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Muscle fibre excitability and resting membrane
potential in hamster muscular dystrophy
J. A. R. LENMAN AND M. TULLEY

From the Department of Medicine and Medical Physics Department, Ninewells Hospital
and Medical School, Dundee

S U M M A R Y Measurements of resting potential carried out in vivo in the dystrophic hamster
and also measurements of muscle excitability showed no difference between dystrophy and
healthy animals.

In murine muscular dystrophy, dystrophic muscle
fibres have been found to have a lowered resting
membrane potential, to give rise to spontaneous
electrical potentials, and to have an increased
excitability both to mechanical and electrical
stimulation (Lenman, 1963; McComas and
Mossawy, 1965, 1966). Reduced resting membrane
potentials have also been recorded in human
dystrophia myotonica (Hofmann et al., 1966;
McComas and Mrozek, 1968) and in limb-girdle
and facio-scapulo-humeral muscular dystrophy
(Ludin, 1970). In 1975 Harris and Ward in a
study of excised muscle from the hamster with
genetic muscular dystrophy, which was first de-
scribed in 1962 by Homburger and his associates,
found a small reduction in resting membrane
potential together with a reduced maximal rate of
rise and overshoot amplitude of the action
potentials in dystrophic muscle. In the present
study we have recorded the resting membrane
potential in vivo and also measured the excitability
of muscle fibres in the dystrophic hamster.

Methods

Genetically dystrophic Syrian hamsters originating
from the inbred strain described first by Hom-
burger et al. (1962) and bred locally were used.
Control animals were albino hamsters obtained
from the Coomberhurst Breeding Establishment
at Basingstoke. The animals varied in age from
22 to 26 weeks, and comparative measurements
were made on control animals of comparable age.
The animals were anaesthetised with pentobarbi-
tone, and the exposed muscles of the right hind
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limb placed in a bath containing Lillie's solution
at 350C. Glass microelectrodes filled with 2 molar
KCI were used to record intracellular potential
changes. To record the resting membrane
potential electrodes were used which had a
resistance of greater than 5 megohms and tip
potentials of less than 5 millivolts. Potentials were
amplified by a miniature differential DC pre-
amplifier (F. Haer) and displayed on a Tektronix
502A oscilloscope. Membrane potential was
measured using a circuit similar to that described
previously (Lenman, 1963), but the electrode
resistance was monitored continuously by a square
pulse derived from a Digitimer. Only superficial
cells were studied, and the resting potential was
determined by applying a calibrating voltage in
opposite sense to the membrane potential after
each penetration. To determine the current neces-
sary to excite the cell the fibres were stimulated
through the recording electrode using a bridge
circuit modified from that first described by
Beranek (1964) (Fig. 1). The experiments were
carried out in the soleus, gastrocnemius, and
anterior tibial muscles. At the end of each experi-
ment the animal was killed, and a sample of
muscle tissue was removed for histology. At the
same time blood was taken and the creatine kinase
level estimated by the colorimetric method
described by Hughes (1962).

Results

The resting membrane potentials and the mini-
mum current necessary to excite muscle fibres
are shown in the Table. In none of the muscles
studied was the resting membrane potential signifi-
cantly lower in the dystrophic than in the healthy
animals nor was there any significant difference
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Fig. 1 Circuit arrangements to enable stimulating current to be applied through recording electrode
(right). When bridge is balanced, potential across R2 is equal to that across RI and a potential of 2 volts
is equivalent to a current in recording electrode of SXI08 A. Upper trace on left shows action potential
from dystrophic gastrocnemius, lower two traces from dystrophic soleus. Voltage calibration for upper sweep
is 10 mm =20 volts (upper trace), 10 mm=2 volts (middle trace) and 10 mm=J volt (lower trace) so that in
the three recordings the 10 ms stimulating pulses represent depolarising currents of 12.5X IO8 A, 2.5X IO8
A, and IIX1IO- A respectively. Horizontal calibration is 10 mm=2 ms. Square wave on lower sweep of each
trace is derived from small current pulse to monitor electrode impedance.

Table Healthy and dystrophic hamster mean resting membrane potential and mean depolarising current

Animal Number of Mean resting SD SE Number of Mean SD SE
insertions potential (m V) insertions stimnulating

current
(x 10-8A)

Healthy hamster 261 73.0 7.29 0.45 52 7.81 3.58 0.49
(soleus)

Dystrophic hamster 250 75.1 8.12 0.51 53 9.54 6.10 0.84
(soleus)

Healthy hamster 270 69.4 8.83 0.54 22 9.52 4.80 1.02
(gastrocnemius)

Dystrophic hamster 307 70.6 10.73 0.61 34 11.06 4.75 0.81
(gastrocnemius)

Healthy hamster 65 67.8 6.74 0.84
(tib. ant.)

Dystrophic hamster 85 67.6 8.91 0.97
(tib. ant.)
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between the minimum current necessary to excite
the muscle between the two groups. Only for the
gastrocnemius muscle was the scatter of values
marginally wider in the dystrophic than in the
healthy animals (Fig. 2). Histological features of
the dystrophic muscles were similar to those
described by Homburger et al. (1966) and in-
cluded marked variation in muscle fibre size,
central nuclei, and chains of internally rowed
nuclei. The level of serum creatine kinase was
higher in dystrophic animals (5950 IU, SE 417)
than in control animals (1902 IU, SE 267) as
previously described by Eppenberger et al. (1964).
This is a significant difference (P<0.001) but the
absolute values are higher, as might be antici-
pated, since the blood specimens were obtained
at the end of the experimental procedure.

60-

Discussion

In this study we have not demonstrated the
lowered resting membrane potential which has
previously been recorded in several forms of
human muscular dystrophy and in murine
muscular dystrophy nor have we found the
abnormal excitability of the muscle fibres which
has been recorded in the dystrophic mouse
(McComas and Mossawy, 1966). Only in the
gastrocnemius muscle did the distribution of
membrane potentials show a slightly wider range
of values in the dystrophic than in the normal
hamster which compares with the very wide
scatter ofl values seen in the dystrophic mouse
(Lenman, 1965). In a study of excised muscle in
the hamster Harris and Ward (1975) have found
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Too Fig. 2 Distribution of membrane potentials for
healthy and dystrophic gastrocnemius muscles.
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a small but significant decrease in resting mem-
brane potential in the dystrophic compared with
normal animals. It is of interest, however, that in
that study it was found in certain of the muscles
that the lowered resting potentials were confined
to parts of muscle which had apparently under-
gone atrophy, the "apparently normal muscle"
having resting potentials within the normal
range. If these "atrophic areas" represent either
denervated or regenerating muscle our failure to
find any reduction in resting membrane potential
is difficult to reconcile with any significant degree
of denervation being present. Our animals were
considerably older than those used by Harris and
Ward and it is a!so possible, as Neerunjun and
Dubowitz (1974) have suggested, that the
dystrophic animals which in the hamster are
already affected by a relatively mild condition may
be tending to become more normal through
gradual removal of the dystrophic gene from the
gene pool by continuous inbreeding. On the other
hand, the presence of definite histological changes
in our animals and of elevated serum enzymes
would suggest that in our animals, notwithstand-
ing their limited disability, the dystrophic process
remains active. There is now abundant evidence
that a defect in cell membranes is an important
feature of muscular dystrophy (Mokri and Engel,
1975; Hull and Roses, 1976). It would appear,
however, that although resting membrane
potential and changes in membrane excitability
are a frequent finding in muscular dystrophy they
are not an essential feature of the dystrophic
process.

It is a pleasure to acknowledge the technical
assistance of Mrs Catherine Kinnear and Mrs Ann
Donald.
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