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Cerebrospinal fluid lactate and pyru-
vate concentrations in patients with
Parkinson's disease and mitochondrial
encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS)

1 -Methyl-4-phenyl-1 ,2,3,6-tetrahydropyri-
dine (MPTP) induced parkinsonism is
reportedly caused by impairment of the
activity of complex I of the mitochondrial
respiratory chain enzyme in the substantia
nigra."2Decreases in the activity of the mito-
chondrial respiratory chain enzyme complex
I have been reported in the substantia nigra,
skeletal muscle, and platelets of patients
with Parkinson's disease.3 These results are
controversial except for platelets.' Patients
with mitochondrial encephaolmyopathy, lac-
tic acidosis, and stroke-like episodes
(MELAS) show a decreased mitochondrial
respiratory chain enzyme complex I level
and high lactate concentrations in CSF and
blood.4 '
We examined whether CSF concentra-

tions of lactate and pyruvate were increased
in patients with Parkinson's disease or
MELAS.
We studied 38 patients with Parkinson's

disease (five untreated, 15 treated with lev-
odopa, and 18 treated with amantadine or
bromocriptine) and four patients with
MELAS. All patients with Parkinson's dis-
ease were typical and had two or more
symptoms of rigidity, resting tremor, akine-
sia, and postural instability. The controls
had headache, entrapment neuropathy, and
cervical spondylosis. All patients were
admitted to hospital and informed consent
had been obtained. After an overnight fast
and bed rest, CSF was collected at 9 00 am
from patients and controls, in a lateral
recumbent position. Lactate and pyruvate
concentrations were determined according
to the method of Asanuma et al.6 Statistical
analysis was performed with one way
ANOVA and Sheffe's test by StatView IV.

There were no significant differences in
the CSF concentrations of lactate and pyru-
vate or the lactate:pyruvate ratio in the 38
patients with Parkinson's disease versus the
controls (table). There was no significant
correlation of lactate or pyruvate concentra-
tions with age in either the control group or
in patients with Parkinson's disease. No sig-
nificant difference was found between the
subgroup treated with levodopa and the
untreated patient subgroup. There were no
significant differences between different
durations of illness or severity of disease,
which was classified into three grades
according to Hoehn and Yahr: mild (stages
1 and 2), moderate (stage 3), and severe
(stages 4 and 5). The patients with MELAS
showed significantly higher lactate and pyru-
vate concentrations and a higher ratio than
patients with Parkinson's disease and con-
trols (table).

In patients with MELAS, high concentra-
tion of lactate in the CSF is an important

finding for diagnosis of CNS mitochondrial
impairments. Several reports showed normal
blood lactate concentrations in Parkinson's
disease., ' These findings are compatible
with investigations of mitochondrial com-
plex I activity in various organs.' The
decrease in mitochondrial respiratory chain
enzyme complex I activity of the substantia
nigra in Parkinson's disease is very likely to
be a characteristic finding of Parkinson's dis-
ease.' It may also be intimately associated
with the onset of the disease. Przedborski et
al l" reported that chronic levodopa treat-
ment caused a significant reduction in com-
plex I activity of the mitochondrial
respiratory chain. But, in our study, there
were no significant differences in lactate
concentrations between the patients treated
with levodopa and the untreated patients.

Hattori et al' also reported normal CSF
lactate concentrations in nine patients with
Parkinson's disease. Any slight decrease in
complex I activity of the substantia nigra in
Parkinson's disease may be localised to the
substantia nigra.
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Mean (SD) concentrations of lactate and pyruvate in CSF

Lactate (L) Pyruvate (P)
Diagnosis (n) Age (y) (mg/dl) (mgldl) L:P

Controls (25) 53-6 (17 4) 13 3 (1-0) 0 87 (0 11) 15 5 (2-3)
Parkinson's disease (38) 66-1 (9-2) 13.1 (1 9) 0-87 (0-15) 15-3 (3-4)
MELAS (4) 32-3 (18 6) 30 7 (4 4)*t 1 17 (0O21)t 27-0 (6.6)*t

*P < 0-0001; controls v Parkinson's disease.
tP < 0-0001; Parkinson's disease v MELAS.
tP < 0-01; MELAS v controls or Parkinson's disease.
MELAS = mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes.

Distribution of tenascin in human
malignant gliomas is not related to cell
proliferation

The knowledge that radiolabelled antite-
nascin (TN) monoclonal antibodies are able
to induce regression of human glioma
xenografts prompted attempts at administra-
tion directly into tumours in vivo, to deliver
cytotoxic radionuclides able to selectively
bind to components of human gliomas.' 2 It
has been shown, however, that TN is
unevenly expressed in these tumours, with
its distribution being most heterogeneous in
anaplastic astrocytomas and glioblastomas.'
To evaluate whether TN expression is
related to cell proliferation, surgical samples
from 75 malignant gliomas (48 anaplastic
astrocytomas and 27 glioblastomas accord-
ing to the World Health Organisation classi-
fication) underwent double staining
immunohistochemical evaluations by a pro-
cedure reported elsewhere.' Distribution of
TN was studied by using the specific mono-
clonal antibody BC-4, which was obtained
in this laboratory4 and employed in clinical
trials.2 The monoclonal antibody Ki-67,
purchased from DAKO (Carpenteria, CA,
USA), was used for nuclear labelling of pro-
liferating cells.

In both anaplastic astrocytomas and
glioblastomas, Ki-67 labelled nuclei were
found to occur at the same rate, with no sig-
nificant differences being found in tumours
strongly stained with anti-TN monoclonal
antibody BC-4, compared with tumours that
exhibited a weak to moderate staining
(table). For TN expression, besides the defi-
nite reaction shown by the stroma and the
subendothelial matrix, the only constant
occurrence was a strong staining of the
white matter at the periphery of the
tumours. This phenomenon was not related
to the presence of proliferating cells, as
shown by the usual lack of nuclear labelling
by the Ki-67 monoclonal antibody. As a
general rule, TN expression was related to
the histological texture, rather than the
number of proliferating cells in different
areas of a single tumour. Staining was most
pronounced in areas with a compact texture,
even in the presence of few Ki-67 labelled
nuclei. By contrast, areas with a loose tex-
ture exhibited a less intense staining, even in
the presence of several Ki-64 labelled nuclei.
This reduced TN expression, unrelated to
the occurrence of proliferating cells, was
paramount in loosely textured areas of both
anaplastic astrocytomas and glioblastomas.
Enhancement of staining occasionally
occurred in the perivascular conglomerates
of cells, without a relation with either Ki-67
nuclear labelling of both gliomatous and
endothelial cells, or TN expression in the
perivascular stroma. Similarly, a consistent
reaction occurring at the boundaries of
necrotic areas was not related to the amount
of proliferating cells.

Although TN, a polymorphic glycopro-
tein of the extracellular matrix , has been
regarded as an exclusive component of the
basement membrane of vessels in human
gliomas, it is also present in stromal ele-
ments and neoplastic glial cells. However,
TN expression in gliomas was found to be
uneven, with the degree of anaplasia being
usually associated, in immunohistochemical
preparations, with a pronounced hetero-
geneity in both intensity and distribution of
staining, which was not related to the cell
type.3The present results confirmed this het-
erogeneous distribution in malignant
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Ki-67 labelling indices in human malignant gliomas according to the intensity of staining with the
anti-TN mAb BC-4

Anaplastic astrocytomas Glioblastomas
(n = 48) % (SD) (n = 27) % (SD)

Group 1 (strong staining) 16-3 (8 3) (n = 26) 15-7 (6 8) (n = 14)
Group 2 (weak to moderate staining) 15-5 (6 7) (n = 22) 16-1 (9 4) (n = 13)

There were no significant differences between groups (Student's t test).

gliomas, but failed to show a correlation
with cell proliferation. Nor was the occa-
sional enhancement of staining in perivascu-
lar conglomerates of cells related to either
TN expression in the stroma, or endothelial
proliferation. It must be stressed that TN is
actually represented by different isoforms,
with the primary transcript being dependent
on the cell cycle, and that the role of TN in
tumour progression is regarded as being pri-
marily related to the actively remodelling
extracellular matrix on proliferating cells.
Furthermore, TN has been shown to play a
part in epithelial-mesenchymal interac-
tions, cell spreading and adhesion, and
postanoxic and post-traumatic gliosis.3 The
variety of factors related to and affecting the
TN expression in various tissues might
account for the different outcomes resulting
from clinical trials. Intracavitary administra-
tion of radiolabelled anti-TN monoclonal
antibody after debulking of glioblastomas,
resulted in some complete remissions with a
median follow up of 18 months.' In several
patients, however, anti-TN treatment was
not able to affect the progression of growth,
with early recurrences after surgery and
immunotherapy. Further testing has been
advocated, to select those patients in whom
a TN related immunotherapy can be
expected to provide beneficial effects. All the
more so as TN expression in malignant
gliomas is related neither to the cell type,
nor to the cell proliferation. Evidence of a
widespread distribution of TN in the white
matter at the periphery of malignant
gliomas, irrespective of its actual expression
within the bulk of the tumours, limits the
use of cerebral immunoscintigraphy with
anti-TN monoclonal antibodies5 as a guide-
line for subsequent immunotherapy. Despite
the intrinsic limitations of findings obtained
on surgical specimens, a preliminary
immunohistochemical screening aimed to
the evaluation of the behaviour of both the
tumorous stroma and the glial components
possibly represents a necessary prerequisite
of clinical trials testing the potential benefits
ofTN related immunotherapy.
This study was partially supported by the National
Research Council (CNR) and the Ministry of
University and Scientific Research (MURST). We
thank Mr Sergio Deseri for his technical help in
the preparation of the manuscript.
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Spontaneous intracranial hypotension:
MRI and radionucide cisternography
findings

Spontaneous intracranial hypotension (SIH)
is a rarely reported syndrome of sponta-
neous postural headache associated with low
CSF pressure. Although postural headache
usually occurs after a dural puncture,' a
spontaneous form of the syndrome does
exist. Its characteristic headache is elicited
or exacerbated by the upright position and is
relieved when the patient is recumbent.2
There is no history of previous dural punc-
ture and, in most cases, the aetiology
remains obscure.2 The similarity of SIH to
the postdural puncture headache syndrome
supports the notion that a CSF leak may be
the cause of SIH, but this has rarely been
demonstrated.>4
We present a patient with SIH whose

gadolinium enhanced MRI disclosed bilat-
eral subdural hygroma and thin diffuse
meningeal enhancement. The clinical symp-
toms were spectacularly resolved when a
CSF leak at the dorsal level, shown by
radionuclide cistemography, was closed
after an epidural blood patch. This case is
unusual because meningeal enhancement
persisted on the brain MRI at three month
follow up whereas the patient was clinically
asymptomatic.

Figure 1 Initial brain MRI. Coronal Ti
weighted after gadolinium injection, showing
bilateral extra-axialfluid collections and thin,
intense, and diffuse meningeal enhancement.

k -

Figure 2 Radionuclide cisternography six
hours after injection of tracer. Anterior
projection of the thoracic spine showing diffusion
of the radionuclide into the extra-arachnoid
space. The isotope is seen outlining the spinal
roots, predominantly left sided (image of
"christmas tree').

A 32 year old previously healthy man
developed a sudden severe frontal headache
with vertigo and vomiting. The headache
appeared after a sneezing crisis accompanied
by bright rhinorrhea, while he was travelling
in a 14 hour plane journey. The headache
subsided when the patient lay down. He was
admitted to our hospital two days later.
General physical examination was normal,
there was no meningeal signs, and he was
afebrile. Unenhanced brain CT and routine
biological examination were normal.
Lumbar puncture yielded a clear CSF with
no red blood cells, and 1 white blood
cell/mm.3 The protein concentration in CSF
was slightly raised at 0-92 g/l (normal
0-2-0-4 g/l). All cultures were negative.
The patient was treated symptomatically

with bed rest and analgesics and discharged.
He was readmitted three weeks later because
of continuing and incapaciting postural
headache associated with vomiting,
anorexia, and vertigo. His clinical examina-
tion was unchanged. Brain MRI disclosed
bilateral subdural hygroma, small thin ven-
tricles, and thin linear meningeal gadolinium
enhancement including membranes along
cerebral and cerebellar convexities, inter-
hemispheric fissure, and tentorium (fig 1).
There was no mass effect. Two blood
patches were carried out at 24 hour intervals
with epidural injection at the level L4 of
15 ml autologous blood. These were unsuc-
cessful. Because of a doubt about the diag-
nosis, radionuclide cisternography was
performed 10 days later, consisting of an
injection at the lumbar level L4-L5 of
Indium 1 1 1-DTPA. It was suggestive of a
CSF leak, showing early appearance of
activity in the bladder, slow ascent along the
spinal axis, no activity over the cerebral con-
vexities after 24 hours, and appearance of
extra-arachnoid radioactivity at the dorsal
level six hours after injection, visualised as a
double straight line (fig 2). A magnetic reso-
nance myelogram did not show any abnor-
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