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Treatment of Heredo-Degenerative Ataxias 
with Amantadine Hydrochloride 

M.I. Botez, Simon N. Young, Therese Botez and Olga L. Pedraza 

ABSTRACT: Amantadine hydrochloride (AH) was administered (200 mg/day) for more than three months to 17 
patients with Friedreich's ataxia (FA) and to 12 patients with olivopontocerebellar atrophies (OPCA) in an open clinical 
trial. Reaction time (RT) and movement time (MT) with the right and left hand were measured before and after treat
ment. A striking improvement on both RT and MT was observed in the OPCA group (on seven out of eight measures), 
whereas in the FA patients improvement was seen only in two out of four MT measures with no improvement in RT. 
Both groups had low levels of homovanillic acid (HVA) in their cerebrospinal fluid before treatment, relative to their 
controls. However, improvement with AH was not related to HVA levels. 

RESUME: Traitement des ataxies heredo-degeneratives par le chlorhydrate d'amantadine. Lors d'une etude 
clinique ouverte, on a administre du chlorhydrate d'amantadine (CA, 200 mg par jour) chez 17 patients avec ataxie de 
Friedreich (AF) et chez 12 patients avec atrophies olivopontocerebelleuses (AOPC). Le temps de reaction (TR) et le 
temps de mouvement (TM) ont ete mesures (pour la main droite et la main gauche) avant et apres le traitement. Nous 
avons remarque une amelioration evidente autant au TR qu'au TM chez les patients avec AOPC (pour 7 sur 8 mesures), 
tandis que chez les patients avec AF I'amelioration a ete retrouvee seulement pour deux mesures du TM (sur 4) sans 
aucune amelioration au TR. Bien que les deux groupes de patients avaient des valeurs basses de l'acide homovanillique 
(AHV) dans le liquide cephalo-rachidien avant le traitement, I'amelioration avec le CA ne semble pas etre reliee stricte-
ment avec les valeurs de AHV. 
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Anatomical and behavioral neurochemical work on degener
ative disorders has led to therapies which replace or potentiate 
the function of those neurotransmitters whose neurons have 
degenerated. This approach has triumphed mainly in Parkinson's 
disease, but it has not been of any use in Alzheimer's disease. 

In a preliminary study, we found low levels of the dopamine 
metabolite, homovanillic acid (HVA), in the cerebrospinal fluid 
(CSF) of patients with both Friedreich's ataxia (FA) and olivo
pontocerebellar atrophies (OCPA).1 2 Because amantadine 
hydrochloride (AH) is known to stimulate dopamine release,3 

this finding prompted us to test AH in FA and OPCA. An 
improvement in reaction time (RT) and movement time (MT) 
was seen in three FA and two OPCA patients. In an independent 
study, Petersen et al.4 reported a beneficial effect of AH in FA 
patients in an open clinical trial. 

The aim of the present open clinical trial was two-fold: 1) to 
evaluate the therapeutic effect of AH separately in FA and 
OPCA patients using RT and MT measures; and 2) to determine 
whether the beneficial effects of AH are related to CSF HVA 
levels. 

Patients 

A neurological examination was performed independently by 
two neurologists (M.I.B. and O.L.P.). In addition to the routine 

neurological examination, in order to rule out mild parkinsonian 
rigidity, we also looked for signs of latent muscular parkinsonian 
rigidity as described by Noica and Draganesco.5 With the 
patient in a relaxed recumbent position, the examiner holds the 
patient's forearm upright; he then elicits complete and continu
ous passive flexion and extension of the wrist. After 10-12 sec, 
the subject is asked to perform a voluntary slow movement with 
another limb, as, for example, raising a lower limb in the air. 
During such a manoeuvre, increasing local tonus gradually 
inhibits passive wrist movements. This increased resistance dis
appears after the patient returns to the initial relaxed state. In our 
experience, it is the most sensitive and pathognomonic clinical 
sign of early parkinsonian rigidity.6 

X-ray-computed tomographic (CT) scans were taken of all 
patients with an Elscint apparatus.7 Those showing central (i.e. 
ventricular dilation) and cortical (i.e. cortical sulci dilation) atro
phies according to previously-defined radiological criteria, were 
excluded, so that only patients with well-delimited cerebellar 
damage underwent CSF HVA measurements. Other patients 
excluded from the study were alcoholics and epileptics, OPCA 
cases with mild parkinsonian signs, individuals with corrected 
visual acuity of less than 5/10 in one eye and subjects with car
diomyopathies and cardiac arrhythmias. 
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Hand grip strength was evaluated with the Smedley dynamo
meter;8 those who were unable to demonstrate a minimum grip 
strength of 5 kg with each hand were considered to have severe 
motor disturbances and consequently were ruled out from the 
study. The rationale for this decision was based on the fact that 
subjects with a grip strength of 5 kg and more can easily develop 
a minimum force of 5 g to press a key for RT measurements. 

The 17 FA patients (8 women and 9 men) included in the 
trial were 29.4 ± 7.5 years old (X ± SD). The duration of their 
disease was 18.4 ± 7.2 years. Treatment ranged from 1.5 to 26 
months, i.e. X ± SD = 7.9 ± 7 months. Eleven were confined to 
a wheel chair and the other six had a severe ataxic gait. All ful
filled the diagnostic criteria of Harding.9 They had a cerebellar 
syndrome involving the upper extremities. All had polyneuro
pathies and three were diabetic. All were right handed. 

The 12 OPCA patients (7 women and 5 men) in the trial 
were 45.6 ± 15.5 years old (X ± SD) and the duration of their 
disease was 19.7 ± 14.2 years; treatment ranged from 4 to 23 
months, i.e. X ± SD = 8.9 ± 6.0 months. Assessed by the classi
fication of Huang and Plaitakis,10 two had dominant form 3 
OPCA (type "S" family), four had dominant form 5 OPCA 
(associated with slow or absent ocular saccades), two had spo
radic forms, while the remaining four had a recessive form. Four 
patients had polyneuropathies. All were right-handed and all 
were ambulatory and ataxic. 

The condition of these patients was stable, and they had no 
other medical or neurological disease in evolution. No parkinso
nian signs, chorea, dysphagia, ophthalmoplegia, amyotrophy or 
sphincter disturbances were evident, in keeping with the 
absence of non-cerebellar lesions on the CT scans. In particular, 
10 of the 12 OPCA patients displayed frank hypotonia whereas 
two others had normal muscle tone. 

METHODS 

A complete history and physical examination of each patient 
was videotaped. RT and MT testing was undertaken at least two 
days before AH treatment was started. A spinal tap was also car
ried out on all patients before the initiation of treatment. All FA 
patients underwent clinical cardiological evaluation with elec
trocardiograms (ECG), echocardiograms (ECOG) and radioiso
tope ventriculography, before entering the trial. Assessment 
after treatment included a physical examination, RT and MT 
testing and, for the FA patients, clinical examination by a cardi
ologist with ECG and ECOG. All patients were hospitalized 
during the spinal tap, the clinical examinations, and RT and MT 
testing. 

All of them received 100 mg of AH per day for the first week 
and 200 mg per day thereafter. Therapy was continued for at 
least 3.5 months, with the exception of one FA patient who was 
treated for only 1.5 months because AH induced nightmares and 
gastrointestinal side-effects. At the end of the clinical trial, the 
patients answered a questionnaire concerning subjective feelings 
and side-effects of the treatment. 

Simple forewarned visual and auditory RT and MT were 
studied separately, using a Lafayette apparatus (Model No. 
63107) according to the technique of Hamsher and Benton." 
This technique allows each patient five practice trials followed 
by 18 trials of warned, simple, visual and auditory RT and MT. 
After the warning signal (a white light), there is a latency period 

varying from two to four sec. This latency period was chosen 
randomly, and all patients were tested in the same random order. 
Before the warning signal was given, the patients had to press 
the first of two keys with their index finger (a minimum force of 
5 g was required). At the end of the latency period, a second 
stimulus appeared (a red light 1 cm in diameter was placed cen
trally 1 m from the patients for the visual test, or a white sound 
of 80 decibels for the auditory test). The second stimulus was a 
signal for the patients to release their index finger immediately 
(RT), and to move it as quickly as possible to the second key 
(MT). The distance between the keys was 15 cm. The electronic 
chronometer registered RT and total time (RT + MT) in msec. 
The means and standard errors of RT and MT were calculated 
for 18 trials per patient. The following parameters were deter
mined for each hand: visual RT, visual MT, auditory RT and 
auditory MT. 

CSF was collected by lumbar puncture the day following the 
RT and MT assessments. As in previous studies,12 the procedure 
was carried out on fasting patients between 8:30 and 9:30 a.m. 
HVA levels were measured by high performance liquid chro
matography with fluorometric and electrochemical detection.'3 

CSF HVA values were compared with those of age-matched 
controls, who underwent myelograms for lumbar disc herniations. 

The protocol was approved by the Research Ethics Board of 
Hotel Dieu Hospital, and all patients gave their informed consent. 

Statistics 

The means of RT and MT measures were compared before 
and after treatment by the paired t-test. Performance in each test 
was measured separately for OPCA and FA patients. Since 
numerous tests were conducted, the initial alpha level, set at 
0.05, was adjusted according to the Bonferoni technique. The 
adjusted alpha level was 0.05/8 or 0.0063. All data were ana
lyzed after logarithmic transformation to correct for deviations 
from normality. 

In a second series of tests, pre- and post-treatment measures 
in FA and OPCA patients were compared taking CSF HVA levels 
into account. CSF HVA values below 35 ng/ml were considered 
low, while those above 35 ng/ml were deemed to be normal.12 

Three-way analysis of variance with repeated measures was per
formed, the main factors being the type of cerebellar damage 
(OPCA or FA), CSF HVA, and a repeated factor representing 
measures before and after treatment. All data underwent loga
rithmic transformation and the alpha level was set at 0.0063 
according to the Bonferoni technique. Whenever interactions 
involving the repeated factor appeared to be significant, simple 
main effects were calculated to isolate the change within each 
sub-group included in the interaction. 

RESULTS 

In agreement with earlier findings21415 the CSF HVA values 
in FA patients in comparison with their age-matched controls (X 
± SD) were 37.6 ± 17.5 versus 51.7 ± 14.4 ng/ml (p = 0.02) 
whereas in OPCA patients they were 36.1 ± 19.2 versus 54.1 ± 
19.3 ng/ml (p < 0.05) respectively. Eight of the 17 FA patients 
and six of the 12 OPCA patients had low HVA values 
(< 35 ng/ml). AH improved performance by OPCA patients on 
all but one measure (Table 1). For FA patients, an improvement 
was noted on only two measures, visual MT and auditory MT 
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with the right hand (Table 1). In the three FA and three OPCA 
patients who had been treated for more than two years, the pat
tern of response was the same, as assessed clinically. A definite 
improvement occurred in the first four months, and the patients' 
condition remained stable after that. Among all the patients 
treated, only one, who had FA, showed any deterioration. 

The second series of statistics takes the CSF HVA levels into 
account. In OPCA patients, AH improved seven out of eight RT 
and MT measures (Table 2). Although reductions in RT and MT 
occurred in OPCA patients with low HVA levels, performance 
was also improved in OPCA patients with normal HVA values. 
Improvement occurred in FA patients, but only in four out of 
eight measures. As with OPCA, it was not confined to patients 
with low CSF HVA values (Table 2). 

The following side-effects were reported in OPCA versus FA 
patients: sleep disorders and nightmares, 2 (17%) versus 4 
(23.5%); constipation and nausea, 1 (8%) versus 2 (12%); 
weight loss, 4 (33%) versus 1 (6%). Finally, a bizarre sensation 
of heavy legs and stiffness of the legs were noted in only 5 
(29%) FA patients. No cardiac arrythmias were recorded. Only 
one patient stopped treatment. This was a FA patient who dis
continued AH after 1.5 months. All other patients completed at 
least 3.5 months of treatment with no major side-effects. 

In general, self-evaluation of treatment on the part of the 
patients and their relatives corroborated the objective data from 
the RT and MT tests. Subjective improvement was striking in 
OPCA patients, but less evident or absent in FA patients. After 
the trial, 11 of the 12 OPCA patients and 13 of the 17 FA pati

ents asked to continue the treatment. The others abandoned AH 
therapy because of mild side-effects and minimal improvement. 

DISCUSSION 

The rationale for using RT and MT tests as objective pre- and 
post-treatment assessments in this study was two-fold: 1) previ
ous work from our laboratory has demonstrated lengthened RT 
and MT in patients with cerebellar disease;16"19 and 2) no prac
tice effects occur in RT and MT tests.20-23 RT is considered to 
be a test of cognition, measuring the speed and efficiency of 
information processing.21 In more general terms, it evaluates 
some basic cognitive operations which are involved in many 
forms of intellectual behavior.21"25 RT provides a better predic
tion of IQ than do other speed of processing tests.25 MT strictly 
evaluates effective motor function, i.e. motor abilities.11 

Four RT and three MT measures were improved in OPCA 
patients whereas in FA patients two out of four MT measures 
were improved, in the absence of improvement on RT measure
ments. Therefore, in OPCA patients, both the speed of informa
tion processing (a cognitive measure) and cerebellar motor abili
ties in the upper limbs were improved whereas in FA patients 
only some motor abilities (MT measures with the right hand) 
were improved. 

Certainly we are not able to predict the long-term duration of 
the improvement observed. By using the functional ataxia scor
ing scale (FASS), Petersen et al.4 calculated the total disability 
score before and after AH treatment in 16 FA patients in an 
open clinical trial. The mean percent improvement of the total 

Table 1: Effects of AH Treatment 

Variable 

OPCA patients (n=12) FA patients (n=17) 

Pre-treatment 
X (msec) ± SD 

Post-treatment 
X (msec) ± SD 

Pre-treatment 
X (msec) ± SD 

Post-treatment 
X (msec) ± SD 

VRT-R 
VRT-L 
ART-R 
ART-L 
VMT-R 
VMT-L 
AMT-R 
AMT-L 

469.8 ± 126.3 
516 ±330.5 
353.9 ±131.5 
420.7 ±281.9 
608.0 ±241.2 
773.3 ±492.2 
513.0 ±241.9 
592.0 ± 330.5 

423 ± 167.5 
407.1 ±149.5 
313.6 ±130.3 
308.3 ± 156.8 
477.3 ±274.1 
543.2 ± 294.6 
439.3 ±251.6 
505.5 ±377.9 

5.72 
3.39 
4.83 
6.49 
6.91 
3.23 
2.41 
1.75 

<0.001 
0.006 

<0.001 
<0.001 
<0.001 

0.008 
0.037 
NS 

432.9 ± 173.9 
454.8 ± 206.8 
357.6 ± 126.1 
374.2 ± 147.9 
860.9 ± 633.9 
910.4 ±595.6 
802.4 ±515 
795.8 + 544.8 

406.3 ±121.9 
447.9 ±185.7 
359.8 ±122.7 
308.3 ± 156.8 
701.1 ±494.3 
789.9 ±580.8 
638.8 ±368.6 
752.5 ±478.8 

.96 

.32 
-.18 
1.67 
2.59 
1.51 
2.70 

.88 

NS 
NS 
NS 
NS 

0.02 
NS 

0.016 
NS 

VRT-R, VRT-L = visual reaction time with the right and left hand respectively. 
ART-R, ART-L = auditory reaction time with the right and left hand. 
VMT-R, VMT-L, AMT-R and AMT-L = visual movement time with the right and left hand and auditory movement time with the right and left hand 

respectively. 
NS = not significant 

Table 2: Effects of Amantadine on Reaction Time and Movement Time in OPCA and FA Patients; Relationships with CSF HVA Values 

Groups of patients Variables* 

VMT-R 
VMT-L 
AMT-R 
AMT-L 
VRT-L 

ART-R 
ART-L 

Pre-treatment 
means in msec. 

775.1 
869.5 
703.7 
727.1 
615.3 

369.5 
436.9 

Post-treatment 
means in msec. 

619.6 
698.2 
567.0 
683.1 
435.5 

321.5 
318.8 

P 

0.001 
0.003 
0.001 
0.036 
0.001 

0.001 
0.001 

OPCA and FA patients 
with both low and 
normal CSF HVA levels 

OPCA patients with 
low CSF HVA values 
OPCA patients with low 
and normal CSF HVA levels 

*The abbreviations are the same as in Table 
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disability score was 29.5% whereas for ambulatory patients 
alone it was 45%. It is difficult to compare our results confined 
to the upper limbs with those obtained by using the FASS. We 
believe, however, that the beneficial results are less pronounced 
than those reported by Petersen et al.,4 who administered 300 
mg/day of AH, a dosage we never used. 

As in all open level studies, we could expect a placebo effect. 
However, all improvements noted in this trial cannot be ascribed 
to a placebo effect for the following reasons. RT and MT are 
sensitive measures and normally do not improve without some 
specific reason. The method of assessment does not induce prac
tice effects.20-23 In a double-blind comparison of folate and thi
amine versus placebo, 17 epileptic patients who received four 
months of placebo treatment showed no reduction of RT and 
MT over t ime.2 6 Many of them declared that they were 
improved (i.e. less fatigued, better memory) because they were 
taking "vitamins" but RT and MT were virtually unchanged. 

Parkinsonian features could be encountered in different 
forms of OPCA syndromes27-29 except form 5 (with slow eye 
saccades).30 None of our patients had an extrapyramidal syn
drome. In OPCA patients with parkinsonian signs, AH has been 
used mostly in combination with levodopa with mild to moder
ate beneficial results.29 There have been no extensive studies 
reported in the literature on the administration of AH alone in 
OPCA patients with or without parkinsonian signs. The benefi
cial results in our OPCA patients cannot therefore be attributed 
to an eventual improvement of parkinsonian signs. The antiviral 
effect of AH is unlikely to be involved in the response of cere
bellar ataxia patients. However, AH also increases rat brain 
acetylcholine and GABA levels.31 The GABA transaminase 
inhibitor, gamma-vinyl GABA, has no effect in OPCA and FA 
patients,32 and lecithin, a precursor of acetylcholine, is not bene
ficial in FA.33 Dopaminergic mechanisms probably play a role. 
HVA levels are low in both FA an OPCA patients, and AH is 
known to release dopamine from neurons.3 The mechanism of 
the decline in dopamine metabolism is unknown, but may result 
indirectly from neuronal degeneration at distal sites. Two 
ascending neurochemical pathways originating from the cere
bellum have been clearly demonstrated.34 The fastigial nucleus 
sends ipsilateral fibres to the locus ceruleus, the source of the 
ascending noradrenaline pathway. The interpositus and dentate 
nuclei send contralateral fibres at the level of the brachium con-
jonctivum to dopamine-rich areas, including the nucleus ruber, 
dorsal ventral tegmentum, substantia nigra and nucleus interpe-
doncularis. Projections from the substantia nigra enter the neo
striatum and pass from there to the frontal cortex. 

Interactions between the cerebellum and dopaminergic neu
rons may help to explain why OPCA patients respond better 
than FA patients to AH. In OPCA, the lesions include cell bod
ies in the cerebellum, and therefore interactions between dam
aged neurons and dopaminergic pathways may be direct. In FA, 
the lesions are mainly spino-cerebellar, and thus interactions 
between the affected site and dopaminergic neurons are more 
indirect. 

Degeneration of the substantia nigra has been reported in 30-
60% of autopsied cases of different forms of OPCA;27-29 how
ever, this degeneration occurs in later stages of the disease28 and 

could not be accompanied by parkinsonian features.30 We 
believe that in both OPCA and FA patients, motor improvement, 
as measured by MT, is definitely at the cerebellar level for three 
reasons: i) there is clinically an improvement of motor coordina
tion; none of our patients had parkinsonian rigidity; ii) in FA, 
there is no anatomical degeneration of the substantia nigra; iii) 
the deficit of CSF HVA levels is present in both FA and OPCA 
patients and it is even more pronounced in FA. Concerning the 
RT improvement limited to OPCA patients, we believe that it is 
due to the improvement of AH by cerebello-nigra-striatal-cortical 
dopaminergic pathways function, without however ruling out 
microscopic lesions of the substantia nigra not seen on the CT 
scans of our patients having no clinical parkinsonian signs. 
Studies on experimental animals strongly support the close rela
tionship between dopaminergic mechanisms and RT perfor
mance;35-37 on the other hand, experimental, well-delimited 
cerebellar lesions in monkeys result in a lengthening of RT 3 8 3 9 

Although the effect of AH on dopamine release3 may explain 
some of its therapeutic actions, it is not the only factor involved. 
Glutamate is another possible neurotransmitter that must be con
sidered. Our hypothesis is based on three groups of facts. First, 
anatomical correlates of glutamate toxicity in OPCA have been 
emphasized and documented by Huang and Plaitakis.10 Decreased 
glutamate catabolism at the nerve terminals results in an 
increased accumulation of the amino acid released during exci
tation at the synaptic cleft; this could directly cause a degenera
tion of postsynaptic neurons. Thus, Purkinje cells that receive 
glutamatergic innervation by granule cells (parallel fibres) could 
degenerate in OPCA patients through this mechanism. The dete
rioration of granule cells and olivopontocerebellar fibres could 
be due to transneuronal degeneration secondary to the degenera
tion of Purkinje cells.10 

Second, the neuronal damage associated with neurodegenera
tive disorders may be related to excitation of N-methyl-D-aspar-
tate receptors.40 In particular, Henneberry et al.41 demonstrated 
that the neurotoxicity of glutamate and closely-related agonists 
is mediated by NMDA receptors in rat cerebellar granule cells. 

Third, memantine, an analog of AH, is a potent blocker of 
NMDA receptor channels.4243 We believe that AH's action on 
NMDA receptor channels provides a second explanation of the 
clinical improvement observed in our cases. This action is exerted 
strictly at the cerebellar level and may also explain why the 
improvement is more pronounced in OPCA than in FA patients. 

Further double-blind clinical studies and simultaneous experi
mental investigations are needed to explore a more comprehen
sive replacement therapy in heredo-degenerative ataxias. 
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