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ABSTRACT

Partial denervation of a shared target tissue leads to 'collateral'

sprouting of the remaining'nerve fibres supplying the same region. The

mechanisms responsible for this widespread pheno~enon are unRnown.
~ , . \

but it has generally been believed .that products from the degenerating---- , / .'

fibres constitute the sprouting stimulus. ' Recently it was shown that

a similar sprouting of intact nerves occurred in the salamander hind

limb when the aioplasmic transport in one ·of the neighbouring nerves
I •

. was blocked by colchicine.1 This block did not. however. appear to

interfere with the functioning of the treated nerve. On this evidence

it was proposed that nerves release factors. 'which are concerned in the.

regulation of their peripheral fields. The experiments of this thesis

,test this hypothesis further. In.particular thls study quantitatively

examines the organization of the cutaneous mechanoreceptors of the

s~lamander hindlimb. and the effects of various nerve, treatments on

this organization.

A mechanical prodder of 10-50~ tip diameter was used to determine

the 'sensory threshold of the skin at selected spots. The mechanoreceptors

wer\found to be all rapidly-adapting. An analysis of the distribution

of their thresholds across the·skin.points to the existence of a single

population of mechanosensory endings of similar threshold which are

fairly uniformly distributed in the plane of the skin. A simple model,

based on the results. indicates that these receptors have receptive field

sizes of about 50~. and are spaced approximately 150-200~ apart. Direct
iii

I



/

inspection of data from systematically surveyed skin ,areas gave findings

which' were consistent with these estimates •. These quantitative results

made it possible to establish that the blocking of fast axoplasmic

transport does not affect the sensitivity or distributio~ of the individual

mechanosensory endings of the treated nerve. Nevertheless new sprouts

appeared frOm the adjacent nerves, and it seemed.t~at ther~ was a tendency

for these to grow preferentially to the site of the still-functioning
. I

endings of the treated nerve. Most significantly, after partial denervation

of the skin,the number of newly sprouted endings quantItatively matched

the number of endi ngsl os t by nerve section.

It was concluded that there is a control mechanism which

continuously regulate the density of the skin .innervation. This control

system probably involves the ,mutual interaction of substances continuously

secreted from the target tissue, which cause nerves to sprout, and factors. '.
released from the nerve endings which offset the effects of the growth

stimulus. The nerve field density reflects an equilibrium state between

the neural and tissue influences.
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SU~RY. "

1. 'The major objective of this thesis was\to study the mechanisms, ' , .

responsible for collateral sprouting of nerves after partial denervation.

The particular hypothesis investigated was that nerves a~ stimulated

, ".to sprout by growth substances released from the target tissue, and

"that this growth stimulation is offset by factors transported along

the nerves and released fro~" their terminals. Removal of these neural

factors (by nerve section) resul~s in a" rise;of target fa.ctors until

, the compensatory sprouting is sufficient to balance them out agarn.

/"
2. The experimental preparation was, the sensory innervation of the

( hindlimb skin in the salama~der. The study aimed at a quantitative

description of collateral sprouting, and this required the investigation

of the organization of the mechanosensory axonal fields, and of the

distribution"of the individual mechanorecep'tors in the skin. By

selectively stimulating points on the skin with a lOp diameter prodder
I " "

while simul~aneously reco~ing from the segmental nerve trunks it was

possible to activate single sensory units. All units were rapidlj(

adapting; ,there appears to be" no slowly adapting mechanoreceptors in

the salamander skin.

3. An occlusion technique involving two separate prodders was used

to map ,the recepti ve fi e1<Is of i ndi vi dua1 axons. Thi s method di d not

require dissectirig down the segmental nerves, into single units, and

I
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so facilitated the,mapping of adjacent axonal fields. Each axon

,appeared to innervate its own territory of skin with,only a little

overlap of the nei.ghbouring fields (i.e. there is a mosaic, . , -

organization); these axonal fields ranged from 0.5 mm2 'to 4.0 mm2 in

area.

;' 4. The distribution of mechanoreceptors in the skin was investigated
~

by making a random survey of the sensttivity of the skin to point '

mechanical stimulation. Points in the highest sensitivity range for

tou'! were located most often, and points needing the highest' strength

of s)imuli were located leas~,often. When the detai1e~~PHstributi~n

of sensitivity, of the skin ~as analyzed, b~th by theoretical and by

experimental means, the results strongly suggested-that the~~,

, in fact only one population of mechanoreceptors in the skin. These

receptors are uniformly distributed throughout the skin, area and

their thresholds are fairly cOnstant. ranging from 0.5 \1/msec to 1.0 \1/msec_
, ,

The receptive fields of these receptors were estimated to be 50\1, in

radius, and they are. spaced approXimately 150-200\1' apart. These, values
. ' .-

agreed with ones based on inspection' of the thresholds obtained in

systematic surveys of all spots in selected areas of skin.

5.; In previous experiments adjacent nerve sprouting was shown to

occur after blocking fast axoplasmic transport in salamander nerves by

treating the nerves With ,colchicine. ThiS finding prompted the formulation

of the hypothesis for coll~tera1 sprouting mentioned above. The

possibility that the colchicine block caused 'a scattered degeneration




















































































































































































































































































































































































