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Friedreich's Ataxia 

SUMMARY: The prospective investiga
tion of 50 cases of possible Friedreich's 
ataxia has permitted the clinical and 
biochemical delineation of the typical 
disease and an hypothesis on its 
pathogenesis. A tentative definition of 
the disorder could read: "Friedreich's 
ataxia is a progressive degenerative dis
ease always inherited in an autosomal 
recessive fashion and characterized by a 
cardiomyopathy and a ganglioneuro-
pathy with dying back phenomenon. It 
is probably secondary to a defect in the 
membrane transport of taurine and 
/3 -alanine and/or a defect in the regu

lation of pyruvate oxidation." The exist
ence of two pathogenetically distinct 
distinct entities with the same phenotype 
is a strong possibility. 

RESUME: L'etude prospective de 50 
patients possiblement atteints d'ataxic 
de Friedreich nous a permis de definir 
les composantes cliniques et biochimi-
ques de la maladie typique et meme 
d'emettre quelques hypotheses sur sa 
pathogenese. Une definition temporaire 
pourrait se lire ainsi: "L'ataxie de Fried
reich est une maladie degenerative pro
gressive toujours transmise par voie au
tosomal recessive et caracterisee par 
une cardiomyopathie et une gang-
lioneuropathie marquee du phenomene 
dit de dying back. La maladie est proba-
blement secondaire a un defaut dans le 
transport membranaire de la taurine et 
de laj3-alanine etlou a un defaut dans la 
regulation de I'oxidation du pyruvate". 
II existe une forte presomption enfaveur 
de I'existence de 2 formes pathogene-
tiquement distinctes de la maladie, 
formes se presentant avec le meme 
phenotype. 

From the Clinical Research Institute of Montreal 
and the Hopital Hotel-Dieu, Montreal. 

Reprint requests for the complete supplement on 
Friedreich's ataxia to: Dr. Andre Barbeau, Clinical 
Research Institute of Montreal, 110 Pine Avenue 
West, Montreal H2W 1R7 Quebec, Canada. 

A. BARBEAU 

INTRODUCTION 
When this prospective survey of 

50 cases of Friedreich's ataxia was 
planned, it was hoped that two main 
results would be forthcoming from 
the phase one approach: a redefini
tion of the absolute requirements for 
the diagnosis including the minimum 
constellation of symptoms and signs 
for early recognition, and a better 
understanding of the underlying 
biochemical substratum. This sur
vey is the first attempt to systemati
cally explore and record the main 
components of the clinical, paraclin-
ical and biochemical structure of 
Friedreich's ataxia. We have studied 
50 cases, of which 33 presented with 
all the cardinal features thought ob
ligatory for diagnosis by a large 
panel of neurologists. In the course 
of this survey, we have confirmed 
some facts about the disease, but in 
numerous instances our findings dif
fered from the literature or unco
vered as yet unreported biochemical 
facets. The previous papers have 
tabulated these data and should be 
consulted for details. In the present 
overview we hope to collate and 
analyze the main "lignes de force" 
and to attempt some type of sys-
tematization of the findings in order 
to outline the goals of the subse
quent phase two studies. 

The extensive literature on 
Friedreich's ataxia and its variants, 
has been reviewed in extenso by 
Tyrer (1975) and the biochemical 
aspects summarized by Lubozynski 
and Roelofs (1975). We can limit our 
discussion to the differences be
tween these reviews and the findings 
of the current survey which was 
concluded subsequent to these pub
lications. The principal findings 
from the literature, as reviewed by 
Tyrer (1975), and our own conclu

sions are given in Table 1. Some 
important points touching the clini
cal presentation, electrophysiology 
and biochemistry must be men
tioned: 

a) Clinical presentation of 
Friedreich's ataxia 

A certain number of signs and 
symptoms appear in 100% of pa
tients thought to be typical examples 
of the disease by a panel of 
neurologists. They are also the ear
liest signs and symptoms of the dis
ease. Each of these signs (ataxia of 
limbs, unrelenting ataxia, speech 
disturbances, muscle weakness, de
creased vibratory and position sense 
in the lower limbs, absent tendon 
reflexes in the lower limbs) must be 
considered a sine-qua-non for diag
nosis. Because of their early appear
ance, they are most likely to reflect 
expressions of the primary 
pathogenic defect. A physiological 
"common denominator" analysis 
would indicate that this defect must 
involve, early in the disease, the 
posterior roots, mainly in the lumbar 
region, the posterior columns of the 
spinal cord and some midline nuclei 
of the brain-stem cerebellar system. 

Other signs and symptoms, al
though frequent (more than 90% of 
cases) can be considered "progres
sive" in nature and appear later. 
This is the case for extensor plantar 
responses which are usually absent 
early in the disease when the deep 
tendon reflexes in the lower limbs 
are absent. This would indicate that 
lateral cortico-spinal tract damage is 
an extension of the disease process. 
Similarly, pes cavus and kyphos
coliosis are progressive and eventu
ally functionally limiting, but the 
course of their evolution does not 
necessarily parallel the severity of 
other aspects of the disease. In a 
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sense, the dystonic postures ob
served in the dorsal lumbar spine 
and foot regions are no different 
from those found in other disorders 
not associated with ataxia, but we 
believe they are, somehow, causally 
related to what eventually produces 
ataxia. It is important not to neglect 
the progressive nature of kyphos
coliosis because it will be responsi
ble for severe pulmonary function 
restrictions that could have been 
prevented, or at least postponed, by 
surgical corrective methods. 

Cardiomyopathy, usually in its 
hypertrophic form, is a cardinal fea
ture of Friedreich's ataxia. By one 
assessment method or another it will 
reveal itself almost from the onset of 
the disease. However, it is variable 
in its clinical and electrical presenta
tion and apparently does not parallel 
the severity of other aspects of the 
disease (such as ataxia or muscle 
weakness). Until late in the course 
of the ailment, the cardiopathy can 
remain asymptomatic. Moreover, 
hypertrophic cardiomyopathy al
though typical of Friedreich's ataxia 
and always present is not exclusive 
to that disease. It is difficult to ima
gine that the cardiomyopathy could 
be the cause of the ataxia, or the 
reverse. We believe that the two 
constant signs: ataxia and car
diomyopathy are manifestations of a 
common pathogenic defect, most 
probably inherited and biochemical 
in nature. 

Despite earlier claims to the con
trary, typical Friedreich's ataxia, in
cluding some of its variants, is al
ways inherited as a Mendelian auto
somal recessive disorder. The 
point is unexplored, but it seems that 
some hormonal factors may be ac
tive in modifying the age of onset, 
the severity and/or the expressivity 
of the illness. Women appear to 
show symptoms earlier than men, 
and often (at least in our series) have 
a more serious course, with frequent 
and severe disturbances in glucose 
metabolism. 

b) ParacUnical observations are of 
importance in the diagnosis and 
recognition of Friedreich's ataxia. 
There are a number of vecto- and 
echo-cardiographic findings which 

INTERRELATIONSHIPS OBSERVED IN 
FRIEDREICH'S ATAXIA 

"DIABETES" 

INSULIN 

CARDIO
MYOPATHY 

TAURINE BILIRUBIN 

POSTERIOR COLUMN 
DAMAGE + GANGLIO-

PATHY 

PYRUVATE 

ASPARTIC ACID 

CEREBELLAR DAMAGE 

Figure I—Possible relationships in 
Friedreich's ataxia. 

are frequent in this disease. Since 
many of these (such as the presence 
of abnormal vectocardiographic 
loops which we have called patterns 
A -f- B and A -J- C had not been 
reported before, it is too early to tell 
whether they are characteristic or 
pathognomonic of Friedreich's 
ataxia. Nevertheless, they are suffi
ciently frequent to warrant further 
investigations and observations. As 
they are noninvasive techniques we 
think both vectocardiograms and 
echo-cardiograms should become a 
standard feature of the investigation 
of ataxic syndromes and of pre
clinical detection of Friedreich's 
ataxia. 

Although electroencephalography 
has not been useful in the differential 
diagnosis of ataxic disorders, nerve 
conduction studies proved to be of 
considerable help. All typical 
Friedreich's ataxia patients show a 
complete absence of sensory nerve 
conduction (as measured by evoked 
potentials) in the lower limbs early in 
the disease with a marked decrease 
in the upper limbs. Motor conduc
tion velocities are normal or at the 
lower limits of normal. This indi
cates that the reflex arc is impaired 
by the primary pathological process 
which is most likely situated first in 
the posterior roots and ganglia of the 
lumbar region of the spinal cord. As 
will be seen, the biochemical and 
histological findings in Friedreich's 
ataxia are compatible with a gang-

lioneuropathy manifesting as a dying 
back phenomenon (Cavanagh, 1964). 

c) Biochemical Observations in the 
course of the survey, albeit incom
plete and fragmentary, may be of 
great importance for the eventual 
understanding of the pathogenesis of 
Friedreich's ataxia. The great 
number of seemingly unrelated facts 
deserves an attempt at synthesis. It 
may be possible to discern which 
findings are primary, and which are 
secondary. Figure 1 shows the com
plex interrelationships which could 
be studied from the presently known 
biochemical facts which were listed 
in Table 1 and discussed. The major 
problem is to determine which of 
these findings are the genetically de
termined primary biochemical de
fects, and which are secondary or 
consequences of the disease. From 
our results and observations, at the 
end of 1976, four dysfunctions ap
pear eligible for the primary role in 
Friedreich's ataxia: 
(i) A defect in hepatic cell function 
(ii) A defect in insulin metabolism 

(iii) A defect in pyruvate metabolism 
(iv) A defect in the transport of 

taurine and/or |3-alanine, 
generalized or limited to the 
kidney. 

Each of these pathogenetic 
hypothesis shall be considered: 

(1) Bilirubin Metabolism. To ex
plain the presence of frequent uncon
jugated bilirubinemia in Friedreich's 
ataxia is to inquire whether this find
ing is the coincidental addition of a 
Gilbert's disease gene to that of 
Friedreich's ataxia or an unusual 
secondary manifestation of the basic 
disease process. Gilbert's disease 
(constitutional hepatic dysfunction, 
idiopathic unconjugated hyper
bilirubinemia) is common in any 
population and is usually transmitted 
as an autosomal dominant character 
(Powell et al., 1967). We have not 
studied a sufficient number of the 
parents of our ataxic subjects to 
know if the defect is transmitted in 
dominant form in our patients. Of 
the 382 control subjects tested, a 
total of 6 (1.6%) had total bilirubin 
values above 1.0 mg% and 22 above 
0.8 mg% (6%). These figures proba
bly give a fair indication of the max-
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imum prevalence of Gilbert's dis
ease in a French Canadian popula
tion. In our cases of Friedreich's 
ataxia, we found 20% with levels of 
total bilirubin above 1.0 mg% and 
28% with levels above 0.8 mg%. 
Such a concentration could be due to 
selection by kindreds of our patients. 
High bilirubin values were found in 
7 of the 20 apparently unrelated kin
dreds studied, which would be an 
extremely unlikely chance event. 

The pathogenesis of Gilbert's dis
ease is unknown. Recent studies 
would implicate a transport defect 
into the hepatic cell and possibly a 

deficiency in the conjugation mech
anism (Powell et al., 1967). We do 
not know if a similar modification is 
present in some of our patients. 
However, we are fairly certain that 
gross hepatic functions are not im
paired in these patients. Whether 
mitochondrial defects are present is 
not apparent, the only abnormality 
noted being the high output of orni
thine. Finally, because of the marked 
variability from day to day, we are 
not certain whether the bilirubin 
levels may not be abnormal in all 
cases, under the proper conditions. 
However, it is safe to state that 

whatever the cause of this bilirubin 
defect, it is not likely to be primarily 
responsible for the other abnor
malities in pyruvate oxidation and 
glucose metabolism. 

(2) Insulin Metabolism. In our pa
tients with Friedreich's ataxia, we 
found an important sub-group with 
low fasting plasma insulin values and 
delayed responses to a glucose load. 
In most of these patients, an abnor
mal pyruvate response and glucose 
tolerance test were also found. It 
would appear that these selected pa
tients, who often had clinically evi
dent diabetes, either did not release 
insulin properly from metabolic 
stress, or had unresponsive insulin 
receptors. As reported (Wieland and 
Weiss, 1971; Weiland, 1972), insulin 
can, through its modification of free 
fatty acids and acetyl co-enzyme A, 
regulate the rate of oxidation of 
pyruvate. Insulin can also modify 
the rate of transport of a variety of 
amino acids across membranes. A 
primary defect in insulin release 
(calcium mediated?) could account 
for a number of the metabolic find
ings in Friedreich's ataxia (insulin 
dependence, clinical diabetes, glu
cose intolerance, slow pyruvate oxi
dation and possibly also some of the 
amino acid abnormalities). How
ever, not all typical patients with 
Friedreich's ataxia show a defect in 
insulin metabolism. Sixty percent of 
the patients had normal fasting insu
lin levels and at least 30% had nor
mal responses to a glucose chal
lenge. It is unlikely that the insulin 
defect is primary in this disease. 
Furthermore, it does not appear to 
be specific as other groups of ataxias 
(Groups lb, Ha, lib) also show some 
abnormalities. 

(3) Pyruvate Metabolism. Patients 
with Friedreich's ataxia demon
strate, in vivo, a slow oxidation rate 
of pyruvate in answer to a glucose 
challenge. This trait, which appears 
to be inherited, does not affect all 
cases of Friedreich's, but only an 
important sub-group. Others, with 
the same phenotype, do not re
spond in an abnormal manner. This 
pyruvate defect has been found in 
other ataxias and in a number of 
chronic neuropathies (Joiner, 1950; 
Collis and Engel, 1968). It is not 
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TABLE 1 

Comparison of Findings in Friedreich's Ataxia 
Between Recent Literature Reviews and Present Prospective Survey 

LITERATURE REVIEWS 

Refs.: I. Tyrer (1975) 
2. Lubozynski and Roelofs (1975) 

A) CLINICAL 

a) Genetic 
(i) — mostly recessive 

— occasionally dominant 
— possibility of mixture dominant and recessive 
— rare sex-linked recessive 

b) Sex incidence 
(i) Predominance of women to predominance of males to 

equal distribution 

c) Age of onset 
(i) Onset before puberty usually range 0-30 years 

d) Diagnostic — Clinical signs 

PRESENT PROSPECTIVE SURVEY 
Patients from Group la 
("typical" Friedreich's ataxia) 

a) Genetic 
(i) Always autosomal recessive 

b) Sex incidence 
(i) From retrospective study and calculations: equal 

distribution 

(ii) In prospective study: predominance of women 
(probably selection artefact) 

c) Age of onset 
(i) Onset before puberty 

— never after age 20 
— never congenital 

d) Diagnostic — Clinical signs 

(i) Ataxia of gait early sign 
(ii) Speech disturbances: early sign — staccato and 

explosive 

I. OBLIGATORY SIGNS 

(i) Obligatory for diagnosis 
(ii) Obligatory for diagnosis 

(iii) Progression of ataxia to upper limbs with or without 
without periods of remission 

(iv) Muscle weakness frequent with or without hypotonia. 

(v) Decreased vibratory and/or position sense: usual 

(vi) Deep tendon reflexes usually absent or decreased, but 
but can be overactive. 

(iii) Progression obligatory. No remissions or plateaus. 

(iv) Muscle weakness always present. Generally hypotonic. 

(v) Decreased vibratory and/or position sense always 
present in lower limbs, usual in upper limbs. 

(vi) Deep tendon reflexes always absent in lower limbs; 
decreased or absent in upper limbs; never exaggerated 

(i) Pes cavus (claw foot) — in most patients 

(ii) Kyphoscoliosis — from absent to very severe 

II. PROGRESSIVE SIGNS 
(i) Present in more than 90% of cases — progressive from 

year to year — not obligatory for diagnosis. 

(iii) Cardiomyopathy variable in incidence from 10 to 73% 
from history, and clinical signs 

Pathological evidence of cardiomyopathy at autopsy 
may approach 100% 

(iv) Babinski sign: extensor plantar response usually present 

(ii) Present (minimum 10°) in all cases within first 2 years 
of evolution 

(iii) Cardiomyopathy present in nearly 100% of cases when 
results of clinical examination, EKG, vectocardiograms 
and echocardiograms are combined 

Same 

(iv) Extensor plantar response always present within 2 years 
from onset of ataxia 
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TABLE 1 (continued) 
HI. ACCESSORY SIGNS 

(i) Intelligence is usually within normal limits 

(ii) Optic atrophy: variable incidence 

(iii) Autonomic changes: variable incidence 

(iv) Nystagmus: Variable incidence 

(v) Deafness and vestibular signs: variable incidence 

B) PARACLINICAL 

a) Pulmonary function 
Variable evidence of involvement 

b) Electrocardiography and other cardiac investigations: 
See above under cardiomyopathy. Signs irregularly present 
but frequent. 

c) Electroencephalography 
Possibility of abnormal rhythms, inconstant 

d) Electromyography 
Slight reduction in motor conduction velocities and 
amplitude of muscle action potentials 

C) PATHOLOGY 

(i) Mainly posterior roots & columns, Clarke's column, 
the spinocerebellar tracts and pyramidal tracts 

(ii) Dying back phenomenon selectively from large neurone 
cell bodies in posterior nerve roots, ganglia and large 
myelinated axones. Preservation of fine unmyelinated 
nerve fibres. 

D) BIOCHEMISTRY 

a) Glucose metabolism 
(i) Clinical evidence of "diabetes" present in 8-18% of 

patients 

(ii) "Chemical" diabetes (abnormal glucose tolerance test) 
frequent 

(iii) Insulin response to glucose not studied 

(i) Definite evidence of progressive intellectual impair
ment, especially in patients with clinical or chemical 
diabetes 

(ii) Same 

(iii) Same 

(iv) Same 

(v) Deafness seems to be a progressive sign; vestibular 
instability is fairly frequent 

a) Pulmonary function 
Progressively impaired in parallel with progression of 
kyphoscoliosis 

b) Electrocardiography and other cardiac investigations: 
Preference expressed for vectocardiograms and echocardio
grams as investigative techniques. Both show unusual and 
perhaps characteristic features of hypertrophic cardio
myopathy with occasional obstructive component 

c) Electroencephalography 
Variable abnormal rhythms ranging to frank epilepsy. No 
diagnosis feature, but evidence for suprabulbar involvement 
in many patients 

d) Electromyography 
(i) Motor conduction velocities usually normal or only 

slightly reduced (never by more than 15% from lower 
limit of normal). 

(ii) Sensory evoked potentials and conduction velocities 
generally completely absent in lower limbs, con
siderably reduced (to less than 10% of normal) elsewhere 

(iii) EMG — very slight modifications 

(i) Same 

(ii) Same 

a) Glucose metabolism 
(i) Clinical diabetes in approximately 20% of patients 

(ii) "Chemical" diabetes in a further 20-30% of patients 

(iii) Frequently abnormal insulin response (in more than 
60% of cases) to glucose load. Frequently low fasting 
insulin levels 
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TABLE 1 (conti 

(iv) Pyruvate metabolism: not studied 

(v) Enzymes of carbohydrate metabolism: Decreases or 
absent activities of glycolytic enzymes in Clarke's 
column; occasional elevations (33%) of aldolase and 
transaminases 

b) Lipid Metabolism 
(i) No changes in Friedreich's ataxia, but some pheno-

typically similar entities in Refsum's disease (phytanic 
acid), a— or hypobetalipoproteinemias. 

c) Amino acid metabolism 
(i) In spinal cord: abnormally low levels of aspartic and 

and glutamic acids and lowered leucine/isoleucine 
value — Findings probably unspecific 

(ii) Serum and urine amino acids little studied, but 
apparently normal 

d) Miscellaneous 
(i) Serum ceruloplasmin: occasionally low 

(ii) Bilirubin metabolism: No data available 

nued) 

(iv) Clearly abnormal response of pyruvate to glucose load 
indicating slow pyruvate oxidation — parallel response 
of lactate 

(v) Normal serum values of most enzymes of glycolytic 
pathway except as indicated above (in vivo) for 
pyruvate dehydrogenase 

b) Lipid Metabolism 
(i) Same. Lipid immuno-electrophoresis normal. No 

abnormality in phytanic acid; no acanthocyotsis. 
Serum phospholipids normal in quantity and 
composition 

c) Amino acid metabolism 
(i) No study carried out on spinal cord tissues 

(ii) — Serum and mainly urinary alanine levels elevated 
(overflow?) 

— Low CSF taurine and aspartic acid levels 
— Low serum, but normal urinary levels of aspartic 

acid 
— Normal serum, but considerably increased levels of 

urinary taurine with abnormally high renal 
clearances of taurine (possible tubular reabsorption 
defect) 

— High urinary excretion of /3-alanine and /3-amino-
isobutyric acid (BAIB) 

d) Miscellaneous 
(i) Normal values of serum ceruloplasmin 

(ii) Frequent occurrence (in at least one sub-group) of 
elevated unconjugated bilirubinemia with day to day 
variability, increases after fasting, and essentially 
normal liver function tests. Apparently responsive to 
taurine availability 

specific. Even in the patients man
ifesting the trait ("high pyruvate re
sponded") , this was evident only in 
the in vivo tests. Studies of the Ei, 
E2, E3, components of pyruvate de
hydrogenase (PDH) failed, during in 
vitro investigations in leukocytes or 
cultured fibroblasts, to reveal 
marked changes, except possibly in 
E3 (lipoamide dehydrogenase , 
LAD). Evidence reviewed in a pre
vious paper indicates that if a defect 
exists, it is only present in the reg
ulatory control of PDH, or more 
specifically, of LAD. It does not 
appear to be of sufficient magnitude 
and constancy (except in very rare 
cases such as those outlined by 
Blass et al., 1976) to be due to a 
protein mutation in the apoenzyme 
moiety of LAD. We postulated a 
binding defect of FAD or NAD on 

the lipoamide dehydrogenase 
molecule, possibly calcium or 
pyridoxal phosphate mediated (see 
discussion in previous paper) (fig
ures 2 and 3). 

Whatever the primary importance 
of a PDH defect, if present, it can 
explain a number of findings in 
Friedreich's ataxia. A slow pyruvate 
oxidation would account for abnor
mal pyruvate values after a glucose 
challenge. Lactate and enzyme LDH 
would be expected to be high (which 
they are in some cases) and there 
should be an overflow of alanine into 
the urine (which was found). Simi
larly the decreased availability of 
acetyl co-enzyme A (acetyl Co A) 
could be reflected in a cholinergic 
deficit, as demonstrated by Gibson 
et al. (1975). Although this point has 
not been investigated, a block in the 

PDH pathway could result in over
use of the direct pyruvate to aceto-
acetate pathway, drawing into the 
Krebs Cycle, to keep it active, as
partic acid and asparagine. Both 
were found in low concentrations in 
the plasma of our patients. Finally, 
as discussed by Reynolds and Blass 
(1976), impairment of pyruvate flow 
would tend to be particularly man
ifest in the cerebellar-brain stem 
area where pyruvate metabolism is 
naturally slower. This could be a 
factor in the gait ataxia of all these 
subjects. It is, however, difficult to 
tie-in a PDH deficiency to the ob
served changes in the metabolism of 
bilirubin and taurine and to the car
diomyopathy. Therefore, we doubt 
that this defect, not always present, 
could be primary in the disease. 

(4) Taurine and 0-alanine 
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metabolism. The most constant find
ing in our survey was the increased 
urinary excretion of taurine and 
/3 -alanine in all patients studied (in
cluding other ataxias not typically of 
Friedreich's type). Since plasma 
values were within normal limits and 
we found low CSF levels, the renal 
clearance rate of taurine was calcu
lated to be markedly, and signific
antly, increased. The only other 
amino acid with a calculated in
creased clearance was aspartic acid. 

Increased renal clearance rates, 
in the absence of overflow, gen
erally indicate impaired tubular 
reabsorption, thus a membrane 
transport defect. It has been clearly 
demonstrated (Scriver and Rosen
berg, 1973) that taurine, ^ -alanine 
and /?-amino-iso-butyric acid 
(BAIB), participate in the same 
((3-amino acid) transport system. A 
specific defect in this system has 
been described and studied in the 
mouse (Goldman and Scriver, 1967; 
Chesney et al., 1975). It is possible 
that a similar defect could be found 
in man. Taurine has been considered 
an inactive compound (Jacobsen and 
Smith, 1968; Huxtable and Barbeau, 
1976), but recent studies (Barbeau et 
al., 1975) indicate that it may act as 
an important modulator of nerve 
conduction in muscle, heart and the 
central nervous system. 0-alanine, 
on the other hand, is metabolically 
active and can be synthesized di
rectly by (3-decarboxylation from as
partic acid. 

If a membrane transport defect 
exists in the kidney alone or in all 
tissues in Friedreich's ataxia, this 
could explain many of the reported 
findings in this disorder. The first 
obvious link is related to the specific 
concentration of taurine to the cere
bellum and to the posterior columns 
of the spinal cord found in animals 
and man (Huxtable and Barbeau, 
1976; Perry et al., 1971, 1976). 
Taurine appears to be intimately re
lated to sensory conduction in the 
spinal cord, as it is in the retina and 
auditory system (Pasantes-Morales 
et al., 1976). A decrease in its con
centration could possibly explain the 
posterior column signs and the ab
sent tendon reflexes found in 
Freidreich's ataxia. 

Huxtable and Bressler (1974a, 
1974b) have demonstrated marked 
changes in the concentration of 
taurine during cardiac insufficiency 
states with hypertrophy. Previously, 
Read and Welty (1976) had indicated 
a possible link between taurine and 
electrical conduction defects in the 
heart. Such a relationship would be 
important to investigate in the 
hypertrophic cardiomyopathy of 
Fr iedreich 's ataxia. It is also 
noteworthy that 70% of the body 
taurine is concentrated in skelatal 
muscles. Changes in the concentra
tion of this amino acid could be 
important in the reactivity of this 
muscle mass (resulting in progres
sive dystonic postures?). 

It is also known that one of the 
most important bile salts is taurocho-
late, formed from the incorporation 
of taurine (Spaeth and Schneider, 
1974). It is presently difficult to 
elucidate the relationship between 
this fact and our findings of abnor

mal 'bilirubin metabolism in some 
patients with Friedreich's ataxia. 

Finally, taurine can be involved in 
the modulation of a number of hor
monal interactions. Stress will re
lease glucocorticoids which in turn 
will increase circulating glucose 
levels. This effect on glucocorticoid 
release can be blocked by the addi
tion of taurine (Kuriyama et al., 
1976). Similarly T. Ngo in our 
laboratory (unpublished results) has 
shown that the pyridoxal phosphate 
induced blocking of pyruvate dehyd
rogenase (PDH) could be reversed 
by the addition of taurine. 

The mechanism of action of 
taurine, and of |3-alanine, are still 
unknown. We, and others, have 
shown that taurine can exert an an
ticonvulsive action (see Barbeau, 
1975) when given intraventricular^. 
This may, or may not, indicate di
rect transmitter functions for this 
amino acid (Kaczmarek and Davi
son, 1972). Other data would indi-

TABLE2 
Characteristic Features of "Typical" Friedreich's Ataxia 

(View in 1976) 

1. Always inherited in autosomal recessive fashion. 
2. Age of onset before end of puberty. 
3. Ataxia first of lower limbs, then of all four limbs, progressing relentlessly 

without remission and always accompanied by muscle weakness. 
4. Presence of dysarthria very early in the disease. 
5. Absence of vibratory and/or position sense in the lower limbs. 
6. Absence of deep tendon reflexes in the lower limbs. 
7. Progressive development, within two years after onset, of pes cavus and 

kyphoscoliosis. 
8. Presence of a progressive cardiomyopathy, generally of the hypertrophic 

type, which is best detected by a combination of vectocardiography and 
echocardiography. 

9. Absence of sensory nerve conduction in the lower limbs with a considerable 
slowing down in the upper limbs. 

10. An abnormality in glucose and insulin metabolism frequently resulting in 
clinically overt diabetes meliitus. 

11. A genetically determined defect in the rate and regulation of pyruvate 
oxidation resulting in overflow of alanine into the urine and probably 
responsible for low aspartic acid levels in the brain and spinal cord. 

12. An abnormal renal tubular reabsorption of /3-amino acids, particularly 
taurine and j5-alanine, indicating a possible specific membrane transport 
defect with consequent tissue deficiency which could be a basic contributor 
to many of the features of the disease. 

13. At least in an important sub-group of Friedreich's ataxia patients, an 
elevation of plasma unconjugated bilirubin, possibly secondary to a transport 
defect. 
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cate that one of the main modes of 
action of taurine is through the mod
ulation of calcium binding (Izumi 
and Barbeau, 1976, unpublished 
data). This mechanism could be in
volved in almost all the processes 
mentioned above in Friedreich's 
ataxia: increased binding of calcium 
in low taurine states would modify 
the availability of free calcium for 
release of other neuro-transmitters 
or polypeptide hormones (for exam
ple insulin); it would tend to increase 
calcium concentration in cardiac 
muscle (see pathology findings in 
previous paper) and it would modify 
the activation of PDH either through 
TPP binding, binding of the phos
phatase to the E2 component or bind
ing of NAD to the E3 component. 
Taurine has been found to reverse 
the calcium depleting effect of glu
cose in heart and brain (Kuriyama et 
al., 1976) and would seem to be a 
calcium stabilizing agent in irritative 
tissues (Gruener et al., 1975). 

Thus, taurine, by apparently being 
a regulator of calcium flux, can be 
implicated in almost all the 
metabolic abnormalities observed in 
Friedreich's ataxia. Although we 
have no direct evidence that a mem
brane transport defect is present in 
all cases of this disease, this is pres
ently our strongest lead to the prim
ary defect, at least in some of the 
patients. A number of studies are 
presently underway to investigate 
this possibility. For example, Jasmin 
et al. (1975) have shown accumula
tion of calcium in the car
diomyopathy of the hamster, and 
have been able to prevent this car
diopathy by pretreatment with the 
calcium flux blocking agent ver
apamil and by propanolol and/or di-
benamine. Perhaps a similar ap
proach could be justified in humans 
with hypertrophic cardiomyo
pathies. 

CONCLUSION 
Friedreich's ataxia is a degenera

tive disorder which appears to be 
heterogeneous in nature. It is dif
ficult to be certain that the same 
biochemical defect, be it in insulin, 
bilirubin, pyruvate or taurine 
metabolism or a combination, could 

be involved in all cases. We found, 
almost always, 2 sub-groups of pa
tients whenever we investigated a 
specific metabolic system. In one 
group, the taurine defect, and that 
found in bilirubin, seemed pre
dominant with normal pyruvate oxi
dation. In the other group, the low 
pyruvate oxidation seemed to be the 
major metabolic component. It is 
possible that both manifestations are 
variable expressions of the same de
fect. Only more thorough genetic 
and metabolic studies will resolve 
this problem. 

Meanwhile, as is shown in Table 
1, we have reassessed most of the 
clinical and biochemical components 
of Friedreich's ataxia. We can list, in 
a tentative fashion, what in 1976 we 
consider the characteristic features 
of typical Friedreich's ataxia. These 
are listed in Table 2. Further phases 
of our continuing cooperative study 
should help in unraveling the details 
of this fascinating puzzle. 
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