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A B S T R A C T In order to assess the participation of the
microfilamentous cell web in the multiphasic response of
the pancreatic beta cell, the effect of cytochalasin B upon
both glucose- and sulfonylurea-induced insulin release
was investigated in the perfused isolated pancreas. Cyto-
chalasin B failed to affect the basal rate of insulin re-
lease, but enhanced the initial and later phases of insulin
secretion in response to either glucose or gliclazide. In
addition, cytochalasin B lowered the threshold concen-
tration for the stimulant action of glucose upon insulin
release. Ultrastructural studies supported the concept of
a specific interaction of cytochalasin B with the micro-
filamentous cell web of the beta cell. It is concluded that
the integrity of such a structure is equally important for
both the initial and later secretory responses of the beta
cell to various insulinotropic agents.

INTRODUCTION
Recent studies suggest that a double system of micro-
tubules and microfilaments is involved in the secretion of
insulin by the pancreatic beta cell, (1-3). First postu-
lated by Lacy, Howell, Young, and Fink (4), the partici-
pation of this system in insulin release was documented
by investigations on the influence of mitotic spindle in-
hibitors (colchicine, vincristine), microtubule stabilizers
(D20, hexylene-glycol), and a microfilament modifier
(cytochalasin B) upon insulin secretion in vitro. Mitotic
spindle inhibitors and microtubule stabilizers were found
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to inhibit the release of insulin evoked by glucose, leu-
cine, theophylline, or sulfonylureas, suggesting that mi-
crotubules might govern the migration of secretory gran-
ules towards the cell membrane (1, 2, 57). Cytochalasin
B, which affects the microfilamentous cell web, was found
to facilitate insulin release in response to glucose, the-
ophylline, or sulfonylurea, suggesting that the cell web
might act as a barrier controlling the access of secretory
granules to the cell membrane (3, 8).

In these previous studies the influence of microtubule
and microfilament modifiers on insulin secretion was
established over prolonged incubation (60 min or more)
of either pieces of pancreatic tissue or isolated islets of
Langerhans. It remained, therefore, to be investigated
whether the microtubular-microfilamentous system is also
actively involved in the initial secretory response of the
beta cell to different insulinotropic agents. In this first
report we have examined the influence of cytochalasin B
upon both glucose- and sulfonylurea-induced insulin re-
lease by the isolated perfused pancreas. The latter tech-
nique was selected for the present experiments because it
represents an appropriate model for studies on the dy-
namic aspects of insulin secretion (9-11). Preliminary
results were presented in an abstract form (12).

METHODS
Surgical procedure. Fully fed male albino rats (220-300

g, body weight) were anesthetized with sodium pentobarbi-
tal. Oxygen was supplied via a facemask throughout the
surgical procedure (approximately 30 min). The pancreas
was dissected according to the technique described by Suss-
man, Vaughan, and Timmer (13). After all connections
with the adjacent organs had been separated, a first canula
was placed in the thoracic aorta just above the coeliac axis,
a saline infusion under a pressure of 10 mmHg being initi-
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FIGURE 1 Effect of glucose upon insulin release in the isolated perfused pancreas. From top
to bottom are depicted (top panel) the arterial and venous oxygen tensions in a typical experi-
ment; (top middle) the mean (±SEM) arterial pressure (n = 17); (bottom middle) the mean
(+SEM) sugar concentration in the extracellular phase of the venous effluent (n = 9); and
(bottom panel) the mean (±SEM) insulin output (n = 17).

ated immediately in order to perfuse the pancreas and the
remaining part of the duodenum. A second canula was placed
in the portal vein and directed towards the pancreas in
order to collect the venous effluent. The pancreas was then
placed in a perfusion chamber containing saline at 370C
and was immediately submitted to perfusion. In this proce-
dure the total period of pancreatic anoxia did not exceed
4 min.

Perfusion procedure. The perfusate consisted of a bi-
carbonate-buffered medium (14) containing bovine albumin
(40 mg/ml; Fraction V, Sigma Chemical Co., St. Louis,
Mo.), and was equilibrated against a mixture of 02 (95%)
and C02 (5%). The perfusate also contained heparinized
blood (10%, v/v) obtained by aortic puncture of ether-
anesthetized rats. The perfusion device consisted of an
extracorporeal perfusion unit (Model 1000, Ambec, Boulder,
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Colo.) connected to a pressure indicator ('Model 1020, Am-
bec) via a pressure transducer (Model P23AA, Statham,
Hato Rey, Puerto Rico). The perfusate was circulated
through the perfusion unit for 15-30 min at 370C before
introducing the isolated pancreas (time zero). Thereafter
and for the rest of the experiment, no recirculation was
allowed to occur, the venous effluent being either discarded
or collected over individual periods of 1 min each. The
flow rate through the pancreas was maintained constant in
all experiments at 2.0 ml/min.

Cytochalasin B (Imperial Chemical Industries, 'Maccles-
field, England) was first dissolved in dimethlvlsulphoxide
(10 mng/ml) before addition to the perfusate. In all experi-
ments performed with cytochalasin B, this drug was present
in the perfusate at a concentration of 0.01 mg/ml through-
out the entire period of perfusion.

In order to raise the glucose concentration, or to add
gliclazide (S852, Laboratoires Servier, Paris, France) to the
1erfusate, small amounts of bicarbonate-buffered solutions
containing one or the other of these stimulatory agents
were administered into the arterial canula by mean of a
Braun pump (B. Braun Apparatehati, Mlelsungeni, Germany)
at a flow rate of 0.05 ml/min. The concentration of these
solutions was calculated in order to achieve a final con-
centration of either glucose at 0.5-0.9-1.2 and 3.0 mng/ml,
or gliclazide at 0.02 mg//ml. At this concentration glicla-
zide, a new sulfonylurea, exerts its maximal insulinotropic
action in incubated pieces of rat pancreatic tissue (15). In
most experiments the stimulatory agent was added on the
arterial side during the 24th min, and maintained, there-
after, up to the end of the experiment. As shown in Fig. 1,
a significant increase in the glucose concentration of the
venous effluent was not observed until the 25th min sample.
It Was considered, therefore, that the 25th mil sample repre-
sentedl the first one in which an increase in insulin concen-
tration could be expected. Experiments with cytochalasin
B and control perfusions were carried out on different rats,
buat usuially on the same day, two to eight individual ex-
periments being performed each day.

Chicaimcl (dctcrliunations. The samples of venotus effluent
were collected in iced tubes and centrifuged for 20 min at
4^ C for deposition of red cells. The supernatant solution
was stored at - 250C, and later examined for its insulin,
glucose, and KIx content. Glucose was measured iw the
method of h off man (16) and K+ by flame photometric
method, both procedures being adapted to the Technicon
Autoanalyzer (Technicon Instruments Corp., Tarrytown,
N-. Y.). Insulin was assayed by a modification of the method
described by \V right, MIalaisse, and Rey-lolds (17). The
amounts of guinea pig antiinsulin serum (0.04 ,ul per tube;
lot 468 kindly sul)lulied by Dr. P. H. Wright, Indiana Uni-
versitv, Indianapolis, Ind.), bovine insulin used as reference
(0-120 ,yU per tube), labeled insulin (90 ,u per tube).
and cellulose (10 mig per tube) were smaller than those used
in the original method, but the respective volumes of each
reagent solution were unaltered. These changes did not alter
the linear relationship between antibody-bound labeled in-
suilin recovered in the supernatant and unlabeled insulin used
for partial neutralization (tip to 50%) of the antibodies.
Each ind(lividual measurement was made in duplicate and
referred to a standard curve obtained within the same
assay.

CLltrastritcfural studies. At either the 30th min or 60th
min of perfusion, the pancreas was injected manually
through the arterial canula during 1 min with 2 ml of
saline, followed by 4 ml of fixative administered during
the next 2 min. The tail of the pancreas was then im-
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FIJGURE 2 Effect of cvtochalasin B upon glucose-induced
insulin release. 'Mean values ( + SFEM1) are shown together
with the number of individual experiments in each group
(it). Cytochalasin B (0.01 mg/nil) was present throughout
the experiment (0-45th min). The glucose concentration
was raised from 0.3 to 3.0 mg/mlI at the 25th min (arrow)
aid, thereafter, maintained at 3.0 mg/nil until the end of the
exIlerimelit.

mersed in the fixative and cut in smnall pieces. The fixative
consisted in a 4.5%.0 glutaraldehyde solution in phosphate
huffer (0.1 -M, pH 7.4) containing 0.5 mlM CaCI2. After
36-72 Ii of immersion in the fixative solution, the pieces of
piancreas were extensively- washed with the saiiie phosphate
1)hiffer, postfixed during 90 miii with OsO (in phosphate
buffer), dehydrated in graded alcohols, aiid embedded in
lEpon. The whole fixation ani(l dehydration procedure was
performned at room temperature. Thin sections of islets were
obtained using a LKB microtomne (LKB Instruments, Inc.,
Rockville, 'Md.) equipped withi a diamond knife. They were
mounted on uncoated copper grids, sequentially stained with
uranyl acetate and lead citrate, and examined with a Philips
EM 300 electron microscope (Philips Electronics Instru-
iiients, Mount Vernon, N. Y.).

RESULTS

Control experimllclnts. Fig. 1 illustrates the effect of
glucose upon insulin release. As the glucose concentration
of the perfusate was increased from approximately 0.3 to
3.0 mg!'nil, the rate of secretion rapidly increased above
its basal value (10-20 uU/nmiin). Thereafter. aid (ldespite
stable levels of glucose, a multiphasic pattern of insulin
release was noticed, analogous to that described by
Grodskv. Curry, Bennett, and Rodrigo (9). The arterial
pressure steadily increased from 42±3 nnim Hg at the
ouitset of the perfusion tip to 67±8 nmnm Hg after 1 hr.
The oxygen tensions varied between 200 anmd 300 nmm Hg
on the arterial si(le, vhile venous oxygen tensionis wNere
in the rano'e of 60-90 nmii Hg. Theearteriovenous differ-
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FIGuRE 3 Effect of square-waved glucose stimuli upon insulin release in the absence and
presence of cytochalasin B. The mean (± SEM) sugar concentration in the extracellular phase
of the venous effluent for all experiments (n =7) is shown in the top panel. Mean values
(+SEM) for insulin output are shown together with the number of individual experiments
in each group (n). Cytochalasin B (0.01 mg/ml) was present throughout the entire period of
perfusion (0-85th min).

ence in pO2 remained fairly constant throughout the ex-

periment (Fig. 1). No hemolysis could be detected, and
the Ki concentration of the extracellular phase averaged
5.2±0.3 meq/liter (mean±SD, n =41). Arterial pH re-

mained stable throughout the perfusion, between 7.35 and
7.40.

Effects of cytochalasin B on glucose-induced insulin
release. In a preliminary set of experiments, no effect of
dimethyl sulfoxide (DMSO) (1.0 l/ml, v/v) upon

glucose-induced insulin secretion could be detected. Thus,
in the presence of DMSO,the total amount of insulin re-

leased between the 25th and 40th min averaged 102±2%
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(n = 2) of the corresponding control value found in its
absence.

As shown in Fig. 2, cytochalasin B did not significantly
alter the basal output of insulin observed at a low glu-
cose concentration (0.3 mg/ml), but markedly enhanced
both the initial and later secretory response to a higher
glucose level (3.0 mg/ml). Thus, the initial phase, esti-
mated over a period of 5 min, corresponded to a total
release of 1202±179 ,U (n = 8) in the presence of cy-
tochalasin B and 529± 57 AU (n= 17) in its absence
(P < 0.001). The mean individual secretory rates be-
tween the 5th and 15th min after the addition of glucose
were also significantly higher (P < 0.001) in the pres-
ence of cytochalasin B (267±45 AU/min, n = 8) than in
its absence (103±15 AiU/min, n= 17).

Neither in the present nor in the following experi-
ments performed in the presence of cytochalasin B, did
the mold metabolite exert any significant effect upon
arterial pressure or oxygen tension. Thus, in a series of
16 experiments, arterial pressure averaged 47±3, 50+3,
55+3, and 57±3 mmHg, respectively, at time zero, 25,
40, and 60 min. Arteriovenous differences in pO2 fluctu-
ated between 150 and 180 mmHg. These values are com-
parable to those found in the absence of cytochalasin B
(see Fig. 1).
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FIGURE 4 Effect of cytochalasin B upon gliclazide-induced
insulin release at low glucose concentration (0.3 mg/ml).
Same presentation as is Fig. 2. Cytochalasin B (0.01 mg/ml)
and glucose (0.3 mg/ml) were present throughout the ex-
periment (0-40th min). Gliclazide (0.02 mg/ml) was added
to the perfusate from the 25th min (arrow) until the end
of the experiment.
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FIGURE 5 Effect of cytochalasin B upon gliclazide-induced
insulin release at a glucose concentration of 0.9 mg/ml.
Same presentation as in Fig. 2. Cytochalasin B (0.01 mg/ml)
and glucose (0.9 mg/ml) were present throughout the ex-
periment (0-40th min). Gliclazide (0.02 mg/ml) was added
to the perfusate from the 25th min (arrow) until the end
of the experiment.

The effect of cytochalasin B upon insulin release was
also investigated at different glucose levels (Fig. 3).
In the control experiments, square-waved increases in
glucose concentration from a basal value of approxi-
mately 0.1 mg/ml up to 0.5 or 0.8-0.9 mg/ml failed to
affect insulin output which remained constantly close to
its basal value. However, when the glucose concentration
was raised to 1.2-1.3 mg/ml, a short-lived secretory re-
sponse occurred, peaking at a value of 76±23 AU/min
(n= 3). In the presence of cytochalasin B, no increase
in insulin release was observed with the lowest of the
glucose loads (0.5 mg/ml). The second glucose stimu-
lation (0.8-0.9 mg/ml) provoked an early secretory
peak reaching a value of 141±38 AU/min, whereas no
obvious secondary rise was noted. In the presence of
cytochalasin B, the last and highest glucose stimulus
(1.2-1.3 mg/ml) provoked both a dramatic early re-
sponse peaking at 437±68 AU/min and a secondary phase
of insulin release averaging 150-190 /U/min. It should
be noted that some of these values are higher than those
found in the presence of cytochalasin B at a higher glu-
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FIGURE 6 Pancreases examined at the 60th min of perfusion. (a) Pancreas exposed for 25
min (0-25th min) to a low glucose concentration (0.3 mg/ml) and, thereafter (25th-60th
min) to a high glucose concentration (3.0 mg/ml). Several microvillous processes (mv)
extend in the extracellular space; the cell web is underlined by the dotted line (magnification
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cose concentration (3.0 mg 'mnl in prexvious experiments
(Fig. 2). This difference could be due, in part at least,
to the fact that the glucose stimuli were applied at dif-
ferent timees in the two series of experiments. i.e.. at the
25th (Fig. 2) and 75th win (Fig. 3). respectively. In-
deed, it has been shown by Bergman and Urquhart (18)
and confirmed in this laboratory (unpublishedl observa-
tions') that the secretory response of the pancreas to an
identical hlucose stimulus is imuch more mnarked when
grivelen (lurin- the 2nd or 3rd h of perfusion rather than
dluring the 1st h.

Effects of cvtoclialasioi B on sulfoillurca-indztced ini-
sidin re/casc. In a first set of experiments, the effect
of gliclazide was tested at a glucose concentration (0.3
mgn/Inl) far below the threshold value for glucose-induced
insulin release. Under this experimental condition a low
level of insulin release was observed in both the absence
and presence of cvtochalasin B, before the adllministration
of gliclazide Fig. 4). In the control experiments gli-
clazide provoked a brisk early response, followed by a
secondary phase (luring which the rate of insulin secre-
tion was ondly slightly higher than the basal value. Cyto-
chalasin B significantly increased both the early and
later secretory response to gliclazide. Thus, the initial
peak observed \vithin the first 5 min after the addition of
gliclazide represented a total release of 367±1(50 tU (n
6) in the presence of cytochalasin B, as distinct front only
226±22 TJU (n = 6) in its absence (P < 0.03). The in-

livi(lual mean secretion rates during the later period
(5th-15th min after the addition of gliclazide) were also
hi-her in the presence than in the absence of cvtochala-
sin B. averaging respectively 42±9 and 19±1 yU /min
(0l 6 in each case; P < 0.05).

Since cvtochalasin B apparently lowers the threshold
value for gluhcose-induced insulin secretion (Fig. 3),

the effect of gliclazide was also tested at a glucose con-

centration of 0.9 mg/ml, which is indeed close to the
normal threshold value for the stimulant action of glu-
cose on insulin release (14, 19). It is known that glicla-
zide, like other sulfonvlureas, causes a more marked
release of insulin over 60 min of incubation at such a

glucose level than at lower glucose concentrations (15,
20-22). The same phenomenon was observed here. Thus,
in the control experiments, both the initial and later re-

sponses of the pancreas to gliclazide were higher at the
glucose concentration of 0.9 mg/ml than at that of 0.3
mg/mil. In the presence of cvtochalasin B and before the
adl(lition of gliclazide, the rate of secretion evoked by
glucose (0.9 mg/imil) was significantly higher (P <
0.005) than that found in the control experiments (Fig.
5). The initial response to gliclazide, calculated as the
total aimount of insulin released over the first 4 min after
the addition of the sulfonvlurea, w\\as also significantly
higher (P < 0.05) in the presence of cytochalasin B
(603± 16 AU, i = 4) than in its absence (399+78 IU,
11= 3). However, due to the high rate of secretion ob-
served in the presence of cytochalasin B before the addi-
tion of gliclazide, the increment in secretion rate attribu-
table to the sulfonvlurea during the initial phase was of
comparable magnitude in the presence and absence of
cytochalasin B. During the later phase. i.e. between the
5th and 15th min after the addition of gliclazide, both
the absolute rates of insulin secretion and the increments
in insulin output attributable to the suilfonvlurea, were
signicantlv higher in the presence of cvtochalasin B than
in its absence. During this later phase the absolute rates
averaged 150+8 AIU/min (it = 4) and 48±6 juU'min
(n= 3), respectively, in the presence and absence of
cvtochalasin B (P < 0.001 ), whereas the gliclazide-in-
dluce(l increments in secretion rate averaged, respectively.

x 27,000) ; the insert shows, at higher magnification (X 190,000) the characteristic micro-
filamentous network of the cell web. (b) Pancreas exposed for 60 min (0-60th min) to
glucose (0.9 mg/ml) and for the last 35 min (2Sth-60th min) to gliclazide (0.02 mg/ml).
Two granule cores are extruded in the extracellular space (solid arrows); some granules
(dotted arrows) are seen in close proximity to the cell membrane (magnification X 19,000).
(c) Pancreas exposed for 60 min (0-60th min) to cytochalasin B (0.01 mg/ml). The glucose
concentration of the perfusate was raised from 0.3 to 3.0 mg/ml at the 25th min. A large
irregular cytochalasin-induced mass is outlined by the dotted line (magnification X 31,000).
(d) Pancreas exposed for 60 min (0-60th min) to cytochalasin B (0.01 mg/ml) and glucose
(0.9 mg/ml) and for the last 35 min (25th-60th min) to gliclazide (0.02 mg/ml). A bleb,
probably resulting from the collapse of several microvillous processes, shows a characteristic
dense mass (din) ; the microfilamentous network can be seen in one of the microvillous
processes (encircled area); the arrow points to an emiocytotic event (magnification X 66,000).
(e) Pancreas exposed for 60 min (0-60th min) to cytochalasin B (0.01 mg/ml) and glucose
(0.9 mg/ml) and for the last 35 min (25th-60th min) to gliclazide (0.02 mg/ml). The mar-
gination of the secretory granules near the plasma membrane is prominent; the arrows point
to pale secretory granules bulging out the cell membrane and probably undergoing extrusion;
in, cytochalasin-induced mass; G, Golgi complex (magnification X 23,000). (f) Pancreas
exposed for 60 min (0-60th min) to cytochalasin B (0.01 mg/ml). The glucose concentration
of the perfusate was raised from 0.3 to 3.0 mg/ml at the 25th min. Several emiocytotic events
can be seen along the cell surface; secretory material being discharged in the extracellular
space is indicated by the curved arrows; three cytochalasin-induced masses are also seen
(asterisks) (magnification X 15,000).

Dynamics of Insulin Release. I. 1047
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FIGURE 7 Pancreases examined at the 30th min of perfusion. (a) Pancreas exposed for 30
min (0-30th min) to cytochalasin B (0.01 mg/ml) and glucose (0.3 mg/ml). The typical
changes induced by cytochalasin B are present. Localized blebs containing dense masses of
microfilamentous material (dm) are seen at various foci at the periphery of the B cell.
Margination of secretory granules towards the plasma membrane is also noted (magnification
X 20,000). (b) Pancreas exposed for 30 min (0-30th min) to cytochalasin B (0.01 mg/ml)
and glucose (0.3 mg/ml) and stimulated for 5 min (25th-30th min) with gliclazide (0.02
mg/ml). Note the presence of a dense mass (dm) and the margination of secretory granules.
The arrow points to an emiocytotic site (magnification X 17,000). (c) Pancreas exposed for
30 min (0-30th min) to cytochalasin B (0.01 mg/ml) and glucose (0.3 mg/ml), and stimu-
lated for 5 min (25th-30th min) with gliclazide (0.02 mg/ml). Several emiocytotic events
(arrows) are seen at the periphery of a B cell (magnification X 17,000).

+ 89±5 uU/min (n = 4) with cytochalasin B, and
+ 46±3 /hU/min (n =3) in its absence (P < 0.005).

Morphological findings. The ultrastructural appear-
ance of the beta cell in pancreases perfused in the ab-
sence of cytochalasin B was well preserved and com-

parable to that previously described (23). In these con-

trol pancreases a band of homogenous cytoplasmic ma-

terial with varying thickness was seen just beneath the
cell membrane, and extended in the core of microvillous
processes (Fig. 6 a and b). At high magnification, this
cell web (3, 8) appeared to consist in a microfilamentous
network (insert of Fig. 6 a). In both glucose- and gli-
clazide-stimulated pancreases, occasional granules could
be found free in the extracellular space.

In the islets of pancreases exposed to cytochalasin B,
the extracellular space was markedly enlarged, whilst the
beta cells exhibited striking changes of their shape.
The microfilaments accumulated in either roundish

clumps of densely packed material or in large masses
extending far into the cytoplasm. Between these masses
the secretory granules were found to marginate towards
the plasma membrane. They frequently protruded at the
cell surface and, in some instances, their content seemed
to spill in the extracellular space. Emiocytotic figures
were also often seen in close proximity to the microfila-
mentous masses (Fig. 6 c-f). It should be underlined
that the typical changes induced by cytochalasin B in the
stucture of the cell web were already present at the time
of the early secretory response (25th-30th min) which
follows the sudden exposure of the pancreas to either
elevated levels of glucose or to gliclazide. Indeed, as.
shown in Fig. 7, pancreases examined at the 30th min dis-
closed the presence of dense masses of microfilamentous
material and the margination of secretory granules to-
wards the cell membrane. At that time (30th min) fig-
ures of emiocytosis were very rare when the pancreas.
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had not been exposed to any stimulus (Fig. 7 a), and
much more frequent when gliclazide had been adminis-
tered from the 25th to 30th min (Fig. 7 b and c).

DISCUSSION

The data illustrated in Fig. 1 indicate that our prepara-
tion of isolated perfused pancreas responded to glucose
stimulation in a multiphasic manner comparable to that
first described by Grodsky et al. (9). The pattern of in-
sulin response to sulfonylurea, characterized by a short-
lived initial response and a modest secondary insulino-
tropic action, is also in good agreement with previously
published data (9-11). Moreover, in our experiments,
the relative order of magnitude for the rates of insulin
secretion during either the initial or late phase, in re-
sponse to increasing glucose concentrations and various
combinations of glucose and sulfonylurea, was comparable
to that reported in previous studies with either the iso-
lated perfused pancreas, pieces of pancreatic tissue, or
isolated islets of Langerhans (7, 9-11, 15, 19, 20-22).
These findings and the ultrastructural appearance of the
beta cell in control experiments suggest that we are
dealing with a reliable preparation in good functional
state.

Cytochalasin B did not affect the basal rate of insulin
release observed at a low glucose concentration (0.3 mg/
ml), and significantly enhanced both the early and late
release of insulin evoked by glucose in a higher concen-
tration (3.0 mg/ml). These findings illustrated in Fig. 2
support the concept that cytochalasin B facilitates, but
does not provoke insulin secretion (3).

The results illustrated in Fig. 3 suggest that cyto-
chalasin B alters the sensitivity of the beta cell to glu-
cose. In this and other in vitro systems (14, 19), the
threshold value for the stimulant action of glucose upon
insulin release is close to 1.0 mg/ml. As already demon-
strated by Grodsky (24), glucose concentrations (1.2-
1.3 mg/ml) which are only slightly in excess of such a
threshold value provoke an early secretory response but
little, if any, secondary release of insulin (Fig. 3). In
the presence of cytochalasin B, a secretory response
analogous to that usually found at a glucose concentra-
tion of 1.2-1.3 mg/ml was already observed at a level
of 0.8-0.9 mg/ml. Moreover, in the presence of cyto-
chalasin B, the secretory response to a glucose load of
1.2-1.3 mg/ml displayed a pattern comparable to that
normally observed at higher glucose levels and charac-
terized by both an early peak and a secondary build-up
in the secretory rate. Taken as a whole, these findings
indicate that cytochalasin B, in addition to increasing the
velocity of the secretory mechanism at high glucose con-
centrations (Fig. 2), also lowers the threshold value for
glucose-induced insulin release (Fig. 3).

At a low glucose concentration (0.3 mg/ml), cyto-
chalasin B also significantly enhanced both the early and
late secretory responses of the beta cell to gliclazide
(Fig. 4). Wehave previously shown that cytochalasin B
also enhances insulin release induced by the combination
of glucose and theophylline (3). The mold metabolite
might thus act on a late step in the secretory sequence
and, therefore, facilitate secretion whatever insulino-
tropic agent is used to stimulate the beta cell.

The results illustrated in Fig. 5 are somewhat more
difficult to interpret. The high rate of insulin secretion
observed in the presence of cytochalasin B at a glucose
concentration of 0.9 mg/ml confirms that the mold me-
tabolite lowers the threshold value for glucose-induced
insulin release. At this intermediate glucose level (0.9
mg/ml), cytochalasin B also markedly enhanced the total
amount of insulin secreted by the beta cell during the
early phase of stimulation by gliclazide. However, the
increment in secretion rate attributable to gliclazide
during this early phase was not significantly enhanced by
the mold metabolite. This negative finding does not rule
out a facilitating effect of cytochalasin B upon sulfonyl-
urea-induced insulin secretion. Indeed, in view of current
concepts concerning the dynamics of insulin release by
the isolated perfused rat pancreas (9-11), it is likely that
the higher rate of insulin secretion observed in the pres-
ence of cytochalasin B before stimulation with gliclazide
provoked a partial depletion of the small pool of readily
releasable insulin known to be mobilized by sulfonylureas.
Such a partial depletion might conceivably have masked
the facilitating action of cytochalasin B. That the latter
drug indeed enhanced the insulinotropic action of sul-
fonylurea in these experiments is suggested by the fact
that, during the later phase of exposure to gliclazide,
both the total release of insulin and the increment in se-
cretion rate above prestimulatory level were significantly
increased in the presence of cytochalasin B.

The changes in insulin secretion here observed with
cytochalasin B suggest that the microfilamentous system
of the beta cell plays an equally important role during
both the early and later phases of insulin release. This
conclusion is based on the assumption that cytochalasin
B acts specifically on the microfilamentous cell web of
the beta cell. In previous publications from this labora-
tory (3, 8), we have already shown that such a concept
is compatible with the effect of cytochalasin B upon
other biological phenomena known to be dependent on
the integrity of the microfilamentous system (25). The
present ultrastructural observations (Figs. 6 and 7) are
also compatible with such a concept. In the beta cell ex-
posed to cytochalasin B, the spatial redistribution of the
microfilamentous material, and the prominent margina-
tion of secretory granules, indeed all point to an altera-
tion of the cell web, which might normally control the ac-
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cess of secretory granules to the cell membrane. Such a
functional role is apparently operative during both the
initial and late phases of insulin secretion.

It could be argued that cytochalasin B might affect
insulin release independently of the alteration which it
induces in the microfilamentous cell web. For instance,
it could modify the recognition, uptake, or metabolism
of glucose by the beta cell. In our opinion such an hy-
pothesis is unlikely. Thus, cytochalasin B does not af-
fect glucose-induced insulin biosynthesis and calcium
uptake by isolated islets (3), although both of these
processes are quite sensitive to alterations in glucose
metabolism (19, 26). Therefore, the facilitating action of
cytochalasin B is nmore likely to be due to an altered re-
sponse of the microtubular-microfilamentous system to
the triggering action of intracellularly accumulated cal-
cium rather than to a primary effect on glucose metabo-
lism in the beta cell. Moreover, it was recently observed
that cytochalasin B inhibits the transport of several
hexoses in a variety of cells (27-29). Such an inhibitory
effect, even if it was to occur in the beta cell, could
hardly account for an enhancement of insulin secretion.

In conclusion, the present results suggest that the
microfilamentous cell web indeed participates in the dIv-
namics of insulin release by the beta cell. It remains to be
investigated whether the microtubular component of the
'translocator-releasingT system," as defined by Orci,
Amherdt, Kanazawa, Lamllbert, and Stauffacher (30),
is also actively involved in both the early and late phases
of insulin release.
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