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Both preclinical and clinical data link glutamate to the migraine pathophisiology.
Altered plasma, platelets and cerebrospinal (CSF) glutamate levels have been
reported in migraine patients. Chronic migraine is comorbid with several condi-
tions. It has been recently shown chronic migraine comorbidity with fibromyalgia.
The objective of this study was to study cerebrospinal fluid glutamate levels in
chronic migraine patients with and without fibromyalgia. We studied 20 chronic
migraine patients, with and without fibromyalgia, compared to age-sex matched
controls. CSF glutamate levels were measured by HPLC. CSF glutamate demon-
strated significantly higher levels in patients with fibromyalgia compared to those
without fibromyalgia. Patients overall had higher CSF glutamate levels than con-
trols. Mean pain score correlated with glutamate levels in chornic migraine
patients. Tender points, the hallmark of fibromyalgia, can be considered as pres-
sure allodynia, and is probably mediated by central sensitization, with increase in
CSF glutamate levels. We postulate chronic migraine patients with fibromyalgia,
in addition to have more disabling headaches, suffer from a more severe central
sensitization process. This subtype of patients may respond to medications mod-
ulating glutamate receptors. Headache intensity correlate with glutamate levels
in chronic migraine patients. (JCSF, chronic migraine, glutamate, fibromyalgia,
allodynia, central sensitization
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Altered glutamate levels have been reported in
migraine patients (1). It has been reported higher

Glutamate is a major excitatory neurotransmitter
in the central nervous system, widely involved in
migraine mechanisms. Glutamate is implicated in
cortical spreading depression, trigeminovascular
activation, and central sensitization. Both preclinical
and clinical data link glutamate to the migraine
pathophysiology (1).

Chronic migraine (CM) is a common disorder,
affecting 2-3% of the general population (2), CM
is one of the most debilitating (3) and difficult
to treat headache disorders (4). CM is comorbid
with several conditions, particularly depression,
anxiety, insomnia (5). It was recently described
fibromyalgia is present in 35% of CM patients
(6), associated with more debilitating headaches

).
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levels of CSF and plasma glutamate in episodic
migraine patients compared to controls (8, 9). Gallai
etal. (10) reported higher CSF glutamate levels in
chronic daily headache patients.

Central sensitization has been implicated in
chronic migraine pathophysiology (11). It is also
involved in fibromyalgia (12), however, to date,
glutamate levels have never been studied in chronic
migraine patients with and without fibromyalgia.

Patients and methods

Patients

We studied 20 (6 male, 14 female) patients diagnosed
with chronic migraine according to Silbertstein et al.
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criteria (13). Patients underwent a lumbar puncture
in order to rule out idiopathic intracranial hyperten-
sion, present in 5-14% of chronic daily headache
series (14-16). Twelve patients were diagnosed with
fibromyalgia according to the American College of
Rheumatology diagnostic criteria (1990) (17). Super-
imposed headache exacerbations, mean pain score
(0-10 score), and acute medications overused (Table 1)
were analysed. Acute medications were divided in
groups (triptans, NSAIDs, analgesics, none).
Control CSF specimens were also obtained from
20 age- and sex-matched subjects who underwent
lumbar puncture for other diagnostic purposes. In
all these subjects CSF and blood examinations and,
if necessary, instrumental investigations, including
neuroimaging, excluded CNS diseases (multiple
sclerosis, vasculitis, and other autoimmune diseases
affecting the CNS), or systemic diseases (diabetes,

renal or hepatic dysfunctioning, inflammatory
diseases). Neurodegenerative diseases were also
excluded.

The study protocol was approved by the local Eth-
ics Committee, all patients gave written consent to
the study. All patients were in pain at the time of
lumbar puncture.

CSF analysis

Sodium phosphate dibasic (Na,HPO,), methanol
(HPLC grade), trichloroacetic acid and sodium
bicarbonate were purchased from Merck. Sodium
tetraborate, beta-mercaptoethanol (BME), phospho-
ric acid (85%, HPLC grade), o-phthaldialdehyde
(OPA), L-aspartic acid, L-glutamic acid, glycine, tau-
rine and y-amino-n-butyric acid (GABA) were pur-
chased from Sigma-Aldrich.

Table 1 Age, sex, pain scores, exacerbation frequency, acute medication overused, and fibromyalgia diagnosis in chronic

migraine patients

Mean Exacerbation
Pt pain score frequency Acute medication overused (amount per day Fibromyalgia
no. Sex Age (0-10scale) (days/month) or otherwise specified) diagnosis
1 F 21 9 25 Rizatriptan 30 mg FIBRO
2 M 36 6 20 Isometheptene mucate 30 mg, dipyrone 300 mg, caffeine n
30 mg/week
3 M 49 6 4 Isometheptene mucate 180 mg, dipyrone 1800 mg, n
caffeine 180 mg
4 F 45 10 2 Orphenadrine 70 mg, dipyrone 600 mg, caffeine FIBRO
100 mg, diclofenac 50 mg
5 F 54 6 3 Orphenadrine 70 mg, dipyrone 600 mg, caffeine 100 mg, =~ FIBRO
diclofenac 100 mg, paracetamol 500 mg
6 F 30 9 20 Orphenadrine 70 mg, dipyrone 600 mg, caffeine 100 mg  n
per day, plus rizatriptan 30 mg/week
7 F 50 7 4 Naproxen 550 mg n
8 F 36 8 3 Naratriptan 2.5 mg FIBRO
9 F 54 7 25 Dipyrone 1000 mg n
10 M 40 9 30 - FIBRO
11 F 43 7 4 Orphenadrine 70 mg, dipyrone 600 mg, caffeine 100 mg  FIBRO
per day, plus rizatriptan 30 mg a week
12 F 36 8 7 Naratriptan 2.5 mg FIBRO
13 F 18 8 15 Dihidroergotamine 1 mg, paracetamol 450 mg, caffeine FIBRO
75 mg, metoclopramide 10 mg a day, plus mefenamic
acid 2.0 g/week
14 F 64 8 25 Zolmitriptan 5.0 mg FIBRO
15 F 49 7 4 Naproxen 550 mg FIBRO
16 M 53 9 30 Dipyrone 500 mg FIBRO
17 M 45 10 30 Isometheptene mucate 300 mg, dipyrone 3000 mg, FIBRO
caffeine 300 mg
18 F 56 8 26 - n
19 F 31 7 15 Rizatriptan 20 mg n
20 M 35 9 27 Dipyrone 500 mg n

FIBRO, fibromyalgia diagnosis; n, without fibromyalgia.
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Chromatography

The chromatographic system, from Waters, con-
sisted of a Model 600E multisolvent pump; a 717
plus autosampler and a 2475 multifluorescence
detector (excitation 330 nm, emission 450 nm). The
CSF samples were deproteinized with 10% trichloro-
acetic acid (1:0.2 v/v). The resulting mixture was
kept at 0°C for 15min and then centrifuged at
3000 g for 10 min at 4°C. Supernatant (100 pl) was
added to 400 ul of 0.2 M sodium bicarbonate. Amino
acid determination was performed by a precolumn
derivatization procedure. The reagent OPA/BME
was prepared 24 h prior to use and the derivatization
procedure performed by the 717 autosampler, just
before injection. OPA (150 ul) was transferred to the
sample vial and, after mixing, 20 ul injected onto a
reversed phase Nova-Pak C18 (3.9 x 150 mm, 4 mm)
column (Waters) equilibrated at 25?C with mobile
phase A (0.05 M sodium phosphate buffer pH 5.5/
15% methanol) at a flow rate of 1 ml/min. Gluata-
mate was eluted by the gradient method of Caval-
heiro et al. (18). This consisted of 20 min of elution
with pure mobile phase A, a gradual change to
mobile phase B (0.05M sodium phosphate buffer
pH 5.5/30% methanol) over a period of 40 min and
then 20 min with pure mobile phase B, followed by
10 min reequilibration with mobile phase A prior
to the next injection. Standard solution containing
glutamate were employed to establish calibration
curves (correlation coefficients of 0.99 or better in all
cases).

Statistical analysis

All values were expressed as mean *+ SD. One-way
within-subjects ANOVA was carried out to compare
the mean CSF values and fibromyalgia diagnosis. A
student t-test was used to compare samples. Pearson
correlation coefficient was used to analyse CSF val-
ues, mean pain score, and patients age. Five percent
for two-sided tests was chosen as a minimum level
of statistical significance.

Results

Chemical analysis of the CSF normal protein, glu-
cose, and lactate levels. Cell count was also normal.

CSF Glutamate levels were significantly higher in
CM than controls (P <0001) (Fig. 1). No differences
were found when female and male patients were
compared. Age did not correlate to glutamate levels.
Mean pain score correlated with CSF glutamate lev-
els (r=0.551, P=0.012). Superimposed headache
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Figure 1 CM patients with fibromyalgia (fibro) had
significantly higher CSF glutamate levels (umols/1) than
patients without fibromyalgia (wo fibro).

exacerbation frequency did not correlate with
glutamate levels.

CM patients with fibromyalgia had significantly
higher CSF glutamate levels than patients without
fibromyalgia (0.34+0.27 vs. 0.19+0.06 umol/1)
(P <0.04).

Both groups had higher levels than controls
P <0.001) (Graphic 1). No differences were found
when acute medication groups (triptans, NSAIDs,
analgesics, none) were compared.

Discussion

Our study shows increased glutamate levels in the
CSF of chronic migraine patients compared to con-
trols. More important is the new finding of even
higher levels of glutamate in chronic migraine
patients with fibromyalgia compared to those with-
out fibromyalgia.

Previous studies showed abnormal glutamate lev-
els in migraine patients in plasma (8, 9, 19-23), CSF
(8-10) and platelets (20, 21). Ferrari et al. (19) demos-
trated that between attacks, migraineurs (notably
with aura) had substantially higher plasma
glutamate and aspartate levels than did controls and
tension headache patients. During migraine attacks,
glutamate (and to a lesser extent aspartate) levels
were even further increased. This research group
hypothesized a defective cellular (neuronal/glial)
reuptake mechanism for glutamate and aspartate in
migraineurs. Alam etal. (23) also found plasma
glutamate was increased in migraine but not
tension-type headache patients. Cananzi et al. (21)
evaluated plasma and platelet glutamate levels
finding higher levels in both migraine with and
without aura.
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Zukerman et al. (8) studied CSF glutamate levels
in 10 episodic migraine patients, six diagnosed with
migraine with aura, and four migraine without aura,
showing an increase in glutamate levels. Martinez
et al. also found similar results (9). Gallai et al. (10)
reported a significant increase in CSF glutamate lev-
els in chronic daily headache patients compared to
controls. Rothrock et al. (24) found the levels of CSF
taurine, glycine and glutamine significantly higher
in migraine patients, without significant differences
among three migraine subgroups coined as infre-
quent migraine, frequent migraine and transformed
migraine.

Head pain in migraine arises within the trigeminal
system. Central trigeminal neurons that receive con-
vergent input from external stimuli may be sensi-
tized. The mechanism of central sensitization has
been implicated in migraine pathogenesis. Patients
frequently offer evidence for central sensitization of
the trigeminal system during migraine attacks, such
as pain returning on head movement or scalp pres-
sure after attacks have subsided, allodynia of the
head, and even allodynia and pain of the upper trunk
and limbs that suggests supraspinal origins of sen-
sitization. Central sensitization may account for the
severe pain of migraine headache, in this study we
showed pain intensity correlated with CSF glutamate
levels, providing evidence that glutamate levels, cen-
tral sensitization and pain intensity are linked.

Patients’ drug treatments may have influenced the
CSF glutamate levels, however, we could not find
significant difference in the acute medication sub-
groups. One cannot exclude the possibility that acute
medications might play a role in glutamate levels
because the consumption profile and the small num-
ber of patients did not provide sufficient statistical
power for the analysis.

It has been hypothesized that migraine is associ-
ated with a state of central neuronal hyperexcitabil-
ity, involving overactivity of the excitatory amino
acids, glutamate, and possibly aspartate (25). This
theory may also be applied in the comorbidity
between migraine and fibromyalgia. A low brain
magnesium and consequent reduced gating of
glutamatergic receptors (26) could be another possi-
ble link between migraine, fibromyalgia and the
mechanisms of glutamate hyperactivity, neuronal
hyperexcitability, and susceptibility to glutamate-
dependent spreading depression.

Burstein (27) has proposed that: (a) sensitization
of both peripheral and central trigeminovascular
neurons accounts for the intracranial hypersensitiv-
ity observed in migraineurs, i.e. the worsening pain
during coughing, bending over, rapid head move-

ment, and the throbbing nature of migraine pain,
and (b) sensitization of central but not peripheral
trigeminal neurons is responsible for the extracranial
hypersensitivity (extracranial tenderness and cuta-
neous allodynia).

Further evidence of central hyperexcitability has
been observed in a study of cutaneous allodynia
during migraine in humans (28). Seventy-nine per-
cent of patients experienced this effect during spon-
taneous headaches, with or without aura. Of those
with allodynia, 85% reported it outside the referred
pain area, on the ipsilateral side. An allodynic
response on the contralateral side of the head or
either forearm cannot be explained by peripheral
sensitization alone; at least third-order neurons
must be involved. However, only 33% of allodynic
patients experienced allodynia at all sites tested.
Therefore, it has been postulated that the increased
sensitivity is due not to a general neuronal hyper-
sensitivity, but to hyperexcitability in the central
trigeminal pathway after its activation during
migraine.

The study did not mentioned the association of
fibromyalgia and migraine, however, tender points,
the hallmark of fibromyalgia, can be considered as
pressure allodynia. Our study shows this is probably
mediated by central sensitization, with increase in
CSF glutamate levels. We postulate chronic migraine
patients with fibromyalgia, in addition to have more
disabling headaches (6), suffer from a more severe
central sensitization process. This subtype of
patients need more agressive therapy. They may
respond to medications acting on glutamate, such as
topiramate, lamotrigine, and glutamate antagonists,
opening a new therapeutic opportunity for the treat-
ment of migraine associated with fibromyalgia.
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