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SUMMARY

The effects of the classical y-aminobutyric acid type A receptor
antagonists picrotoxin and bicuculline on nicotinic acetyicholine
receptors in cultured embryonic rat skeletal muscle were exam-
ined with whole-cell and cell-attached single-channel recording
methods. Up to 600 um picrotoxin had little or no effect on the
amplitude of the whole-cell current, whereas bicuculline dose-
dependently blocked it, with an ICs, value of 101.2 + 8.9 um.
Bicuculline reduced the maximum inducible acetyicholine current
without changing the K, value, suggesting that bicuculline un-
competitively blocked the binding of acetyicholine to its receptor.
The elementary nicotinic acetyicholine receptor currents re-
corded in the cell-attached single-channel recording configuration
exhibited properties typical of those recorded in embryonic mus-

cle (~36 pS and ~6 msec). Picrotoxin dramatically transformed
individual channel openings into briefly interrupted bursts, so that
the number of openings increased while the mean open time
markedly decreased. Bicuculline decreased mean open time to
a lesser but statistically significant degree. The dominant com-
ponent of the closed time histogram in control recordings oc-
curred at 17 msec, whereas that recorded with picrotoxin oc-
curred at 0.5 msec. Bicuculline prolonged the closed time, with
a dominant closed time component at 52 msec. Elementary
conductance was not altered by either agent. In conclusion, we
found that the y-aminobutyric acid type A channel antagonists
picrotoxin and bicuculline were also blockers of embryonic nic-
otinic acetyicholine receptor channels in cultured rat muscie.

Skeletal muscles of invertebrates are innervated by excita-
tory and inhibitory fibers. Inhibition is mediated at pre- and
postsynaptic sites by GABA, through Cl~ conductance (1-5).
PTX and BIC block physiological and pharmacological inhi-
bition at lobster and hermit crab neuromuscular junctions (6,
7). Similar effects of PTX have been observed in locust flexor
tibialis muscle (8). In contrast, well developed vertebrate skel-
etal muscles are innervated only by excitatory cholinergic fi-
bers. During the embryonic and early postnatal period, rat
spinal cord motoneurons express GABA immunoreactivity (9).
The transient GABA immunoreactivity in motoneurons during
neuromuscular junction formation suggests that GABA may
play an important role in its formation. These results have led
us to study the effects of GABA and GABA-related substances
on the electrical and chemical excitability of embryonic skeletal
muscle maintained in culture in the absence of motoneurons.
We have used whole-cell and single-channel recording tech-
niques and report here that, although GABA had no detectable
effects on either passive or active membrane properties or ACh-
activated currents, both PTX and BIC, classical antagonists of
GABA at GABA, receptor-coupled Cl~ channels, altered cho-

linergic responses via changes in channel kinetics rather than
conductance. Some of these results have previously been re-
ported in abstract form (10).

Materials and Methods

Cell culture. Skeletal muscle cells from rats of embryonic day 19
were dissociated into single-cell suspensions using a previously de-
scribed trypsin digestion protocol (11). Briefly, muscle was dissected
from the hindlimbs of embryos, minced, and digested with 0.05%
trypsin in Ca®*- and Mg**-free HEPES-buffered saline for 30 min at
37°. DNase I (0.01%) was included in the digestion medium to prevent
myocyte aggregation. The dissociated cells were washed twice with
DMEM, resuspended in 30 ml of DMEM, placed in a 100-mm plastic
tissue culture dish, and incubated for 30 min at 37° to allow the
preferential adhesion of fibroblasts. Myoblasts were then collected and
resuspended in medium containing 80% DMEM, 10% fetal bovine
serum, and 10% horse serum. Cells were plated at a density of 2.5 X
10° cells/ml in gelatin-coated, plastic, Petri dishes. After 3 days in
culture, 10 uM cytosine arabinoside was added to inhibit outgrowth of
any fibroblasts inadvertently left in the initial suspension. Two days
thereafter, the medium was changed to one containing 90% DMEM
and 10% horse serum.

ABBREVIATIONS: GABA, y-aminobutyric acid; PTX, picrotoxin; BIC, bicuculiine; ACh, acetyicholine; nAChR, nicotinic acetyicholine receptor;
HEPES, 4+2-hydroxyethyi)-1-piperazineethanesulfonic acid; DMEM, Dulbecco’s modified Eagle medium; EGTA, ethylene glycol bis(s-aminoethyl

ether)-N.N,N’ N'-tetraacetic acid.
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Electrophysiological recordings and analysis. Experiments
were performed on myotubes cultured between 3 and 14 days. Shortly
before the experiment, the culture medium was replaced with extracel-
lular recording solution containing 140 mM NaCl, 5.4 mM KCl, 0.8 mM
MgCl;, 1.8 mM CaCl;, 10 mM HEPES, and 10 mM glucose, pH 7.4
(osmolarity, 310 mOsM). All recordings were carried out at room
temperature (22-25°) on a Zeiss inverted microscope. The recording
pipettes were pulled from 1.5-mm o.d., thin-walled, capillary tubes
(WPI, Sarasota, FL) with a computer-controlled microelectrode puller
(BB-CH-PC; Mecanex SA, Nyon, Switzerland). Electrical resistances
of the pipettes ranged between 10 and 15 MQ when the pipettes were
filled with pipette solution. Pipettes used for cell-attached single-
channel recordings were coated with Sylgard 184 (Dow Corning, Mid-
land, MI) and filled with extracellular recording solution containing 4
uM ACh. PTX or BIC (both from Sigma) was added to the same
solution when used. The pipette solution for whole-cell recordings
contained 140 mM CsCl, 2 mM MgCl;, 0.1 mM CaCl;, 1.1 mM EGTA, 5
mM HEPES, 5 mM ATP, and 5 mM phosphocreatine, pH 7.2 (0osmolar-
ity, 290 mOsM). ACh was puffed to the myotube under low pressure,
using a pipette positioned within 10 um. Brief 1-sec pulses were applied
every 40 sec to construct dose-response curves. The blocking agent was
added either to the bath solution or to the ACh-containing pipette and
applied together with ACh. Membrane currents were amplified with a
List EPC-7 patch-clamp amplifier at a gain of § mV/pA, filtered with
a Frequency Devices low-pass filter (type 902, eight-pole Bessel filter)
at 5 kHz, and stored in digital form on video tapes using a VR-100
digital recorder (Instrutech Co., Mineola, NY) and a Panasonic video-
cassette recorder. Analyses were made off-line on a Dell system 310
computer. In cell-attached single-channel recordings, signals were fur-
ther filtered at 2 kHz before being sampled and analyzed at 10 kHz
with a TL-1 DMA interface and pPCLAMP program (Axon Instruments,
Foster City, CA). Single-channel nAChR currents have a square-wave
appearance under control conditions; exposure to PTX invariably led
to a flickering in the open state. Channel openings separated by any
closed state, as defined by the “50% threshold” technique (12), were
taken as single open events. Openings of <0.4 msec were discarded in
the kinetic analysis. Data are expressed as mean + standard error.
Unpaired ¢ tests were used to determine statistical significance; p <
0.05 was considered significant.

Results

GABA does not affect nAChR currents. Because moto-
neurons in the embryonic rat spinal cord exhibit GABA im-
munoreactivity both at the cell body level and in their axons
issuing into the myotome, it was logical to test embryonic rat
skeletal muscle cells for possible effects of GABA on their
excitable membrane properties. In embryonic day 19 rat skel-
etal muscle cells cultured for 3-14 days, up to 1 mM GABA
neither induced any current nor had any effect on either
voltage-dependent currents or ACh-induced currents, when
tested with whole-cell and single-channel recording techniques
(data not shown). However, two GABA, receptor-coupled Cl~
channel blockers, PTX and BIC, affected ACh-induced channel
activity in different ways.

PTX and BIC have different effects on ACh currents
evoked in embryonic muscle. We studied the pharmacolog-
ical effects of PTX and BIC on ACh-induced currents in whole-
cell recordings. In these experiments, membrane potential was
routinely held at =60 mV. Adding BIC cumulatively to the bath
solution decreased the amplitude of ACh-induced current in a
dose-dependent, reversible manner (Fig. 1A). BIC at 200 uM
blocked ~90% nAChR current. In contrast, PTX had little if
any effect; 600 uM PTX reduced the current by ~15% (Fig.
1B). We carried out experiments similar to that shown in Fig.

1 in a series of cells. Dose-response curves for BIC and PTX
effects on ACh-induced current amplitudes are plotted in Fig.
2. PTX had no statistically significant effect on the current
(—9% at 600 uM, p > 0.05), whereas BIC blocked the current
in a dose-dependent manner. About 100 uM BIC blocked 50%
of the current (ICs = 101.2 + 8.9 uM, n = 5) and 250 uM BIC
blocked the current by about 80%.

To further characterize the blocking effect of BIC, dose-
response curves for ACh in the absence and presence of 200 uM
BIC were compared (Fig. 3). The experimental values (n = 4
for all points) in both groups agreed well with the continuous
theoretical curves calculated from the following equation:

~ (ACh]"
I'=Ine: tRCRT + K7

where I is the nAChR current, I, is the maximum current,
[ACh] is the concentration of ACh, K, is the dissociation
constant of ACh with nAChRs, and n is the Hill coefficient. In
the absence of BIC, the best fit was obtained with K, = 25.4
uM and n = 1.88, suggesting that a minimum of two molecules
of ACh must bind to the nAChR before the channel opens. BIC
at 200 uM reduced the maximum inducible nAChR current
(normalized I, decreased from 2182.4 to 116.9 relative units)
without changing the K (22.9 uM), suggesting that BIC uncom-
petitively blocked ACh binding to nAChR.

PTX and BIC alter single-channel kinetics. The single-
channel nAChR currents in cultured embryonic rat skeletal
muscle recorded in the cell-attached configuration exhibited
characteristic all-or-none transitions at +50 mV pipette poten-
tial (Fig. 4A). The mean open time was about 6 msec and the
amplitude was about 4 pA, which was consistent with a channel
conductance of about 36 pS, assuming that the resting mem-
brane potential was —60 mV (see below). This indicates that
the nAChR channels exhibit properties characteristic of the
embryonic type for up to 2 weeks in culture. When 50 uM PTX
was included in the pipette with ACh, the all-or-none transi-
tions in current were often repeatedly and rapidly interrupted,
80 that bursts of brief openings appeared (Fig. 4B). The fre-
quency of these bursts in the presence of PTX (48.3 sec™") was
similar to that of relatively uninterrupted openings recorded in
the absence of PTX (50.7 sec™'). Additionally, the burst dura-
tion in the presence of PTX was comparable to the uninter-
rupted transitions characteristic of openings in the absence of
PTX (compare Fig. 4, A and B). In contrast, 50 um BIC
decreased the frequency of channel openings (27.8 sec™) and
the durations of individual openings (Fig. 4C). Neither PTX
nor BIC changed the amplitude of the elementary current or
channel conductance (see below). The mean amplitude of sin-
gle-channel nAChR currents recorded at a pipette potential of
+50 mV was 3.9 £+ 0.1 pA (n = 18). The mean values in the
presence of PTX and BIC were 3.8 + 0.1 (n = 14, p > 0.05)
and 3.8 + 0.1 pA (n = 11, p > 0.05), respectively. Thus, both
agents altered channel kinetics in quite different ways but did
not affect elementary current amplitude.

The open time distributions were well fitted with one expo-
nential component under control and experimental conditions.
Examples of current-time histograms recorded in the absence
and presence of ligands are illustrated in Fig. 5. A sample fitting
of ACh-induced transitions recorded under control conditions
was fitted with time constant (7,) of 5.8 msec (Fig. 5A). PTX
at 50 uM markedly decreased 7, to 1.7 msec (Fig. 5B). BIC at
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Fig. 1. Differential effects of PTX and BIC on whole-cell embryonic nAChR current. A, BIC added to the bath solution cumulatively blocked ACh-
induced current gradually, and the current recovered completely after wash-out. B, PTX applied like BIC had little effect on the whole-cell RAChR

current at a concentration of up to 600 um. However, 100 um BIC added later in addition to PTX blocked the current

Upper continuous

traces, effects of PTX and BIC on nAChR current (/); middle traces, 2-secappueawtsofprassuretomewfﬁngpipenes(P)Armwswnumbers
time and cumulative amount of PTX or BIC added. Lower traces, at higher time resolution, samples of nAChR current in each stage, as indicated
by the same Jetters. Membrane potential was held at —60 mV. Calibrations apply to both panels. The upper time scale applies to upper continuous

recordings and the lower scale applies to the lower traces.
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50 uM also reduced 7, but to a smaller degree (4.1 msec) (Fig.
5C). For 18 experiments under control conditions, the mean
value of 7, was 6.3 + 0.5 msec (Fig. 5D). In the presence of 50
uM PTX, 7, decreased to 1.7 + 0.1 msec (-73%, p < 0.01),
whereas 50 uM BIC decreased 7, to 4.2 + 0.6 msec (=33%, p <
0.05) (Fig. 5D).

Fig. 6 shows the closed time histograms obtained for each of
the three experimental conditions. Two exponential functions

Ty
10 100

. Holding
Bicuculline (1M) mV. Each point was the mean of two

to five tests.

adequately fitted all three histograms. Under control conditions
(Fig. 6, upper), the dominant component (85% of the observed
events) had a time constant of 17 msec, which represents the
time between independent openings or bursts of openings. The
short closed component of 0.5 msec represents the brief gaps
due to repeated openings of a single channel. In the presence
of 50 uM PTX (Fig. 6, middle), the brief closed component
became dominant (86% of the events). This component corre-

2102 ‘T Joqwiadaq uo Ausianiun Buellayz ye Bio sjeuinofiadse wreydjow woiy papeojumoq


http://molpharm.aspetjournals.org/

PHARM

aspet.’

1200 Uuetal
2500

1500 -

1000 -

Normalized current

500 1

r T L e e an | T T

1 10 100
ACh (M)

Fig. 3. Noncompetitive blocking effect of BIC on whole-cell embryonic
nAChR current. The dose-response curves for ACh in the presence and
absence of 200 um BIC were normalized to the current evoked with 4
um ACh. The caiculated Hill coefficient for both groups (four experiments
for each group) was 1.9. The K, value and maximal response were 25.4
um and 2182.4 relative units in the absence of BIC and 22.9 um and
116.9 relative units in the presence of BIC, respectively. Inset, dose-
response curve in the presence of 200 um BIC piotted on a different
scale. (], Normalized current in the absence of BIC; A, normalized current
in the presence of BIC.

A Control

Fig. 4. Effects of PTX and BIC on the opening properties of embryonic
nAChHR single channels in cell-attached patch-clamp recordings. A, The
single-channel openings in the control have a square-wave appearance
and last from several milliseconds to tens of milliseconds. B, In the
presence of 50 um PTX, no long openings exist and brief openings tend
to cluster together. Clusters of short openings are separated by closed
states from those in the control recording. C, BIC at 50
um reduces the number and duration of single-channel openings. The
ampiitudes of single-channel currents in control, PTX, and BIC recordings
were 4.2, 4.0, and 4.2 pA, respectively. Pipette potential was held at
+50 mV. Inward current is plotted downward. Control, single channeis
recorded with 4 um ACh in the recording pipette; PTX, single channels
recorded with 50 um PTX and 4 um ACh in the pipette; BIC, single
channeis recorded with 50 um BIC and 4 um ACh in the pipette. O, Open
states; C, closed states.
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Fig. 5. Decreases by both PTX and BIC of the open time constant of
embryonic si NAChHR current. Data were binned at 0.2 msec;
the first two bins were not included in the . A-C, One e:
component was adequate to fit control (A), PTX (B), and BIC (C) data.
The time constants were 5.8, 1.7, and 4.1 msec in control, with 50 um
PTX, and with 50 um BIC, respectively. D, A of a series of
experiments is shown. The time constants were 6.3 + 0.5, 1.7 £ 0.1,
and 4.2 + 0.6 msec (means + standard errors) in control, with 50 um
PTX, and with 50 um BIC, respectively. Numbers in parentheses, num-
bers of experiments for each group. *, p < 0.05; **, p < 0.01. Other
details were as in Fig. 1.
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Fig. 6. Closed time histograms presented with a logarithmically binned
time axis and fitted with a two-exponential function. The long component
in each histogram represents the time between independent openings
or bursts of channels, whereas the short component represents the brief
gaps due to repeated openings of a single channel. Numbers in paren-
theses, fractional contribution of each component to the area under the
curve.
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sponds to the flickering gaps induced by PTX. The time be-
tween independent openings or bursts of openings was not
changed by PTX (21 msec). In the presence of 50 uM BIC (Fig.
6, lower), the long component dominated, being three times
longer (52 msec) than in control, indicating that the channel
spends more time in a closed and/or blocked state. The short
component was not modified by BIC.

Elementary conductance is not altered by either PTX
or BIC. It was shown that, at a concentration of 50 uM, PTX
and BIC had no effect on the amplitude (hence the point
conductance) of nAChR current at a holding potential of +50
mV in cell-attached single-channel recordings (see above). In
the studied range of pipette potentials of —125 to +80 mV in
cell-attached single-channel recordings, the current-voltage
curve was linear (Fig. 7). In the presence of 50 uM PTX or BIC,
the current-voltage curves remained linear, and no significant
changes in the reversal potential or slope conductance of the
channel were observed (see Fig. 7). For 17 control experiments,
the mean values for slope conductance and reversal potential
were 35.4 + 0.6 pS and —60.8 + 3.3 mV, respectively. Because
the major permeable ions for nAChR channels are Na* and K*,
the reversal potential of cell-attached single-channel current
reflects the resting membrane potential. In 10 experiments in
the presence of 50 uM PTX, slope conductance (34.3 + 0.6 pS,
p > 0.05) and reversal potential (—55.1 + 4.3 mV, p > 0.05)
were not significantly different from those of the controls. No
significant changes were observed for either slope conductance
(33.7 £ 0.7 pS, p > 0.05) or reversal potential (—63.3 + 2.5 mV,
p > 0.05) in the presence of 50 uM BIC in 12 experiments.

Discussion

The nAChRs expressed by skeletal muscle fibers are among
the best characterized ion channels to date. nAChR-coupled
channels recorded in embryonic rat skeletal muscle have lower

+54
~ +4 -
<
v—~Control &+3 .
O---PTX '~
O— —-BIC

I
4150 +50  +100

Vp (mV)

-3

Fig. 7. Lack of significant change by PTX and BIC of the reversal potential
or the slope conductance of embryonic single-channel nAChR current.
The current-voltage curves were roughly linear in the range of pipette
potentials of —125 to +80 mV. The reversal potential in the control was
53.6 mV and those with 50 um PTX or BIC included in the recording
pipettes were 57.7 and 60.3 mV, respectively. Conductances were 34.9,
33.1, and 34.8 pS in control and with PTX and BIC, respectively. i,
Single-channel current; Vp, pipette potential.
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conductance and longer open times before innervation by mo-
toneurons than after the formation of functional neuromuscu-
lar junctions (13-16). These differences in channel properties
correlate with changes in the molecular composition of nAChR
subunit proteins that comprise the channel (17, 18). Extensive
studies not only have greatly increased our understanding of
both the structure and function of the muscle nAChR but also
have made muscle nAChRs an excellent prototype for the
family of neurotransmitter-gated membrane channels, which
includes both muscle and neuronal nAChRs, GABA, receptors,
glycine receptors, and possibly non-N-methyl-D-asparate excit-
atory amino acid receptors (19).

There have been several reports describing the cross-reactiv-
ities of GABA,. antagonists at ACh receptors. Benson (20)
reported that BIC partially competitively blocked ACh-evoked
cation channels in locust ganglion neurons. Experiments by
Yarowsky and Carpenter (21) showed that PTX and BIC can
block the Cl~ responses (but not Na* responses) to both ACh
and GABA in Aplysia neurons. Zhang and Feltz (22) found that
BIC can partially competitively block neuronal nAChR chan-
nels in cultured porcine intermediate pituitary lobe cells. On
the other hand, studies by Schwartz and Mindlin (23) indicated
that noncompetitive inhibitors of nAChR-gated cation chan-
nels inhibit GABA receptor-gated chloride ion channels in rat
brain. Here we report that PTX and BIC, classical antagonists
of GABA at GABA, receptor-coupled Cl~ channels, block em-
bryonic-type nAChR channels in cultured rat myotubes. The
mechanisms involved in these cross-reactions are still unclear.
Molecular biology studies of neurotransmitter receptor struc-
tures have concluded that receptors with distinctly different
functions can be related in their molecular structures. For
example, nAChRs, which gate cation-selective channels in ver-
tebrate skeletal muscle, are thought to belong to the same
supergene family of molecular structures as do those receptors
engaging GABA, which activate anion-selective channels in
invertebrate muscle and vertebrate neurons and glial cells (24—
26). Both nAChRs and GABA, receptors are assembled, in
similar manners, from several transmembrane subunit proteins
arranged around a corresponding central ion channel. Similar
peptide segments in one or more subunits of nAChRs and
GABA, receptors may form similar structures, serving as bind-
ing sites for their common agonists or antagonists. Embryonic-
and adult-type nAChRs share common «, 8 and 4 subunits but
differ in their fourth component, which is ¢ for embryonic
receptors and ¢ for adult receptors (17, 18). We did not observe
any blocking effects of PTX or BIC on the adult-type nAChR
(data not shown), suggesting that the binding sites of PTX and
BIC are either on the v subunit itself or on another site that is
revealed when the receptor is configured with a 4 subunit. The
cross-reactivities between GABA, receptor antagonists and
nAChR channels and between curariform drugs and GABA,
receptor/Cl~ channels indicate that the ligands lack the phar-
macological specificity that they are usually assumed to exhibit.
Such cross-reactivities should be considered when these agents
are used to identify and study either cholinergic or GABAergic
transmissions at central or peripheral synapses.

Two classes of theories are used to explain ion channel-
blocking mechanisms (27). Blocking agents either can bind
within the channel pore itself, so that the flow of ions is
impeded or stopped, or can bind to a site somewhere on the
macromolecule and allosterically stabilize closed conforma-
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tional states of the pore so that opening is less likely. Most of
the time it is difficult to distinguish precisely which of the two
mechanisms explains the blocking effect. For some ion channel
blockers, the binding sites are exposed only when the channel
is in the open state and the blocker must unbind before the
channel can change to the closed state (28, 29). This is called
the sequential blocking model and, in cases of nAChR channel
blocking, can be represented with the following equation:

2A + R2 AR 2 AR 2 AR'B

where A is the ACh molecule, R is the closed nAChR channel,
R’ is the open nAChR channel, and B the channel blocker. In
this case, if the residency time of the channel blocker at its
binding site(s) is very short, so that binding, dissociation, and
rebinding occur quickly, interrupted bursts of brief currents
would be seen in single-channel recordings. This model also
predicts that an increase in the number of openings per burst
would completely compensate for the reduction in mean open
time, so that little or no change in total charge flow per unit
time would be detected. This phenomenon should be independ-
ent of the blocker concentration, because channels can recover
from the blocked state only via the open state. Conceivably,
the burst duration would be increased because it would be the
sum of the durations of the open state plus the blocked state.
In our experiments, PTX changed square wave-like long open-
ings of embryonic-type single-channel nAChR currents in cul-
tured rat skeletal muscle into clusters of very short current
pulses, and up to 600 uM PTX had little effect on the whole-
cell current. Therefore, the simple three-state sequential block-
ing model adequately describes the blocking action of PTX on
the embryonic nAChR channel in cultured rat skeletal muscle.
Although PTX is an effective blocker of the embryonic rat
skeletal muscle nAChR channel, the fact that it had little
impact on the whole-cell current suggests that it may not be a
potent inhibitor of neuromuscular transmission mediated by
embryonic-type nAChRs.

It has been questioned whether BIC is a specific GABA,
receptor antagonist (30, 31). BIC has a very weak effect or no
effect on neurally evoked GABA-mediated neuromuscular in-
hibition or on the action of GABA applied to crustacean muscle
fibers (6, 32-34). Zhang and Feltz (22) reported that, in pitui-
tary intermediate lobe cells of the pig, BIC partially competi-
tively blocked neuronal nAChR channels, suggesting that BIC
could compete with ACh for binding sites. The blocking effect
of BIC on embryonic rat skeletal muscle nAChR channels was
dose dependent and noncompetitive. The precise blocking
mechanism of BIC is not clear. More experiments should be
carried out to clarify whether PTX and BIC can increase the
rate of desensitization of the embryonic nAChR channels, like
some other blockers (35-37). PTX and BIC did not change
either the conductance or the reversal potential of embryonic
nAChRs, suggesting that these compounds do not affect the
ion selectivity of the channel. After 10 days in culture, adult-
type events (conductance of ~60 pS and open time of ~1 msec)
appeared but comprised <1% of single-channel events. There
appeared to be no detectable differences in the properties of
adult-type single channels recorded in controls or with PTX or
BIC, although systematic analysis was not made because of the
limited number of events.
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