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Summary. A total of  27 different amino acids wcre determined in the fasting, 
morning lumbar CSF of 12 patients with Huntington's  Disease (HI)) ,  8 at-risk 
offspring and 16 non-choreic control patients. A significant (P<0.001) 
decrease was observed for asparagine, isoleucine, leucine, phenylalanine, 
histidine, arginine, ~-aminoadipic acid and homocarnosine in patients with 
H D  compared to the non-choreic controls. Only tyrosine was increased in HD. 
These alterations were to an extent more pronounced in 5 neurophysiologically 
conspicuous offspring. The alterations suggest that amino acid imbalance is an 
early metabolic disturbance in HD. 

Key words: Huntington's  disease - Amino acid imbalance - CSF - Offspring 
at-risk - Tyrosine metabolism - Homocarnosine 

Zusammenfassung. Bei 12 Patienten mit manifester Huntingtonschcr Krankheit  
(HD), 8 nicht erkrankten Nachkommen und 16 nicht choreatischen Kontroll- 
patienten wurden 27 verschiedene Aminosfiuren im Liquor cerebrospinalis 
(niichterner Lumballiquor) untersucht. Asparagin, Isoleucin, Leucin, Phenyl- 
alanin, Histidin, Arginin, ~-Aminoadipinsfiure und Homocarnosin  waren 
signifikant (P<0.001)  erniedrigt bei Patienten gegeniiber den Kontrollen. 
Diese Ver~inderungen waren bei 5 neurophysiologisch auff~illigen Nachkom- 
men teilweise ausgepr~gter, was f~r eine frt~hzeitige metabolische StOrung 
spricht. Tyrosin war als einzige Aminos~iure erh6ht. Die Ver~inderungen 
sprechen ftir eine Aminos~iurenimbalanz bei Huntingtonscher Krankheit,  
deren Bedeutung besprochen wird. 

Introduction 

The genetic defect of Huntington's  disease (HD) is unknown but neurochemical 
studies have shown metabolic deviations, among them alterations in the content of 
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a number  of amino  acids (a.a.) in the bra in  and  CSF. While it was realized that 
many  of these changes might reflect secondary events due to bra in  atrophy,  
hyperactivity or diet (for discussion see Barbeau 1979), special interest has been 
paid to the behaviour  of a.a. such as ~-aminobutyr ic  acid (GABA),  glutamic acid 
and aspartic acid which are putative neurot ransmit ters  existing in the basal 

ganglia. A secondary imbalance in a.a. is best differentiated from genetic defect by 
studying a.a. comparat ively in patients with manifest  chorea and in clinically 
unaffected members  of H u n t i n g t o n  families. Therefore we have performed a 

detailed study of free a.a. in the CSF of patients with HD,  individuals  at-risk 
having one affected parent  or sibling and  control  patients with other diseases. 

Materials and Methods 

Subjects. Lumbar CSF was obtained after an overnight fast from 12 patients with HD, 8 clinically 
symptom-free first degree relatives of Huntington patients and 16 non-choreic control patients. 
The group of HD consisted of 6 male and 6 female patients, mean age 46 _+ 8.4 years. The patients 
were rated according to the frequency and intensity of choreic movements, the degree of 
impairment of intellectual functions and the degree of general disability. On the basis of the 
ratings they were distributed into 3 groups, being slightly to moderately, markedly, and severely 
to very severely affected. Of the 8 at-risk individuals 2 were males and 6 females, mean age 32.4 _+ 6 
years. Five of these offspring were neurophysiologically "conspicuous" because of disturbed eye 
movements in electronystagmographic examinations, as reported elsewhere (Oepen et al. 1981). 
The non-choreic control patients consisted of 8 male and 8 female patients (mean age 31.0 + 16.4 
years) who received spinal taps because of suspicion of various neurological diseases (lumbar disc 
herniation, brachial plexus lesion, neural muscular atrophy, arachnitis, viral meningitis, 
migraine, subarachnoidal bleeding). Physical appearance, protein content (< 30 mg/dl) and cell 
counts (< 15/ram 3) of CSF of these patients were normal. 

During the study most of the patients were off drug treatments. Three choreic patients were 
on low doses of neuroleptics (perphenazine, levopromazine), 1 offspring received valproate 
because of infrequent seizures. 

Methods. Lumbar punctures were performed at 8.30-9.00 a.m. after overnight bed rest and a 
fasting period of at least 12h. CSF (2ml) was collected directly from the spinal needle by a 
graduated syringe into a test tube containing 0.5ml of sulfosalicylic acid (10%). After 
deproteinization the CSF was centrifuged, immediately frozen and stored at -40~ until 
analysis. The samples were thawed at 2-4 ~ C and 20 nM of norleucine (internal standard) dis- 
solved in 100 gl of 0.6 N perchloric acid was added. The CSF samples were freeze-dried and kept 
at - 70 ~ C until assay. On the day of assay the CSF samples were dissolved in 200 ~tl of a solution of 
0.22N lithium citrate and adjusted to pH 1.9 by adding 37% hydrochloric acid. Using the final 
solution 100 gl samples were injected into the amino acid analyser. The temperature at the 
injection block was 4 ~ C and only 4 samples (total analysis time = 16 h) were kept in the injection 
block at one time. Control experiments with analytically pure glutamine revealed no sign of 
hydrolysis to glutamic acid using this analytical procedure. Complete amino acid analyses were 
carried out by automated high performance ion-exchange chromatography on a Biotronik 
L C 6000 E amino acid analyzer (Biotronik Mt~nchen, FRG) as described by Tutschek et al. 
(1977). A Durrum D C4-A high efficiency cation exchange resin column (0.6 • 13 cm) was 
employed. The fluorogenic reagent was prepared from o-phthaldehyde and fl-mercaptoethanol as 
described by Benson and Hare (1975). Peak areas were automatically integrated and the 
individual amino acid concentration calculated by a Sigma 10 Integrator. Standards of GABA, 
phosphoserine, asparagine, glutamine, t, yrosine, phenylalanine, a-amino-butyric acid, a-amino 
adipic acid (all Fluka), phosphoethanolamine (Calbiochem) homocarnosine (Ega-Chemie), or a 
commercial physiological amino acid standard (Hamilton Co., type PAN and type PB combined) 
were prepared in 0.1 N HC1. With this analytical procedure the GABA peak can be detected but 
not quantitatively measured. 
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Statistic evaluation was performed using the F-test and the Scheff6-test for differences of the 
mean values (Sachs 1978). Correlation of pairs of amino acids were calculated. All statistic 
procedures were performed by use of an UNIVAC 11081. 

Results 

Table 1 shows the concentrations of the different amino acids (a.a.) in the CSF of 
control patients, patients with H D  and in the offspring. Large individual variations 
in the concentration of most of the a.a. were apparent.  The amino acid 
concentrations in non-choreic control patients were essentially in agreement with 
reported values in the literature (Gjessing et al. 1972; Perry et al. 1975; Monaco et 
al. 1979; van Sande et al. 1970). Moderately higher values than reported by 
Gjessing et al. and van Sande et al. were found for taurine, aspartic acid and 
homocarnosine. For  valine, isoleucine, leucine, lysine and histidine our control 
values were slightly higher than those reported by these authors. Glutamic acid 
levels compared favourably with other results obtained by comparable methods 
(Gjessing et al. 1972; van Sande et al. 1970). There were no significant differences in 
the concentrations of amino acids between male and female subjects. 

In patients with H D  most amino acids showed a marked decrease. Significant 
decreases (Scheff6-test, P < 0.001) were found for asparagine, isoleucine, leucine, 
phenylalanine, lysine, histidine, cr-aminoadipic acid and homocarnosine. Less 
significant differences are indicated in Table 11 The only amino acid which was 
increased in H D  was tyrosine (P<  0.01). 

The first degree relatives showed decreased levels of  the same amino acids as the 
patients with manifest H D  (Table 1). The decrease in offspring was often greater 
than in patients for taurine, alanine, valine, methionine, isoleucine, leucine, 
phenylalanine, lysine, histidine, arginine, citrulline and phosphoserine with similar 
significances of difference, compared to controls (Table 1). The lower ornithine 
and lysine levels in offspring appeared to correlate with those in mildly affected H D  
patients. For  the other amino acids there was'no correlation between their decrease 
and the degree of severity and evolution of the disease (Table 1). Only asparagine 
showed a tendency to be more decreased in advanced HD. 

Tyrosine levels were normal in offspring but increased in H D  patients with a 
tendency to more marked increase in severely affected patients. When the offspring 
were distributed into two groups according to the absence or presence of 
neurophysiological abnormalities, the decrease of some amino acids, especially 
taurine, asparagine and homocarnosine, appeared to be more pronounced in the 
group of conspicuous offspring than in non-conspicuous offspring (Table 2). 

Since it is known that the level of one amino acid may influence the level of 
another, separate intercorrelations were calculated. At the P < 0.001 level (Scheff6- 
test) it is unlikely that more than a few correlations would be significantly different 
from zero. However, as shown in Table 3, there were marked differences between 
correlations observed in controls, patients and offspring at-risk. Most of the amino 
acids which correlated significantly had significant differences of the mean value as 
indicated in Table 1. 

1 The help of Doz. Dr. Bammert, Institut ftir Med. Statistik, is gratefully acknowledged 
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Discussion 

Despite much recent work on the pathophysiology of HD, its primary disturbance 
remains unknown. Anatomically the disease is mainly characterized by a decrease 
of small neurons in the neostriatum beginning long before the clinical onset (Tellez- 
Nagel 1971). An important question, therefore, is whether metabolic changes can 
be detected before the onset of chorea. For clinical purposes, studies of CSF 
metabolites deserve prominent interest, and several have been previously per- 
formed. Oepen (1967) found increased levels of lysine, while Perry et al. (1973) 
reported significant decreases of alanine, c~-aminobutyric acid, valine, isoleucine, 
leucine, tyrosine and phenylalanine. Simanyi et al. (1973) described an imbalance' 
of amino acids in the CSF, with decreased levels of glutamic acid, isoleucine and 
tyrosine, while aspartic acid and threonine were increased. Other groups have 
reported marked decreases of the transmitters GABA (Glaeser et al. 1975; 
Manyam et al. 1978) and glutamic acid (Kim et al. 1981) as well as the dipeptide of 
GABA and histidine, homocarnosine (Boehlen et al. 1980). Interestingly, CSF 
GABA levels were also decreased in individuals at-risk for HD (Manyam et al. 
1978). 

Our findings in 12 HD patients and in 8 first degree relatives at-risk for HD 
disclose a marked hypoaminoacidorachia and imbalance of the free amino acid pool 
in both groups of individuals. The differential changes in amino acid concen- 
trations argue against a pathological dilution effect of enhanced CSF production 
and increased elimination. Compared to non-choreic control patients significant 
decreases were found for the branched chain amino acids isoleucine, leucine and 
valine, for phenylalanine and homocarnosine which confirmed previous findings 
(Perry et al. 1973; Glaeser et al. 1975; Boehlen et al. 1980). Moreover, significant 
decreases were observed for taurine, phosphoethanolamine, asparagine, lysine, 
arginine, citrulline, c~-aminobutyric acid, a-aminoadipic acid, histidine, c~-methyl- 
histidine and phosphoserine. 

No significant changes Of the amino acids of the G-system (glutamate, 
aspartate and glycine) were found.  Of the A- (alanine-loving) system, neither 
alanine nor threonine, serine and glutamine were significantly decreased in HD. 
The amino acids of the G- and A-system are considered to be transported by highly 
sodium-dependent transport mechanisms. The absence of consistent alterations of 
these amino acids suggests that a primary disturbance of membrane functions is 
not present in HD. 

Marked decrease in offspring and in mild chorea were observed for taurine, 
asparagine, alanine, the branched chain amino acids, methionine, phenylalanine, 
ornithine, lysine, histidine, arginine, citrulline, c~-aminobutyric acid, c~-amino- 
adipic acid, 3-methylhistidine, phosphoserine and homocarnosine. For a large 
number of amino acids including valine, isoleucine, phenylalanine, histidine and 
arginine, the lowest levels were observed in conspicuous offspring which were 
characterized by absence of chorea but presence of neurophysiological abnormal- 
ities especially in the optomoter system. Phosphoethanolamine, ornithine and 
lysine levels were lowest in mild and moderate HD. This suggests that the changes 
found in CSF may reflect a fundamental and primary disturbance of amino acid 
metabolism in cells, present in HD families. 
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Of the group of aromatic amino acids, phenylalanine and histidine were 
decreased in severe HD, while tyrosine was the only amino acid which was 
significantly increased. The concentration of tyrosine was normal in offspring but 
increased in HD patients parallel to the degree of severity of the disease. Increases 
of tyrosine in HD patients have not been reported before, and in the earlier studies 
of amino acids, at-risk individuals and patients with different degrees of severity 
have not been compared. In this respect it is of interest that Baskin and Rosenberg 
(1973) postulated a specific disturbance of protein synthesis in HD caused by an 
alteration of tyrosine ligase. According to these authors, tyrosine ligase would not 
discriminate between tyrosine and L-DOPA as substrates due to a point mutation. 
RNA acetylation and hence protein synthesis would be consequently disturbed. A 
general defect of RNA and protein metabolism could also explain observations 
such as an abnormal sensitivity to X-rays of cultured HD lymphocytes (Moshell et 
al. 1980). To date insufficient attention has been paid to a possible heterogeneity of 
metabolic aberration in HD in different kinships and countries. The possibility of a 
disturbance of tyrosine utilization and the role of tyrosine metabolism in the gene- 
sis of choreatic symptoms is further suggested by the observation of three-fold 
increases of CSF tyrosine in a patient with nonprogressive chorea (Oepen et al. 
unpublished observation). 

Recently special interest has been paid to amino acid neurotransmitter 
candidates. Borri et al. (1967) found an increase ofglutamic acid in both putamen 
and caudate nucleus in HD, with nonsignificant changes in other amino acids and a 
trend towards a decrease of aspartate, isoleucine and leucine. Significant decreases 
of CSF glutamic acid in HD patients were reported by Simianyi et al. (1973) and 
Kim et al. (1981). This amino acid is a putative neurotransmitter in corticostriatal 
projections and a primary disturbance of glutaminergic neurotransmission in HD 
was hypothesized (Kim et al. 1981). In our study, glutamic acid levels were rather 
increased but showed large variations and no significant differences of mean 
values. Complete resolution of glutamic acid may not have been achieved with our 
method. In fact, great variability of glutamate levels in controlpatients exists in the 
literature, with means between 1.8 nmol/ml (Perry et al. 1975) and 56.8 nmol/ml 
(Monaco et al. 1979). Processing of CSF may be critical in the determination of 
glutamic acid, since glutamine is easily hydrolyzed to glutamate at acidic pH (van 
Sande et al. 1970). Glutamic acid levels tend to be extremely small when CSF is 
deproteinized immediately prior to the assay (Bernasconi et al. unpublished 
observation). 

The other amino acid transmitter candidates are aspartic acid and GABA. 
Aspartic acid levels were normal in our patients and in offspring. GABA was not 
quantitatively determined with our method. Perry et al. (1973) found normal 
concentrations of aspartic acid in the brain and CSF of HD patients but 
significantly decreased GABA levels. Decreased levels of GABA and low activity 
of glutamic acid decarboxylase (Bird et al. 1973) point to a deficiency of GABA as a 
potential inhibitory synaptic transmitter in HD. 

In summary, it appears that free amino acid metabolism is profoundly disturbed 
in HD and also in individuals at-risk for HD. There is no common metabolic 
pathway for the amino acids which were found to be significantly altered. The 
amino acid imbalance is probably a secondary reflection of an as yet unknown 
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basic  b iochemica l  e r ror  under ly ing  this hered i ta ry  disease. Deficiencies of  bo th  
"s t ruc tura l"  amino  acids and neuro t r ansmi t t e r  a m i n o  acids as well as o f p e p t i d e s  
(Cramer  et al. 1981) m a y  be responsible  for the character is t ic  symptoms  and  fatal  
course of  H D .  At  present ,  it is not  k n o w n  which changes de termine  the ou tb reak  
and progress ion  of  the disease in a t - r isk  individuals .  I f  decreased amino  acid  levels 
were a consequence  of  the disease process ,  m a r k e d  changes should  not  be expected 
in offspring.  If, on the o ther  hand ,  the amino  acid  imba lance  preceded  the 
appea rance  of  symptoms ,  a b imoda l  d i s t r ibu t ion  should  be expected in a t - r i sk  
individuals ,  having a 50% p robab i l i t y  of  the disease. A b imoda l  d i s t r ibu t ion  of  
amino  acid changes is indeed observed in our  first degree relat ives and shows that  
the t rend  towards  a decrease of  many  amino  acids is more  m a r k e d  in neuro-  
phys io log ica l ly  conspicuous  offspring.  
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