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of Lumbricus Terrestris Earthworm Body Wall

E. M. Volkov and L. F. Nurullin

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 136, No. 11, pp. 567-570, November, 2003
Original article submitted July 1, 2003

Three types of miniature excitatory synaptic currents were recorded in the same synaptic
region of earthworm muscle cells: monoexponential (τ=1.2 msec) and biexponential (τ1=1.2
and τ2=8.0 msec). It was hypothesized that earthworm muscle cells contain at least two
populations of acetylcholine-sensitive ionic channels, which do not belong to classical nico-
tinic and muscarinic acetylcholine receptors.
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Excitation transmission from motor nerves to somatic
muscles is considered to have a cholinergic nature [6].
However, according to pharmacological criteria, the
postsynaptic receptor-channel complex of the muscle
cells, which is sensitive to cholinomimetics, cannot be
related to any classical type of acetylcholine (Ach)
complexes [4,8]. Our aim was to analyze properties of
postsynaptic excitatory signals in order to elucidate
the nature of postsynaptic chemosensitive ionic chan-
nels of somatic muscle cells in earthworm.

MATERIALS AND METHODS

Experiments were carried out on isolated muscle cells
from longitudinal muscle bundles of internal coelomic
wall of Lumbricus terrestris earthworm. Freshly isola-
ted coelomic fragments (10-15 segments) were cut
longitudinally, cleaned from coelomic organs, and pla-
ced in modified Dreves-Pax solution [3,7] containing
(in mM): 163 Na+, 4 K+, 6 Ca2+, 93 Cl—, 43 SO4

2—,
2 Tris+, 167 sucrose. Osmolarity, ionic strength, and pH
at room temperature were 478 mosmol/liter, 229 mM
and 7.2-7.4, respectively.

Miniature excitatory postsynaptic currents (MEPSC) of
muscle cells were recorded with glass microelectrodes
filled with 0.5 mM NaCl (tip resistance ~1 MΩ). Real-
time analysis of the amplitude-time characteristics
of the miniature excitatory postsynaptic potentials
(MEPSP) and MEPSC was performed with a digitizer
and a computer (Intel-Pentium 3, 1.2 GHz). In each
experiment on a single muscle cell, the mean potential
amplitude (mV), rise time (msec), and decay time
(msec) of MEPSP and MEPSC were obtained from
averaging no less than 1000 discrete points [5,7]. The
correlation between the decay time of monoexponen-
tial miniature currents and their amplitude was calcu-
lated with original software. To this end, the signals
were subdivided into monoexponential and biexpo-
nential synaptic currents.

RESULTS

Analysis of extracellular MEPSC showed that there
are three types of these currents in the synaptic area
of muscle cells. The first type of MEPSC is represen-
ted by monoexponential fast signals with rise time of
0.50±0.06 msec and the decay time of 0.5-1.2 msec
(Fig. 1). MEPSC of the second type are monoexponen-
tial slow signals with rise time of 0.50±0.06 msec and
decay time of 8-10 msec (Fig. 1). MEPSC of the third
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Fig. 1. Extracellular miniature excitatory postsynaptic currents (MEPSC, the mean values) of somatic muscle cells from earthworm coelom.
Shown are the fast (a, b), slow (c, d), and mixed (e, f) currents. a, c, e) linear scale; b, d, f) natural logarithmic scale. Dashed line is
monoexponential approximation of falling edge for the fast and slow currents and biexponential approximation for mixed currents. The arrows
indicate regions where decay time constants of each exponential curve were determined.
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Fig. 2. MEPSC and histogram of MEPSC decay time constant t in individual earthworm muscle cell. a) fast (1) and slow (2) MEPSC; b)
histogram of MEPSC decay time constants.

type are mixed signals with biexponential decay. They
consisted of two processes with rise and decay times
0.6 and 1.3 msec for the first process and 0.6 and 8.5
msec for the second process (Fig. 1). The signals of
all types were recorded in the same synaptic area (Fig.
1 and 2, a), which is attested by polymodal distribu-
tion of MEPSC decay times (Fig. 2, b), so the differ-
ences in the decay times cannot be explained by in-
dividual deviations of resting potential in various mus-
cle cells [7]. It is also confirmed by the absence of
correlation (R=0.39) between the amplitude and decay
time of MEPSC. Thus, at least two types of channel-
receptor complexes are available in the area of a single
motor synapse, which differ in open state duration of
the ionic pore [5,7]: the slow complexes with the open
state duration of about 8 msec and the fast ones with
the decay time of 1 msec. The fast complexes are si-
milar to Ach-channel complexes of the higher inner-
vated vertebrate muscles in the matter of the open
state duration, while open state duration of the slow
complexes is almost 2-fold larger than similar value
even in Ach-channel complexes of denervated muscles
[2]. Recordings of MEPSC of different types (fast,
slow, mixed) attests to existence of individual sites in
the same synaptic area, which differ in the density of
ionic channels with small and large duration of the
open state. The existence of mixed (biexponential)
currents indicates the existence of overlapping sites,
in which a significant number of both types of recep-
tor-channel complexes are available. There can be a
variety of reasons explaining this heterogeneity of che-
mosensitive ionic channels in the postsynaptic mem-
brane of earthworm muscle cells. This heterogeneity
most likely results from structural and morphological
peculiarities of this animal. Earthworms are characte-
rized by polyneural multiterminal innervation of so-

matic musculature [6]. In Annelida leeches, the poly-
neural innervation of the same synaptic region was
established, where two different morphological types
of presynaptic nerve terminals are available, which
presumably release various excitatory transmitters
such as Ach and serotonin [6].  It could be hypothesi-
zed that different types of MEPSC result from inter-
action of various excitatory mediators with the corre-
sponding postsynaptic receptors available in a single
muscle cell, where slow currents are triggered by one
excitatory transmitter, while fast currents are induced
by another transmitter. However, this hypothesis seems
to be improbable, because it suggests a synchronous
release of different transmitters from virtually the
same morphological structure. There is a more realis-
tic approach. It is well known that in vertebrate de-
nervated muscles, the “normal” receptors characteristic
of innervated muscle (open time 1.2 msec) are repla-
ced by “abnormal” receptors with open time of 4 msec
[1,2]. These changes are explained by the fact that loss
of neurotrophic control results in reprogramming of
expression of a family of genes, which are responsible
for the synthesis of protein subunits forming Ach-
sensitive receptor-channel complex in myofibrils [1].
It could be suggested that muscle cells of earthworm
simultaneously synthesize several types of protein sub-
units of Ach-receptors that determine open time of the
ionic pore. Under the effect of neurotrophic control
and other local factors, these subunits aggregate to
form the receptor-channel complexes with various
open time (“fast” and “slow” complexes). This hetero-
geneity of population of Ach-receptors probably
results from the following observation: although the
neurotrophic control responsible for different synthe-
sis of Ach-receptors in innervated and denervated
muscles in vertebrates [1] works also in earthworm
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[6], it has no unambiguous effect on the genome of
muscle cells in this animal.

Taking into consideration that nicotinic and mus-
carinic antagonists and ganglioblockers do not remove
depolarization of muscle membrane induced by Ach
or carbacholine [4], it can be hypothesized that muscle
cell membrane in earthworm contain the chemosen-
sitive ionic channels excited by Ach. These receptor-
channel complexes have at least two populations of
Ach-receptors with different open times of the ionic
pore. The open time of one population is similar to
that of nicotinic receptor-channel complex of inner-
vated skeletal muscles of higher vertebrates [2], while
open time of other population is almost one order of
magnitude longer and has no corresponding analog.
Both fractions of chemosensitive ionic channels can-
not be attributed to any known pharmacological types
of Ach-receptors in muscles and peripheral neurons of
the vertebrates.

The study was supported by the Russian Founda-
tion for Basic Research (grant Nos. 03-04-48303 and
03-04-06511).

REFERENCES

1. E. M. Volkov, Usp. Fiziol. Nauk, 20, No. 2, 26-45 (1989).
2. E. M. Volkov, Ibid., 108, No. 4, 80-94.
3. E. M. Volkov, L. F. Nurullin, and E. E. Nikol’skii, Ros. Fiziol.

Zh., 86, No. 3, 329-334 (2000).
4. E. M. Volkov L. F. Nurullin, and V. N. Frosin, Byull. Eksp.

Biol. Med., 131, No. 4, 469-471 (2001).
5. E. M. Volkov and G. I. Poletaev, Neurofiziologiya, 17, No. 2,

204-211 (1985).
6. O. F. David, Morphological Basis of Locomotion in Annelids

[in Russian], Leningrad (1990).
7. A. L. Zefirov and G. F. Sitdidkova, Usp. Fiziol. Nauk, 33, No.

4, 3-33 (2002).
8. R. J. Walker, L. Holden-day, and C. J. Pranks, Comp. Bio-

chem. Physiol., 106, No. 1, 49-58 (1993).

Bulletin of Experimental Biology and Medicine, No. 5, 2003 EXPERIMENTAL BIOLOGY


