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Abstract—Background: Trace amines, including tyramine, octopamine, and synephrine, are closely related to classic
biogenic amines. They have been hypothesized to promote migraines and other types of primary headaches, but there is no
direct evidence supporting this hypothesis. Methods: Using a multichannel electrochemical high-performance liquid
chromatography system, the authors evaluated whether changes in circulating trace amines occur in subjects with
migraine (with or without aura) during headache-free periods as well as in patients with cluster headache (CH) during the
remission and active phases as compared with healthy control subjects. Results: Plasma levels of all trace amines were
significantly higher in CH patients, in both the remission and the active phases, when compared with control subjects or
subjects with migraine. In addition, intraplatelet levels of octopamine, synephrine, and tyramine were higher in CH
patients than in control subjects. In migraine patients, plasma levels of octopamine and synephrine were higher compared
with controls, although in migraine with aura, the difference was not significant. Conclusions: Whereas the elevation of
plasma trace amine levels in both migraine and CH supports the hypothesis that disorders of biogenic amine metabolism
may be a characteristic biochemical trait in primary headache sufferers, the observation that such alterations are more
prominent in patients with CH than migraine patients suggests that they may reflect sympathetic or hypothalamic
dysfunction.
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The hypothesis that trace amines such as tyramine,
octopamine, and synephrine, closely related chemi-
cally to classic biogenic amines,1,2 may contribute to
the pathogenesis of primary headaches was proposed
several decades ago.3,4 The observation that certain
foods rich in tyramine, such as chocolate, citrus
fruits, and cheese, caused a hypertensive headache
response in depressed patients treated with mono-
amine oxidase (MAO) inhibitors raised the possibil-
ity that the increased sensitivity to tyramine-
containing foods in dietary migraine might be due to
a deficiency in MAO activity.5 Thereafter, in view of
the time delay from ingestion of provocative foods
and the painful attack, accumulation of octopamine,
derived from tyramine metabolism, was proposed to
be the main causative agent.6 Trace amines, includ-
ing octopamine, displace biogenic amines from their
storage vesicles, and the depleting agent reserpine
precipitates migraine, results in line with the capa-
bility of trace amines to act as false neurotransmit-
ters. However, despite evidence showing that levels
of trace amines in rodent brain are elevated during
inhibition of MAO enzymes (MAO-A and MAO-B) or
after selective deletion of MAO genes,7,8 to date there
is no direct evidence supporting the involvement of
trace amines in primary headaches. As a matter of
fact, the inability to demonstrate specific receptors

for these compounds and the lack of sensitive nonra-
dioactive methods for the detection of trace amines
in biologic samples have limited their investigation
in humans.

Recently, however, G-protein-coupled receptors
with high affinity for trace amines have been de-
scribed in rodents and humans.9 These receptors,
called trace amine receptors (TAR), are distinct from
the classic biogenic amine receptors and are found in
various tissues and organs, including specific brain
areas such as the amygdala, hypothalamus, and lo-
cus ceruleus. In addition, effects of trace amines, in
particular octopamine, on mammalian �2- and �3-
adrenergic receptors have emerged.10,11 All this opens
the possibility that one or more trace amines may in
humans behave as “bona fide” neurotransmitters or
neuromodulators capable of exerting effects indepen-
dently or in concert with classic biogenic amines.

We have recently devised a sensitive high-
performance liquid chromatography (HPLC) method
for assessment of trace amines in human plasma and
platelets.12 Utilizing this method, we here questioned
whether abnormalities in circulating trace amines
are found in primary headache sufferers. To this
end, levels of tyramine, octopamine, and synephrine
were, in comparison with healthy control subjects,
assessed in plasma of patients with migraine with
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(MwA) and without (MA) aura during headache-free
periods as well as in patients experiencing cluster
headache (CH) during both active and remission
periods.

Materials and methods. Three groups of headache sufferers
(MA, MwA, and CH) and 36 healthy control subjects, age and sex
matched, were enrolled into the study (table 1). The diagnosis of
migraine MA, MwA, and CH was made in agreement with Inter-
national Headache Society criteria.13 No patients complained of
any other diseases. All subjects were free of drugs known to affect
both MAO activity (e.g., imipramine, amitriptyline, phenelzine,
tranylcypromine, selegiline, and moclobemide)14 and platelet func-
tion from at least 2 weeks prior to blood sampling. In addition, to
avoid biochemical interference from diet, all subjects avoided food
containing biogenic amines (e.g., chocolate, dry fruits, cheese, etc.)
from at least 1 week before the hematologic examination. Mi-
graine patients were studied in headache-free periods at least 3
days after the last painful attack. The CH sufferers in active
phase were under treatment with verapamil with doses ranging
from 240 to 360 mg/day. Migraine and residual attacks of CH
were treated with imigran/imitrex subcutaneously. Migraine and
CH patients in remission period were free from any drugs. After
informed consent was obtained, levels of tyramine, octopamine,
synephrine, and were measured in plasma of all subjects (see
table 1), and platelet levels were evaluated in CH patients and 22
control subjects.

Peripheral venous blood (30 mL) was drawn from the antecubi-
tal vein, following overnight fasting, at 9 AM from subjects after 5
minutes of resting in the supine position. The blood was drawn
from the same operator and collected into �fr1/10� volume citric
acid/citrate dextrose as anticoagulant for the estimation of trace
amines. Platelet-rich plasma (PRP) was obtained by centrifuga-
tion (950 rpm for 15 minutes) of whole blood, and after the platelet
number was calculated by a platelet analyzer, PRP was centri-
fuged at higher speed (3,500 rpm � 15 minutes) to obtain a plate-
let pellet and the platelet-poor plasma (PPP). The platelet pellet
was then washed with 3 mL of Tyrode buffer solution, as was
previously described.15 The platelet pellet was sonicated in 1%
perchloric acid solution. The mixture was centrifuged (14,500 rpm
for 5 minutes) to remove protein fragments. The supernatant was
removed and passed through a 0.2-�m nylon filter (Acrodisc; Wa-
ters). PPP was obtained by centrifugation of PRP (3,500 rpm � 15
minutes). An aliquot of perchloric acid was added to PPP (total
volume 4 mL) for the deproteinization. After brief centrifugation
(14,000 rpm for 5 minutes), the supernatant was passed through
an ultrafilter membrane.

HPLC method. The chromatographic system consisted of an
autosampler (Waters) capable of variable-volume injections,
equipped with a 100-�L loop and two-pump separation module
(Waters 2695) connected with a C18 reverse phase (XTerra) 15 �
4.6–mm, 5-�m column, fitted with a 3.0 � 20–mm, 5-�m precol-
umn (XTerra). The detection device consisted of a multichannel
electrochemical detector system (CoulArray ESA). The autosam-
pler and pumps were monitored and controlled by Millennium 2
software. The multichannel detector was monitored and controlled

by a CoulArray for Windows installed in a Pentium 3 computer
(Dell). The computer system performed the data storage, analysis,
and report generation. The mobile phase, adjusted to pH 3 with
phosphoric acid, consisted of sodium phosphate monobasic 10.25
g/L, sodium dodecyl sulfate 250 mg/L, and acetonitrile 11% vol/vol.
The instrumental parameters of the separation method were as
follows: full-scale sensitivity of all channels, 100 �A; potentials of
each of eight channels, starting with channel 1, �100, 0, 50, 300,
380, 780, 890, �920 mV. Three incremental doses of 0.125, 0.250,
and 0.500 �g/mL of tyramine, octopamine, and synephrine stan-
dard solutions (Sigma, St. Louis, MO) were utilized to obtain the
calibration curve to determine the platelet and plasma levels of
each substance. The standard solutions were prepared dissolving
10 mg of the components in a solution of 0.1 N perchloric acid and
each component was diluted with a solution of 1% perchloric acid
to give a final concentration of 1 �g/mL. Aliquots of 80 �L of the
standards and extracts from biologic tissues were injected for
identification and quantification. The retention times of tyramine,
octopamine, and synephrine were 18.50, 6.7, and 7.8 minutes (ra-
tio accuracy 0.75, 0.88, and 0.87). The standard deviation for the
calibration of each substance was 	0.00161. The detection limits
of the HPLC method were 22 pg for tyramine, 22 pg for octopam-
ine, and 49 pg for synephrine.

Statistical analysis. The results are presented as means 	
SD and were assessed with analysis of variance followed by Tam-
hane test using the SPSS statistical package (SPSS, Chicago, IL)
or with unpaired t-test, as required. The level of significance was
set at p � 0.05.

Results. Detectable levels of octopamine and synephrine
were found in almost all patients (34/34 and 33/34 MwA
patients, 15/16 and 14/16 MA subjects, 39/44 and 41/44 CH
patients) and in the majority of control subjects (36/36 and
27/36 subjects). Tyramine, on the other hand, was less fre-
quently detected, particularly in control subjects (14/36) and
MA patients (6/16). The latter result is in accord with previ-
ous findings showing that tyramine is, in comparison with
other amines, biochemically unstable, that is, rapidly metab-
olized to octopamine or catabolized by MAO activity.16

Table 2 reports mean levels of octopamine, synephrine,
and tyramine found in plasma of MwA and MA subjects
during headache-free periods as well as in CH patients
with respect to control subjects. In MwA, plasma levels of
octopamine and synephrine are, unlike that of tyramine,
significantly more elevated when compared with control
values. Although these trace amines were also increased in
MA, the difference with respect to controls was not signifi-
cant. In addition, all three trace amines are severalfold
higher in plasma of CH patients as well as significantly
more elevated with respect to those found in MwA or MA
subjects. This significant difference was observed in CH
patients both in remission and in active periods. No signif-

Table 1 Patient series

Data Control subjects Migraine without aura Migraine with aura Cluster headache patients

Age range, y 30–50 19–38 16–45 22–59

Mean age, y 40.4 28.5 31.7 41.6

No. 36 34 16 44

Sex, M/F 16/20 13/21 8/8 42/2

Duration cluster, y 2–13

Remission period 4–9 20

Active period 35–80 24

Duration of migraine, y 2–9 1–5

Frequency of attacks 1–4/mo 0.5–2/mo 1–3/d
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icant difference was found, except for tyramine being
higher in the active phase, between levels of octopamine
and synephrine of CH patient groups in remission and in
the active period.

Previous reports have shown that circulating trace
amines such as octopamine are taken up into platelets and
stored within the dense bodies.17,18 Thus, in an attempt to
gain further insight into the levels of circulating amines in
persons with primary headache and in particular CH, we
also measured trace amine levels in platelets of CH pa-
tients with respect to controls (table 3). Detectable levels of
octopamine, synephrine, and tyramine were, in fact, found
in platelets of almost all CH patients (41/41, 41/41, and
37/41), whereas tyramine, unlike octopamine and syneph-
rine, was found only in half of the control subjects (11/22).
Furthermore, the mean intraplatelet values of all three
biogenic amines were significantly higher in platelets of
CH patients when compared with those of control subjects.
Again, no significant differences were, as in plasma, evi-
dent upon comparison of mean intraplatelet tyramine and
octopamine, but not synephrine, levels assessed during re-
mission and active phases of CH.

Discussion. The current study shows that circu-
lating levels of trace amines such as octopamine and
synephrine are in primary headache patients signifi-
cantly more elevated than those found in control sub-
jects. As all subjects rigorously avoided food known
to contain relevant amounts of trace amines for at
least 1 week prior to the blood sampling, an in-
creased outsource by the diet is unlikely to have
affected the determinations. In addition, as platelets
do not possess the enzymatic machinery to synthe-
size trace amines, the high intraplatelet levels ob-
served in CH may, following their uptake, reflect the
augmentation in circulating trace amines.18 All this
raises the possibility that alteration in amine metab-
olism is a distinctive feature accompanying primary
headache syndromes. In addition, the observation
that subjects affected by CH display severalfold in-
creases in the levels of not only octopamine and syn-
ephrine but also tyramine, even when compared with
those found in subjects with MA or MwA, suggests
that such a metabolic abnormality may be of partic-
ular relevance in CH.

In CH, the observation that significantly increased
levels of the evaluated trace amines occur during both
the remission and the active phases raises the hypoth-
esis that such alterations may reflect the ongoing sym-
pathetic dysfunction.19 Trace amines are known to be
synthesized and stored within the autonomic nervous
system.20 Tyramine, derived from the amino acid ty-
rosine through tyrosine decarboxylase enzyme activ-
ity, is metabolized by dopamine-�-hydroxylase into
octopamine, whereas phenylethanolamine N-methyl-
transferase enzyme activity transforms octopamine
into synephrine, the final biochemical step in the
synthesis of trace amines.1 Thus, one possibility is
that the increased plasmatic trace amine levels
found in CH patients may reflect an increase of ty-
rosine decarboxylase activity or inhibition of tyrosine
hydroxylase (TH) enzyme activity. In support of this

Table 2 Tyramine, octopamine, and synephrine plasma levels in control and primary headache subjects

Subjects Tyramine Octopamine Synephrine

Controls, n 
 36 1.05 	 1.78 2.17 	 1.86 3.12 	 3.92

Migraine without aura, n 
 34 2.02 	 3.21 4.86 	 2.80* 9.18 	 4.64*

Migraine with aura, n 
 16 1.42 	 1.78 6.07 	 7.10 6.77 	 6.20

CH patients, n 
 44 7.51 	 7.76*†‡ 11.48 	 8.40*† 15.17 	 12.45*§�

CH patients in remission phase, n 
 20 4.91 	 4.36�¶ 9.86 	 6.74*§ 12.56 	 10.90†

CH patients in active phase, n 
 24 9.67 	 9.67*†‡ 12.84 	 9.50*† 17.34 	 13.43*§�

Values are expressed as ng/mL 	 SD and were assessed by one-way analysis of variance followed by post-hoc analysis (Tamhane test).

* p � 0.001, vs controls.
† p � 0.05, vs migraine with aura.
‡ p � 0.005, vs migraine without aura.
§ p � 0.05, vs migraine with aura.
� p � 0.02, vs migraine without aura.
¶ p � 0.01, vs controls.

CH 
 cluster headache.

Table 3 Platelet trace amine levels in cluster headache patients
during remission and active phases in control subjects

Subjects Tyramine Octopamine Synephrine

Controls, n 
 22* 0.045 	 0.068 0.22 	 0.16 0.33 	 0.25

CH patients, n 
 44 0.38 	 0.35† 0.70 	 0.51† 0.81 	 0.55†

CH in remission phase,
n 
 20

0.43 	 0.42‡ 0.75 	 0.53† 0.98 	 0.62†§

CH in active phase,
n 
 24

0.34 	 0.28† 0.66 	 0.51‡ 0.64 	 0.43‡

Values are expressed as ng/108 platelets 	 SD and were assessed by Stu-
dent unpaired t-test.

* 19 males, 3 females.
† p � 0.0001, vs controls.
‡ p � 0.005, vs controls.
§ p � 0.05, vs cluster headache in active phase.

CH 
 cluster headache.
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hypothesis is the evidence showing that norepineph-
rine, the major product of TH activity, is decreased
in platelets in all phases of CH and in plasma and
CSF only in active phase.21,22 In addition, the TH
enzyme within the autonomic nervous system is the
major source of norepinephrine in plasma.20

Another possibility is that the abnormal trace
amine levels in CH may reflect hypothalamic dys-
functions. The hypothalamus and locus ceruleus con-
tain, in humans, the highest level of octopamine,23

and these areas are connected with the autonomic
system.24 Further, low prolactin levels in CH pa-
tients in all phases of the disease and after challenge
with TRH have been reported.25 Although these find-
ings may reflect dopaminergic hyperactivity, no evi-
dence has been provided in support of this
possibility. An alternative explanation may be an
increased level of octopamine turnover in the hypo-
thalamus. Octopamine, in fact, reduces prolactin se-
cretion from lactotrophic cells via nondopaminergic
receptors.26 In addition, hypothalamic abnormalities
play a major role in the pathogenesis of CH. A study
with PET has demonstrated that regional cerebral
blood flow, an index of synaptic activity, is increased
during nitroglycerin-induced CH attacks in the pos-
terior area of the hypothalamus.27 More recently, the
same group, using voxel-based morphometry MRI
analysis, has shown an enlarged volume of the gray
matter in the same area.28 A new effective treatment,
based on stereotactic stimulation of posterior hypo-
thalamus in patients with intractable chronic CH,
also supports a hypothalamic involvement.29 Inter-
estingly, TAR-1 mRNA is reported to be expressed in
hypothalamus as well as in the ventral tegmental area,
locus ceruleus, and dorsal raphe nucleus, structures
that govern, among other functions, the pain thresh-
old.10,30 �-Adrenoceptors, including �2C-receptors, are
also distributed in these areas.12 Octopamine acts as
agonist of TAR-1 and �2C-receptors.9,31 It is possible to
conceive that alterations in octopamine and other
amines may, via specific receptors, interfere with func-
tions of the hypothalamus and perhaps other subcorti-
cal circuitries potentially implicated in CH.

The physiopathologic significance of the increased
levels of octopamine and synephrine in plasma of
MwA and MA patients is unknown. Nevertheless,
although it may be similar to CH, the results here
reported show that when compared with CH, a mi-
nor biochemical shift in amine metabolism occurs in
migraine patients. In support of this hypothesis, re-
duced intraplatelet levels of serotonin and norepi-
nephrine occur before painful attacks in females
affected by menstrual migraine.32,33 Of interest is
also that the lower entity of the biochemical alter-
ation is consistent with the occurrence of a mild au-
tonomic system symptomatology in migraine.34

Although the underlying causes must be clarified,
our results suggest that high circulating trace amine
levels may represent an abnormal biochemical pheno-

typic trait accompanying migraine and, particularly,
CH. Whether this abnormality, either alone or in asso-
ciation with other factors, underlies any susceptibility
to CH or migraine remains to be determined.
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