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Alteration of platelet 5-HT, serotonin receptors
in migraine patients with analgesics overuse.
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Recent advances in the field of receptor pharmacology have revealed the
significance of receptor plasticity in the pathogenesis of several drug-related neurolo-
gical disorders. Excessive use of analgesics is known to induce headache deterioration
in patients with primary headache, especially migraine. To assess the possibility of
5-HT, serotonin receptor plasticity in this condition, we investigated receptor binding
by the platelet membrane in patients with analgesic-induced headache (AIH), migriane
patients and non-headache controls. The technique involved radioligand binding with
[phenyl-4 °H]-spiperone and kitanserin. A greater density of receptor number was
found in patients with AIH and in non-headache controls (759.9 + 60.9 and 787.1 +
80.8 fmol/mg protein, respectively) as compared to migraine patients (510.1 + 78.2 fmol/
mg protein). The value of the dissociation equilibrium constant remained unchanged
(1.77 £ 0.28, 2.61 + 0.62 and 1.62 + 0.48 nM for patients with AIH, migraine patients and
non-headache controls, respectively). Based on- these findings, we suggest that
up-regulation of 5 -HT, serotonin receptors may be a possible mechanism of

headache transformation in patients with AIH.

Key words : Migraine, Analgesics, Headache, Serotonin receptors, Platelets.

Reprint request : Srikiatkhachorn A, Department of Physiology, Faculty of Medicine,
Chulalongkorn University, Bangkok 10330, Thailand.
Received for publication. May 15, 1996.

* Neuro- and Behavioural Biology Center, Institute of Science and Technology for Development, Mahidol University, Salaya,
Nakornpathom 73170
** Department of Physiology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand



558 gnnsal Ui uazame Chula Med J

gnansol e, avwd @Siinsdues, WeRis azAng, Juzsar TnInasnad.
2 @ a a & ! 1
naulasuuaszasdriuslsladiuuninnSadanlugihelsaadssclunmildon

unhaiiwanusudu. gWraensaitaras 2539 nIngaw; 40(7): 557-566

i % e =) @ o Q Qs v i ‘J @’ Q
arunmnilua I rundrIne1vasd Uk I¥ivuT mndduuudayresdisy
dl ~t o G a o a ;J I 2
grdavszam  deanwaayluwesnudavaslzanieszuudseamiidunasinnisleen
Zuﬂa?u‘”utf/uﬁyaz/f’u[@yn”aYﬂa'ﬁmizﬂf”mun”ﬂme?mian”mf/unmmu Jualvarnrsvas
a = J’ d' = sJ G Qv
lsnthadswe lasawiclmlunmudanuguununiy ilefnsmuddouu/asvasdasy
- a =y J W O (24 R o a Qs Q a ~ =~
Fl5lafiuwiia 5-HT, lunelt aoieg3in ldAnsanpmen19UdavesddsuuuiAuniaiion
¥ g A 8 2 a 7 ¥ 4
lugthwlsatadswe lunsudldpuritafusu, ngugtaslunsu uaznguavgn lay
o ~ o o a o . . . . . = 1 1
linafinmssuinvava1a s (radioligand binding technique) Nammnwwmﬁungy
vy A L 8/ o ' = t L - ~
gihelsnlunsudldvuithafuse ussnguaiugu dprumwuvuyesdasudlslaiu
vila 5-HT, vuAuniadangeningugtle lunmy, adfivadiy (759.9 + 60.9,787.1 +
. o Q- A‘ A Q-
80.8 uaz 510.1 + 78.2 fmol/mg protein, AWAGL) IwymAiA1AINVEITNGANTIULNG?
. . e yey . . P
(dissociation equilibrium constant) lidmsifesus/as (1.77 + 0.28, 2.61 + 0.62 and 1.62
U Qs Q s IJ e E 2 o 1 0 Y]
+ 0.48 oM Fwmiungugihele lunsuildowdihafuywa, nguauay uscngugils
o o J e & a’: a i n’ ) ar Qs
Tuinsu, @ws1el) PnHan1sAnslt AmgILMIRUUATINGT MAIANTININYEIAITY
=) o -~ A ‘J L4 & a i Q- o =3
Flslatiuriia 5-HT, ouidunaloniy AvaliAdennydousudasluansmemsaniulse
A ¥ g A v [ =) o (1
maammiﬂmﬁm:nwulug’mw'lmnsunZm/'lum/'mmumﬁmm/u




Vol. 40 No.7
July 1996

As in other pain syndromes, overuse of
analgesics is a common problem coexisting with
headache. The tendency of analgesic overuse
correlates directly with the frequency of
headache.!") Based on a recent survey in Thailand,
the prevalence of daily analgesic consumption
among chronic daily headache sufferers is
58.3%.(2) Besides other adverse effects, excessive
use of analgesics has recently been recognized
as a cause of deterioration in primary headache
patients. Moreover, the analgesic overuse also
interferes with the therapeutic efficacy of
standard, usually effective, pharmacological and
non-pharmacological treatment regimens, thus
preventing expected improvement. This pheno-
menon has been recognized as headache
transformation.’®)

Recent advances in the field of receptor
pharmacology reveal the significance of receptor
adaptation in the pathogenesis of several drug-
related disorders. Although the mechanism un-
derlying the headache transformation remains to
be determined, an alteration of receptor function
is one possibility. Serotonin (5-hydroxytrypta-
mine, 5-HT) has long been implicated in migraine
pathogenesis.(4) The beneficial effect of various
serotonergic drugs, e.g. nortriptyline, pizotifen,
etc., in the treatment of analgesic induced
headache implies that serotonin also plays some
roles in this condition.

Platelets have been shown to be a good
model of serotonergic neurons, as both types of
cells share many morphological, biochemical and
pharmacological characteristics.®® It has recently
been demonstrated that the binding characteristics

of 5-HT, receptors in platelets are a reliable
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reflection of those in the neurons of the central
nervous system.(e) To investigate the possibi-
lity of 5-HT, serotonin receptor plasticity in
analgesic-induced headache (AIH), we studied
their saturation binding properties on platelet
membranes. The technique involved quantitative
radioligand binding assay, which is the most
accurate method for characterization of the

receptors.
Materials and methods

Subjects :

Ten migraine patients with a history of
analgesic overuse visiting the Headache Clinic,
Chulalongkorn University Hospital were enrolled
in this study. All had a past history of migraine
without aura, which eventually evolved into
AIH. Details of their headache characteristics,
including time of transformation, were reviewed.
Organic causes of headache were excluded by
physical examination and appropriate radiologi-
cal investigations. Ten patients having migraine
without aura and ten non-headache controls
were also studied for comparison. Diagnoses of
migraine and analgesic induced headache were
based on the International Headache Societys
criteria.(7) Apart from the patients with AIH,
none of the subjects had received any medication
for at least two weeks before blood sampling. All
patients gave their consent to be included in the

study after verbal discussion with them.

Platelet Membrane Preparation :
Blood (10-20 ml) was drawn from the

antecubital vein and transferred into plastic tubes
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containing 0.38% (final concentration) sodium
citrate as anticoagulant. Platelet rich plasma
(PRP) was prepared by centrifugation of anti-
coagulated blood at 200 x g for 15 minutes. The
platelet cells were lysed by adding PRP prepara-
tions with half of their original volume of a
hypotonic medium (5 mM Tris HCI, pH 7.5) and
homogenized for 15 seconds with a tissue homo-
genizer (Ultra Turrax T25), set at 13,500 rpm. The
suspensions were centrifuged at 40,000 x g for
20 minutes at 4 C in a refrigerated centrifuge
(Doupont, Sorvall RC 26 plus). The supernatant
was decanted and the membrane pellet was
resuspended in 20 volumes of ice cold, 50 mM
Tris HCL, pH 7.5, and homogenized. The process
was repeated twice with 50 mM Tris HCl for
washing the membrane pellet. The membrane
pellet was then resuspended into the incubation
buffer (containing 120 mM NaCl, 5 mM KClI, 1
mM MgCl, and 2 mM CaCl, in 50 mM Tris
HCI buffer, pH 7.5) to form the final membrane

suspension for binding studies.

Radioligand Binding Assays :

The freshly prepared membrane was
resuspended in 20 volumes of ice cold 50 mM
Tris HCI salt buffer (pH 7.5) containing 120 mM
NaCl, 5 mM KCl, 1 mM MgCl, and 2 mM
CaCl, and homogenized for 15 seconds with a
tissue homogenizer set at 13,500 rpm. All bind-
ing assays were carried out by using sufficient
membrane preparation to provide a tissue protein
concentration between 0.1-0.3 mg/ml. Assays
were performed by placing 400 pl of platelet
membrane suspension into glass tubes containing

50 ul incubation buffer with or without the
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appropriate drug. Six to ten concentrations varying
from 0.4-12 nM of (phenyl-4 *H)-spiperone
(Amersham, UK) were added to the tissue
suspension making a final incubation volume of
500 pl. The assay mixture was incubated at 37° C
for 30 minutes, during which time equilibrium
was reached. The reaction was then terminated by
rapid filtration through glass microfiber filter
(Whatman GF/C, Whatman International Ltd.,
Maidstone, UK) under vacuum. The filters were
washed twice with ice cold Tris buffer. Recep-
tor-bound radioactivity was counted in 5 ml
of scintillation fluid containing Triton X 100/
toluene base fluor (1:3) by a scintillation counter
(Beckman LS 1801). Specific (*H)-spiperone
binding, which was defined as the excess over
blanks taken in the presence of 10 uM of ketan-
serin (Janssen Research Foundation, Belgium),
accounted for 40-60% of the total binding. All
experiments were performed in duplicate. The
protein concentrations of the membranes were
estimated by Lowry’s method using bovine serum

albumin as a standard.

Analysis of Receptor Binding Data

The saturation curve was analyzed by the
method of Scatchard, and then using the non-
linear least square regression analysis computer
program (LIGAND) for analyzing the relation-
ship between bound/free versus bound fraction.
The data were expressed in dissociation equilib-
rium constant (K;) and maximum number of
receptor sites (Bmax) as mean + SEM. Statistical
evaluation of the results was performed using
mixed analysis of variance (ANOVA) and Stu-

dents t-test. As the number of samples were
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limited, the data were not normally distributed.

Results

Clinical Characteristics of Subjects:

Details of the clinical profiles of the sub-
jects are summarized in Table 1. Patients with
AIH were generally older and had been subjected

to headache attacks for a longer time. Their
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headache frequencies were daily. Depressive
symptoms, i.e. sleep difficulty, anorexia, loss of
concentration, low self-esteem, etc. were reported
in almost all instances. All patients with AIH
daily used analgesics and the average amount of
analgesic consumption was 25.1 tablets/week.
Among various forms of analgesics, acetamino-

phen was the most common drug abused.

Table 1. Clinical profiles of three groups of patients.
Control Migraine AIH

Total patients 10 10 10

male 4 1 1

female 6 9 9
Age ( years)

mean 26.2 29.9 32.8

range 20-32 21-45 22-48
Migraine history (years)

mean - 4.1 7.1

range - 1-15 1-20
Daily headache history (years)

mean - - 1.8

range - - 0.5-4
Headache frequency - 1.7 day/week daily
Monthly analgesic consumption (tablets) - 12.4 104.6

5-HT, Serotonin Receptor Binding :

The saturability of specific (*H)-spiperone
binding to the platelet membrane was determined
as a function of various (°H)-spiperone con-
centrations at 37°C. The results indicated that

platelet membrane contained a single population

of saturable and high affinity 5-HT, serotonin
receptor binding sites.

The result revealed the Bmax values for
patients with AIH, migraine patients and non-
headache controls to be 759.9 + 60.9, 510.1 + 78.2

and 787.1 + 80.8 fmol/mg protein, respectively.
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The K 4 values for the three groups were 1.77 £ 0.28,
2.61 = 0.62 and 1.62 = 0.48 nM, respectively.
The difference of the Bmax values between
migraine patients and patients with AIH was

statistically significant (p<0.02), whilst no signi-
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ficant difference was observed between patients
with AIH and non-headache controls. No signi-
ficant difference in K 4 Values among the three

groups was evident.

4.0

normal migraine AIH

Figure 1. Saturation parameters of [Phenyl-’H]-spiperone binding on platelet membrane from

patients with AIH, migraine and non-headache controls. A greater density of receptor

numbers (Bmax) was demonstrated in patients with AIH as compared to migriane patients

(* p < 0.02), whereas values for the dissociation equilibrium constant (K d) remained

unchanged.

Discussion

In our study, alterations of 5-HT, sero-
tonin receptor binding characteristics were
demonstrated in two groups of migraine patients,
i.e. in those with or without medication overuse.
A down regulation of 5—HT2 receptor, as
evidenced by a decrease in B .. Value, was

demonstrated in patients with migraine without

aura as compared to non-headache controls. This
finding corresponds to previous studies using the
same model.**) However, such change has been
altered in migraine patients complicated by
AIH. As all patients with AIH had a previous
history of migraine, it is reasonable to assume
that they, in fact, had concentrations of 5-HT,

receptors on platelet membrane similar to those
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of migraine patients before they developed AIH.
The finding that their B values were similar
to non-headache controls, can be attributed to
the regular intake of analgesics producing up-
regulation of receptors, and can be viewed as
an increase in their numbers on the platelet
membrane.

Serotonin plays an important role in the
pathogenesis of migraine, acting as a vasoactive
substance and as a pain modulatory transmitter.
Among a number of contradictory findings re-
garding the concentration of 5-HT in platelets
and plasma, the finding of a decrease in platelet
5-HT content during the attack of migraine
without aura with a concomitant rise of 5-HT
in platelet-free plasma has been confirmed.('®)
This ictal rise in plasma 5-HT has been pro-
posed to be a self defense mechanism of the
body, in view of the fact that the exogenous
administration of 5-HT is able to abort migraine
attacks.("") It is well accepted that the concen-
tration of neurotransmitters plays an important
role in receptor adaptation. Recently, a negative
correlation between blood or platelet 5-HT and
receptor binding capacity on platelet membrane
was demonstrated. Based on this assumption, one
may draw the conclusion that the down-regula-
tion of 5-HT, receptor demonstrated here is an
adaptive process responding to the ictal rise of
plasma 5-HT. Serotonin exerts its various
physiological effects via a vast diversity of re-
ceptor subtypes. (12) Generally, the 5-HT1 family
exerts an inhibitory effect, while the S-HT2
family stimulates. Regarding nociception, recent
advances in the field of 5-HT receptor pharma-

cology show that the different 5-HT receptor

o - Y [
n'ﬁu]é‘uuuﬂawmmmiﬁfnuauumtmmﬁaﬁ‘lu@'ﬂ'm 563
Tsathadseelanmilfudhainanusuin

subtypes play different roles.('®) Several lines of
evidence suggest that stimulation of 5—HT1
receptor subtypes in the spine can elicit analgesia.
On the other hand, stimulation of 5—HT2 recep-
tors potentiates nociceptive transmission, possibly
by enhancing the release of algogenic peptides
from primary afferents. This hypothesis has been
deduced from the observation that behavioral
responses to the intrathecal administration of
5-HT, agonist can be blocked by substance
P receptor blockers.('*)

A relationship between 5-HT, receptors
and clinical headache has previously been
observed. A decreased amount of this receptor
in the elderly has been proposed to be a mecha~
nism for improvement or total disappearance of
migraine in this age group.{'® Several 5-HT,
receptor antagonists possess a beneficial effect
in migraine prophylaxis. Thus, the decrease in
5—HT2 receptor reported here may contribute
to a refractory period in the migraine cycle.
Interestingly, such down-regulation of 5-HT
receptors has also been observed in the brain
tissue of animals acutely treated with acetylsa-
licylic acid.("®) This result implied a relationship
between analgesic use and modification of the
central serotonergic system. On the other hand,
an increase in receptor numbers observed in
patients with AIH may result in a hyperalgesic
state and the development of chronic daily
headache.

How do simple analgesics alter 5-HT
neurotransmission ? Traditionally, it was believed
that non-narcotic analgesics act peripherally by
blocking cyclo-oxygenase enzyme and conse-

quent inhibition of prostaglandin synthesis.
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However, several lines of investigation have implied
that inhibition of locally synthesized prostag-
landins per se does not satisfactorily explain the
analgesic effect of these agents.('’) On the con-
trary, recent in vivo evidence strongly suggests
that for some of these agents, centrally mediated
analgesia may also be achieved by additional
mechanisms, which depend on serotonin trans-
mission. Local injection of diclofenac into nucleus
raphe magnus, a major serotonergic cell group,
produced a more pronounced antinociceptive
effect as compared to subcutaneous, intrathecal or
intracerebroventicular injection.(‘a) The analgesic
effect of diclofenac was significantly attenuated in
animals lesioned with 5,7-dihydroxytryptamine,
the specific serotonergic neurotoxin. Pretreatment
with para-chlorophenylalanine, a tryptophan
hydroxylase inhibitor, profoundly antagonized
the antinociceptive effect of this analgesic.('”
These experiments indicate that a reduction of
the bulbo-spinal 5-HT neurotransmission,
regardless of the mechanism, attenuates the
antinociceptive effect of diclofenac. Moreover,
subcutaneous administration of this agent reduced
both brainstem and spinal cord 5-HT, indicating
an increased release of 5-HT in these region after
injection.(’g) Based on this evidence, one may
hypothesize that diclofenac, and possibly other
analgesics as well, exert their antinociceptive
effect by increasing the release of 5-HT from
the rapheospinal pathway. Therefore, chronic
analgesic overuse may deplete 5-HT in the
central nervous system. Such derangement has
recently been demonstrated in patients with
AIH, as evidenced by a decrease in platelet

5-HT concentration.?%
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Based on the above assumption of an
analgesic-induced central 5-HT depletion, the
S—HT2 receptor can consequently be up-regu-
lated. Such receptor up-regulation may lead to a
hyperalgesic state. This hypothesis corresponds
to the finding of Pini, et al of an increase in
5-HT receptor numbers in rat cortical and pontine
membranes after being chronically treated with
the pyrazole derivative, phenazone.(?"

Taken together, we suggest that migraine
patients may have some defects, by some un-
known mechanisms, in the endogenous 5-HT
dependent pain control system. Chronic analgesic
overuse may interfere with this already abnormal
system by depleting the amount of transmitter
and eventually up-regulating the post-synaptic
5-HT, receptor. This receptor up-regulation
may be an explanation of headache transfor-

mation observed in patients with AIH.
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