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Letters
Recovery and measurement of RNA in
Alzheimer's disease by molecular hybridi-
sation

Sir: RNA has been recovered from brains
with post mortem delays of up to 16 hours
with sufficient integrity to direct the in vitro
synthesis of proteins.1 Thus techniques
based on molecular hybridisation could also
be used to quantify RNA recovery with the
following advantages; they can detect lower
abundance messenger RNA species than in
vitro translation, the same samples can be
rehybridised with several probes and it is not
necessary that the RNA be intact to be
detected, since fragments of a partially
degraded molecule are still able to bind
probes. We describe below the recovery and
measurement by molecular hybridisation of
ribosomal RNA and poly A containing mes-
senger RNA from four cases of Alzheimer's
disease and four neurologically normal con-
trol cases.
Cloned Drosophila melanogaster ribo-

somal cDNA was a generous gift from D
Murphy, Imperial College, London. Triti-
ated poly uridylic acid (400 mCi/mmol) was
from Amersham International Ltd. RNA
was extracted from snap frozen tissue by
powdering the tissue with solid carbon diox-
ide and homogenising in 6M guanidinium
isothiocyate, then layered over 57M cae-
sium chloride solution and centrifuged at
150,000g for 16 hours. The pellet was
resuspended in water, and ethanol precip-
itated. For filter hybridisations with ribo-
somal cDNA, serial dilutions of denatured
RNA were filtered in 20 x SSC (3 M NaCl,
0 3 M sodium citrate) under negative pres-
sure through prewetted nitrocellulose
(Schleicher and Schuell BA 85) using a BRL
hybridot manifold. The filters were allowed
to dry then baked at 85°C for 2 hours.
Molecular hybridisation was as described
previously,2 based on the methods of
Jeffreys,3 with the addition of polyuridylic
acid at a concentration of 100,ug/ml in the
prehybridisation, hybridisation and first
wash buffers. The filters were dried and
bound probe was quantified by liquid scin-

tillation spectophotometry. Solution
hybridisation with 3H polyuridylic acid was
as described by Bishop and Rosbash.4
RNA yields from human cortex were in

the range 100-270pg/g tissue based on
OD260 measurements. Greater than 30%
reductions in the mean levels of both ribo-
somal and poly A hybridisation signals were
observed in the Alzheimer's disease group,
but individual variation was greater in the
control group (table).
Our findings show that measurable quan-

tities of RNA can be recovered from human
brains up to 72 hours post mortem. Classical
histochemical methods have demonstrated a
reduction in RNA levels in Alzheimer's dis-
ease brains,4 in addition to the reduction in
total RNA extracted as measured by spec-
tophotometry.5 The hybridisation results
with both ribosomal cDNA and poly U
confirm these findings, showing a general
reduction in the mean RNA levels in the
frontal cortex of the Alzheimer's group
compared with the controls.
The control group contained cases with

widely differing causes of death, which may
explain the greater variation in RNA levels
recovered from the controls as measured
by hybridisation compared with the
Alzheimer's disease group. This means that
not only will large numbers of samples have
to be screened, but internal RNA standards
will be needed to distinguish between disease
specific changes and other sources of vari-
ation (for example cause or mode of death).
The application of hybridisation techniques
should enable both of these criteria to be
met more easily than by in vitro translation
and gel electrophoresis.
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Table Ribosomal andpoly A containing RNA in frontal cortex samples (Brodmann Area
46) from Alzheimer's disease

Controls (SEM) Alzheimer's disease (SEM)

pm delay (h) 20 (6-6) 28 (7 7)
age (yr) 78 (2-5) 80 (4 1)
ribosomal (kcpm) 5890 (766) 3637 (450)
poly U (kcpm) 15440 (2093) 10176 (976)
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Glutamate deficits in Alzheimer's disease

Sir: The major histopathological features in
Alzheimer's disease are the presence of
plaques in the cortex and hippocampus and
tangles in pyramidal neurons in these areas.'
A proportion, at least, of these pyramidal
neurons are believed to be glutamatergic,2
thus suggesting that glutamatergic trans-
mission may be affected in Alzheimer's
disease. We have assessed this possibility
by looking at the regional distribution of
the synaptic glutamate uptake site in
Alzheimer's disease patients and in controls.
We have done this using synaptosomal
uptake of 3H-D-aspartate (a non metabo-
lisable glutamate analogue.3) A series of
eight clinically diagnosed and histologically
confirmed Alzheimer brains were collected
at necropsy (age 68-94 years post mortem
delay 4-20 h), dissected and brain pieces fro-
zen in isotonic sucrose as we have previously
described.6 A series of seven control brains
were also collected (age 48-85 years, post
mortem delay 6-16 h). Isolated nerve end-
ings (synaptosomes) were later prepared
from these frozen brain pieces6 and incu-
bated in a Krebs phosphate medium at 37C
with a range (1-32 pM) of 3H-D-aspartate
concentrations. Incubations were termi-
nated after 4 minutes by filtration.5 Incu-
bations were also performed in the absence
of Na + (tris replacing). Uptake was defined
as the difference between the Na+ contain-
ing and the Na+ free medium.35 The
affinity (Kin) and maximal velocity (Vmax)
for synaptosomal uptake were calculated.5
In both sets of brains and in all brain regions
the Km was 5,pM-I pHM as previously
reported.3-5 However, the Vmax for H-D-
aspartate was much lower in cortical and
hippocampal regions of Alzheimer brains
than in controls (see below), though the
Vmax in subcortical regions was not
significantly reduced.

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.50.3.356-a on 1 M
arch 1987. D

ow
nloaded from

 

http://jnnp.bmj.com/


Letters

Table

Control Alzheimer'.s disease
Means + SEM (n) Means + SEM (n) p (ANOVA)

Occipital cortex 22-5 + 3-6 (6) 90 + 20 (5) <0-02
Parietal cortex 20 1 + 3 0 (6) 8 8 + 2-3 (6) < 0-02
Frontal cortex 32 1 + 5-5 (7) 11 4 + 19 (5) <002
Temporal cortex 27-1 + 4 9 (7) 8-3 + 2 0 (7) < 0-02
Hippocampus 178 + 78(5) 60 + 20(7) <005
Caudate 14 5 + 3 0 (6) 8-0 + 3 4 (4) NS
Globus pallidus 10 3 + 4 8 (4) 10 2 + 4 2 (3) NS
Putamen 13 2 + 2 5 (5) 8-4 + 5-0 (2) NS

We interpret these results as indicating a
severe (60%) loss of glutamate terminals in
cortical and hippocampal regions in
Alzheimer's disease with little or no loss of
glutamate innervation in subcortical
regions. These results suggest a large glu-
tamatergic deficit in Alzheimer's disease
consistent with the pathology of the
disorder.'
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Glutamate deficits in Alzheimer's disease

Sir: The presence of large numbers of senile
plaques and neurofibrillary tangles in cere-
bral cortex is the major neuropathological
feature of Alzheimer-type dementia
(ATD).' It has recently become clear that
cortical neurofibrillary tangles are present
predominantly in pyramidal neurons,2 and
that these neurons may degenerate in ATD.3
Studies in experimental animals suggest that
cortical pyramidal neurons use an excitatory
amino acid such as glutamate as transmitter,
and there is much current interest in the
study of excitatory amino acids in ATD.
Direct study of glutamate-containing neu-
rons in human brain have been hampered by
the lack of a suitable marker. We have
recently shown that the binding of
3H-D-aspartate to the high-affinity glu-
tamate uptake site may be a useful marker
of glutamate-containing nerve terminals in
human post-mortem brain.4 We report here
a study of 3H-D-aspartate binding in cortex
of controls and ATD patients.

Brains from controls and neu-
ropathologically confirmed ATD patients
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were obtained at necropsy, snap-frozen and
20 pm cryostat-cut sections of temporal cor-
tex collected. The groups were matched for
age and post-mortem delay (table). The
binding of 3H-D-aspartate to slide-mounted
tissue sections was performed as described
previously.4 5 Sections were incubated for 30
min with 100 nM 3H-D-aspartate in 50 mM
Tris acetate buffer pH 74 containing 100
mM NaCl. After incubation, the sections
were washed and the tissue scraped into
vials for scintillation counting.
We observed a pronounced and

significant decrease in 3H-D-aspartate bind-
ing in the ATD group (table). This decrease
is unlikely to be due to factors associated
with chronic neuropsychiatric diseases such
as hypoxia, as we find no loss of
3H-D-aspartate binding in cortex of Hunt-
ington's disease patients.6 3H-D-aspartate
binding in frontal cortex of controls; 426 +
96 fmol/mg (n = 8) and Huntington's dis-
ease patients 418 + 148 fmol/mg (n = 10).
Moreover, the groups used in the present
study were matched for age and post-
mortem delay.
The results are consistent with a loss of

cortical glutamate-containing nerve termi-
nals, and may thus provide a neurochemical
correlate of changes in pyramidal neurons in
ATD. In a previous study, glutamate release
from cortical tissue prisms was shown not to
be reduced in ATD,7 suggesting that glu-
tamate terminals may remain intact. How-
ever, it has recently been suggested that glu-
tamate release may be more directly linked
to changes in metabolic activity than to
changes in glutamate containing terminals.8
The small number of patients in the

present study necessitates confirmation of
this finding in a larger group of patients. If
confirmed, the present results suggest that
3H-D-aspartate may be a useful means to
study the progression of pathological

Table Post-mortem details and
3H-D-aspartate binding in controls and A TD
patients

Controls A TD patients
n=5 n=5

Age (y) 68 + 7 72 + 6
Post-mortem

delay(h) 36 + 10 38 + 14
3H-D-aspartate

binding (fmol/mg) 184 + 16 98 + 26*

*p < 005.
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