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Summary

Dementia with Lewy bodies (DLB) is a neuropsychiatric
disease associated with extrapyramidal features which
differ from those of Parkinson’s disease, including reduced
effectiveness ofL-dopa and severe sensitivity reactions
to neuroleptic drugs. Distinguishing Alzheimer’s disease
from DLB is clinically relevant in terms of prognosis and
appropriate treatment. Dopaminergic activities have been
investigated at coronal levels along the rostrocaudal
striatal axis from a post-mortem series of 25 DLB, 14
Parkinson’s disease and 17 Alzheimer’s disease patients
and 20 elderly controls. fH]Mazindol binding to the
dopamine uptake site was significantly reduced in the
caudal putamen in DLB compared with controls (57%),
but not as extensively as in Parkinson’s disease (75%),
and was unchanged in Alzheimer’s disease. Among three
dopamine receptors measured (D1, D2 and D3), the most
striking changes were apparent in relation to D2. In DLB,
[®H]raclopride binding to D2 receptors was significantly
reduced in the caudal putamen (17%) compared with
controls, and was significantly lower than in Parkinson’s
disease at all levels. D2 binding was significantly elevated
at all coronal levels in Parkinson’s disease compared with
controls, most extensively in the rostral putamen (71%).
There was no change from the normal pattern of D2
binding in Alzheimer’s disease. The only significant
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alteration in D1 binding ([3H]SCH23390) in the groups
examined was an elevation (30%) in the caudal striatum
in Parkinson’s disease. There were no differences in
D3 binding, measured using $H]7-OH-DPAT, in DLB
compared with controls. A slight, significant decrease in
D3 binding in the caudal striatum of Parkinson’s disease
(13%) patients and an increase in Alzheimer’s disease
(20%) in the dorsal striatum at the level of the nucleus
accumbens were found. The concentration and
distribution of dopamine were disrupted in both DLB
and Parkinson’s disease, although in the caudate nucleus
the loss of dopamine in DLB was uniform whereas in
Parkinson’s disease the loss was greater caudally. In the
caudal putamen, dopamine was reduced by 72% in DLB
and by 90% in Parkinson’s disease. The homovanillic
acid : dopamine ratio, a metabolic index, indicated
compensatory increased turnover in Parkinson’s disease,
which was absent in DLB despite the loss of substantia
nigra neurons (49%), dopamine and uptake sites. These
differences between DLB, Parkinson’s disease and
Alzheimer’s disease may explain some characteristics of
the extrapyramidal features of DLB and its limited
response toL-dopa and severe neuroleptic sensitivity. The
distinct changes in the rostrocaudal pattern of expression
of dopaminergic parameters are relevant to the
interpretation of the in vivoimaging and diagnosis of DLB.

Abbreviations: ANOVA = analysis of variance; DLB= dementia with Lewy bodies; HVA= homovanillic acid; 7-
OH-DPAT = R(+)-7-hydroxy-dipropylaminotetralin-&,N-di[2,3(n)-propylamino]-7-hydroxy-1,2,3,4-tetrahydronaphthalene;
PPAP = R(-)-N-(3-propyl-1-propyl)-1-phenyl-2-aminopropane hydrochloride; SCH2339R(+)-7-chloro-8-hydroxy-3-
methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochloride
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Table 1 Details of subjects

Controls
Case Age Sex PM delay Cause of death Coronal levels at which parameters were measured
no. (years) (h)

DAT D1 D2 D3 DA and HVA
1 89 F 24 Pulmonary embolism 14 14 15 14 14
2 78 F 17 Cancer 10 10 10,11 10
3 56 M 18 Cancer 11 11 10 11
4 94 F 74 Renal and heart failure 10,12,13,14 10,11,13,14 10,13,15 10,11,13,14 10,12,13,14
5 80 F 48 Ischaemic heart disease 11 10 11 11
6 77 M 48 Cancer 13 13 13 13,14 14
7 72 F 14 Cancer 11 10 11 11
8 78 M 11 Bronchopneumonia 11
9 63 M 16 Cancert haemorrhage 12 11 11,13 12
10 82 F 15 Emphysema 12 11 11 11 12
11 78 M 42 Heart diseas¢ pneumonia 13 14 13 14 13
12 82 M 24 Cancer 11 11 11 11
13 75 M 12 Ischaemic heart disease 11 13 11 11
14 84 M 76 Cancer 12,13 11,13 13 13 12,13
15 76 F 24 Cancer 11 11 11 11 11
16 90 F 48 Ischaemic heart disease 10,11 11 10 10,11
17 82 F 12 Bronchopneumonia 13,14 13 13,15 14 13,14
18 55 M 24 Cancer 10,11 10 10,11 10 10,11
19 91 F 48 Ischaemic heart disease 11 11 11 11
20 64 F 89 Cancer 12,13,14 13,14 13,15 13 12,13,14
Mean 77.3 34.2
SD 10.9 23.8
Dementia with Lewy bodies
Case Age Sex PM Cause of death Disease  Neuroleptic' EPSoronal levels at which parameters were
no. (years) delay duration medication* measured

h (years)
DAT D1 D2 D3 DA and HVA
21 78 F 48 Ischaemic heart disease 1 Yes S + 11 11 13 11
22 71 F 10 Bronchopneumonia 6 No No 12 13 13 14 12
23 74 M 45 Duodenal ulcer 1 No + 11 10 11 10 11
haemorrhage

24 75 M 24 Bronchopneumonia 15 Yes No? 11 11 11 11 11
25 78 M 47 Cancer 2 No 13 13 14 14 13
26 80 M 5 Pulmonary embolism ? YesS +++ 13 13 11 13 13
27 920 M 52 Bronchopneumonia 4 YesS + 12 13 11 13 13
28 84 M 16 ? 1 Yes S + 11 11 11 11 11
29 83 M 72 Ischaemic heart disease 11 Yes S + 11,23 11,23 11,13 10,13 11,13
30 66 F 10 Pyelonephritis 3 Yes S + 11,13 11,13 11,24 10,24 11,13
31 82 F 24 Bronchopneumonia ? Yes + 11 11 11 11 11
32 69 M 27 Ischaemic heart disease 2 No No 11,13 11,13 11 10,14 11,13
33 85 M 46 Bronchopneumonia ? No + 12 13 14 13 12
34 78 M 24 ? ? Yes + 11 11 11 10 11
35 77 F 32 Pyelonephritis 11 Yes S + 11 11 11 11 11
36 72 M 18 Bronchopneumonia 6 Yes 11 10 11 10,11
37 82 M 90 Bronchopneumonia 1 YesS ++ 11 11 11 10 11
38 90 M 24 Bronchopneumonia 5 Yes ++ 11 10 11 11,14 10
39 83 M 61 Pneumonitis 2 Yes S ++ 11 10 11 10
40 78 M 14 Bronchopneumonia 5 No 11 11 11 10 11
41 69 M 7 Cachexia 4 No 12 13 11 11 12
42 66 F 72 Bronchopneumonia 3 ? + 13 13 13
43 85 F 18 Bronchopneumonia 5 No + 13 13 14 13
44 84 M 51 Cancer 2 No + 11 11 11 10,11
45 74 F 12 Heart disease 1 Yes + 13 13 13 13 13
Mean 78.12 33.96

SD 6.8 235
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Table 1 (contd)
Parkinson’s disease

Case Age Sex PM Cause of death DiseaseDopa Neuro- Coronal levels at which parameters were
no. (years) delay duration medication leptic measured
h (years) medication

DAT D1 D2 D3 DA and HVA

46 73 M 22 Peritonitis 8 Yes No 11 11 11 11

47 65 M 60 Cancer 20 Yes No 10 10 10 10 10

48 72 F 35  Bronchopneumonia 3 Briefly No 11 11 11 11 10

49 72 F 80 Myocardial infarction 7 Yes No 14 13 13 11 13

50 72 M 7  Bronchopneumonia 11 Yes No 11 13 13 11

51 65 M 30 Ischaemic heart disease 3 Yes No 13

52 70 M 35 Pulmonary embolism 3 No No 10,11,12 10,11 10,11,12 10,11 10,11,13
53 86 M 48 Ischaemic heart disease 13 Yes No 12 12 10 11 13
54 84 M 78 Pulmonary embolism 9 Yes Yes 12 13 12 11 13

55 67 M 24 Renal failure 5 Yes No 10 10 10 10 10

56 78 M 24 Bronchopneumonia 4 Yes No 11,13 13 11,13 11,13 11,13
57 83 F 120  Bronchopneumonia 8 Yes No 13 12 13 13 13

58 73 F 8 Cancer 11 Yes Yes 10,11 11 10,11 10,11
59 83 F 48 7 ? Yes No 13 12 13 10 13
Mean 74.5 44.21

SD 7.1 31.4

Alzheimer’s disease

Case Age Sex PM Cause of death Disease  Neuroleptic EPSt Coronal levels at which parameters were
no. (years) delay duration medication measured
h (years)

DAT D1 D2 D3 DA and HVA

60 89 F 37 Bronchopneumonia 1 Yes No 9 10 14 10 10,13
61 91 M 21 Coronary occlusion 3 No No 11,13 11 11 11 11
62 66 F 39 Bronchopneumonia 3 Yes Yes 9,11 11 11 10,11
63 77 M 96 Bronchopneumonia 6 Yes No 11 10 11 10 10
64 76 F 48 ? ? No 13 13 14 13 13
65 86 F 53 Bronchopneumonia ? No 13 13 14 13 13
66 84 F 21 Cardiac failure ? Yes 11 11 11 11 11
67 74 M 36 Pulmonary embolism 13 Yes 11 11 11 11 11
68 83 F 24 Peritoneal abscess 5 Yes No 13 13 14 13 13
69 89 M 28 Myocardial infarction 6 Yes, initially 11 11 11 11 11
70 84 M 24 Bronchopneumonia 7 Yes No 13 13 14 13 13
71 83 F 24 Cancer 1 No No 11 11 11 11
72 88 F 48 Ischaemic heart disease 10 Yes No 11 11 11 11
73 83 F 90 Cancer, pulmonary 5 Yes Yes 11 11 11 11 11

embolism
74 69 M 24 Bronchopneumonia 9 No Yes 9,11,13 10,11 11 10 11
75 72 M 10 Bronchopneumonia 5 Yes Yes, 9

terminally

76 79 F 72 ? ? ? 13 13 14 13
Mean 80.76 40.88
SD 7.4 24.7

PM = post-mortem; *S= severe reactionfEPS = extra pyramidal symptomst to ++-+ = increasing severity of parkinsonism.

Introduction

Dementia with Lewy bodies (DLB) is a progressive, face, stooped posture, slow gait and rigidity. Resting tremor
degenerative dementia which is the second commonest aftatso occurs, but probably less than in Parkinson’s disease
Alzheimer’s disease. Clinical features of DLB include (Galasko et al, 1996; McKeith et al, 1996). These
disturbances of consciousness and recurrent visugdarkinsonian signs are associated with reduced concentration
hallucinations, with progressive cognitive decline which of striatal dopamine (Langlaist al, 1993; Marshallet al,,
develops to severe dementia. Spontaneous extrapyramidi®94; Piggott and Marshall, 1996) and reduced neuron density
symptoms occur in the majority of cases, including maskedn the substantia nigra pars compacta (Pestyal, 1990,
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Table 2 Pathological findings in DLB, Parkinson’s disease and Alzheimer’s disease

Group Lewy bodies Substantia nigra neuron Plaque count pér mmNFT count per mrh Braak stage
numbers

SN Cortex  Meant SD Range Meant SD Range Mean: SD Range Meant SD  Range

Control - - 494+ 142 307-683 3.4 4.7 0-141 0.04- 0.12 0-0.5 2313 0-4
DLB + ++ 251+ 119 79-515 12.9-7.9 0-26 1.2+ 2.6 0-9 33 14 0-5
PD + + 156 = 82 49-356 4.1+ 6.5 0-22 0.15- 0.2 0-0.6 2214 0-4
AD - - 489 = 197 241948  23.5-18.1 7.9-47 12.9- 5.8 1.6-23.2 5.3:0.7 4-6

AD = Alzheimer’s disease; PB- Parkinson’s disease; NFF neurofibrillary tangles; SN= substantia nigra.

1993). Dopamine uptake site density in the striatum is also We have recently reported increasing gradients of dopamine
reduced but to a lesser extent than in Parkinson’s diseasfptake sites and D2 receptors in the striatum of normal
(Piggottet al, 1998), and D2 receptors are not upregulatedelderly individuals from the head of the caudate rostrally to
(Piggott et al, 1994, 1998). Extrapyramidal signs in DLB the internal globus pallidus caudally (Piggett al., 1999).
can be severely exacerbated, or appear for the first timélhe number of D1 receptors was higher in the rostral
following administration of the neuroleptic drugs that areputamen, D3 receptors were mainly expressed in the ventral
usually prescribed to control psychotic symptoms such astriatum, and dopamine and homovanillic acid concentrations
hallucinations and delusions. Severe neuroleptic reactionsyere higher at the level of the nucleus accumbens and caudal
which do not necessarily resolve upon drug withdrawalto the anterior commissure (Piggett al, 1999).
include rigidity, reduced consciousness, pyrexia, falling, In the present paper we report the rostrocaudal striatal
postural hypotension and collapse (McKeith al, 1992, distribution of dopaminergic markers in a post-mortem series
1995; Ballardet al., 199&). of DLB, Parkinson’s disease and Alzheimer’s disease cases
In Parkinson’s disease, a progressive extrapyramidailefined clinically and pathologically. We have distinguished
movement disorder (rigidity, bradykinesia and tremor) ischanges characteristic of disease-related movement disorder
accompanied by increasing loss of striatal dopamine anffom normal, aged individuals, and established parameters
severely reduced substantia nigra neuron density as well aghich have the potential to differentiate DLB from
reduced dopamine uptake sites, particularly in the putameAlzheimer's disease and Parkinson’s disease ibyvivo
(Antonini et al,, 1995; Wilsonet al, 1996). At early stages imaging.
of the disease or without dopamine replacement therapy,
increased dopamine D2 receptors have been demonstrated in
the striatum, bothin vitro (Guttman, 1987; Piggott and
Marshall, 1996) and byn vivo imaging (Antoniniet al, Methods
1995, 1991). Cases
In Alzheimer’s disease, extrapyramidal features may alsd@he series, selected from the Newcastle Brain Tissue Bank,
emerge, particularly in the later stages (Stetnal, 1996; included 25 cases with DLB, 14 Parkinson’s disease cases
Lopezet al, 1997). Reports of nigrostriatal neurochemicaland 17 Alzheimer’s disease cases. Controls were 20 normal
abnormalities vary, with some reports of little or no loss inelderly individuals with no history of neurological or
dopamine uptakdn vivo in Alzheimer’s disease (Tyrrell psychiatric disease, no record aefdopa or neuroleptic
et al, 1990; Donnemilleret al., 1997) and other reports of prescription and no evidence of significant age-related
reduced dopamine uptake sitasitro (Sahlberget al, 1998)  neurodegeneration. Permission for post-mortem and donation
and in vivo (Rinne et al, 1998). There are reports that of braintissue were obtained by prior consent from next of kin,
substantia nigra neuron numbers and striatal dopaminiem accordance with the rules of the Joint Ethics Committee,
concentration are unchanged (Peetyal, 1990, 1993; Love Newcastle and North Tyneside Health Authorities, and brain-
et al, 1996; Liu et al, 1997), but there is one report of banking procedures were in line with MRC guidelines. Brains
reduced substantia nigra neuron density (Kaatesdl,, 1995).  were removed at autopsy. The right hemisphere and brainstem
Extrapyramidal symptoms in Alzheimer’'s disease may bewere fixed in formalin and examined histologically, while
associated with neurofibrillary tangles in the substantia nigraéhe left hemisphere was coronally sliced, snap-frozen and
(Liu et al, 1997). Unaltered or reduced D2 receptors havestored at —70°C. Table 1 shows demographic case variables
also been reported (Pizzola#&t al, 1996). This variability —and the coronal levels that were quantified for each parameter.
of reported findings of dopaminergic activities in Alzheimer’s Clinically, DLB cases fulfilled the criteria of McKeith and
disease may be due to heterogeneity within the cases selectedlleagues (McKeithet al., 1992, 1996) and Alzheimer’s
and the symptoms displayed (Forstl al, 1994; Victoroff disease cases were diagnosed with regard to published
et al, 1996) and also to the potential inclusion of patientscriteria (McKhannret al,, 1984). All Parkinson’s disease cases
with DLB (Ellis et al, 1996; Kalraet al, 1996). presented with clinical signs of extrapyramidal movement
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disorder, including tremor, rigidity and akinesia (Peetyal., onto glass slides previously coated with Vectabond. All
1985). The presence of dementia in Parkinson’s disease wa®paminergic parameters were measured along the
assessed using previously described criteria (Petral, rostrocaudal axis, but because of tissue availability it was

1990); if dementia developed within a year of onset ofnot possible to measure all parameters at all levels. Coronal
motor symptoms the cases were assigned to the DLB groujgvels in the anterior—posterior commissure axis (Fig. 1) were
(McKeith et al,, 1996). Pathologically, DLB and Parkinson’s 0.5 cm apart and were designated according to Perry (Perry,
disease were distinguished from Alzheimer’s disease by the993). Level 9 (not shown) marks the head of the caudate;
presence of brainstem Lewy bodies, cortical Lewy bodieslevel 10 the head of the putamen; level 11 the nucleus
Lewy neurites in the CA2/3/4 segments of the hippocampusaccumbens; level 12 the first appearance of the external
and low or moderate Alzheimer-type pathology with fewerglobus pallidus and anterior commissure; level 13 the rostral
tangles than found in Alzheimer’s disease (Peftral, 1990,  |imit of the temporal/frontal lobe junction; level 14 the rostral
1996) (Table 2). Parkinson's disease cases showed great@ymnix, internal globus pallidus, amygdala and temporal horn
substantia nigra neuron loss, less extensive Lewy bodyf the lateral ventricle; and level 15 displays the lentiform

formation in the neocortex and less Alzheimer-type pathology,cleus formation, the mammillary body and the anterior
than DLB cases. Pathologically, Alzheimer's disease casegcleus of the thalamus.

showed tangles and neuritic plaques in the hippocampus and
neocortex, which were present at sufficient densities to satisfy
published criteria (Braak and Braak, 1991; Mietaal, 1991)  Materials

(Table 2). [3H]7-Hydroxy-dipropylaminotetralin  (7-OH-DPAT) was
supplied by Amersham (Amersham, UK), and NEN (London,
Neuropathological methods UK) supplied PH]mazindol, PH]7-chloro-8-hydroxy-3-

The neuropathological methods used to diagnose th&ethyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydro-
Alzheimer’s disease, Parkinson’s disease and DLB cases afdloride (SCH23390) and [methoXjH]raclopride. Buta-

to quantify the plaques, neurofibrillary tangles and Lewyclamol, desipramine, dopamineis-flupenthixol, ketanserin,
bodies have been described previously (Petal, 1990). nomifensine and R(-)-N-(3-propyl-1-propyl)-1-phenyl-2-
Briefly, the fixed right cerebral hemisphere was slicedaminopropane hydrochloride (PPAP) were supplied by Sigma
coronally and tissue was sampled from the midfrontal cortex(Poole, UK) and Vectabond by Vector Laboratories
lateral parietal cortex, occipital cortex, temporal cortex,(Peterborough, UK). Other laboratory reagents were
hippocampus, basal ganglia and brainstem. Paraffin sectiomsalytical grade, supplied by Sigma (Poole, UK).

5 um thick were cut and stained with haematoxylin and eosin

for general histology, and used for the identification of Lewy

bodies in the substantia nigra. In cortical areas, ubiquitirAutoradiography protocols

immunochemistry was used for the identification andFor all ligands except®H]mazindol, cryostat sections were
guantification of Lewy bodies. Paraffin sections (2®) of  dried at room temperature for 2 h before storage at —70°C
the upper and lower midbrain were stained with cresyl fasfor up to 4 weeks prior to use. For mazindol binding, slides
violet and used for quantification of pigmented neurons inwere dried for only 5 min prior to storage at —70°C overnight
the substantia nigra. Paraffin sections (2®) of cortical before use. At least four control cases were measured more
areas were stained with a modification of Palmgren’s silvethan once at a particular coronal level to provide an additional
technique for neurofibrillary tangle demonstration andcontrol for consistency between each autoradiography experi-
quantification (Cross, 1982). The von Brauitthwsilver  ment. Autoradiography protocols included preincubation in
impregnation technique was used to demonstrate plaques Buffer to remove endogenous ligands and residual drugs,
254um thick frozen sections cut from fixed tissue blocks followed by incubation with radioactive ligand to determine
adjacent to those taken for paraffin processing. For each gbtal binding. Adjacent sections were incubated with the
the four neocortical areas the mean tangle density wagddition of a displacer to determine non-specific binding.
obtained by counting tangles in consecutive fields (0.6 mmgections were given three washes in buffer, followed by a
area) through the full width of the cortical ribbon in five \ater dip to remove buffer salts, and dried under a stream
randomly marked positions around the gyri (two at the creste air prior to exposure to film. Triplicate determinations for
two in the mid-sulcal zone and one at the base of the sulcusyqih total and non-specific binding were made, and specific
the mean plaque density was calculated from counts in f'eldﬁinding was calculated by subtracting the mean value of non-

(area= 3.1 mn?), at five similarly mgrkgd points. In each specific binding from the mean total binding.
case the tangle and plaque densities in the whole of the

neocortex were both expressed as mean values pér mm
Dopamine receptor autoradiography

Brain sampling Dopamine uptake sites
For autoradiography, frozen tissue blocks were subdissectddopamine uptake site binding was determined with 3 nM
at —20°C, and 2Qum cryostat sections were cut and dried [*H]Jmazindol, a concentration about half the dissociation
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Fig. 1 Coronal levels of striatum, 0.5 cm apart; taken from the publication by R. Perry (Perry, 1993). &@erior commissure;

Amyg = amygdala; Ant Nuc= anterior nucleus of thalamuant = anterior; Caud= caudate; Cerb Peéd cerebral peduncle; Chi

optic chiasma,; ck coronal level; Fx= fornix; GPe= external globus pallidus; GR+ internal globus pallidus; Int Caps internal

capsule; Lat Vent Temp= temporal horn of lateral ventricle; MB- mammillary body; NA= nucleus accumbens; O Tb olfactory
tubercle;post= posterior; Putm= putamen. Receptor densities were measured in the dorsal and ventral caudate and putamen, and in the
nucleus accumbens.

constantKy(h) reported previously (Singeet al, 1991; 71.1 Ci/mmol) with 100 nM ketanserin (to block 5-KHT
Alexander et al, 1992). Sections were removed from binding sites) for 150 min at room temperature. A
overnight storage at —70°C for 1 min prior to preincubation[*H]SCH23390 concentration of 1 nM is slightly less than
in 50 mM Tris—HCI (pH 7.9) at 4°C for 5 min, and were the Ky (dissociation constant) previously reported
incubated with 3 nM JH]mazindol (specific activity= 24  (Waddington and O’Boyle, 1987; Ha#t al, 1994). Non-
Ci/mmol) in 50 mM Tris—HCI buffer (pH 7.9) containing specific binding was 30-40% of total binding, and was
300 mM NacCl, 5 mM KCI and 100 nM desipramine (to determined in the presence ofy® cis-flupenthixol. Slides
block other monoamine uptake sites). Non-specific bindingvere washed for a total of 9 min in 50 mM Tris—HCI (pH 7.4)
was defined in the presence of 00 nomifensine and was buffer at 4°C.
~60% of total binding. Sections were given three 1-min
washes at 4°C in buffer as used for the prewash.

Dopamine D2 receptors

For D2 receptors a protocol developed from the method of
Dopamine D1 receptors Kohler (Kohler and Radesater, 1986) was used. Sections
For dopamine D1 receptor autoradiography, a modificatiorwere preincubated for 30 min in 50 mM Tris—HCI (pH 7.4)
of the method of Cortes (Cortest al, 1989) was used. at room temperature and incubated with 3 mH]faclopride
Preincubation for 20 min at 4°C in 50 mM Tris—HCI (pH (specific activity= 69.5 Ci/mmol) in buffer composed of
7.4) was followed by incubation in 50 mM Tris—HCI (pH 50 mM Tris—HCI (pH 7.4) containing 120 mM NacCl, 5 mM
7.4) containing 120 mM NacCl, 5 mM KCI, 2.5 mM Cag{l KCI, 2 mM CaCh, 1 mM MgCl, and 0.001% (w/v) ascorbic
1 mM MgCl, and 1 nM PH]SCH23390 (specific activity= acid for 60 min at room temperature. This concentration of
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[*H]raclopride is above th&g reported by Hall (Hallet al,  Statistical analysis

1994) of 1.25 nM and within the range reported by Deanstatistical analysis was performed using Minitab for
(Deanet al, 1997) of 2-10 nM, in man. Non-specific binding windows, version 12. Comparison of binding between disease
was assessed in the presence qfM butaclamol and was groups in the same striatal area at the same level was by
~25% of total binding. Slides were washed for a total Ofone-way analysis of variance (ANOVA). Two-way ANOVA

9 min in 50 mM Tris—HCI (pH 7.4) buffer at 4°C. The method was used to compare binding in different areas at separate
for dopamine D2 receptors also measures a proportion of thevels, and if no interaction between these factors was
smaller population of D3 receptors (Malmbesgal, 1993),  observed comparisons were then made by one-way ANOVA
although Landwehrmeyer and colleagues (Landwehrmeyempliowed by Fisher’s pairwise comparisomost hoctest,

et al, 1993) found that H]raclopride did not label D3 ith the significance level set & < 0.05, as suggested by
receptors in the islands of Calleja. Kinnear and Gray (Kinnear and Gray, 1994). The caudate
and putamen were compared at similar levels and between
pairs of levels by two-tailed test. Assessment of correlation
between neurochemical measures and demographic variables
pvas calculated using Pearson’s product moment correlation
coefficient. Comparison of gender measurements was by two-
tailed t test.

Dopamine D3 receptors
D3 autoradiography was carried out using modifications o
the methods of Leesque and colleagues “{tesqueet al,
1992) and Herroelen and colleagues (Herroeleal., 1994),
as previously described (Piggett al, 1999). Sections were
preincubated twice for 10 min in 50 mM Tris—HCI (pH 7.4)
containing 120 mM NaCl at room temperature to removeResults
endogenous dopamine. The sections were incubated for 1 The dopamine uptake site and D1, D2 and D3 receptor values
at room temperature in 50 mM HEPES/NaOH buffer (pH(fmol/mg tissue; meant standard deviation) are shown in
7.5) containing 1 mM EDTA, 100 nM PPAP (to block sigma the dorsal and ventral caudate and putamen at the coronal
sites) and 1 nM 3H]7-OH-DPAT (specific activity= 152  levels measured in controls and in DLB, Parkinson’s disease
Ci/mmol), a concentration similar to th&y previously and Alzheimer’s disease patients in Table 3. The graphs (Figs
reported (Leesqueet al, 1992; Herroelert al, 1994). Non- 2, 3, 4 and 6) illustrate the rostrocaudal distributions of
specific binding (10% of total binding) was in the presencethe mean values of these parameters. Dopamine and HVA
of 10 uM dopamine. Sections were washed for a total ofconcentrations (pmol per mg protein; mean standard
9 min in 50 mM Tris—HCI containing 120 mM NacCl (pH 7.4) deviation) and the HVA : dopamine ratio are displayed in
at 4°C. the rostrocaudal dimension (Fig. 7) in the caudate and
putamen from controls and DLB, Parkinson’s disease and
Alzheimer’s disease patients.

Development and quantitative imaging of

autoradiographs
The sections, together with autoradiographic standard

(Amersham), were opposed to Hyperfifhl (Amersham). In control cases, bir]:dinlg to t_he dopamhine uptake site was
Exposure times were 3 weeks féH]mazindol, 1 month for between 49 and 97 fmol/mg tissue in the putamen, and 62—

[*H]raclopride, 7 weeks forPH]SCH23390 and 3 months for 122 fmol/mg in the caudate, with an increase in binding along
[3H]7-OH-DPA,\T. The resulting films were developed then the rostrocaudal axis in the caudate (especially ventrally), and

scanned and quantified using a Lynx densitometry systerjﬂigher binding in the ventral caudate than in the dorsal
(Applied Imaging, Sunderland, UK). Average values, caudate and the putamen at poronal _IeveI 12 and coronal
calculated as fmol ligand bound per mg tissue equivalentjevel 13, as previously described (Pigget al, 1999).

were measured by comparison with tritium standardsBmding values were similar to those in previous r'eports
(Amersham) at each coronal level in the areas of th _Slngeretal., 1991; Hurd and Herkenham, 1993) at equivalent

dorsal and ventral caudate and putamen and in the nucledgand con_centranon_s. . .
accumbens. Comparison of disease groups (Fig. 2) in the dorsal
putamen at coronal level 1F(3,75) = 6.17,P = 0.001]
showed dopamine uptake site binding in Parkinson’s disease
cases to be reduced compared with Alzheimer’s disease,
Dopamine and homovanillic acid measurements DLB and controls, and binding in DLB cases to be slightly
Dopamine and homovanillic acid (HVA) were measured inreduced compared with controls, with no significant
tissue homogenates of both caudate and putamen, dissectdifferences between diseases in the coronal level 11 caudate.
from the frozen tissue blocks, using high-performance liquidin the ventral putamen at coronal level 11, binding in
chromatography with electrochemical detection (MarshallParkinson’s disease cases was lower than in controls and
et al, 1994). Alzheimer's disease case&(B,79) = 3.39, P = 0.011].

Dopamine uptake site (Fig. 2)
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Table 3 Dopamine uptake site and D1, D2 and D3 receptor binding values (fmol per mg tissue,“mstandard

deviation) in dorsal and ventral caudate and putamen at each coronal level in controls, DLB, Parkinson’s disease and
Alzheimer’s disease

Dopamine Coronal level Dorsal caudate Ventral caudate Dorsal putamen Ventral putamen Nucleus accumbens
uptake site
Controls 10 62.1+ 13.1 64.1 29.7 48.7+ 16.4 73.2+ 38.7
11 88.5+ 27.1 89.3+ 216  79.9+ 215 78.1+ 22.9 67.1+ 17.1
12 90.2+ 27.6  109.1+ 18.7  90.0%+ 17.3 91.7+ 13.1
13 100.1+ 25.1  121.7+ 244 942+ 26.3 97.0+ 26.5
14 101.8+ 416  112.8+ 516  82.7+ 28.9 94.4+ 28.2
DLB 11 81.1+ 41.4 96.8+ 432  59.3+ 26.5 62.8+ 31.8 65.1+ 36.7
12 51.6+ 21.28% 87.4+331 383+ 163 536+ 325
13 57.4+ 38.6f 832+ 4271 38.4+ 288 45.1+ 26.9
PD 10 39.1+ 28.9% 532+ 359 30.1*+ 25.6 39.3+ 27.8
11 54.7+ 46.4 78.2+ 535  35.5+ 28.4 429+ 251" 56.8+ 39.8
12 28.1+ 22.F% 565+ 21.0¢+ 18.8+ 25.3%  27.2+ 220H
13 37.2+ 18.3F 86.4x 2717 226+ 17.3 25.1+ 21.%
AD 9 76.0+ 29.4 83.8+ 34.2
11 76.2+ 37.5 82.2+ 37.4  685* 345 76.4+ 38.6 64.0+ 32.4
13 105.1+ 36.6 1222+ 423  95.9+ 39.8 108.5+ 38.5
D1 Controls 10 33.4- 7.1 326+ 9.1 374+ 7.1 328+ 9.2
11 29.9+ 5.7 29.2+ 8.2 36.0= 7.2 294+ 7.1 34.7+ 9.7
13 36.4+ 10.7 33.8+ 9.1 31.2+ 9.0 25.8+ 6.8
14 374+ 25 35.0= 2.4 28.6= 9.1 26.9% 12.0
DLB 10 29.2+ 11.7 33.2+ 9.8 34.2+ 105 36.5+ 12.5
11 30.9+ 8.7 30.1+ 7.8 326+ 7.2 31.7+ 7.3 36.8+ 8.2
13 29.0+ 9.0 28.4+ 106  31.6* 11.1 27.7+ 10.6
PD 10 32.6+ 9.8 33.4*= 106 323+ 7.1 30.8% 17.4
11 30.3+ 7.1 29.9+ 9.0 36.4+ 6.9 32.1+ 9.3 32.0+ 10.8
12 34.1+ 17.6 322+ 17.4  33.7+ 18.2 30.6+ 14.5
13 45.8+ 9.2 421+ 15 405+ 11.7 380+ 7.7*
AD 10 35.2+ 8.0 37.3= 120 25.9+ 164 20.7+ 21.0
11 31.6+ 14.4 26.0+ 14.6  36.0+ 145 28.0+ 13.3 32.0+ 20.2
13 29.0+ 12.4 27.2+ 145  27.4+ 10.2 22.8+ 12.0
D2 Controls 10 19.4- 7.3 19.8+ 8.3 22.3+= 9.9 21.2+ 9.9
11 19.3+ 10.4 19.1+ 12.1  23.1*+ 12.0 22.0+ 11.8 24.8+ 14.6
13 292+ 9.1 245+ 8.2 27.6= 10.4 25.7+ 9.8
15 31.8=+ 14.1 32.1+ 137  27.4+ 11.7 28.0+ 11.1
DLB 11 18.1+ 4.9 170+ 5.6 20.5* 6.3 20.6= 7.0 215+ 7.9
13 169+ 11.7  18.0* 8.9 19.5+ 12.9 24.0+ 16.2
14 21.1+ 13.0 18.4+ 13.6  23.6*+ 14.0 22.8+ 14.0
PD 10 34.0+ 4.6 30.7= 7.9 39.1+ 4.3 36.9+ 8.5
11 347+ 7.5 285+ 54 414+ 133 36.1+ 10. 37.2+ 13.%
12 33.7 35.1 385 40.2
13 32.8+ 10.4 28.2+ 6.1 35.3+ 11.1**  35.6+ 9.5*
AD 11 244+ 11.4 21.3+ 10.8 249+ 125 23.9+ 11.7 20.3+ 13.1
14 31.4+ 13.4 28.0+ 12.7  29.1+ 132 31.3+ 15.7
D3 Controls 10 5.8 9.8
11 45+ 1.0 6.0+ 1.6 6.9+ 1.2 109+ 1.7 16.3+ 2.7
12 4312 52+ 0.9 6.7+ 1.2 11.3+ 0.9
14 3.4+ 05 3.9+ 05 4.1+ 1.04 50+ 1.4
DLB 10 4.4+ 1.7 9.6+ 2.6 6.2+ 1.9 7.3+ 20
11 49+23 7.7+ 3.1 8.2+ 3.4 12.0+ 3.0 16.4* 3.8
13 46+ 19 5.6+ 2.0 8.2+ 2.6 11.8+ 2.7
14 35+1.1 4.4+ 12 5.1+ 3.6 55+ 3.9
PD 10 4.8+ 2.0 9.7+ 3.7 6.7+ 0.8 10.3+ 2.1
11 4.2+ 0.7 6.3+ 0.7 6.3+ 0.4 11.0+ 0.8 13.0x 2.3
13 3.4+ 15 4.6+ 1.6 4.4+ 24 6.7+ 3.47
AD 10 55+ 3.1 8.9+ 5.9 9.2+ 0.6 12.3+ 2.9
11 6.5+ 2.0 89+ 28 9.3+ 35 135+ 53" 156+ 54
13 52+ 1.8 50+ 1.1 6.8+ 2.2 8.4+ 1.8

Significant differences between disease groups by ANOVA followed by Fishesshoccomparison of means with significance set at
P < 0.05 are indicated. AB= Alzheimer's disease; PB- Parkinson’s disease. *Significantly lower than contrdtsgnificantly lower
than control and Alzheimer’s disease cassignificantly lower than Alzheimer's disease cassignificantly lower than control, DLB
and Alzheimer’s disease casésignificantly lower than control and DLB caséSsjgnificantly higher than control, DLB and Alzheimer’s
disease cases; **significantly higher than control and DLB caSeignificantly higher than control and Alzheimer's disease cases;
¥ FHgignificantly lower than controls & < 0.05 andP < 0.01, respectivelyt(test).
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Fig. 2 [3H]Mazindol binding to dopamine uptake sites (meamads indicated, fmol/mg tissue at each point) in the dorsal and ventral
caudate and putamen in controls, DLB patients, Parkinson’s disease (PD) patients and Alzheimer’s disease (AD) patients. In Parkinson’s
disease, coronal level 13 represents the mean value of three cases at coronal level 13 and one case at coronill, lduedal4.

caudate;A, ventral caudate®, dorsal putamenY¥, ventral putamen@®, nucleus accumbens.
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Fig. 3 [3H]SCH23390 binding to dopamine D1 receptors (mean af indicated, fmol/mg tissue) in the dorsal and ventral caudate and
putamen in controls, DLB patients, Parkinson’s disease (PD) patients and Alzheimer’s disease (AD) patients.
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Fig. 4 [®H]Raclopride binding to dopamine D2 receptors (meam @& indicated, fmol/mg tissue) in the dorsal and ventral caudate and
putamen in controls, DLB patients, Parkinson’s disease (PD) patients and Alzheimer’s disease (AD) patients.
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There were no significant differences between disease groud®89; De Keyseet al, 1990); it was higher in the caudate
in the nucleus accumbens. At coronal level 13, the Parkinson'sompared with the putamen at posterior levels and displayed
disease and DLB groups had similarly low levels of dopaminea rostrocaudal decline in the putamen which was significant
uptake sites compared with control and Alzheimer’s diseasdorsally, as previously reported (Piggett al, 1999). The
cases in the dorsal caudate(3,45) = 10.98,P < 0.001] only difference in D1 binding in disease groups was between
and ventral caudateF(3,42) = 4.13, P = 0.012), dorsal Parkinson’s disease and all other groups at coronal level 13.
putamen F(3,48) = 18.36,P < 0.001] and in the ventral A two-way ANOVA at coronal level 13 revealed that there
putamen [(3,46) = 20.99,P < 0.001]. was no significant difference between areas but a significant

In DLB at coronal level 12, dopamine uptake site bindingdifference between groupd$-(3,96) = 9.69, P < 0.001],
was significantly reduced compared with controls in thewith no group X area interaction. Subsequent one-way
dorsal caudatet test,P = 0.026) and in the dorsal putamen ANOVA showed a significant group difference(B,227) =
(P = 0.001). There was no increasing rostrocaudal gradient4.92,P < 0.001] andpost hocanalysis (with significance
of dopamine uptake site binding in DLB cases as in thdevel set atP < 0.05) showed the Parkinson’s disease group
controls; in the dorsal caudate there was a trend to & have higher D1 binding than all other groups at coronal
decreasing rostrocaudal gradient, which approachetkével 13. This was particularly so in the ventral putamen
significance (correlation coefficient = -0.35, 0.1> P (t test,P = 0.014 compared with controls).
> 0.05). With respect to demographic variables, in the control group

In Parkinson’s disease, dopamine uptake site binding wathere was a significant negative correlation of D1 binding
reduced at all levels, being significantly lower than in controlswith age in the putamen at coronal level X1 —0.83,n =
in the dorsal caudate at coronal level XQgst,P = 0.03) 8, P < 0.01). In DLB cases there was a significant negative
and in the caudate and putamen at coronal levelP2=(  correlation with age at coronal levels 10 and 11 in the ventral
0.019 and 0.02, respectively). The greatest losses of dopamimaudate and putamen &€ —-0.5,n = 15, P < 0.05) and in
uptake sites in Parkinson’s disease were at caudal coron#ie dorsomedial caudate & —0.62,n = 15, P < 0.01).
levels (75% reduction in the putamen at coronal level 13)There was a significant decline in D1 binding with age of
and the least reduction was in the ventral caudate; therenset of DLB in the caudate & —0.53,n = 14, P < 0.05).
was no significant gradient of binding in the rostrocaudalD1 binding declined with disease duration in Parkinson’s
dimension in any area. disease; the decline was significant in the posterior caudate

In Alzheimer’s disease there was no significant deviationr = —0.75,n = 6, P < 0.05).
from control dopamine uptake site binding at any level,
with an increasing rostrocaudal gradient which was almost
significant in the ventral caudate € 0.375,P ~ 0.05). D2 receptor (Fig. 4)

There were no significant age or post-mortem delayD2 binding in controls of ~20-30 fmol/mg tissue was in a
differences between disease group@[72)= 1.5,P = 0.22  similar range to other published values, allowing for different
and F(3,72) = 0.84, P = 0.48, respectively]. Significant ligand concentrations (Ha#t al, 1994; Dearet al, 1997).
changes with demographic variables within groups were &2 receptor binding in controls was relatively uniform in
decline in dopamine uptake site binding in DLB cases withthe dorsoventral and lateromedial dimensions, with more
age, which was most significant in the ventral caudate avariation in the increasing gradient rostrocaudally (Fig. 4).
posterior levelsi{= —-0.56,n = 11,P < 0.05). In Parkinson’s At coronal levels 13 and 15, D2 binding was higher than at
disease there was a tendency to a reduced concentration afronal levels 10 and 11, with no difference between the
dopamine uptake sites with disease duration, which reachechudate and putamen except at coronal level 11, where D2
significance in the ventral caudate at posterior levels=(  binding in the putamen was higher, as previously reported
-0.77,n = 7, P < 0.02). In the Alzheimer’s disease group (Piggottet al,, 1999).
there was a significant negative correlation with increasing D2 binding was significantly different between disease
age in all Alzheimer’s disease cases, especially in the caudatgoups F(3,744) = 49.58,P < 0.001] and between areas
nucleus and also when the analysis was restricted to coronfF(9,744)= 3.05,P = 0.001], with no significant interaction
level 11 (dorsal caudate, = —0.758,n = 10, P < 0.001; term. At coronal level 11, D2 binding was elevated in
ventral caudate, = —0.697,n = 10, P < 0.01). There was Parkinson’s disease above control, DLB and Alzheimer’s
also a significant decline in dopamine uptake sites withdisease values in the dorsal caudd€3[80) = 10.93,P <
increasing age of onset of Alzheimer’s disease, particularlyp.001], ventral caudate=[3,88) = 4.99, P= 0.003), dorsal
in the caudater(= —0.53,n = 14, P < 0.05, coronal level putamen F(3,84) = 11.01,P < 0.001], ventral putamen
11 only). [F(3,90) = 6.97, P < 0.001] and nucleus accumbens

[F(3,72)= 4.98,P = 0.003); in the dorsal caudate at coronal
level 11, D2 binding was significantly lower in DLB than in
D1 receptor (Fig. 3) Alzheimer’s diseased(3,80)= 10.93,P < 0.001]. At caudal
In control cases, D1 receptor binding was ~30-35 fmol/mdevels (coronal levels 12 and 13), D2 binding in Parkinson’s
tissue, comparable to other published values (Cogteal,, disease was elevated above control and DLB values in the
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Control DLB Parkinson’s disease
Fig. 5 Autoradiographs of3H]raclopride binding to D2 receptors in the striatum in a control case, a DLB case and a Parkinson’s disease

case at coronal level 11, showing higher binding in Parkinson’s disease and lower binding in DLB patients compared with the control
group.

dorsal putamenH(3,68) = 3.62,P = 0.017] and the ventral binding between disease group%3,95)= 4.78,P = 0.004]
putamen F(3,66) = 3.15, P = 0.03]. In addition, in DLB  and in striatal aread[4,95) = 53.38,P < 0.001], but with
patients the level of D2 binding in the dorsal caudate amno significant interaction. There was no significant difference
coronal levels 13 and 14 was lower than in controls andn D3 binding in DLB compared with controls in any area.
in Alzheimer’s disease and Parkinson’s disease patient®3 binding in the dorsal caudate and putamen in Alzheimer’s
[F(3,62)= 4.19,P = 0.009]. Figure 5 shows that D2 binding disease at coronal level 11 was elevated compared with
at coronal level 11 was lower in DLB and higher in controls and Parkinson’s disease cas€8[65) = 4.42,P =
Parkinson’s disease than in controls. There was no differend@007]. Comparing the nucleus accumbens only, there was
in D2 binding between controls and Alzheimer’s diseaseno significant difference between groups. Comparison of
at rostral or caudal levels, and in Alzheimer's disease aroups at coronal level 13 showed a significant group
rostrocaudal and dorsoventral distribution similar to that of[F(3,58) = 6.41,P = 0.001] and area differenc&(3,58) =
controls was found. There was much less rostrocaud&1.0, P < 0.001] and no significant interaction term. At
variation in DLB and Parkinson’s disease. coronal level 13, D3 binding in the caudate and putamen
Significant changes with demographic variables includeccombined showed significant disease differené€8,[70) =

an effect of gender in DLB, with lower D2 binding in males 2.81, P = 0.046], post hocanalysis P < 0.05) showing

in the ventral caudate and ventral putameteét,P = 0.01  significantly reduced D3 binding in Parkinson’s disease

and 0.022, respectively). There was a trend for decreased D®mpared with controls and DLB cases, particularly in the

binding with longer duration of DLB in all areas € —0.38,  ventral putamenH(3,13) = 4.04,P = 0.03].

n = 23, 0.1> P > 0.05 in the dorsal caudate). A reduction  Significant changes with demographic variables were that

in D2 binding with age in Parkinson’s disease was mosin DLB with increasing disease duration in the posterior

significant in the rostral ventral putamen € —0.58,n = caudate, D3 binding declined (dorsal caudates —0.72,

10, P < 0.05). There was a trend in all striatal areas to an = 7, P < 0.05; ventral caudate; = -0.78,n = 7,

lower level of D2 binding with older age of onset in P < 0.02). In Parkinson’s disease there was a tendency for

Parkinson’s disease, which reached significance in the ventr&l3 binding to decline with age in the anterior dorsal putamen

putamen ( = —0.56,n = 10, P < 0.05). Disease duration (r = -0.7,n =8, 0.1> P > 0.05).

in Alzheimer’s disease was associated with a significant

increase in D2 receptors in the rostral putamen=(0.64,

n = 10,P < 0.05). Dopamine concentration and metabolism (Fig. 7)
The dopamine concentration in control cases was greatest at
coronal levels 11-13 in the caudate and putamen while the

D3 receptors (Fig. 6) concentration of HVA displayed no gradient in the caudate

D3 binding was 5-20 fmol/mg tissue, similar to or higher but peaked in the putamen at coronal level 12. The HVA :

than that reported in other studies, none of which used dopamine ratio in the posterior striatum was higher in the

method identical to that presently described (Herroekeal., putamen than in the caudate, as previously reported (Piggott

1994; Gurevichet al, 1997). D3 binding was distributed et al,, 1999).

unevenly, with the highest density binding ventrally, as Comparing disease groups, dopamine was significantly

previously described (Piggoét al, 1999). Analysis of all reduced in the caudate in DLB and Parkinson's disease

groups at coronal level 11 showed significantly different D3relative to controls and Alzheimer’s disease cas€3,p1) =
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Fig. 6 [3H]7-OH-DPAT binding to dopamine D3 receptors (meamads indicated, fmol/mg tissue) in the dorsal and ventral caudate and
putamen in controls, DLB patients, Parkinson’s disease (PD) patients and Alzheimer’s disease (AD) patients.

12.02,P < 0.001]. The loss of dopamine in the caudate inin an increased HVA : dopamine ratio in the putamen in
DLB was uniform along the rostrocaudal axis (42—-46%), butDLB, and increased age of onset of DLB was positively
in Parkinson’s disease the dopamine reduction in the posteriaorrelated with HVA concentration in the caudate=( 0.51,
caudate was much more extensive (86%, compared with 60% = 15,P < 0.05) and putamen (= 0.8,n = 15,P < 0.001)
rostrally). In the putamen, the dopamine concentration wast coronal levels 11-13. Age in Parkinson’s disease was
significantly reduced in both DLB and Parkinson’s diseasenversely correlated with dopamine and HVA concentrations
compared with controls and Alzheimer’s disease casem the caudater(= -0.51,n =18,P < 0.01 andr = -0.7,
[F(3,80) = 18.38,P < 0.001]. In the putamen in both DLB n = 12, P < 0.01, respectively, at coronal levels 11-13).
and Parkinson’s disease, dopamine loss was more extensiféere was also a significant decline in HVA concentration
caudally. In the putamen in DLB, dopamine was reduced bywith increasing Parkinson’s disease duration in the caudate
35% rostrally and 72% caudally, while in the putamen inand putamenr(= —0.69,n = 12, P < 0.01 andr = -0.73,
Parkinson’s disease dopamine was reduced by 79% rostrally = 12, P < 0.01, respectively, at coronal levels 11-13). In
and 90% caudally. Alzheimer’'s disease there was a significant decline in
In DLB, HVA was extensively reduced, to an extent similar dopamine concentration with increasing age in the caudate
to that in Parkinson’s disease, in both the caudate and thend putamenr(= -0.73,n = 15, P < 0.01 andr = —-0.52,
putamen [group comparisons(3,90) = 5.89,P = 0.001 n = 13,P < 0.05, respectively, at coronal levels 11-13). In
and F(3,80) = 5.31, P = 0.002, respectively]. HVA Alzheimer's disease, dopamine and HVA concentrations
concentrations in Parkinson’s disease and DLB weraleclined with increasing disease duration in the putamen
significantly lower than in controls and Alzheimer’s disease(r = -0.78,n = 8, P < 0.01 andr = —-0.62,n = 8, 0.1>
cases in the putamen, and significantly lower than in control® > 0.05, respectively, at coronal level 11).
in the caudate. The HVA : dopamine ratio was not significantly
different in DLB compared with controls, although it tended
to be raised in the caudal putamen, while the HVA : dopamindDiscussion
ratio in Parkinson’s disease was highly elevated in all areasThe principal findings of the present study of clinically and
especially in the putamen, where it was 6-13 times highepathologically assessed cases of DLB, Parkinson’s disease

than in controls [f(3,80) = 8.82,P < 0.001]. and Alzheimer’s disease were of a differential loss of
In Alzheimer’s disease the dopamine content in thedopamine uptake sites in DLB, which was restricted to levels
putamen was significantly higher than in contrdi$3,80) = of the striatum caudal to the anterior commissure, with

18.38, P < 0.001] both rostrally and caudally, while the reduction at rostral levels limited to the dorsal putamen. D2
HVA concentration was slightly less than in controls in the receptor expression was also distinctive in DLB, being much
caudate [F(3,90) = 5.89,P = 0.001]. The HVA : dopamine lower than in Parkinson’s disease and reduced caudally
ratios in Alzheimer’s disease were not significantly differentcompared with controls and Alzheimer’'s disease. These
from those in controls in the caudate and putamen, but thdifferences in the neurochemical pathology of DLB may
standard deviation of the ratio was larger in the caudakxplain some clinical features of the disease, including the
putamen. spontaneous extrapyramidal symptoms which respond poorly

Significant demographic influences were that in DLB thereto L-dopa medication, and marked neuroleptic sensitivity.
was a loss of dopamine with age in the caudate-(-0.46,  The distinct neurochemical profile may be of diagnostic value
n = 25, P < 0.02), longer disease duration tended to resultusingin vivo imaging.
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Dopamine uptake sites ranges (De Keyseet al, 1990; Rinneet al, 1998; Volkow

In DLB, reduced dopamine uptake sites were restricted t&t al, 1998). A proportion of the cases receiveetopa
levels posterior to the anterior commissure, affecting theherapy or neuroleptic treatment, and the possible effects of
putamen and dorsal caudate rather than the ventral caudat@ese must be considered. Longer duration-dbpa therapy
This may be similar to the pattern of loss in very earlymay increase the rate of loss of dopamine uptake sites as
Parkinson’s disease (Wilscet al, 1996; Booijet al, 1997). substantia nigra neurons are lost, due to the metabolic cost
In contrast, dopamine uptake sites were found to be reduce®f ProcessingL-dopa (Kopin, 1993; Watts, 1997), which

at all coronal levels of the putamen in Parkinson's diseas&@y contribute to the reduction in uptake site binding in
and in all of the caudate posterior to the anterior commissurd’arkinson’s  disease with increased disease duration.
consistent with many previous reports baitvitro (Guttman, ~ Conversely, however,-dopa treatment of MPTP monkeys
1987: Wilsonet al, 1996) andn vivo (Antonini et al, 1995;  has been reported to increase mazindol binding (Rioux
Brucke et al, 1997; Tatschet al, 1997; Tissinghet al, et al, 1997). Neuroleptic treatment is reported not to affect
1998). In early drug-rige Parkinson's disease, dopamine dopamine uptake sites in long-term Fherapy in schizophrenia
uptake site losses measured by single photon emissidfFzudek and Reynolds, 1989) and in rats, but may tend to
computerized tomography (SPECT) imaging are bilateral€duce presynaptic markers in older groups of DLB and
even in unilateral disease (Tissinghal, 1998). Reductions A\zheimer's disease patients, particularly in the caudate
in markers of dopaminergic terminals in Parkinson’s diseasé” €'y &t al, 1998).

are well reported, with greater loss in the caudal putamen

initially and later reductions spreading rostrally and
involving the caudate (Kistet al, 1988; Murray et al,
1995; Wilsonet al, 1996), similar to the pattern seen in
the MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)

D2 receptor binding
D2 receptor binding was elevated in Parkinson’s disease,
especially rostrally, while in DLB values were lower than in
monkey (Moratalleet al,, 1992). The threshold of reduction Parkinson's disease at all co_rona,l Iev_els, and lower than in
. . . . controls caudally. In Alzheimer's disease, D2 receptor
in dopamine uptake sites for the appearance of milgONTe’s € .
. . . : densities in the striatum were unchanged. Consequently,
parkinsonism may be quite low—below 20% in the putamen .. o : ; .
. ) hile D2 binding was elevated in Parkinson’s disease at
overall and ~50% in the posterior putamen, as measure . . i
o - ) . all levels, the elevation was relatively greater rostrally;
in vivo (Eisinget al,, 1997; Guttmaret al., 1997)—suggesting Iv. in DLB the deficit in D2 bindi lativel
that the loss of dopamine uptake sites in DLB is sufficient o Voo, N the deficit In nding was refatively
greater caudally, compared with controls. Several reports

to evoke extrapyramidal symptoms. have shown raised D2 binding in early Parkinson’s disease,

In Alzheimer's disease, mazindol binding to the dopaming,q 054 red by SPET or PET (Giolteal, 1993; Antonini
uptake site was not reduced at all, in agreement with Previoug; i 1994 199z Reicheet al 1995), and it has been

reports showing little reductiom vitro (Murray et al., 1995) suggested thain vivo imaging may help to differentiate

or in vivo (Tyrrell et al, 1990; Donnemilleret al, 1997), idiopathic Parkinson’s disease from other parkinsonism-plus

bu't in contrast to reports of reduced dopamine uptake Site§yndromes like multiple system atrophy and progressive
(Rlnneet al., 1998, Sahlbergt aI., 1998) that were correlated supranuclear palsy (Tissing%t aI., 1997)’ in WhiCh, as in

with the severity of extrapyramidal symptoms. In. the presenbLB, reduced D2 density occurs, anetopa therapy is less
study, older age of onset of Alzheimers disease Wassfective. In addition, it has been reported that patients with
associated with lower dopamine uptake site density, perhapgitiple system atrophy are at risk of developing a neuroleptic
reflecting a decline in binding with age or moré majignant syndrome-like condition (Konagagal, 1997).
extrapyramidal symptoms with older age of Alzheimer's fow early in the Parkinson’s disease process D2 elevation
disease onset. The pathological correlates of extrapyramidglccurs or whether a threshold of dopamine loss needs to be
features in Alzheimer’s disease may also be in other parts Gached is not clear. Antonini and colleagues (Antostral,
the basal ganglia-thalamocortical circuit or, more199s) found in a PET study that D2 elevation correlated
controversially, in neurofibrillary tangles in the substantiawith reduced PBFfluoro-L-dopa uptake in early Parkinson’s
nigra (Liu et al, 1997). disease, and they did not have any patients so early in disease
The decline in dopamine uptake sites with disease duratiofhat they did not show D2 upregulation. Rinne and colleagues
in Parkinson’s disease and Alzheimer’s disease was not segRinne et al, 1993) found D2 upregulation to be present at
significantly in DLB, which may parallel the observation that the time of diagnosis. Striatal dopamine concentrations are
extrapyramidal symptoms progress only slowly during therequired to be significantly reduced before clinical symptoms
course of the disease (Ballaet al, 199&). Imaging of become apparent, and the tendency for D2 receptors to
dopamine uptake has been shown to correlate with diseasfpregulate as a compensatory measure will mask clinical
duration and increasing movement disability (Tatethal,  symptoms in the earliest phaseDopa therapy and longer
1997). Dopamine uptake sites tended to be reduced with agParkinson’s disease duration (over years rather than months)
especially in the caudate in DLB and Alzheimer’s diseasehave been found to lower previously elevated D2 receptors
consistent with previous reports over more extended agm vivo (Antonini et al, 199), although levels have been
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reported to remain high for-36 months with dopaminergic elevation has been reported in one case of postencephalitic
therapy (Hierholzeet al, 1998). In DLB, D2 binding was parkinsonism (Piggott and Marshall, 1996) and in narcolepsy
reduced by 17% in the caudal putamen compared witl{Aldrich et al, 1992). D1 receptors are also elevated in
controls, in an area where dopamine uptake sites were reduc8PTP experimental models of Parkinson’s disease in cats
to 52% of the control value, and therefore dopamine terminaland primates (Gnanalinghaet al, 1993; Grahamet al,

are probably depleted sufficiently for D2 upregulation to be1993; Frohnaet al, 1995; Riouxet al, 1997). The variation
expected, as in Parkinson’s disease. A recent report has reports of D1 binding density in Parkinson’s disease may
suggested that D2 upregulation is less persistent ife due to the different coronal levels studied, since in the
Parkinson’s disease that presents bilaterally (Weneingj., present work the elevation was only apparent caudatly.
1998), and it is interesting that extrapyramidal symptoms irDopa therapy has been reported to increase D1 receptors in
DLB have been noted to be more symmetrical at presentatioparkinsonian monkeys in the caudal striatum (Gratedral,,

than in Parkinson’s disease (Gnanalinghetral, 1997). The  1993; Rioux et al, 1997), and raised D1 density might
low levels of D2 receptors in DLB are likely to be responsiblerelate to the propensity for-dopa medication to produce
for the adverse neuroleptic reactions seen in these patientdyskinesias in long-term treated Parkinson’s disease, in
and may also explain the reduced benefit frardopa  postencephalitic parkinsonism and in MPTP models (Graham
compared with Parkinson’s disease. Lower numbers of D2t al, 1993). Conversely,-dopa therapy was reported to
receptors are more likely to be completely blocked, producingend to decrease D1 binding in humanvivo imaging of
parkinsonian signs, by neuroleptic administration, and DLBParkinson’s disease (Turjanslet al, 1997), which is
patients can show severe sensitivity to typical as wellconsistent with the present finding of declining D1 receptors
as recently developed neuroleptics, which have reducedith disease duration in Parkinson’s disease.

propensity to induce extrapyramidal symptoms in other The present study confirms previous findings of no change
patient groups (McKeitfet al,, 1995). in D1 binding in Alzheimer’s disease (Cross al., 1984;

In Alzheimer’s disease there was no change in D2 receptdeemaret al, 1987) or DLB (Piggott and Marshall, 1996).
binding or distribution compared with controls, consistentReports of declining D1 receptor level with ageing have been
with the normal level of dopamine uptake site binding in theconflicting. In the present study, D1 binding declined with
present report. This is in spite of neuroleptic medication inage in the control and DLB groups, consistent with the
the majority of patients, which has been reported to increasdecline previously reported (Rine¢al., 1990) but in contrast
D2 density in Alzheimer’s disease and also in schizophreniao a report of no decline in D1 receptors with age (De Keyser
and in animal models (Seemaat al, 1987). Alzheimer’'s et al, 1990). It is probable that the age-related decline in D1
disease patients seldom show sensitivity to neurolepticeeceptors is slight and reliably detected only over a long
(McKeith et al,, 1992). age range.

D2 binding was found to be reduced with age in Parkinson’s
disease, with non-significant trends in other groups, consistent
with the reported loss of D2 binding with increasing ageD3 receptor binding
previously reported in normal individuals over a wider ageThe pattern of D3 binding is localized to limbic areas,
rangein vivo (Molkow et al, 1998), but in contrast to the particularly the nucleus accumbens, rather than motor areas
lack of a decline with agén vitro (De Keyseret al,, 1990).  of the striatum, with significant alterations in disease groups
Loss of D2 with age in normal cases may be slight andrestricted to slightly elevated D3 binding in Alzheimer’s
detectable only over a wide age range. Only in the DLBdisease in the dorsal striatum and somewhat reduced D3
group was a gender difference apparent, males having lowdrinding in Parkinson’s disease cases, with no deviation from
D2 binding in the ventral striatum. This may relate to greaterthe pattern of expression in DLB from controls. D3 receptors,
severity of extrapyramidal symptoms or to susceptibility towhile being structurally related to the D2-like dopamine
adverse neuroleptic reaction in males, and although this wa®ceptor group, are localized to striosomes, like D1 receptors
not borne out in the present study it will be investigated in(Murray et al,, 1994), and may function in an inverse manner
larger studies in DLB in future. to D2 receptors (Levant, 1997). A previous report has shown

no change in D3 binding in Parkinson’s disease (Hurley

et al, 1996), while a recent investigation found reduced D3
D1 receptor binding receptors, particularly in the ventral striatum, in Parkinson’s
There was no difference between disease groups in theisease of more than 10 years’ duration (Rgt@l, 1998).
density or pattern of binding, except for an increase inThis latter finding is consistent with the lower D3 binding
D1 binding in the caudal striatum in Parkinson’s diseasein Parkinson’s disease in the present report, where there
Previously, D1 receptors have been found to be unaltered iwas an apparent 20% reduction in binding (although not
Parkinson’s disease (Mizukawet al, 1993; Piggott and statistically significant) in the nucleus accumbens, as well as
Marshall, 1996), although there are some reports of a raiseithe significant reduction in the caudal striatum. 6-
level of D1 receptors in Parkinson’s disease untreated wittHydroxydopamine lesion decreased D3 receptors in rats
L-dopa (Seemart al, 1987; Pearcest al, 1990), and an (Lévesqueet al, 1995) and in MPTP monkeys (Morisette
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et al, 1998). The present study compares D2 and D3 bindingStorga et al, 1996; Oharaet al, 1998) has also been
in the same cohort of patients (where only four cases haveound. There may be other factors contributing to movement
Parkinson’s disease duration of more than 10 years) showingbnormalities in Alzheimer’s disease, involving nuclei beyond
no upregulation of D3 receptors where D2 upregulation ighe nigrostriatal pathway, or synthesis and storage of
demonstrated. Dopamine replacement by a dopamine agondbpamine rather than release (Marslsllal, 1994). There
with D1 activity (but not by a D2-like agonist) has been was a greater range of HVA : dopamine ratio values in
reported to reverse experimentally reduced D3 receptors iAlzheimer’s disease than in DLB patients, especially caudally
the MPTP monkey (Morissetiet al, 1998).L.-Dopa therapy, in the caudate, which may point to greater heterogeneity
with presumed D1, D2 and D3 activity, might be expectedamong the Alzheimer's disease patients. Neuroleptic
to tend to reverse D3 receptor downregulation. Many typicabdministration tends to raise dopamine turnover in rats (Clow
neuroleptics are also D3 antagonists, and D3 binding oet al, 1980; Seet al,, 1992), and the raised HVA : dopamine
mMRNA (in the olfactory tubercle) has been reported to beratio in Alzheimer’'s disease and DLB may arise partly in
elevated in rats with neuroleptic administration (Waatal., response to drug treatment.

1996), but also not to have any effect (lesqueet al,, 1995).

The present study found slightly elevated D3 binding in

Alzheimer’s disease in the dorsal striatum. Conclusion o . _
Variations in the dopaminergic features which may underlie

extrapyramidal symptoms in DLB, Parkinson’s disease and

Dopamine and homovanillic acid concentration Alzheimer’s disease were revealed, with differences between
In the rostral striatum in DLB, greater loss occurred in theDLB and Parkinson’s disease presynaptically in dopamine
caudate compared with the putamen, and in the caudal@ss and turnover, and dopamine uptake sites, as well as
the loss was uniform rostrocaudally. This implies differentPOStsynaptically in D2 receptor density. DLB and Parkinson's
vulnerability of cell groups in the substantia nigra, and alsodisease both showed patterns of dopamine deficits which
suggests that there may be an influence of dopamine loss Sliffered from those of controls and Alzheimer’s disease
non-motor characteristics of DLB, such as depression anfatients. These findings are relevant to clinical practice since
reduced cognitive abilities (Gnanalinghash al, 1997). It it is important to be able to distinguish Alzheimer’s disease
has been suggested that dopamine reductions of ~50-75% ##8d DLB because prognosis and treatment strategies with
required for the manifestation of extrapyramidal symptoms ifneuroleptics, acetylcholinesterase inhibitors aftbpa may
Parkinson’s disease (Bernheineral, 1973; Hornykiewicz, need to vary. The caudal loss in dopamine uptake sites may
1973; Kish et al, 1985), which is the degree of loss be an effective way of separating DLB from Alzheimer’s
just reached in the DLB cases. Other reports of dopaminé”sease and Parkinson’s dise@sgivo with a suitable ligand,
concentration in DLB have shown reductions at least as gre&d- [?¥1B-CIT (B-carboxymethyl-iodophenyl-tropane), in
as here (Langlai®t al, 1993; Oharaet al, 1998). This combinaf[ion with clinical diagnostic cr?teria, as reported by
should be sufficient explanation for the mild extrapyramidalPonnemiller and colleagues (Donnemiller al, 1997). The
symptoms in DLB. There would also seem to be sufficiendOWer expression caudally of D2 receptors in DLB compared
reduction in dopamine concentration in the caudal putameWith Alzheimer’s disease, and especially the low D2 binding
to have the potential to induce D2 upregulation in DLB asfostrally in DLB compared with Parkinson’s disease, may
observed in Parkinson’s disease. The HVA : dopamine rati@lSO provide assistance in diagnosis ibyvivo imaging of
was increased greatly in Parkinson’s disease, but in DLB th&® D2 receptor in a way similar to that suggested for
tendency to a higher ratio was not significantly raised ovegeparating Parkinson's disease from parkinsonism-plus
controls, even in the caudal putamen. DLB patients do notSyndromes. Sequential imaging of dopamine uptake sites and
therefore, appear to have the same capacity for presynapté2 binding may also be valuable in monitoring the emergence
compensation for reduced dopamine as the remainin§f reduced L-dopa responsiveness and evaluating the
substantia nigra neurons do in Parkinson’s disease and al§éfectiveness of therapeutic drugs in DLB.

in progressive supranuclear palsy (Bokobstaal, 1984).

This, combined with low level of postsynaptic D2 receptors,
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