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SUMMARY The numbers of neurons were counted in the ventral and dorsal anterior and ventral
and dorsal posterior part of the putamen of 11 Huntington' s disease and nine control patients.
The process of neuronal cell loss in Huntington's disease proved to be unevenly spread through-
out the putamen; the ventral anterior part was relatively spared as compared with the other parts

of the putamen. A significantly higher number of neurons was found in the ventral part of the
putamen in the controls.

The clinical and neuropathological findings in Hun-
tington's disease are well-known.'2 The main mor-
phological abnormalities are found in the striatum
and frontal cortex, although other parts of the cen-
tral nervous system are involved as well.3 The
microscopical findings consist of neuronal loss and
astrogliosis, affecting the caudate nucleus and puta-
men equally. In coronal sections, only minor
changes have been described in the ventral-anterior
part of the striatum, where the caudate nucleus and
putamen fuse.4 It has been proposed that the ventral
part of the striatum, including the nucleus accum-
bens, plays a decisive part in the initiation of move-
ments, activated by emotion, whereas the dorsal
part of the striatum preferentially subserves cogni-
tively activated movements.5 On such a basis, the
ventral striatum is to be interpreted as a functional
unit, without histological borders. Therefore, we
investigated the ventral-anterior part of the puta-
men in Huntington's disease, in comparison to the
dorsal and posterior parts of the putamen.

Material and methods

The brains of 11 patients with clinically, genetically and
neuropathologically proven Huntington's disease and nine
control patients were examined. The clinical data are
summarised in tables 1 and 2. The Huntington's disease
and control necropsies were performed within 6 and 24
hours after death, respectively. The brains were fixed in
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phosphate-buffered formalin (4%), and were cut in frontal
sections. Four putaminal areas, namely the ventral and
dorsal parts in the anterior and posterior part were investi-
gated (figs 1A and B).
The anterior part of the putamen was defined as its area

anterior to a coronal plane through the anterior commis-
sure. The posterior area of the putamen was defined as
lying caudally to the plane through the anterior commis-
sure, and lateral to the thalamus. In all areas, neurons were
counted in 7,u sections in 10 adjacent fields at a
magnification of 400x (surface area of 0-073 mm2). Only
those neurons were counted that met the following criteria:
the nucleus contained a nucleolus; the cytoplasm showed a
finely granular material and was clearly discernible from

Table 1 Clinical data of 1I patients with Huntington's
disease

Huntington's disease: 11 cases (3 men and 8 women, including
1 juvenile)

Mean age at onset: 41 6 years (29-59 years; juvenile 7 yr)
Mean duration of

illness: 10-6 years (5-15 years; juvenile 4 yr)
Mean age at death: 52 years (36-73 years; juvenile case I1 yr)
Cause of death: suffocation }

bronchopneumonia
Mean brain weight: 1060 g (780-1240 g)

(7 cases)

Table 2 Clinical data of nine control patients

Control group 9 cases: 6 men and 3 women
Mean age at death 68-4 years (53-86 years)
Cause of death cerebral haemorrhage

subdural haematoma :1
cerebral infarction :1
cardiac arrest :2
bronchopneumonia :2
pulmonary emboli :1
pleuritis carcinomatosa :1

Mean brain weight 1310 g (1070-1520) g)
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Fig 1 The ventral (V) and dorsal (D) areas in the anterior (A) and posterior (B) parts ofthe putamen that were investigated
are shown.

the neuropil. Dead neurons, immediately adjacent to ves-
sels, and neurons that could not be identified with certainty
were excluded from counting. No discrimination was made
between large and small neurons. The cells were counted
twice by two independent observers. The Student t test was
used for the comparison between the groups, and between
the anterior and posterior putaminal parts.

Results

The results are shown in table 3 and fig 2. The inter-
rater and intra-rater variability was less than 5%
each.
Marked neuronal loss, of course, was noted in the

Huntington brains. In every area, the mean number
of neurons differed significantly from the control

group (p < 0.001). The loss of neurons in the ven-
tral anterior parts of the Huntington putamen was,
however, significantly less marked (p < 0-001), as
compared with the other three areas (fig 2). The
mean number of neurons in the ventral anterior and
ventral posterior parts of the control putamen was

significantly higher as compared with the dorsal
putaminal parts (p < 0-01 and p < 0-05 respec-
tively). In fig 2 the differences between the areas are
represented.

Discussion

The investigation of the normal striatal cytoarchitec-
ture has led to different conclusions. Namba6

Table 3 Mean numbers ofneurons ofthe areas studied in the ventral and dorsal part ofthe anterior and posterior part of
the putamen in 11 Huntington's disease (HD) and 9 control patients (CO). The differences between the HD and CO and
between the ventral and dorsal areas are given (Student t).

anterior anterior posterior posterior
ventral dorsal ventral dorsal

HD 145 ± 48 40 ± 21 p < O-O01 35 ± 15 35 ± 20 NS
CO 351 ± 30 289 ± 36 p < 0-01 342 ± 36 299 ± 31 p <0-05

p<0-001 p<O0001 p<O-001 p<0-001
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cal neuronal distribution in Huntington's putamen is
identical to that of controls, an evenly spread pro-
cess of cell death can not explain our findings in the

0,0 Huntington putamen. Neuronal loss in the ventral
L
A posterior Huntington putamen seems to be more

severe and in the ventral anterior part much less
expressed, compared with the dorsal parts. These

° findings and the relative sparing of the nucleus
A accumbens'7'8 support the hypothesis of the func-

tional unity of the ventral striatum.

We thank Dr EA van der Velde (Dept of Medical
Statistics), Prof Dr GW Bruyn for his critical
remarks and Mrs I Harlaar-Kiela for typing the
manuscript.
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Fig 2 The number ofneurons in the anterior (A) and
posterior (P) parts ofthe ventral and dorsal parts ofthe
putamen in 11 Huntington's disease (HD) and 9 control
(CO) patients.

described five layers with different cell densities in
the caudate nucleus. The densities of large and small
neurons appeared higher in the lateral part of the
putamen and in the medial caudate nucleus, com-

pared with the medial putamen and lateral caudate
nucleus respectively.6-8 The normal striatal neuron

density showed an increase in antero-posterior
direction,8 which was not confirmed in our study.
We found a higher neuron density in the ventral part
of the putamen in controls.

Despite those reports, the striatum, including the
nucleus accumbens, is still being regarded as a mor-

phologically rather homogeneous structure. The
reported ratios between its large and small neurons
vary from 1:209 to 1:2708. The divergence in ratios
might be explained mainly by difference in counting
methods and section thickness. A ratio of 1:140-
160 is generally accepted.'0

In Huntington's disease, the atrophy usually
affects the caudate nucleus and the putamen
equally." The region where caudate nucleus and
putamen fuse ventrally, however, shows only minor
changes.4 The posterior part of the putamen usually
shows degeneration comparable to the anterior dor-
sal part.7' 2-15 The anterior part of the Huntington
putamen is relatively less affected.'6 Our study
confirms the earlier unquantified findings. The ven-

tral anterior part of the putamen is relatively spared,
as compared with the dorsal anterior and posterior
putamen. On the assumption that the initial numeri-
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