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Brain Quinolinic Acid in Alzheimer’s Dementia
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Summary. Quinolinic acid (QA) content was mea-
sured in postmortem frontal and temporal cortex,
putamen and cerebellum obtained from patients with
senile dementia of Alzheimer type (SDAT), Hun-
tington’s disease (HD) and controls, using a gas
chromatography/mass spectrometry method. There
were no significant group differences in QA content of
any of the regions examined. The data do not support
the hypothesis that an accumulation of QA plays a
role in neuronal degeneration occurring in the frontal
and temporal cortex, putamen and cerebellum of pa-
tients with SDAT.
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Introduction

An excess of the tryptophan metabolite quinolinic
acid (QA) in the brain has been hypothetically related
to the pathogenesis of senile dementia of Alzheimer
type (SDAT), Huntington’s disease (HD) and epi-
lepsy (Schwarcz et al. 1984; Feldblum et al. 1988).
Furthermore, an involvement of QA in the neuronal
cell loss occurring during aging might also be possible.
In patients affected by SDAT a degeneration of
neurons has been shown in the nucleus basalis of
Meynert (Whitehouse et al. 1982), hippocampus (Jel-
linger and Riederer 1984; Ball et al. 1985; Hyman et
al. 1984) and in various cortical areas (Mountjoy et al.
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1983; Terry et al. 1981). The pathogenesis of this de-
generation is unknown. One possibility would be a
substantial increase of the endogenous neurotoxic
tryptophan metabolite QA.

QA, a glutamate receptor agonist, causes a selec-
tive degeneration of intrinsic neurons when injected
into the rat striatum (Beal et al. 1986). Lesions pro-
duced by intrastriatal injections of QA resemble
neuropathological and neurochemical changes that
are characteristic of HD: a depletion of neurotrans-
mitters contained within striatal spiny neurons, e.g. y-
aminobutyric acid, reduction in the number of cholin-
ergic neurons, while dopamine is unaffected (Schwarcz
et al. 1983, 1984; Beal et al. 1986). Quinolinate’s inter-
mediate biosynthetic enzyme, 3-hydroxyanthranilate
oxygenase (EC 1.13.11.6) has now been detected in
brain tissue and can be expected to control the metab-
olism of QA (Foster et al. 1985, 1986). The activity of
3-hydroxyanthranilate oxygenase is increased in HD
brains as compared with controls (Schwarcz et al.
1988). Furthermore, accumulation of QA could be
due to a deficiency in its degradation. Quinolinic-
phosphoribosyl-transferase is the first degradative en-
zyme of QA. The activity of this enzyme is decreased
in epileptic human brain tissue (Feldblum et al. 1988).

In the present study we have examined the content
of QA in various brain regions of patients with SDAT,
HD and controls.

Materials and Methods

At autopsy the brain was divided by sagital section. One half
brain was deep-frozen for biochemical assay. The other half
brain was fixed in buffered formalin. Multiple blocks were em-
bedded in paraffin and the preparation of sections followed
routine methods (Khachaturian 1985). The samples for bio-
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Table 1. Quinolinic acid content in the frontal and temporal cortex, putamen and cerebellum of human subjects

Age Sex Neuropatho- Frontal cortex Temporal cortex ~ Putamen Cerebellum
logical
diagnosis
79.7+t34 2M,2F Controls 0.77 £ 0.37 0.34+£0.10 0.41£0.11 0.58 £ 0.18
82.5+49 2M,2F SDAT 0.54 £0.16 0.91+0.32 0.58 £0.13 0.76 £0.20
41 F 0.11 ND 0.27 0.36
35 F HD 0.71 ND 0.20 0.45

The content of quinolinic acid is expressed as nmol/g tissue. Results are expressed as means = SEM, except for HD where indi-

vidual data points are given. ND = Not determined

chemical assays were removed using the atlas of Nieuwenhuys
et al. (1981).

Brain tissue (frontal and temporal cortex, putamen and
cerebellum) from four patients with SDAT, two patients with
HD and four neurologically normal control subjects (Table 1)
was obtained; tissue samples were stored again at —80°Cin air-
tight plastic tubes and assayed within 3 weeks.

Postmortem time in all cases was between 3 and 15h. Our
samples were analysed in part in parallel with those of Reynolds
et al. (1988) and have been identified by pathological and
neuropathological examination and additional studies of the
case histories.

Controls had died without any evidence of neurological or
psychiatric disease. All brains were examined histopathologi-
cally by routine staining methods and were seen by a
neuropathologist. The histopathological findings in all four con-
trols consisted of non-specific senile changes. Drug treatment
consisted of cardiovascular active drugs and antibiotics only.
The cause of death was pneumonia and oedema of the lung
(n=1), myocardial infarction (n=1), carcinoma (n=1) and
cardiac arrest after diabetes mellitus (n=1). In all cases of
SDAT the histopathological examination showed severe SDAT
with accentuation in the hippocampus. Histopathological
changes in the occipital cortex (n = 1) and amyloid angiopathy
were notable in a single patient. Two patients with SDAT were
drug-free, while in two other patients neuroleptic drug treat-
ment had been withdrawn 6 weeks before death. The cause of
death (SDAT group) was bronchopneumonia (n=1),
pneumonia and hypertensive heart disease (n = 2) and oedema
of the lung (n =1).

The two cases of HD on histopathological examination
showed severe atrophy of the striatum, generally accompanied
by cortical cell loss. Drug treatment had consisted of antibiotics
and neuroleptics. The cause of death (HD group) was broncho-
pneumonia (n = 1) and aspiration (n = 1).

QA was isolated and measured using a modification of pre-
vious methods (Wolfensberger et al. 1983; Moroni et al.
1986a, b). Using 2,4-pyridine dicarboxylic acid as the internal
standard, tissue (300 mg) was homogenized in 0.5ml of 0.3 M
formic acid and centrifuged at 12000 g for 3 min. The pellet was
resuspended in 0.5 ml phosphate buffer (0.1 M, pH 9.4) and re-
centrifuged. The combined supernatants were centrifuged at
50000 g for 10 min and applied to a prewashed strong anion ex-
change Bond Elut sorbent column. After washing with consecu-
tive 2-ml volumes of water, 0.1 M formic acid and 25%, 50%
and 80% methanol, QA and its internal standard were eluted
with 1ml formic acid/methanol (20:80/vol/vol). This mixture
was dried in a stream of nitrogen and treated by heating for
90 min at 110°C with 50 ul each of hexafluoroisopropanol and
trifluoroacetic anhydride. This was dried under nitrogen and
the derivatives dissolved in 50 pul heptane prior to injection of

1lul into the gas chromatograph. This employed a 15m X
0.32mm chemically bonded OV1 column at 120°C and mass
spectrometer (Hewlett Packard mass selective detector) to de-
termine ions at m/z 272, 300 and 448.

Concentrations of QA were calculated from the ratios of
peak areas of QA and internal standard (respective retention
times 5.6 and 4.8 min) by comparison with results from a cali-
bration curve obtained by addition of QA (10-100ng) to
aliquots of a tissue homogenate and taken through the above
procedure.

For statistical comparisons Student’s t-test and the Wilco-
xon rank sum test were performed.

Results

Individual values of QA content in tissues are shown
in Table 1. No significant difference is apparentin QA
concentrations between the three groups in the frontal
and temporal cortex, putamen or the cerebellum.

Discussion

The results indicate that the concentration of QA in
postmortem human cortex, putamen and cerebellum
in SDAT is unchanged compared with controls. These
data do not support the speculative link between QA
and SDAT. However, our findings are in conformity
with the results of Moroni et al. (1986a), who reported
no changes in cortical QA content in SDAT. Further-
more, no correlation was found between the severity
of Alzheimer changes and QA content in the cortex
(Moroni et al. 1986a).

Recently, no changes in the content of quinolinate
in cerebrospinal fluid (Schwarcz et al. 1988) or in urine
(Heyes et al. 1985) were reported in HD samples. Our
preliminary data in HD are limited by the fact that
they could not be compared with age-matched con-
trols. However, there is no evidence that QA under-
goes age-dependent changes (Moroni et al. 1986b). In
that respect, the data of our two cases are in line with
those in the literature (Reynolds et al. 1988).

In conclusion, our data do not support the hypo-
thesis that an accumulation of QA plays an important



role in the neuronal degeneration occurring in the
course of SDAT.
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