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ABSTRACT'

.....

The

.
'The studies ·that .~ake up this thesis have been'

.
des i 9ne.d to des c rib e and a ~ a 1yset he c han 9e sin musc 1e..
act- ion ,.. pot e nt'i a1s as'S 0 cia ted ,w it h musc u 1arae t i v i t Y •

i nit i alexper i me Q..t 5 we r e' cit r r i ed., 0 uti n hum a n mu S'C 1e to

examine chan~es in the muscle compound act~on potential (M­

wa.v.e) during both stimulate'd and. voluntary activ.ity. It

was fo'u'nd that the M-wave increased in' amplitude .either

during or following either type of activity, and that this

.increasein M",wave, amplitude could not be explained by

either a movement artefa'ct or a greater synchronization of-
action potential firing. I t was hypothesized that the

potentiation of the M-wave was due to a hyperpolarization

oft hem u's c 1e fib remembra n~ _ whie h was inc rea sin g the

amp.litude of the individual fibre action potentials.

Experim~nts were then conducted on rat soleus muscle (in

vivo) in order to measure changes in resting membrane and

action' potentials associated with contractile activity.

After 5 m-in of intermittent tetanic stimulation at 20 Hz,

the mean ~esting membrane potential increased from a

baseli Ii e v-a l'ue 0 f .' 79 . 5 + 4. 8 .mV t 0 a mea n ma x i mum 0 f - 9 2 . 6... -

±., 4.-2 mV 3-6 min post-stimulation (p<.Ol):' There w,a s a

cor r es'p 0 ndinginere a s e in· act ion pot e n t i a 1 amp 1 i t ude; i .t

rose from a resting val.ue of 82.2 + 10.8 mV to 98.1 ±. 7.8

mV' in the 'recoV'ery p~rio~ (peOl): It was hypothesized

that ircreased ac~i~ity of the electrogenic Na+-K+ pump was
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.caus i ng the hyperpo1ari zat ion. A seri es of' experi ments
. . . .'

utilizi~g~ inhibitors of ,the Na+-K+ pump ,we~~ then
-conducted; it was found that the admi~ist~ation of ou~bain

, ~,

' .. (1~'25 -~ 10- 4M),- cooling the bathing medium (~rom 3-7°C' to

19?C) or removal of' extracellular K+ prevented the

hyperpola~ization following repetitive stimulation (p<.OS).

The magnitude of the 'electrog~n~c contribu~ionof t~e Na+·

K+' pump was then estimated by exposing stimulated muscle

fibres to a high K+ (20 mM) medium. Whil e in the con,t ro 1
,

( u'n s f i mu1ate d) condition this caused an immediate
.

depolarization of . the musc)e fibre membrane to

approximately -58 mV, stimulated fibres maintained membr~ne

potentials of -79.5 mV (± 8.6 mV) for at least 3 min, which

was approximately ~30 mV greater than that predicted by the
I.,'
.-:."

Goldman-Hodgkin-Katz (GHK) equation. It is concluded that

the Na+-K+ pump plays an important role in maintaining

muscle fibre excitability during muscular activity, which
\-

is additional to its role in the restoration and

maintenance of ionic gradients for Na+ and K+. The

t~mporary hyperpolarization of the muscle fibre membrane

during increased Na+-K+ activity ?ffers an explanation for

the potentiation of muscle compound action potentials

observed during voluntary and stimulated contractions.

The author gratefully acknowledges support from NSERC,
MRC, and the Leman Bros. 'Muscular Dystrophy Foundation.
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