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SHORT REPORT

Catecholamine levels in plasma and CSF in
migraine

F Martinez, J Castillo, J Pardo, M Lema, M Noya

Abstract
There is clinical and pharmacological
evidence of the existence of sympathetic
dysfunction in migraine. Adrenaline and
noradrenaline concentrations were
determined in plasma and CSF of
patients during attacks of common or
classic migraine, comparing them with
controls suffering from stress. Plasma
noradrenaline levels were significantly
lower in the patients with common
migraine than in controls (p < 0.05).
Other catecholamine levels in plasma
and CSF in both migraine groups were
only slightly lower than in controls. Our
results suggest that central sympathetic
dysfimction exists in patients with
migraine.

(7Neurol Neurosurg Psychiatry 1993;56:1119-1121)
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The mechanism of pain and vascular changes
in migraine is unknown. There is evidence
that central monoaminergic systems are
altered before and during attacks. Recent
hypotheses propose that central cate-
cholaminergic pathways play a role in
migraine. Potentiators of the migraine attack
may lower the threshold of the orbitofrontal-
brainstem projections that influence the
intrinsic noradrenergic system.'

Electrophysiological,2 clinical,3 and phar-
macological4 studies suggest central and
peripheral sympathetic hypofunction in
migraine. Abnormal reflex responses demon-
strating this deficit correlate well with low
noradrenaline levels.' Biochemical data have
been conflicting, showing high,5 normal,' or
low6 levels of catecholamines in body fluids.
Little is known about catecholamine levels in
CSF in migraine. We have measured adrena-
line and noradrenaline concentrations in
patients with common and classic migraine
during crises, comparing them with control
subjects suffering from physical or psycho-
logical stress.

Material and methods
SUBJECTS
Patients were studied in the headache unit of
the neurology department of Galicia General
Hospital, Santiago de Compostela University,
Spain. Informed consent was obtained from

subjects after explanation of the procedures.
We included 16 patients with common
migraine, 11 with classic migraine, and 21
controls. Diagnosis of common or classic
migraine was made following criteria of the
headache classification committee of the
International Headache Society.7 The control
group was composed of patients suffering
physical or psychological stress, with the fol-
lowing diseases: patients immediately before
surgical intervention (n = 9), multiple sclero-
sis (n = 2), acute stroke during the 24 first
hours (n = 8), Guillain-Barre syndrome after
the acute phase (n = 1), and lymphoma (n =
1). Exclusion criteria for patients and controls
were hypertension, psychiatric disease,
epilepsy, and intake of antidepressive and
adrenergic drugs or calcium channel blockers.
Smokers were excluded. Controls with abnor-
malities in CSF (cell count, and protein and
glucose content) were excluded. Mean ages
(SD) of common and classic migraine
patients and controls were 38-37 (11.7), 39
(I1*03) and 49 95 (11-40) years. The
male/female ratios of the three groups were
0.33, 0-57, and 162. Duration of migraine
history was 19-43 (10-26) years in common
migraine and 12-72 (5 46) in classic migraine.
Severity of headache was evaluated by the
score units measure (SUM), expressed in
headache units, according to international
criteria.8 Duration of crisis was recorded as
the time from onset of headache until sample
extraction.

ANALYTICAL METHOD
Blood collected by venepuncture after 30
minutes' rest in supine position was centri-
fuged (3000 g for 15 minutes). Lumbar punc-
ture was performed with patients in left
lateral decubitus after 30 minutes' rest. Initial
pressure was measured and 5 ml of CSF were
discarded. The sixth ml was used for cell
count and protein and glucose analysis. The
next 5 ml of CSF were centrifuged (2000 g
for 10 minutes) and used for catecholamine
assay. Plasma and CSF samples were stored
(- 70GC). Extractions were performed
between 9 and 10 am in controls after an 8
hours fast. In patients with migraine extrac-
tions were carried out at variable hours, dur-
ing an attack and after a minimum 4 hours
fast. Measurement of catecholamines was
performed using high pressure liquid chro-
matography with electrochemical detection
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(HPLC-EC) and extraction by activated alu-
mina (Bioanalytical Systems Inc, LCEC Appl
Note 14). A plasma sample of 1-5 ml was
placed in a glass tube with 25 ul of DHBA
(100 ng/ml) as internal standard and 50 mg
of alumina. DHBA was prepared by dissolv-
ing 16 mg of DHBA-HBr in 100 ml of 0d M
HC104; 100 ul of this solution were diluted to
100 ml with 0-1 M HCIO4. Buffer Tris (1-5
M, pH 8 6) was added and the mixture agi-
tated, then centrifuged, and the supernatant
removed. The alumina was washed three
times and removed via filtration. Catechol
species were desorbed from the alumina
adding acidic buffer (Gb4 H 0-1 M). After
agitation and centrifugation, 50,ul of the
acidic supematant were injected into the
HPLC-EC system. Chromatography equip-
ment characteristics: Pump Gilson 305, col-
umn Spheriscorb ODS-1, amperometric
detector LC-4B (+600 mV versus Ag/AgCl),
flow rate of 0-8 ml/min. The mobile phase
was prepared with monochloride acetic acid,
1-octane sulphonic acid, OHNa and
Na,EDTA. Results are expressed in pg/ml.

STATISTICAL ANALYSIS
Intergroup differences in plasma noradren-
aline were studied using Kruskal-Wallis and
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Mann-Whitney tests. Comparison of CSF
noradrenaline, and plasma and CSF adrena-
line was performed with one way analysis of
variance (ANOVA) and Duncan's multiple
range test. Influence of age and sex was inves-
tigated by linear regression and one way
ANOVA. The relation between cate-
cholamine levels and severity of headache
(SUM) or duration of crisis was investigated
with linear regression (power of regression
evaluated by the determination coefficient (r
square) and ANOVA).

Results
Mean (SD) plasma adrenaline levels were
434.9 (238-9), 453 9 (259.3), and 619-6
(273.2) pg/ml for common and classic
migraine and controls. CSF adrenaline levels
were 53-3 (32-3), 65-4 (29-8) and 86-2 (47 0)
in patients with common and classic migraine
and controls. Noradrenaline plasma levels
were 308-6 (208 2), 378-3 (224.3), and 651-7
(482.6). Mean GSF noradrenaline concentra-
tions were 59-1 (15-8), 50 7 (27.2), and 73-1
(32-1) for common migraine, classic
migraine, and control patients, respectively.
Scattergrams with distribution of results in
plasma and CSF are shown in figures 1 and
2. We did not observe a significant difference
in plasma (figure 1) or CSF (figure 2) adrena-
line levels between patients with common and
classic migraine, or between migraine groups
and controls. Plasma noradrenaline was sig-
nificantly lower in common migraine patients
than in controls (p < 0 05) (figure 1). We did
not observe differences in plasma noradrena-
line levels between both migraine groups or
between classic migraine and controls. No
significant differences in CSF noradrenaline
levels were found between groups (figure 2).
No influence of age or sex over catecholamine
levels was observed. We found no correlation
between noradrenaline levels in plasma or
CSF and severity of headache (SUM):
r = 0-42, r = - 0-03 (plasma, common, and
classic migraine); r = 0-26, r = 0-25 (CSF,
common and classic migraine). We also did
not find correlation between plasma adrena-
line levels (in both migraine groups) or CSF
adrenaline levels in common migraine and
severity of headache. We found a significant
positive correlation between adrenaline levels
in CSF and severity of headache in the classic
migraine group: r = 0-89, r2 = 79-22%,
p < 0*01.

Discussion
Monoamine levels in CSF9 and plasma'0 may
reflect monoaminergic activity. We have mea-
sured catecholamine levels in plasma and
CSF of patients with common and classic
migraine during attacks using HPLC-EC.
Variability of interlaboratory results depend
on the sensibility of the method, and the
interference of acid or oxidating substances."
This problem has occurred with a proportion
of samples in our study.

Important variability of results was
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Figure 2 Adrenaline (0) and noradrenaline (0) concentrations in CSF (pglml).
Mean level (-).
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observed. Levels in CSF were lower than in
plasma for both catecholamines in the three
groups. We have standardised as many exter-
nal potential factors that influence sympa-
thetic function as possible. Plasma and CSF
levels have been lower than those previously
reported in resting controls. 12 Mean cate-
cholamine levels in plasma or CSF were
lower in migraine groups than in controls.
Differences were not statistically significant
except when comparing noradrenaline levels
in plasma between common migraine patients
and controls (p < 005). Our results may sug-
gest that during migraine attacks cate-
cholamines are defectively released, although
further studies are required. Though precise
location of the defect cannot be determined,
results in plasma and CSF suggest both a
central and peripheral deficit. We observed
correlation between adrenaline levels in CSF
and severity of headache in patients with clas-
sic migraine.

Previous reports of catecholamine levels in
migraine have been conflicting.356 CSF stud-
ies have focused upon catecholamine metabo-
lites. Lower levels than in healthy controls
have been reported, during and between cri-
sis.35 Biochemical data correlate with clinical
studies that demonstrate sympathetic
dysfunction.3 The mechanism by which this
dysfunction may participate in the physio-
pathology of migraine remains elusive.
Indirect evidence shows that the noradrener-
gic system represents the threshold for the
attacks. Potentiators of migraine probably
modulate sympathetic activity."3 Clinical and
biochemical results suggest that migraine
patients have an abnormal adaptative reaction
to stress.' 14 Central noradrenergic systems
modulate nociceptive transmission to the cen-
tral nervous system. Their dysfunction may
cause perturbation of these pain modulating

systems.'5 Also, these cerebral pathways par-
ticipate in the regulation of cortical blood
flow. Chronic sympathetic hypofunction may
lead to denervation supersensitivity of cere-
bral vessels. Triggering factors may then
cause overconstriction, promoting the vascu-
lar phenomena observed in migraine.'
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