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A pilot trial of dextromethorphan in amyotrophic
lateral sclerosis
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Erik Stalberg, RolfWuopio

Abstract
Assuming the presence of glutamate-
induced neurotoxicity in amyotrophic lat-
eral sclerosis 14 patients were treated with
dextromethorphan, an N-methyl-D-as-
partate receptor antagonist. The patients
were treated with 150 mg dextromethor-
phan or placebo daily for 12 weeks in a
double-blind crossover trial, with a wash
out period of 4 weeks between the two
treatment periods. Thereafter the surviv-
ing patients were treated with 300 mg
dextromethorphan daily for up to 6
months in an open trial. No positive
effects on clinical or neurophysiological
parameters (relative number of axons,
and compound muscle action potentials in
the abductor digiti minimi muscle) were
observed either in the double-blind trial
or in the open trial.

(7 Neurol Neurosurg Psychiatry 1993;56:197-200)

In recent years neuroexcitotoxic mechanisms
have been suggested as possible causes both for
sporadic amyotrophic lateral sclerosis (ALS)1
and for the Guamanian form of ALS and
Parkinson's dementia.2 The hypothesis by
Plaitakis3 suggests that a generalised defect in
excitatory amino acid metabolism in ALS may
render a select group of neurons vulnerable to
excitatory amino acid-induced neurotoxic
damage because of their unique neuronal
properties and the neurochemical character of
their connections. Glutamate metabolism has
been reported to be altered in ALS,4 5 it has
been suggested' that increased levels of syn-
aptic glutamate could lead to pure excitation
and degeneration of the motor neurons.
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Plaitakis et al,' who carried out a pilot trial of
branched chain amino acids in ALS based on
the theory that these amino acids might modify
glutamate metabolism, have reported bene-
ficial results from this treatment.
A subtype of glutamate receptor, the N-me-

thyl-D-aspartate (NMDA) receptor, is thought
to play a crucial role in glutamate-induced
neuro-toxicity and it has been reported that
specific antagonists to this receptor can exert
protective effects against experimental neu-
rodegeneration in which neuroexcitotoxic
mechanisms have been implicated.7

In view of the hypothesis and findings
mentioned above it seemed reasonable to
examine whether dextromethorphan, an
NMDA receptor antagonist,89 has any bene-
ficial effect in ALS.

Material and methods
Patients
Fourteen patients with ALS were included in
the study, which was approved by the Ethics
Committee of the Faculty of Medicine, Uni-
versity of Uppsala. The diagnosis was based on
clinical findings and electro-myography
according to the criteria developed by the
World Federation of Neurology Subcommittee
on Motor Neuron Disease.'0 All patients
except two were ambulatory. Six patients had
swallowing difficulties and four patients had
respiratory symptoms. For patient data see
table.
Three patients died during the study

because of respiratory complications due to
their ALS. Patient 2 died after four months of
participation in the study, in her second week
on dextromethorphan medication. Patient 12
died after 10 weeks of treatment with placebo

Table I Characteristics of patients treated

Initial scores
Patient Duration
Number Sex Age Type (years) Bulbar Spinal Norris Muscle function tested*

1 M 50 mainly upper motor neuron involvement 2-5 7 98 42 A left, H right, H left
2 F 74 bulbar symptoms predominant 1-5 4 115 82 A left, E left, N right
3 F 47 mainly lower motor neuron involvement 5 0 15 118 92 H left,W right,W left
4 F 79 bulbar symptoms predominant 0 5 5 112 87 H right, H left,W left
5 M 61 mainly lower motor neuron involvement 1-5 15 119 93 H right, H left,W left
6 M 59 mainly lower motor neuron involvement 1-5 15 86 80 A right, H left, N
7 F 80 bulbar symptoms predominant 0 5 4 126 87 A right, E right, H left
8 M 58 mainly lower motor neuron involvement 3-0 15 62 60 E left, N left,W right
9 F 47 mainly lower motor neuron involvement 1-5 15 128 97 N,W right,W left
10 F 64 bulbar symptoms predominant 1.0 11 117 84 N,W right,W left
11 F 61 mainly lower motor neuron involvement 2-0 15 108 88 E left, H right,W left
12 F 73 bulbar symptoms predominant 1.0 10 127 89 E left,W right,W left
13 F 47 mainly lower motor neuron involvement 0-5 13 116 92 H right, E left,W left
14 M 69 mainly lower motor neuron involvement 1 0 15 114 73 A left, H right, N

Maximal values 15 130 100
*A = abduction of the arm; E = flexion of the elbow; H = flexion of the hip; N = flexion of the neck; W = extension of the
wrist.
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and patient 14 died after taking part for four
months in the trial in his second week on
dextromethorphan. Dextromethorphan had to
be withdrawn in one patient (11) after only
three days of medication because of pro-
nounced dizziness and nausea.

Drug trial
Dextromethorphan mixture (3 mg/ml) and
tablets (30 mg) were manufactured by Leo
(Malmo, Sweden) who also prepared the
placebo mixture. The effects of 150 mg dex-
tromethorphan daily for 12 weeks were studied
in a double-blind cross over trial. The rando-
misation was organised by the hospital phar-
macy. Half of the patients started with
dextromethorphan and half with placebo. Each
patient was given 150 mg dextromethorphan
mixture (30 + 30 + 30 + 60 mg) per day for 12
weeks and then placebo for the same length of
time or vice versa. There was a "wash-out"
period of 4 weeks between the courses. The
effects of 300 mg dextromethorphan daily for
3-6 months were then studied in an open trial.
Directly after termination of the double-blind
study, the patients were given 300 mg dex-
tromethorphan daily as tablets or mixture (60
+ 60 + 60 + 120 mg).

Clinical parameters
The neurological rating of the patients' status
included the Norris score" and a bulbar and
spinal score according to Plaitakis, et al.' The
maximum values of the Norris and spinal score
are 100 and 130 respectively and a score less
than 60 and 90 respectively generally implies
that the patient is severely disabled. The
maximum value of the bulbar score is 15 and a
bulbar score of 10 or less generally implies that
the patients have pronounced problems both
with speech and swallowing. The maximum
isometric strength of three moderately affected
muscles in each patient (table) was quantified
using a myometric technique (Penny and

0 1 2
Months

Figure 1 Changes in ALS scores during treatment with dextromethorphan (D) and
placebo (P) in the double-blind trial. N = Norris score, B = bulbar score, S = spinal
score. Means and standard errors are shown

Gilles Transducers, UK). 2 The mean of three
maximum values of each muscle function was
chosen. In the double-blind trial the para-
meters above were tested immediately before
and at the termination of each treatment
period (for example, after 12, 16 and 28
weeks). In the following open trial the patients
still participating were tested every third
month. The test results at the start of each
treatment (0, 16 and 28 weeks) were used as
baseline values for the respective treatment
period.

Electrophysiological methods
The effects were assessed using two electro-
physiological methods. Firstly, compound
muscle action potentials (CMAP), obtained
after maximal nerve stimulation, were recor-
ded over the abductor digiti minimi (ADM)
muscle using standard silver cup electrodes.
Amplitudes were measured peak to peak.
Secondly, the number of axons was estimated
using our PC based modification of the McCo-
mas technique."3 14 The evoked muscle
response from the abductor digiti minimi
muscle was recorded using the same electrode
montage as for the CMAP recordings. The
Ulnar nerve was stimulated with surface elec-
trodes at the wrist, using 0 -1 ms square wave
pulses of gradually increasing strength. The
evoked muscle response increased in steps,
each considered to reflect a single motor unit,
that is, one axon. The computer subtracted the
previous CMAP from the accepted new one,
and the shape of the new motor unit action
potential was displayed. Up to 20 units were
recorded, generating a subtotal M-response.
From information about the number of units
generating this subtotal response, its area, and
the area of the maximal M-response, the total
number of axons in the muscle could be
estimated.
The amplitude and area of the CMAP

reflect the combination of denervation and
reinnervation. Force measurements estimate
denervation, reinnervation and central drive as
a whole.
To compare the results from different

patients, we used relative values. The number
of axons and amplitudes during the study was
calculated relative to the values at the begin-
ning of each treatment period.

Statistical evaluation
Analysis of variance (ANOVA) for cross over
design was used.

Results
In the double-blind trial all patients (n = 10)
showed a decrease in spinal scores during
medication with both dextromethorphan and
placebo. Three patients showed a decrease in
bulbar scores during both treatment regimes,
while the other patients had stable bulbar
scores. Four of the patients exhibited no
change in Norris scores while the rest of the
patients showed a continuous decrease in these
scores. The changes in the mean scores are
shown in fig 1. There were no significant
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Figure 2 Changes in muscle strength (mean of the patients mzean myometric values)
during treatment with dextromethorphan (D) and placebo (P) in the double-blind tria
Means and standard errors are shown

differences in the changes in any sco

between the two treatment regimes.
In the following open trial the patients s

participating (3 months n = 8, 6 months r

6), showed a decrease in mean (SEM) spi
scores [4-5 (1-2)% at 6 months] while th
bulbar scores remained unchanged. All
these patients except one showed a me
(SEM) decrease in Norris scores [6 (2.5)0,4
6 months] during this part of the study.

In the double-blind trial the strength of
tested muscles decreased in all patients (fig
There was no significant difference betwc
the decrease during the period of treatm
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Figure 3 Changes in the relative number of axons (AXON) and in amplitudes of
compound muscle action potentials in the abductor digiti minimi muscle (AMP) durin
treatment with dextromethorphan (D) and placebo (P) in the double-blind trial. Mea;
and standard errors are shown

with dextromethorphan and that during the
period with placebo. In the following open trial
there was no significant change in muscle
strength.

In the double-blind trial the relative number
of axons, when calculated for the whole mate-
rial, decreased by 22% during treatment with

J, dextromethorphan and increased by 21% dur-
ing treatment with placebo (fig 3). The relative
value of CMAP in the ADM muscle, when
calculated on the whole material, decreased by
14% during treatment with dextromethorphan
and by 16% during treatment with placebo (fig
3). There were no significant differences in the
changes in the neurophysiological parameters
between the two treatment regimes. In the
following open trial the relative number of
axons decreased by 42% and the relative value
of CMAP in theADM muscle by 56% over a 6

n month period.
3 Dextromethorphan was withdrawn in one

patient (1 1) after only three days of medication
with 150 mg per day because of pronounced
dizziness and nausea. Patient 13 complained of
dizziness and constipation after two weeks of
medication with 300 mg dextromethorphan
per day; the symptoms disappeared after low-
ering the dose to 150 mg per day. No other

)res side effects were reported.

still
1 = Discussion
nal All neurophysiological parameters deteriorated
ieir during the study except during placebo treat-
of ment where the relative number of axons

can showed an increase. This increase, which was
at not statistically significant, may be explained

by the large intraindividual variations in the
the estimation of the number of axons and other
2). shortcomings.'5 16 We are aware of those.
cen Estimation of axons has a certain variation
ent even when repeated on the same patient. Two

patients were investigated four times over a two
day period. They exhibited an axon count
range 42-85 (mean 73) and 22-32 (mean 26),
respectively. In spite of the methodological
shortcomings we still feel that the method may
be valuable as the best available method of
providing information about the number of
functioning motor units. Because of the intra-
individual variations, however, 12 weeks may
be too short a time period for demonstrating
loss of axons. Therefore, these results, although
negative, do not categorically exclude effects of
the drug.
The treatment period in the double-blind

study was rather short, but for ethical reasons
we found it difficult to treat these patients for
longer than 12 weeks with placebo. However, it
is our opinion that a longer treatment period
would not have led to a different result, as there
were no positive effects in the following open
trial. The six patients who completed the open

n study continued to deteriorate slowly even
3 after the cessation of the study in spite of

continuous treatment with 300 mg dextrome-
thorphan daily, and three of them have died
during the year of observation after the termi-

s nation of the study.
One cannot exclude that the given doses
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were too low. However, 300 mg daily, as given
in the open study, is twice the highest dose
recommended by the manufacturer and at the
time of the study we did not consider a higher
dose could be given. It cannot be determined
whether the dizziness experienced by two of
the patients was due to a morphine agonistic or
an NMDA-antagonistic effect.
The lack of any obvious effect from dex-

tromethorphan in our study does not neces-
sarily imply that the underlying hypothesis is
wrong. The process of degeneration may have
proceeded too far and the NMDA receptor
antagonistic activity of dextromethorphan in
the tested doses may have been too weak. In a
pilot study of this type there is also a risk of
type II error. However, as there were no
positive effects in any of the parameters, we
find it unlikely that the drug in the doses given
has any beneficial value of clinical importance
in the treatment of ALS. Moreover, glutamate
neurotoxicity may also be mediated by non-
NMDA receptors'7 and such mechanisms
might be involved in ALS. 9 Studies with other
NMDA receptor antagonists as well as devel-
opment of non-NMDA receptor antagonists
for therapeutic trials are desirable.

The study was supported by the NHR Foundation, Sweden,
and the Swedish Medical Research Council (No 4373). We
thank Mrs Gun Karrlander for excellent secretarial assistance.
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