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Summary. Free D-Ser, D-Asp and total D-amino acids were  significantly 
higher (p < 0.05) in Alzheimer  (AD) ventricular CSF than in normal  CSF. 
There  was no significant difference in the total L-amino acids between A D  and 
normal  CSF, but L-GIn and L-His were significantly higher (p < 0.05) in AD-  
CSF. The higher concentrations of these D- and L-amino acids in A D  ventricu- 
lar CSF could reflect the degenerat ive process that occurs in Alzheimer 's  brain 
since ventricular CSF is the repository of amino acids from the brain. 
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Introduction 

The most prevalent optical isomers of amino acids are stereometrically the L- 
configuration. However ,  recently, D-Asp has been found in Alzheimer  brain 
neurofibrillary tangles (Fisher et al., 1992a), and high levels of D-Asp and D- 
Ala have been found in proteins of white and gray matter  of Alzheimer  brain 
(Fisher et al., 1992b; D 'Anie l lo  et al., 1992). In both these cases, the level of 
these D-amino acids was higher in the Alzheimer  brains than in normal  
brains. Similarly, D-Asp has also been found in the Alzheimer  fl-amyloid core 
proteins (Roher  et al., 1993). In addition to the presence of these amino acids 
in proteins, D-Asp, D-Ala,  and D-Ser have also been found in free forms in 
normal  and Alzheimer  brain tissue (Fisher et al., 1991; Nagata et al., 1995) and 
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also in no rma l  and A lzhe imer  l umbar  ce rebrosp ina l  fluid (CSF)  (Fisher  et al., 
1994). 

M u c h  a t ten t ion  has b e e n  given to the  de t e rmina t ion  of  f ree  amino  acids of  
no rma l  and A lzhe imer  pat ients  in bra in  t issue (Tarbi t  et  al., 1980) and in 
l umbar  CSF  by  several  researchers  (Smith et al., 1985; P roc to r  et  al., 1988; 
Degre l l  et  al., 1989; Ge lo t  et al., 1990; Kapak i  et  al., 1991; P o m a r a  et al., 1992; 
Tohgi  et  al., 1992; Mar t inez  et al., 1993). H o w e v e r ,  to our  k n o w l e d g e  no  
s tudies  have  prev ious ly  b e e n  r e p o r t e d  on vent r icular  ce rebrosp ina l  fluid. Fo r  
this r eason  we u n d e r t o o k  a s tudy to de t e rmine  the concen t ra t ion  of  f ree  
amino  acids (D- and L- forms)  in vent r icular  CSF  of  no rma l  and A lzhe imer  
persons .  

Materials and methods 

CSF samples 

Normal and Alzheimer ventricular cerebrospinal fluids were obtained from the National 
Neurological Research Specimen Bank, Wadsworth VA Medical Center, Los Angeles, 
California. Ventricular CSF was obtained at autopsy following opening of the cranial 
cavity and withdrawal of the CSF by syringe from the third ventricle. Samples were stored 
frozen until analyzed. Twenty-one Alzheimer's samples were analyzed, ages 51-89 years 
old, mean 75.2 _+ 10.4, and eleven normal subjects (deaths due to myocardial infarction or 
carcinoma) were analyzed, ages 58-86 years old, mean 70.1 _+ 7.8. On chart review, the 
Alzheimer's disease cases met retrospective clinical criteria for primary degenerative 
dementia according to the Diagnostic and Statistical Manual of Mental Disorders - Third 
Version: Revised (American Psychiatric Association, 1987). The pathologic diagnosis of 
Alzheimer's disease was based on the presence of an age-adjusted moderate-to-severe 
number of neuritic plaques in the neocortex similar to published criteria without evidence 
of other neurologic disorders. As controls, CSF samples were taken at autopsy 
from individuals who were free of Alzheimer's disease or other known neurological 
illness. 

Amino acid analysis 

The ventricular CSF was deproteinized with 70% perchloric acid (PCA) in ratio of 8/~1 
PCA to 1 ml of CSF, and then centrifuged at 15,000rpm for 5rain. 25-1001zl of the 
supernatant were neutralized with 1 M KOH to give pH 7-8, kept at 0°C for 30 rain and 
centrifuged. The supernatants were utilized for amino acid analysis in two laboratories 
(Italy and Japan). 

In the Italian laboratory amino acids were determined by the HPLC method used in 
our previous work (Fisher et al., 1994) with pre-column derivatization with OPA-Thiol 
(o-phthaldialdehyde/fl-mercaptoethanol) and separation on a C-18 column using a 
citrate-acetonitrile gradient and fluorescence detection. A standard mixture of 19 amino 
acids (Sigma) plus 7-aminobutyric acid (GABA) and taurine, each at the concentration of 
1 nmol//A, was chromatographed under the same conditions, and the respective amino 
acid areas were used to quantify the amino acid concentrations of the samples. Under 
these conditions His + G l n  as well as Tau + GABA eluted as single peaks, respectively. 
These amino acids were separated into individual peaks by the OPA-NAC (o- 
phthaldialdehyde/N-acetyl-L-cysteine) HPLC method, as described by Aswad (1984). 
Determinations of D-Asp, D-Ala and the total D-amino acids were carried out by an 
enzymatic method using beef kidney D-amino acid oxidase and octopus D-aspartate 
oxidase, as described by the method of D'Aniello et al. (1993a,b). D-Asp was also 
determined by the chiral HPLC method of Aswad (1994). 
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In the Japanese laboratories the amino acids were determined by two different HPLC 
methods. In the first method D- and L-amino acids were analyzed by derivatization with 
(+)-l-(9-fluorenyl)ethyl chloroformate (FLEC) as described by the method of Okuma 
and Abe (1994). In the second method D- and L-Ser were analyzed by derivatization with 
N-tertbutyloxycarbonyl-L-cysteine and o-phthaldialdehyde (Boc-L-cysteine/OPA), as 
described by Hashimoto et al. (1992). 

Statistical analyses 

The data were analyzed for statistical differences by two-sample T-tests using the statis- 
tical program MINI-TAB. 

Results 

D-Amino  acids 

The  concen t ra t ions  of  D - A s p ,  D-Ala ,  and the to ta l  D - a m i n o  acid concent ra -  
t ion were  d e t e r m i n e d  p rev ious ly  in the  vent r icular  CSF  of  8 A lzhe imer ' s  
subjects  (ages 74.5 + 9.3yr)  and 8 aged no rma l  pe r sons  (ages 60.1 _+ 15.6yr)  
(Table  1) (Fisher  et al., 1994). Us ing  samples  f rom the p resen t  set, D-Se r  and 
D - A r g  were  d e t e r m i n e d  in the  J apanese  lab on 10 A lzhe imer ' s  (aged 78.6 +_ 
13.8yr)  and 5 normals  (aged 66.0 + 7.4yr) .  To ta l  D - a m i n o  acids were  found  to 
be  significantly higher  (1.5-fold, p = 0.025) in A D - C S F  c o m p a r e d  to no rma l  
CSF  (26 .4nmol /ml  vs 17.9nmol/ml ,  respect ively) .  D-Se r  and D - A s p  were  also 
significantly higher  in A D - C S F  (D-Ser  5-fold increase,  p = <0.05;  D - A s p  2.7- 
fold increase,  p < 0.05). D - A l a  was slightly higher  in A D - C S F  than  in no rma l  

Table 1. D-Amino acids in Alzheimer and normal ventricular CSF 

Amino Alzheimer Normal Ratio 
acid Alz/Nrml 

nmol/ml (%) nmol/ml (%) 
D/(D + L) D/(D + L) 

D-Ser a 9.0 ± 4.1 10.10 1.8 +_ 1.2 4.13 5.0** 
D-Asp u 3.3 ± 2.1 1.68 1.2 ± 0.8 0.61 2.72* 
D-Ala b 0.8 ± 0.4 0.80 0.7 ± 0.3 0.70 1.14 
D-Arg a 3.9 ± 6.8 11.04 4.4 ± 6.5 16.42 0.89 
Total 26.4 ± 7.6 2.68 17.9 + 5.4 2.07 1.47" 
D-AAs b 

Figures represent the mean +_ standard deviation of the mean. (%) = [D/(D + L)] × 100. 
The term total D-amino acids means the sum of D-Asp, D-Glu, D-Met, D-Pro, D-Phe, D- 
Tyr, D-Ala, D-Leu, D-Ile, D-Val, D-Ser, D-Arg, D-His, D-Thr, D-Lys, and D-Trp. 
p values refer to two-sample t-test comparison of Alzheimers to normals **p < 0.01, 
*p < 0.05. 
aFrom current analyses on 10Alz (78.6 + 13.8yr) and 5 normals (66.0 _+ 7.4yr). bFrom 
previous analyses (Fisher et al., 1994) on 8Alz (74.9 _+ 9.3yr) and 8 normals (60.1 + 
15.6yr). 
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CSF (1.1-fold), but this increase was not statistically significant. Contrary to 
what was found for D-Ser and D-Asp, the D-Arg concentration was lower in 
the Alzheimer than normal ventricular CSF. However, this difference was not 
statistically significant. 

L - A m i n o  acids 

The concentrations of 21 free amino acids including GABA and Tau are 
shown in Table 2. There was no significant difference in the concentrations 
of most individual L-amino acids as well as the sum total of the L-amino 
acids between normal and Alzheimer's subjects. The ratio of Alzheimer's to 
normal for individual amino acids was about 1.0, as determined in both the 
Italian and Japanese labs. However, by the OPA-Thiol method (Italian 
lab) two amino acids, His and Gin, were higher in the AD-CSF than normal 
CSF. Both His and Gin showed two-fold statistically significant (p < 0.05) 
elevation in the Alzheimer compared to the normal subjects. When expressed 
as percent of the total amino acids, Gin constitutes 18.8% of the AD-CSF 
amino acids compared to 8.5% of the normal CSF amino acids, and His 
constitutes 3.8% of the AD total versus 2.5% of the normal. His and Gin 
were also found to be elevated in the AD CSF by the Japanese lab, but 
the differences were not statistically significant. The Japanese analyses, how- 
ever, did show a statistically significant (p < 0.05) increase for Phe in AD 
compared to normals. The differences between the Italian and Japanese labs 
may be due to the respective methods used and/or to the different numbers of 
samples. 

Discussion 

The finding that L-Gln is elevated in Alzheimer's ventricular CSF may be of 
particular interest since L-Gln has recently been found to be significantly 
elevated in lumbar CSF of Parkinson's patients (Mally et al., 1997), and 
Gln is metabolized within a neuron to Glu, which is a neurotransmitter. 
Therefore, the concentrations of Gln could be relevant to the changes taking 
place within a neuron in Alzheimer's disease (Proctor et al., 1988). Since 
ventricular CSF contains free amino acids and other compounds which come 
from various areas of the brain, the chemical composition of ventricular 
CSF closely represents the general chemical composition of the brain. Previ- 
ously, we found that AD cerebral cortex proteins and AD neurofibrillary 
tangles contain significantly higher levels of D-amino acids (D-Asp and D- 
Ala) than in normal brains (Fisher et al., 1992a,b; D'Aniello et al., 1992). 
However, the levels of free D-Asp are significantly lower (p < 0.01) in AD 
hippocampus, frontal, temporal and parietal cortices (D'Aniello et al., 1998). 
Thus, the increased levels of free D-amino acids found in AD-CSF could be a 
reflection of the degenerative process occurring in the Alzheimer brain 
proteins. 
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