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The effect of C-547, a tetraalkylammonium derivative of 6-methyluracil, a novel highly se-
lective acetylcholinesterase inhibitor, on frog neuromuscular junction was studied. In con-
centrations 10�9-10�7 M the preparation increased the amplitude and temporal parameters of
miniature endplate potentials. In contrast to the effect of C-574 on purified acetylcholinest-
erase from mammals, the effect of this agent on frog neuromuscular junction was reversible.
In a concentration of 10�6 M the preparation apart from anticholinesterase activity produced
a parasympatholytic effect manifested in a decrease in amplitude and decay time constant of
miniature endplate potentials accompanied by a decrease in spontaneous transmitter secre-
tion. After washout, the parasympatholytic effect recovered more slowly, but disappeared
more rapidly compared to anticholinesterase activity. These findings suggest that parasym-
patholytic effect of C-547 results from direct action on receptor-channel complexes in the
endplate membrane.
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Tetraalkylammonium derivatives of 6-methyluracil
represent a new class of highly selective inhibitors of
acetylcholinesterase (ACE, EC 3.1.1.7). These agents
are characterized by inhibition rate constants k0=
3.5×109 and k1=4.0×108 M�1min�1 [2,5]. In biochem-
ical experiments, 1,3-bis[ω-(diethylorthonitrobenzil-
ammonio)-pentyl]-6-methyluracil dibromide (C-547)
irreversibly and cumulatively inhibited ACE isolated
from bovine erythrocytes. Apart from high anti-ACE
activity, C-547 in vivo demonstrates very high LD50 to
effective dose ratio (>50) [3], which is not characteri-

stic of known cholinesterase inhibitors (organophos-
phorus compounds, carbamates, and tetraalkylam-
monium compounds). C-547 possesses a 10,000-fold
higher selectivity towards ACE in comparison with
that of butyrylcholinesterase (EC 3.1.1.8). The com-
plex of C-547-ACE does not dissociate during dialy-
sis and gel-filtration [5]. However, in contrast to mam-
malian ACE, the enzyme isolated from eel electric
organ or cobra venom was reversibly inhibited by C-
547 [2]. It was interesting to evaluate the efficiency
and reversibility of the inhibitory effect of C-547 on
intact membrane-bound ACE in frog neuromuscular
junction (classical object in electrophysiologocal stu-
dies of the effects of ACE inactivation), where the am-
plitude and temporal parameters of postsynaptic sig-
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nals depend on ACE activity. Our aim was to study
the effect of C-547 on the amplitude and temporal
characteristics of miniature end-plate potentials (MEPP)
in frog neuromuscular junction. This paper analyzes
the anti-ACE effect of C-547, its dose-dependence,
and reversibility of ACE inhibition.

MATERIALS AND METHODS

Experiments were performed on neuromuscular junc-
tions isolated from m. sartorius of R. ridibunda frogs
in the autumn-winter period. The preparation was pla-
ced in a 1.7-cm3 perplex chamber and perfused with
Ringer solution containing (in mM): 113.0 NaCl, 2.5
KCl, 1.8 CaCl2, 3.0 NaHCO3 (20.0±0.2oC, pH 7.2-7.4,
5 ml/min perfusion rate). After recording of the base-
line parameters, C-547 (10�9 to 10�6 M, A. E. Arbu-
zov Institute of Organic and Physical Chemistry, Rus-
sian Academy of Sciences [5]) was added to perfusion
solution. Measurements were carried out for 1 h start-
ing from the 10th min of perfusion. MEPP were re-

corded using standard microelectrodes filled with 2.5 M
KCl (resistance 3-5 mW). MEPP were amplified and
fed into a 10-bit digitizer (sampling time 10 msec). The
digital signals were recorded and processed with an
original software. The following parameters were ana-
lyzed: MEPP amplitude (AMEPP), 20-80% rise time
(RTMEPP), and decay time constant (τMEPP). To assess
the quality of signal-noise resolution, AMEPP histograms
were plotted fromeach series consisting of 64 signals.
The series characterized by normal histograms were
analyzed. The intensity of spontaneous quantal trans-
mitter release was assessed by the interpulse periods of
MEPP. The data were processed statistically using
Student�s t test (p<0.05) for paired samples and Mi-
crocal Origin 3.5 software.

RESULTS

The initial steady-state membrane resting potential
(MRP) in neuromuscular junction of m. sartorius was
57.97±2.77 mV (n=20). C-547 (10�9-10�6 M) did not

Fig. 1. Effect C-547 in various concentrations on amplitude A (a),
decay time constant τ (b), and rise time RT (c) of MEPP. The control
and test values are marked with subscript indices 0 and C-547,
respectively.
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affect MRP: 60 min after the start of perfusion it was
101±2% control value (n=20, p>0.05). This fact al-
lowed us to consider C-547-induced changes in MEPP
amplitude and temporal parameters as a result of mod-
ification of the endplate membrane and modulation of
neurotransmitter secretion, rather than changes in MRP.

In the control, AMEPP, RTMEPP, and τMEPP were 0.15±
0.01 mV, 0.30±0.02 msec, and 3.02±0.18 msec, re-
spectively (n=20). After addition of 10�9-10�7 M C-
547 the amplitude and temporal parameters of MEPP
progressively increased and reached a plateau by the
60th minute (Fig. 1). Washout partially restored these
parameters (Fig. 2, a). The observed changes in the
amplitude and temporal parameters of MEPP attest to
anti-ACE activity of C-547. However, partial reversi-
bility of the effect does not agree with biochemical
data obtained on ACE isolated from bovine erythro-
cytes [5]. Reversibility of the effect of C-547 on ACE
in neuromuscular junction was studied in experiments
with a long-term (3.5 h) washout. Since long-term
MEPP recording in a single muscle fiber can be ac-
companied by a decrease in MRP and the correspon-
ding changes in MEPP parameters, in this experimen-
tal series MEPP were measured in 15 control muscle
fibers, then C-547 (10�7 M) was applied for 1 h, after
which the preparation was washed for 3.5 h with ini-
tial Ringer solution. Washout reduced all test para-
meters: AMEPP decreased from 140±12 to 113±14%,
RTMEPP from 192±14 to 96±7%, and τMEPP from 139±4
to 92±6% (n=15, p>0.05 compared to initial control
values). Thus, the anti-ACE effect of C-547 in frog
neuromuscular junction is reversible.

As was previously shown, C-547 in concentra-
tions below 10�7 M demonstrated anti-ACE activity,
but increasing the concentration to 10�6 M was ac-

companied by a decrease in AMEPP and τMEPP (Fig. 1
and 2, b). Figure 3 shows the time course of the ef-
fects of C-547 (10�6 M) in a representative experi-
ment: during the first 15-20 minutes after application
AMEPP, RTMEPP, and τMEPP increased (anti-ACE affect) ,
but then AMEPP and τMEPP decreased (parasympatholyt-
ic activity), while RTMEPP remained elevated (anti-ACE
effect is still present). Thus, in this concentration C-
547 demonstrated both ACE inhibiting and parasym-
patholytic activity. Parasympatholytic effect develo-
ped more slowly than anti-ACE activity, but disap-
peared more rapidly than the anti-ACE effect.

The changes in spontaneous quantal secretion of
acetylcholine induced by C-547 in concentrations of
10�9-10�6 M, which were revealed by the analysis of
interpulse intervals, showed that when applied in the
concentrations of 10�9-10�7 M, C-547 produced no
significant changes in the distribution of interpulse
intervals and MEPP mean frequency (ϕMEPP). How-
ever, increasing the concentration of C-547 to 10�6 M
led to a decrease in fMEPP by 42±5% in comparison
with the initial value (0.71±0.24 Hz, n=5, p<0.05).
This decrease was not accompanied by changes in the
distribution of MEPP interpulse intervals. After 60-
min washout with control Ringer solution, ϕMEPP was
99± 19% of the control value. Therefore, C-457 in a
concentration of 10�6 M demonstrated anti-ACE and
parasympatholytic effects, and reversibly decreased the
rate of spontaneous quantal release of acetylcholine
from frog nerve motor terminals.

Thus, C-547 demonstrated anti-ACE activity and
increased the amplitude and temporal parameters of
MEPP even in nanomolar concentrations. However, in
contrast to data indicating on slowly formed and tight-
ly bound complex of C-547 with purified ACE isola-

Fig. 2. Amplitude of MEPP in the control (1), after application of C-547 (2) in concentrations of 10�7 M (a) and 10�6 M (b), and after washout
(3). The data are averaged over 64 MEPP.
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ted from bovine erythrocytes [5,8,9], interaction of
C-547 with intact synaptic ACE in the frog neuromus-
cular junction was reversible. Probably, this discre-
pancy attests to significant differences in molecular
structure of membrane-bound ACE in cold-blooded
animals and purified ACE from mammals. These dif-
ferences probably involve the structure of nucleotide
(pyrimidine) recognizing sites of the enzyme [2,4,5].
In purified ACE from bovine erythrocytes these sites
coincide with the location of 6-methyluracil fragment
relatively to the tetraalkylammonium groups, which
results in very high selectivity and irreversibility of
binding despite the absence of covalent bonds [1,6,9].
The absence of such complementation in ACE ma-
cromolecules from frog neuromuscular junction deter-
mines reversibility of C-547 binding with the enzyme.
Reversibility of C-547 binding demonstrated for ACE
from eel electric organ or common cobra venom also
results from peculiarities in the structure of the active
sites of these enzymes [2].

C-547 in a concentration of 10�6 M modulated
spontaneous quantum release of neurotransmitter from
motor nerve terminals, which lead to a decrease in the
mean frequency of MEPP. This effect can result from
a direct effect of C-547 or from the effect of endoge-
nous acetylcholine; there is evidence that parasympa-
thomimetics inhibit spontaneous secretion of neurotrans-
mitter in frog neuromuscular junction [7]. However,
inability of C-547 to affect the frequency of MEPP in
concentration of 10�7 M producing maximum anti-
ACE effect approximately equal to that observed at
10�6 M, led us to a conclusion that inhibition of spon-
taneous neurotransmitter release and parasympatholy-
tic activity are mediated by a direct effect of C-547
on motor nerve endings.
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