table 1 shows the effect of membrane stabilizers and cytochalasin-B on amylase

secretion stimulated by maximal doses of secretagogues. Cytochalasin-B (5 ,tg ml.-')
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Fig. 4. "Ca release curves from dissociated acinar cells of mouse pancreas due to
glucagon (5 x 10- M) or bethanechol (10-i M). Each point is the mean of four experi-
ments. For experimental details see Methods. Incubations were done in a medium
without KH2PO,, and MgCl2 was substituted for MgSO4.

did not affect the basal release, a result similar to that of maximal concentrations of
thymol, chlorpromazine and propranolol, which could be used without cell lysis (see
Fig. 2). Cholecystokinin-pancreozymin and bethanechol-induced amylase secretion
was inhibited by thymol, chlorpromazine and propranolol but not by cytochalasin-B.
Amylase secretion induced by glucagon (10-5 M) or ionophore A23187 was not
inhibited by any of these agents.

Since membrane stabilizers did not inhibit A23 187- and glucagon-stimulated
secretion it was of interest to study the effect of glucagon on "5Ca uptake and release.
Fig. 3 shows 45Ca uptake by dissociated pancreatic acinar cells. After pre-incubation
of dissociated cells with glucagon or bethanechol in the presence of 2-5 mM-CaCl2,
addition of 45CaCl2 resulted in accumulation of 45Ca, reaching a plateau at 60 min.
Bethanechol increased the rate of uptake of 45CaCl2 but the increase in the net rate
of uptake of 45Ca by glucagon was not significantly different from controls at the
time points studied.
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Fig. 4 shows the effect of glucagon and bethanechol on net KCa content of dis-
sociated pancreatic acinar cells pre-loaded with 45CaC12 in the presence of 2*5 mM-
CaCl2 for 60 min to reach steady-state conditions. Addition of bethanechol decreased
the intracellular 45Ca content to 34% of control value at 10 min. Glucagon did not
significantly affect 4Ca efflux.
The extracellular space of the cell pellet as determined by [3H]sucrose at any time

point (see Methods) was less than 0 12 aid. mg-' protein and was not affected by
bethanechol or glucagon. For both control, bethanechol and glucagon studies on 45Ca
uptake, the error for determining intracellular space amounted to < 6 %.

DISCUSSION

Due to theoretical advantages in studying physiological phenomena in single cells
(especially the ability to control the extracellular environment rapidly and predict-
ably and a very small extracellular space so that small fluxes of ions critical for
secretion can be detected), investigators have tried to use dissociated pancreatic
acinar cells obtained by combined procedures of digestion of tissue by enzymes,
mechanical disruption and Ca2+ chelation with EGTA or EDTA (Amsterdam &
Jamieson, 1974a; Gardner, Conlon, Klaeveman, Adams & Ondetti, 1975; Williams,
Cary & Moffat, 1976; Kondo & Schulz, 1976; Kempen, DePont & Bonting, 1977;
Renckens, Schrijen, Swarts, DePont & Bonting, 1978; Case & Clausen (see Case,
1978); Singh, 1978, 1980b). However, in practice, it has been observed that dissoci-
ated cells respond poorly to physiological secretagogues (Kondo & Schulz, 1976),
possibly due to damage of cell surface receptors (Case, 1978) and need about a tenfold
greater concentration of agonists than intact tissue to elicit enzyme secretion
(Amsterdam & Jamieson, 1974b; Williams et at. 1976). In addition, freshly prepared
cells leak enzymes in the early post-preparation phase (Gardner et al. 1975), suggesting
that plasma membrane function may have been altered by dissociation procedures.
Williams (1977) reported that isolated cells, while retaining over-all polarity, lost
microfilaments and microvillous structures so characteristic of apical membrane,
whereas other investigators reported no such loss (Amsterdam & Jamieson, 1974b).
Kempen et al. (1977) reported decreased recovery of membrane-associated enzyme
activity viz. adenylate-cyclase and high Km phosphodiesterase from isolated rat
pancreatic cells. On electron microscopy dissociated cells did not show evidence of
exocytosis (Williams et al. 1976) which has been considered as a hallmark for secretion
by some (Jamieson & Palade, 1977) and contested by those who believe in a diffusion-
like process accounting for protein secretion by the pancreas (Isenman & Rothman,
1979). Since previous studies would point to membrane damage during dissociation
of cell, the present study was done to determine the effect of membrane-active drugs
on isolated cells to validate them as a model for such studies, while maintaining a
distinction between the active secretion from passive leakage of enzymes.

Local anaesthetics are known to act as membrane stabilizers due to their surface-
active properties (Singh et al. 1973; Beaudoin et al. 1974; Williams & Lee, 1974).
Williams et al. (1977) reported that this activity was not unique to local anaesthetics
and could be shown with such drugs as chlorpromazine, propranolol and the simple
detergent, thymol. These agents inhibited A23187 and bethanechol-induced secre-
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tion, blocked bethanechol-induced depolarization and stimulation of 45Ca efflux in
mouse pancreatic acinar cells. In the present study, the role of these agents in the
mechanism of amylase secretion from dissociated acinar cells was studied with
particular emphasis on glucagon-induced enzyme secretion. As is true of their action
on pancreatic fragments, basal amylase secretion from dissociated cells was not
affected by the membrane stabilizers, whereas stimulated secretion was abolished.
Higher concentrations of membrane stabilizers proved toxic to acinar cells, resulting
in destabilization or lysis of the cell membranes as evidenced by increased release of
LDH. The lack of response of dissociated cells to cytochalasin-B in the basal or
stimulated state was consistent with previous observations on pancreatic cells
reported by Williams (1977). Cytochalasin-B did not block glucagon-induced amylase
secretion in dissociated cells.

Since bethanechol-induced depolarization is considered to be due to opening of
ionic channels for Na+ and K+ (Nishiyama & Petersen, 1975), the inhibitory action
of membrane stabilizers on amylase secretion in the present study may be due to
lack of Na+-Ca2+ exchange in the pancreatic acinar cells. This observation indicates
that cell surface receptors in the cells dissociated by the present technique were
preserved. Surface-active drugs prevented amylase secretion stimulated by betha-
nechol and CCK-PZ, possibly due to blocking of the depolarization and a rise in
intracellular Ca2+. This is further supported by the observation that artificial intro-
duction of Ca2+ into the acinar cells with A23187 increased amylase secretion even in
the presence of membrane stabilizers. This finding is in contrast to the previous
observations and the reason for this discrepancy between pancreatic fragments
(Williams et al. 1977) and dissociated cells (present study) is not apparent. Glucagon
increased amylase secretion from dissociated cells. 45Ca uptake and release studies
revealed that glucagon, unlike bethanechol, did not increase 45Ca release or 45Ca
uptake in pancreatic acinar cells. The present studies show that the process of
secretion from dissociated cells in response to physiological secretagogues is similar to
acinar cells in situ. The results with glucagon are consistent with a model in which
hormone-dependent mobilization of Ca2+ from intracellular or extracellular sources
is bypassed, leading to digestive enzyme secretion.

The author wishes to express his appreciation to Ms Marilyn LaSure for her technical assistance
and to Ms Barbara B. Price and Ms Hazel G. Wall for editorial assistance. The investigation was
made possible by the Research Service of the Veterans Administration and Grant No. AM13 131
from the National Institutes of Health.

This paper was presented in part at the 62nd Annual Meeting of the Federation of American
Societies for Experimental Biology in Atlantic City, N.J., U.S.A.

REFERENCES

AMSTERDAM, A. & JAMIESON, J. D. (1974a). Studies on dispersed pancreatic exocrine cells.
I. Dissociation technique and morphologic characteristics of separated cells. J. cell Biol. 63,
1037-1056.

AMSTERDAM, A. & JAMMSON, J. D. (1974b). Studies on dispersed pancreatic exocrine cells.
II. Functional characteristics of separated cells. J. cell Biol. 63, 1057-1073.

BEAuDOIN, A. R., MARoIs, G., DuNNIGAN, J. & MORISSET, J. (1974). Biochemical reactions
involved in pancreatic enzyme secretion. I. Activation of the adenylate cyclase complex.
Can. J. Phyeiol. Biochem. 52, 174-182.

89



BERNFELD, P. (1955). Amylases a andf. In Methods of Enzymology, ed. COLOWICK, S. P. &
KAPLAN, N.O.,PP. 149-159. New York: Academic.

CASE, R. M. (1978). Synthesis, intracellular transport and discharge of exportable proteins in
pancreatic acinar cells and other cells.Bio. Rev. 53, 211-354.

CHANDLER, D. E. & WILLIAMS, J. A. (1977). Intracellular uptake and a-amylase and lactate
dehydrogenase releasing actions of the divalent cation ionophore A23187 in dissociated
pancreatic acinar cells. J. Membrane Biol. 32, 201-230.

CLAIN, J. E., BARBEZAT, G.O., WATERWORTR, M. M. & BANK,S. (1978). Glucagon inhibition of
secretin and combined secretin and cholecystokinin stimulated pancreatic exocrine secretion
in health and disease. Digestion 17, 11-17.

DYCK, W. P., RUDICK, J., HOEXTER, B. & JANOWITz, H. D. (1969). Influence of glucagon on
pancreatic exocrine secretion. Gastroenterology 56, 531-537.

EAGLE, H. (1959). Amino acid metabolism in mammalian cell cultures. Science, N.Y. 130,
432-457.

GARDNER, J. D., CONLON, T. P., KLAEVEMAN, H. L., ADAMS, T. D. & 0NDErTTI, M. A. (1975).
Action of cholecystokinin and cholinergic agents on calcium transport in isolated pancreatic
acinar cells. J.clin. Invest. 56, 366-375.

GORNALL, A.G., BARDAWILL. C. J. & DAVID, M. M. (1969). Determination of serum proteins by
means of biuret reaction. J. biol. Chem. 177, 751-766.

IsENMAN, L. D. & ROTHMAN, S.S. (1979). Diffusion-like processes can account for protein
secretion by the pancreas. Science, N.Y. 204, 1212-1215.

JAMIESON, J. D. & PALADE, G. E. (1977). Production of secretary proteins in animal cells. In
International Cell Biology, ed. BRINKLEY, B. R. & PORTER, K. R., pp. 308-317. New York:
Rockefeller University.

KEMPEN, H. J. M., DEPONT, J. J. H. H. M. & BON=NG, S. L. (1977). Rat pancreatic adenylate
cyclase. V. Its presence in isolated rat pancreatic acinar cells. Biochim. biophys. Acta 496,
521-531.

KONDO, S. & SCHULZ, I. (1976). Calcium ion uptake in isolated pancreas cells induced by secre-
tagogues. Biochim. biophys. Acta 419, 76-92.

KONTUREK, S. J., TASLER, J. & OBTULOWICZ, W. (1973). Effect of glucagon on food-induced
gastrointestinal secretions. Digestion 8, 220-226.

KONTUREK, S. J., TASLER, J. & OBTULOWICZ, W. (1974). Characteristics of inhibition ofpancreatic
secretion by glucagon. Digestion 10, 138-149.

KORNBERa, A. (1955). Lactic dehydrogenase of muscle. In Methods of Enzymology, ed. COLOWICK,
S. P. & KAPLAN, N.O., pp. 441-443. New York: Academic.

LuCAS, M., SCHMIDT, G., KROMAS, R. & LOFELER, G. (1978). Calcium metabolism and enzyme
secretion in guinea pig pancreas. Uptake, storage and release of calcium in whole cells and
mitochondrial and microsomal fractions. Eur. Jnl. Biochem. 85, 609-619.

MANABE, T. & STEER, M. L. (1979). Effect of glucagon on pancreatic content and secretion of
amylase in mice. Proc. Soc. exp. Biol. Med. 161, 538-542.

NAKAJIMA, S. & MAGEE, D. F. (1970). Inhibition of exocrine pancreatic secretion by glucagon
and D-glucose given intravenously. Can. J. Physiol. Pharmac. 48, 299-305.

NISHIYAMA, A. & PETERSON, 0. H. (1975). Pancreatic acinar cells: ionic dependence of acetyl-
choline-induced membrane potential and resistance change. J. Physiol. 244, 431-465.

RENCKENS, B. A. M., SCHRIJEN, J. J., SWARTS, H. C. P., DEPoNT, J. J. H. H. M. & BoNTING,
S. L. (1978). Role of calcium in pancreatic secretion. IV. Calcium movements in isolated acinar
cells of rabbit pancreas. Biochim. biophy8. Acta 544, 338-350.

SHAW, H. M. & HEATH, T. J. (1973). The effect of glucagon on the formation of pancreatic juice
and bile in the rat. Can. J. Physiol. Pharmac. 51, 1-5.

SINGH, M. (1978). Effect of glucagon on digestive enzyme secretion from isolated pancreatic
acinar cells. Fedn Proc. 37, 809.

SINGH, M. (1979). Calcium and cyclic nucleotide interaction in secretion of amylase from rat
pancreas in vitro. J. Physiol. 296, 159-176.

SINGH, M. (1980a). Stimulus-secretion coupling in rat pancreas: role of sodium, calcium and
cyclic nucleotides studied by X-537A and BrX-537A. J. Physiol. 302, 1-17.

SINGH, M. (1980b). Effect of glucagon on digestive enzyme synthesis, transport and secretion in
mouse pancreatic acinar cells. J. Physiol. (in the Press).

90 M. SINGH



PANCREATIC AMYLASE SECRETION 91

SINGH, M., BLACK, 0. & WEBSTER, P. D. (1973). Effect of selected drugs on pancreatic macro-
molecular transport. Gwatroenterology 64, 983-991.

SNEDECOR, G. W. & COCHRAN, W. G. (1967). In Statitical Method&. Ames: Iowa State University.
WILLIAMS, J. A. (1977). Effects of cytochalasin-B on pancreatic acinar cell structure and

secretion. Cell & Tim.. Re8. 179, 453-466.
WILLIAMS, J. A., CARY, P. & MOFFAT, B. (1976). Effects of ions on amylase release by dissociated

pancreatic acinar cells. Am. J. Physiol. 231, 1562-1567.
WILLIAMS, J. A. & LEE, M. (1974). Pancreatic acinar cells: use of a Ca2+ ionophore to separate
enzyme release from the earlier steps in stimulus-secretion. Biochem. biophy8. Re.. Common.
60, 542-548.

WILLIAMS, J. A., POuILSEN, J. H. & LEE, M. (1977). Effects ofmembrane stabilizers on pancreatic
amylase release. J. Membrane Biol. 33, 185-195.


