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Letters

Serotonin nerve cells in Alzheimer's
disease

Sir: A recent report' showing that the
uptake of serotonin (5HT) by neocortical
biopsy tissues is significantly reduced in
patients with Alzheimer's disease (AD)
implies that there may also be damage to
the 5HT-containing nerve cells, situated in
the raphe nuclei of the brain stem and mid
brain,2 in this condition. We have
examined those nerve cells which lie in the
caudal part of the mesencephalon and
upon the medial and dorsal surfaces of the
medial longitudinal fasciculus, and which
are variously known as the nucleus suprat-
rochlearis,3 or dorsal tegmental nucleus
(DTN).4 These together with neurons of
the nucleus dorsalis raphe and nucleus cen-
tralis superior make up' the 5HT-
containing nerve cells of the upper brain
stem. Changes in their structure are sought
and capacity for function is assessed by
measurement of nucleolar volume and
cytoplasmic RNA content.6

Brains were obtained at necropsy from
15 histologically confirmed cases of AD
(age 77-4 + 1-8 years; postmortem delay
35 4 + 6 5 hours) and nine controls of simi-
lar age (79.6 ± 1-2 years; postmortem
delay 36-9 ± 3-7 hours) dying without
neurological or psychiatric disease and
judged to be mentally preserved. Immedi-
ate cause of death was similar in both
groups, being associated with broncho-
pneumonia or cardiac insufficiency. Paraffin
sections cut at a thickness of 16 jam from
blocks of pons (at level of nucleus of IV
cranial nerve) were stained for RNA.6 Nuc-
leolar volume and cytoplasmic RNA con-
tent were measured5 in 30 cells of the
medial and lateral divisions of DTN2 3 in all
24 cases. In most of the patients with AD
globose neurofibrillary tangles occupying
much of the nerve cell perikaryon were
common (fig) in both divisions, though
senile plaques were not seen. The table
shows that, when compared with controls,
nucleolar volume and cytoplasmic RNA
content are significantly reduced
(p < 0-001 in each instance) in AD, by 31
and 38% respectively, in both medial and
lateral divisions of DTN. The changes in
cell structure (tangle formation) together
with a reduced functional capacity prob-
ably form the basis for the altered 5HT
metabolism, reported at necropsy,7 or
within the living patient,'I 9 with AD.
The impaired functioning, in AD, of
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Fig. Section ofdorsal tegmental nucleus
(see text).
Table Nucleolar volume and cytoplasmic
RNA content ofnerve cells of dorsal
tegmental nucleus in Alzheimer's disease
patients and controls

Nucleolar volume (Wnm3

Medial DtN Lateral DTN
Alzheimer' s

disease
(n = 15) 22.9 + 1.0* 23.0 + 1.0*

Controls (n 9) 33v2 m0a9 33c2 o 0s9
RNA content (AU)

Medial DTN Lateral DTN

Alzheimer' s
disease
(n = 15) 2029 + 0-8* 21-0 ± 0-7*

Controls (n= 9) 33-7 + 101 34-1± 08

AU = arbitrary units
p at least < 0-001 from control value (Student

test)

other groups of neurons, such as the
cholinergic cells of the basal forebrain
(substantia innominata) and the norad-
renergic cells of the locuscaeruleus,7-4
which also give rise to pathways projecting
to the neocortex, indicates that the changes
in 5HT neurons, may therefore be yet
another aspect of a widespread process of
deprivation of cortical input. Furthermore,
these additionally damaged serotinergic
and noradrenergic systems may be part of
the reason as to why those therapeutic
measures aimed at restituting the
cholinergic system alone, have met with
only limited success.
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Hereditary multiple exostoses with spinal
cord compression

Sir: Multiple exostoses is a well-known
disorder characterised by cartilaginous and
bony protuberances most often involving
the metaphyseal regions of tubular long
bone. A family history is present in
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Letters

approximately 60%, the mode of
inheritance being autosomal dominant with
equal sex distribution.' Neurological com-
plications are uncommon and, when present,
usually are due to pressure on peripheral
nerves by the bony growths. Vertebral
exostoses are found in less than 1% of
patients,2 and only 26 cases with compres-
sion of the spinal cord have been recorded.
A 33-year-old man presented with spastic

paraparesis. At least eight close relatives
were known to have minor skeletal
deformities. An older sister had undergone
surgery, because of exostoses interfering
with her right superficial peroneal nerve,
giving rise to sensory disturbances. Since
childhood the patient himself had noticed
bony outswellings in several locations.
Neurological symptoms had started 6
months prior to admission with a feeling of
coldness and tingling numbness in the feet,
slowly spreading to the whole of both lower
extremities, accompanied by weakness and
difficulty in walking. When first seen,
examination revealed a spastic paraparesis
with bilateral weakness, hyperactive tendon
reflexes, ankle clonus and Babinski sign,
but no sensory deficit. The following week
there was a sudden increase of numbness
and weakness. Urinary urgency was noted.
Distal-sensation to touch and pin prick
was lost from above the umbilicus,
and abdominal reflexes disappeared.
Laboratory tests, including examination of
lumbar CSF, showed no abnormalities.
Radiological examination confirmed the
presence of exostoses in the extremities, but
failed to demonstrate any in the spine. At
myelography there was a total block at the
level of T4, but no cause for this could be
seen. Computed tomography was therefore
performed. This showed (fig) a 3 5 cm long-
hour glass shaped tumour of bony density
on the left side, but occupying most of the
spinal canal. After laminectomy from T2 to
T4 an exostoses was found originating from
the T4 and displacing the spinal cord to the
right. Microscopically the exercised tumour
consisted of benign bone and cartilage.
Postoperatively there was improvement.
After 7 months gait, strength and sensation
were essentially normal.

Including that of our own, records in the
literature have been found of 26 cases of
medullary compression by a vertebral
exostoses.2 23 In 13 instances there was a
positive family history. Seventeen patients
were males. All but three had exostoses of
the peripheral skeleton, which had been
noticed since early childhood. The patients
were aged 7-58 years when diagnosis of
spinal compression was made, but the great
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Figure CT scan through T4 showing hour-
glass shaped exostosis originatingfrom the
left and occupying the major part of the
spinal canal.

majority were in their second to fourth
decade with a mean age of 23 years. The
oldest patient was exceptional in that she
had experienced neurological symptoms for
32 years and was not improved by
operation.3 Otherwise the duration of
symptoms was very variable, the median
time before diagnosis being approximately
1 year. The clinical picture has been that of
an expanding intraspinal process, finally
resulting in 12 parapareses2-", five
paraplegias 12-, two quadripareses16 7 and
one quadriplegia.'9 Some lateralisation of
neurological deficits was usual, and three
cases have been described as hemi-
pareses,'9121 one as an incomplete Brown-
Sequard syndrome.22 All but one patient
had sensory involvement.2' Pure sensory
involvement was seen twice.423 In most
cases the diagnosis as to dermatome level
was possible on clinical grounds. On two
occasions the exostosis was in the lumbar
spine, the remainder being equally dis-
tributed between cervical and thoracic
vertebrae. Most interesting is, that C2 was
the site of origin in seven patients.
Myelography has been employed when

possible and has been recommended to
reveal the actual size of the tumour,4 since
the cartilage cap over the bony exostosis is
radiolucent. The usefulness of accurate
tomography has also been stressed.45 In
the present case myelgraphy produced
insufficient information, but was valuable
as guidance for the CT scan, which because
of easy access was undertaken next. This
investigation has only been carried out once
before and was not found superior to care-
ful tomography.5 In our case, however,
CT scan provided all the preoperative
information needed.

Three patients with exostosis of the C2
died without operation being per-
formed.6 1623 The remainder underwent
laminectomy and eventual excision of the
tumour. One patient with a cervical
exostosis and sudden onset of symptoms
died shortly after operation with cardio-
respiratory failure."' One patient, as
mentioned, was unchanged after surgery.3
Thus 21 were improved, and of these 11 are
described in terms like "fully restituted" or
"almost normal". The median duration of
symptoms in this group of patients
benefitting the most from neurosurgery
seems to have been 6 months, which is in
contrast to the estimated 1 year in the
overall material.

In conclusion, when confronted with a
patient with multiple exostosis suffering
neurological symptoms, the possibility of
spinal cord compression should be
considered. The majority of these patients
may be improved by surgical intervention.
As there seems to be a relationship between
duration of symptoms and postoperative
recovery, early diagnosis is crucial.
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Alcaptonuria with Seizures
Sir: Alcaptonuria, an inherited metabolic
disorder of tyrosine metabolism presents in
childhood without any symptoms other
than the complaint of darkening of urine
on standing. We wish to report the occur-
rence of seizures in one of our cases of
alcaptonuria.
An 8-year-old school boy (A) with nor-

mal birth history and normal developmen-
tal milestones presented with occasional

seizures. The first fits of generalised tonic-
clonic type occurred on the 4th day of life
and thereafter attacks occurred approxi-
mately once a year. A casual mention was
made by his parents that his urine became
dark on standing and his undergarments
were stained, so alcaptonuria was sus-
pected. There were no symptoms of joint
pain or back-ache. His intelligence was
normal. Neurological examination
revealed no abnormality and clinical,
radiological and ECG examination of the
heart were non-contributory. On enquiring
into the family history, it was found that he
had four sisters and a brother. His 23-
year-old eldest sister (AL) had also a simi-
lar darkening of her urine on standing, and
darkish triangular pigmentation was seen
in the sclerae of her eyes. Neither she nor
the other sibs had convulsions or joint
pains.

Routine investigations, including total
and differential WBC counts, haemoglobin
content, ESR, blood sugar, urea and
cholesterol were normal in both A and AL.
CT head scan revealed no abnormality in
A. The urine of both the sibs showed no
albumin, sugar or deposits on preliminary
examination but did turn darkish brown on
standing. The presence of homogentisic
acid in the urine of A and AL was proved
by paper chromatography. The EEG in
both cases showed evidence for epileptic
activity. There were clear-cut bilaterally
synchronous 3 to 31/2 Hz high voltage slow
wave bursts appearing rhythmically, with
independent discrete and synchronous
spike discharges over both hemispheres in
the EEG of the boy; the EEG of the
asymptomatic sister also showed evidence
of epileptic activity in the form of bilater-
ally synchronous spike discharges. The
EEGs of the other sibs were normal.
The presence of alcaptonuria and seiz-

ures in the two cases described may be a
fortuitous coexistence. However, only the
two sibs (out of the six) who had alcap-
tonuria had epileptic discharges on the
EEG, with one of them (A) also manifest-
ing overt convulsions. No one else suffered
from seizures in the family and the EEGs
of the sibs with no alcaptonuria were nor-
mal. The association of seizures with cer-
tain types of disordered amino acid
metabolism is well known. The commonest
situation is probably phenylketonuria,
where EEG changes have been studied in
detail.' It is hypothesised that damage to
the brain occurs very early in life when the
immature brain is presented with abnormal
patterns of amino acids from which it can-
not construct its essential and permanent

Letters

components.2 Cases of alcaptonuria picked
up occasionally nowadays are not reported
in the literature unless some remarkable or

strange clinical features are present. In
addition to the well known scleral pigmen-
tation and ochronotic arthropathy that are
the hallmarks of the full classical clinical
presentation, a few rare features also have
been reported. They include heart dis-
ease,34 prostatitis,5 renal stones,6 and "nep-
hrosis".' So far, no case of alcaptonuria has
been described with seizures; and this
prompted us to report this association of
alcaptonuria with seizures although the
exact mechanism remains unclear.

PA BHASKAR, B NEELAKANDAN
Department of Neurology,

Thanjavur Medical College Hospital,
Thanjavur, India.
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