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The innervation of an insect muscle can be studied by correlating the evoked
spikes in neuronal cell bodies with extracellular or intracellularly recorded events in
various parts of the muscle (Burrows & Hoyle, 1973; Hoyle & Burrows, 1973;
Phillips, 1980). However, when a muscle is innervated by a large number of neurones,
difficulties may occur: first, in the reliable identification of the neurones (especially
when their cell bodies are closely clustered) and secondly, in maintaining stable
records from the cell bodies for a sufficient period of time to permit reliable investi-
gation of the muscle.

To eliminate these difficulties, a new method of identifying the neurones was
developed, mainly based on the distribution of the axons on the muscle surface, the
size of the EPSP or IPSP which they produce on the muscle fibres, and the size of
the action potential recorded from the motor nerves of the muscle.

The method was first applied to study the innervation of the mesothoracic flexor
tibiae muscle of the locust. Not only is this muscle innervated by a large number of
neurones with their cell bodies lying very close together (Theophilidis, 1979; Wilson
& Hoyle, 1978) but its motor axons were also found, in preliminary studies, to
innervate only certain areas of the muscle. The flexor tibiae is a pinnate muscle and
its muscle bundles are divided into three areas (Fig. ic): proximal, middle and distal
(Theophilidis, 1979). To investigate the distribution of the axons on the muscle,
records were obtained from these three parts of an isolated muscle or from the
flexor muscle bundles of an inact locust.

RECORDS FROM AN ISOLATED MUSCLE

The mesothoracic femur of a locust was cut from the coxa-femur joint, fixed in
a watch glass (ventral side down) and dissected to expose the flexor muscle and its
motor nerves. The whole preparation was bathed in oxygenated saline (Usherwood
& Grundfest, 1965). The flexor motor axons were excited by stimulating N 5
(Campbell, 1961) through a suction electrode. The activity of these axons was simul-
taneously monitored in the three parts of the muscle. Changes in muscle tension
were recorded from the distal parts by cutting the tendon between the middle and
distal parts (see arrow in Fig. 1 c). At the same time intracellular records were obtained
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Fig. i. (a) Records from mesothoracic flexor tibiae muscle isolated in saline, (i) Intracellular
recording from the proximal part. For the location of the electrode positions see (c). (2)
Intracellular recordings from the middle part. Vertical scale bars in 1 and 2 are 30 mV. (3)
Muscle tension monitored from the distal flexor using a silicon strain gauge transducer.
Vertical scale bar: 03 g. Horizontal scale bar 10 s. (6) Records from the flexor muscle of
an intact locust. (1) As in (a). Vertical scale bar 30 mV. Horizontal scale bar 100 ms. (2, 3)
Extracellular records from the nerve branches innervating the middle and distal parts of
the muscle, (c) Diagrammatic representation of the mesothoracic flexor tibiae muscle. P,
Proximal part. M, middle part. D, distal part. T, tension transducer.

from the proximal and middle parts. When the intensity of the electrical stimulus
was gradually increased, the monitored increments in active tension and the recorded
EPSPs increased in jumps which reflected the threshold of the axons innervating
the muscle (Fig. 1 a). When a relatively small EPSP occurred in the proximal and
middle parts (Fig. 1 a, first and second traces), a small muscle contraction was simul-
taneously recorded from the distal part (third trace), suggesting that there is an
axon A innervating all three parts of the muscle. However, when a large EPSP
occurred in the proximal and middle muscle fibres (see B in Fig. id) there was
no change in the muscle contraction recorded from the distal flexor. This shows that
a relatively large axon B innervates the proximal and middle flexor, but not the
distal one.

RECORDING FROM AN INTACT ANIMAL

The locust was fixed (ventral side down) in the middle of a Plasticine platform
with a small drop of cyanocrylate adhesive (Advelbond No. 3). The legs were
horizontally mounted on the platform to allow free movement of the tibia in the
vertical plane. The femur of the leg to be investigated was dissected and care was
taken to leave most of the femoral proprioceptors intact. The mesothoracic flexor
tibiae motoneurones were reflexively excited by extending the tibiae (resistance
reflexes) with a constant-velocity movement, and activity from the motoneurones
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was monitored extracellularly, from the nerve branches of the middle and distal
flexor (using fine hook electrodes), and intracellularly from the proximal part. From
the records in Fig. 1 b it is obvious that the large axon B innervates only the proximal
and middle parts (common action potential and EPSP in the first and second traces),
and does not innervate the distal part, since no equivalent action potential occurred
in the distal nerve branch (third trace). In the distal nerve branches action potentials
were recorded which did not correspond with spikes in the middle nerve branches
(second and third trace, Fig. 1 b). This shows that there are some flexor motoneurones
innervating only the distal part of this muscle.

Some problems were encountered when N 5 was electrically stimulated to excite
the flexor motor axons. First, the inhibitory axons were also activated, thus affecting
the recorded muscle tension and the recorded EPSPs. Their effects were eliminated
by using one of the properties of saline to gradually diminish the mechanical response
(relaxation) to inhibitory stimulation. In the leg muscles of the locust Usherwood
(1968) found that after 100 min in 10 K saline, no relaxation can be recorded during
inhibitory stimulation. The IPSPs are chloride potentials and can be converted to
depolarizing responses by changing either the external or internal chloride concen-
tration of the muscle fibres. This technique, although it was not always sufficient,
was preferable to eliminating relaxation with picrotoxin perfusion, since picrotoxin
does not always perfuse properly between the muscle fibres and may affect the
condition of the muscle itself. The second problem was that in the first 40 min. of
immersion in saline the large flexor axons had the lowest threshold and so the smaller
axons could not be separately activated. However, after 60-90 min. in saline the
relative threshold changes and records like those in Fig. 1 a (third trace) were easily
obtained.

Using the above method, it was possible to investigate in detail the innervation
of the flexor tibiae muscle of the locust (Theophilidis & Burns, in preparation) and
to define the number of muscle fibres which are innervated by the same axon and
vice versa. In the same preparation, this method can be combined with intracellular
recordings of the cell bodies to provide a better and more reliable identification of
the flexor motoneurones. This method, with some modifications, can also be applied
to study the innervation of other complex insect muscles like the metathoracic flexor
tibiae (Phillips, 1980), the locust neck (Shepheard, 1973) and abdominal (Tyrer,
1971) muscles, the flexor tibiae muscle of the cockroach (Dresden & Nijenhuis, 1958)
and others.
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