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THE EFFECT OF THE RADIOSENSITIZER MISONIDAZOLE ON
MOTOR NERVE CONDUCTION VELOCITY IN THE MOUSE
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Summary.-The clinical use of misonidazole as a hypoxic cell radiosensitizer is
at present limited by its neurotoxicity at high doses (Urtasun et al., 1977; Dische et al.,
1977). An in vivo neurological end point, viz. measurement of inerve conduction velocity,
has been developed to examine sensitizer action. Conduction velocity in mice was
measured as a function of time after a single dose of misonidazole and as a function
of drug dose. Doses greater than 0-33 mg/g produced significant transient reductions
in velocity. The time course of the reduction in velocity closely followed the uptake/
excretion profile of misonidazole from blood serum.

THE in vitro sensitizing efficiency of
many nitroaromatic compounds has been
correlated with reduction potential (Adams
et al., 1976a). Also, chronic aerobic cyto-
toxicity shows a similar correlation
(Adams et al., 1976b). In vivo, reduction
potential will certainly play the dominant
role in determining radiosensitizing effi-
ciency. However, other parameters, such
as lipophilicity, which determines the rate
of uptake and excretion of a compound
might profoundly influence the chronic
effects on the host. Therefore, in the
development and evaluation of potential
sensitizers for clinical use further in vitro
and in vivo end-points are required to
determine the efficiency of any particular
compound.

Clinical trials being conducted on the
radiosensitizer misonidazole report an
enhancement of tumour radiation response
which corresponds well with predictions
from in vitro data (Dische et al., 1977).
However, the dosage of drug which can be
administered and, therefore, the enhance-
ment achieved is limited by the neurologi-
cal effects of the drug in man. This limita-
tion has stimulated the development of an

in vivo neurological assay for investigating
sensitizer action in an experimental animal.
Changes in nerve conduction velocity
(NCV) were investigated as an index of the
neurotoxic action of misonidazole.

MATERIALS AND METHODS

The sciatic nerve and soleus muscle of 6.
week-old male CBA mice were exposed under
penthrane anaesthesia and NCV in the sciatic
nerve was determined using the soleus muscle
as a detector of nerve impulses. The nerve
was stimulated sequentially at two different
locations and the muscle responses as well as
the distance between the stimulation points
(-10 mm) were recorded. This distance
divided by the differential stimulus-response
time delay gave a value for the conduction
velocity of the nerve. This technique elimina-
ted delays in the muscle and in the neuro-
muscular junction. Precise location of the
stimulation points was obtained by using
drawn glass micropipettes, filled with potas-
sium chloride solution and with tip diameters
of the order of 2 ,um. The resistance of the
electrodes was 1-3 MO; the capacitance at
the electrode tip was approximately 10 pF.
The electrode thus acted like a low pass filter
with a time constant of approximately 20 ,us.
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FIG. 1. Block diagram of experimental set-up with typical waveforms. CMOS ICs were used in the
timing sections. The signal amplifier has a variable gain (10-1000). The comparator switches when a
threshold level is exceeded and resets a bistable circuit to obtain the stimulus response delay.

Pulse widths of 20-30 ,ts were used so that the
maximum charge deposited on to the nerve
fibre was 1-5 nC. High-amplitude short pulses
were used to reduce any second order errors
which might dominate when measuring
differential time delays of 200,uts. The
recording of the muscle response was achieved
by detecting the local muscle action potential
with a platinum electrode. Changes in this
potential were fed to a high-input impedance
(>1012 Q) F.E.T. low-noise pre-amplifier
situated close to the recording electrode. Both
stimulation and recording were performed
using an unbalanced circuit configuration
with the surrounding tissue and body fluid
earthed. The remainder of the equipment
consisted of battery-operated electronics for
the generation of the stimulus and the
processing of the response signal (Fig. 1). The

response was recorded on a storage oscillo-
scope or photographically and a typical
response is shown in Fig. 2.
NCV is temperature-dependent, and all

values reported in the present work were
corrected to a standard temperature of 25°0.
The temperature coefficient of the conduction
process was determined over the range 23-5-
27.50, which required correction factors
between 1 07 and 0-89 to be applied.

RESULTS

Each experimental animal was subject
to about ten successive determinations of
NCV and the mean NCV from 12 un-
treatedmicewas29-2+ 1P0 m. s-l. Following
i.p. administration of 1 mg/g misonida-
zole, NCV fell to 21-6±1-1 m. s-1 I h
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FIG. 2.-Typical response recording using Tektronix 7844 dual beam scope with 7B85 and 7B81 time
bases. The top two traces are the muscle responses after sequential stimulation; the bottom traces
show the onset of the responses (bright portion of top trace). The bottom read-out shows the
stimulus-response delay.
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FIG. 3.-Nerve conduction velocity at different times after an i.p. injection of 1.0 mg/g inisonida-

zole (solid line) and serum level of misonidazole after 1 mg/g i.p. injection (dashed line). Error bars
represent ± 1 s.e. mean.
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FIG. 4.-Nerve conduction velocity plotted as
a function of the dose of misonidazole
administered (mg/g) and tested 1-5 h after
injection of drug.

after injection (Fig. 3). Reduction of NCV
to this level persisted for 1 h and then
recovered over the next 4 h reaching the
normal value 6 h after injection. The time
course of this effect showed a similar time
profile to that of the serum concentration
of the drug, which is shown in Fig. 3 for
comparison (Flockhart and Sheldon, un-
published data).

Fig. 4 shows NCV plotted as a function
of drug dose. NCV fell progressively as the
dose of misonidazole was increased from
0 33 mg/g; at the highest dose NCV was
reduced to 20 7i 0 5 m.s -1.

DISCUSSION

Clinically the neurotoxicity of misoni-
dazole first manifests itself as peripheral
neuropathy. Misonidazole is not alone
among potential hypoxic cell radiosensi-
tizers to exhibit this effect. The nitro-
furans, nitrofurantoin and nitrofurazone,
and the 5-nitroimidazole, metronidazole
which have been used as chemotherapeutic
agents, have produced peripheral neuro-
pathy after chronic high dose administra-
tion (Le Quesne, 1975; Coxon and Pallis,
1976).

Peripheral nerve damage has been
observed in rats after administration of
Nitrofurantoin (Klinghardt, 1967) and
particularly relevant to the present work

is the finding that NCV was reduced in
man after Nitrofuran treatment (Honet,
1967; Toole et al., 1968). We have shown
that administration of misonidazole can
reduce NCV in mice. This occurs after
single doses greater than 033 mg/g, but
this is a higher dose than could be used in
man; therefore, experiments are under
way to determine whether reduction in
NCV can be observed after chronic low
doses to mice, a regime which would be
more relevant to the clinical situation.
Nerve conduction velocity can be re-

duced by exposing larger areas of fibre at
the firing nodes or the formation of more
nodes through removal of parts of the mye-
lin sheath. However, this is unlikely to
account for the observed reduction in
NCV since the effect is reversible. It is
more likely that misonidazole invades the
myelin sheath, so causing a change in the
conductance and/or capacitance of the
myelin which would alter its effectiveness
as an electrical screen. This hypothesis
might be tested by comparing the effects
of drugs of differing lipophilicity, a para-
meter yet to be fully evaluated in vivo for
determining the efficacy of any particular
drug as a clinical hypoxic cell radio-
sensitizer.

We thank Roche Products Ltd., for providing the
misonidazole.
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