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Summary. Spontaneous sproutings can be observed in 
end plates from normal adult vertebrate muscles and 
motor end plates develop increased growth signs and 
sprouts when target muscle cells become less active or 
paralysed. Nevertheless, very little is known about 
where in the motor nerve terminal arborization 
spontaneous and experimentally induced sprouts 
originate, their similarities and differences and also 
about their final maturation or elimination. In this study 
we investigate the topological properties of both 
spontaneous and alpha-bungarotoxin-induced sprouts 
(during different periods of intoxication and after 
recovery) along the motor nerve terminal branches of the 
Levator auris longus muscle of Swiss mice (between 48- 
169 day old). 

Muscles were processed for immunocytochemistry 
to simultaneously detect postsynaptic AChRs and axons. 
This procedurk permits us to make an accurate 
identification of the fine sprouts and a morphometric 
study of the presynaptic branching pattern profile in 
control muscles, during the toxin action and after 
recovery from paralysis. 

The results show that in normal muscles, the initial 
and trunk segments (those between branch points) of the 
terminal arborization sprouted proportionally more 
branches when taking their relative lengths into account 
than the distal free-end segments. In contrast, every 
micrometer of alpha-bungarotoxin-treated muscles 
throughout the full terminal arborization have the same 
probability of generating a sprout. Moreover, the toxin- 
induced sprouts can consolidate as new branches once 
recovered from the paralysis without changing the total 
length of the nerve terminal arborization. 
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Introduction 

In the neuromuscular synapses of adult mammals, 
the motor nerve terminal and the corresponding 
postsynaptic muscle membrane can form a very stable 
and lasting junction in normal conditions (Lichtman et 
al., 1987; Balice-Gordon and Lichtman, 1991). Never- 
theless, the motor nerve endings continuously change 
their shape on the micrometer scale (Hill et al., 1991; 
Robbins, 1991) and these ongoing movements would be 
the substrate for more intense synaptic plasticity and 
remodelling in response to altered use, ageing or 
changes in locomotor functional demands (Brown et al., 
1981; Rosenheimer, 1985; Andonian and Fahim, 1987; 
Tomas et al., 1989; Deschenes et al., 1993). 

Motor nerves retain the ability to sprout throughout 
adult life (Diamond et al., 1976). The existence of some 
motor nerve terminal sprouting, in otherwise normal 
adult muscles, has been known for many years (Tello, 
1917; Ram6n y Cajal, 1929; Barker and Ip, 1966; 
Tuffery, 1971), and is generally interpreted as being part 
of normal activity-dependent remodelling (Betz et al., 
1980; Wernig and Herrera, 1986; Connor and Smith, 
1994) and ageing (Robbins and Fahim, 1985; Andonian 
and Fahim, 1987; Cardasis and LaFontaine, 1987) or 
simply due to microtrauma in nerves or muscles (Wernig 
et al., 1991). Nerve terminal sprouting can also be 
induced to a greater extent in different experimental or 
pathological conditions. For instance, drug- or toxin- 
induced paralysis of the muscle by a pre- or postsynaptic 
mechanism is always followed by a sprouting reaction of 
the motor nerve terminal branches (Brown et al., 1981). 
The nerve terminal sprouts have the molecular 
machinery for nerve evoked calcium-dependent 
acetylcholine release (Juzans et al., 1996) and also for 
calcium-independent 'exocytosis ( ~ n ~ a u t - p e t i t  et al., 
1998). 

In the present work we have studied the 
morphological adaptations of the mouse motor nerve 
terminals to a decrease in muscle cell activity after a 
toxin-induced paralysis with alpha-bungarotoxin (a-btx). 




















