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Aims: Serum serotonin levels (S-5-HT) have been reported to be
reduced in patients with fibrontyalgia and to show a negative cor-
relation with pain. We hypothesized that one mechanism bebind
this could be that platelets are activated to release S-HT into the
plasma compartment (P-S-HT), which then binds to nociceptors.
The aims of this study were therefore to investigate the relation
between P-5-HT and S-5-HT and their relationship versus orofa-
cial pain and anxiety in fibromyalgia. Methods: Twelve patients
with fibromyalgia, 12 patients with rheumatoid arthritis, and 12
bealthy individuals participated in the study. Pain measures used
were pain intensity assessed with a visual analog scale, pain draw-
ings, and influence of pain on daily living activities (ADL). The
Spielberger State and Trait Anxiety Inventory (STAI) scale was
used for self-rating of anxiety levels. The participants were exam-
ined clinically, and the pressure pain threshold (PPT) over the
masseter muscle was assessed. Finally, venous blood was collected
for analysis of P-5-HT and S-5-HT. Results: The ratio between P-
5-HT and S-5-HT was calculated to determine the relative plasma
fraction of serotomm (RPS). Patients with fibromyalgia showed
significantly lower S-5-HT than did patients with rbeumatoid
arthritis. They also showed significantly higher STAI scores and
tender pomt index of orofacial muscles and significantly lower
PPT than the healthy individuals. High RPS was associated with
high ADL and STAI scores. Conclusion: This study indicates that
a high level of plasma serotonin in relation to serum level is associ-
ated with pain discomfort and increased anxiety in fibromyalgia.

] OROFAC PAIN 2000;14:37-46.
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characterized by muscle pain, tenderness, stiffness, and pro-
nounced fatigue.! Other frequent symptoms are sleep distur-
bances, depression, and headache.” For research purposes, the
diagnosis is usually established by the criteria of the American
College of Rheumatology (ACR).> These criteria include pain for
more than 3 months from all 4 body quadrants, axial skeleral
pain, and pain upon digiral palpation of at least 11 of 18 specific
bilateral points. Several studies have shown that patients with
fibromyalgia frequently suffer from orofacial pain and
tenderness,>* although none of the diagnostic tender points are
located in this region.
Several studies have suggested that alterations in serotonergic
neuronal function in the central nervous system [(CNS) occur in
patients with fibromyalgia, ie, that they suffer from a central

I |Tabromyalg,ia is a generalized musculoskeletal pain condition
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Table 1 Distribution of Age and Duration of Local and General
Symptoms (Mean = SEM) in 12 Female Patients with
Fibromyalgia, 12 Female Patients with Rheumatoid Arthritis, and

12 Healthy Females

Rheumatoid Healthy
Fibromyalgia arthritis individuals
Age (y) 47 + 2 47 £ 4 47 + 2
Duration of local 16+ 3 3= n.a
symptoms (y)
Duration of general 14+ 2 10+2 n.a

symptoms (y)

SEM = standard error of the mean; n.a. = not applicable

deficiency of serotonin (5-HT). This is based on
findings of an inverse association between plasma
tryptophan (a precursor to 5-HT) and pain inten-
sity,” a reduced level of plasma tryptophan, and a
decreased transport ratio of tryptophan across the
blood-brain barrier,® as well as a decreased cere-
brospinal fluid (CSF) level of S-hydroxyin-
doleacetic acid (5-HIAA), the metabolite of 5-HT.”
Furthermore, the serum level of 5-HT (S-5-HT)
has been reported to be lower in patients with
fibromyalgia than in healthy controls.!%:*
However, in a recent study no significant differ-
ence in 5-5-HT was found between patients with
fibromyalgia or local myalgia, and age-matched
healthy subjects,'” in agreement with Moldofsky
and Warsh,” who could nor find a significant dif-
ference in plasma tryptophan between fibromyal-
gia patients and healthy individuals.

Apart from its association with pain, central
depletion of 5-HT has also been reported to be
associated with disturbed non-REM sleep and
depression.!1? Krag et al'? found that patients
with fibromyalgia were more depressed than
patients with low back pain and rheumatoid
arthritis, but found no difference in plasma levels
of serotonin (P-5-HT). Therefore they raised the
question whether the lowered blood 5-HT found
in previous studies was primary or secondary to
pain and suggested that the psychiatric status in
fibromyalgia should be interpreted cautiously.

Serotonin is synthesized from the essential
amino acid tryptophan in the CNS and in the
enterochromaffin cells of the small intestine. From
the latter it is absorbed into the bloodstream and
stored in platelets, A very small fraction, however,
is freely circulating and biologically active in the
blood plasma (P-5-HT). Serotonin is released from
the platelets as a result of tissue trauma, for exam-
ple, and plays a role in blood clotting and in the
early phases of inflammartion. Plasma levels of
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5-HT of healthy individuals has been reported to
vary between 0 and 11 nmol/L,'* whereas S-5-HT,
which consists both of 5-HT released from
platelets during coagulation and the free fraction,
1s at least 100-fold higher. Platelets in the synovial
fluid of patients with rheumatoid arthritis have
been found to be activated, ie, to release 5-HT.1
Furthermore, a high level of 5-HT in the synovial
fluid of patients with rheumatoid arthritis has been
found to be associated with pain provoked by joint
movement.'® Several 5-HT receptors have been
identified, and some of them have been suggested
to be involved in the mediation of pain and allo-
dynia/hyperalgesia. It has been reported that pain
from inflamed peripheral tissue is mediated by the
5-HT, receptor,!™!8 while allodynia/hyperalgesia is
mediated by the 5-HT , receptor.'”

In a previous study we found a higher intramus-
cular level of 5-HT in the painful superficial mas-
seter muscle of patients with fibromyalgia than in
healthy individuals. We also found that a high
level of 5-HT was associated with local pain and
allodynia/hyperalgesia.?’ We hypothesized that a
mechanism behind this could be that platelets are
activated to release 5-HT into plasma, which then
binds to nociceptors. The first aim of this study
was therefore to investigate P-5-HT in relation to
5-5-HT in patients with fibromyalgia. A second
aim was to investigate their relationship to orofa-
cial pain parameters and anxiety.

Materials and Methods

Subjects

Twelve female patients with fibromyalgia partici-
pated in the study (Table 1). All patients had par-

ticipated in a special program at the Department
of Rehabilitation Medicine at Karolinska Hospital,



Stockholm, where the diagnosis of fibromyalgia
was determined according to the ACR criteria.?
They were then referred to the Department of
Clinical Oral Physiology for voluntary participa-
tion in this study. The patients were first given a
brief clinical examination to evaluate whether they
fulfilled the inclusion criteria. These were pain
from the orofacial region for at least 3 months and
tenderness of the orofacial muscles to digiral pal-
pation. Exclusion criteria were general inflamma-
tory connective rissue disease (eg, rheumatoid
arthritis) or symptoms that could be referred to
disease in other parts of the orofacial area (eg,
remporomandibular joints [TM]], toothache, neu-
ralgia). Three of the patients took antidepressant
drugs (2 citalopram and 1 sertraline); 2 took
ataractics (buspirone); 9 took analgesics (1 tra-
madol, 7 paracetamol, and 1 salicylic acid); and 2
took muscle relaxants (clorzoxazon).

Twelve healthy female individuals who were
age-matched to the patients with fibromyalgia
served as controls. They had no pain from the tem-
poromandibular area, but minor tenderness to dig-
ital palpation was accepted as normal. None
received medication.

Twelve age-matched female patients with
rheumatoid arthritis, consecutively referred to the
Department of Stomatology, Tartu Universirty,
Estonia, were included for comparison of P-5-HT
and S-5-HT. They were included if they presented
pain from any part of the TM]s for more than 6
weeks and presented tenderness of the TM]s to
digital palpation. The diagnosis of rheumatoid
arthritis was established according to the 1987
classification criteria of the American Rheumatism
Association.”! Three patients took immunosup-
pressive medicine (1 methothrexate and 2
chlorokine phosphate) and 2 patients took anal-
gesics (nonsteroidal anti-inflammatory drugs).

The methods and selection of patients were
approved by the local ethical committee at
Huddinge Hospital, Karolinska Institutet,
Stockholm (151/93) and Tartu University (55/5,
12.02.1998). All individuals gave their verbal con-
sent prior to examination.

Procedures

Assessment of Pain. A 100-mm visual analog scale
with endpoints marked by “no pain™ and “worst
pain ever experienced” was used by the patients
with fibromyalgia to assess their current pain
intensity from the masseter muscle region (right
and left side separately) shortly before examina-
tion.?? They were also asked to assess their current
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pain intensity every morning and evening during 1
week after the examination in the same way. The
sum of the pain intensity of the right and left sides
was used in the analyses.

Pain drawings were used at examinarion to
record the current pain distribution in the fibromy-
algia patients.*} The patients were asked ro mark
their pain distribution as precisely as possible for
the body in general and for the head.

The influence of pain on activities of daily living
(ADL) was assessed by the fibromyalgia patients
with a modified ADL score®; this was done sepa-
rately for the masseter muscle region and for the
body in general. This score consists of 12 ques-
tions, each of which aims ro evaluate the influence
of pain on a particalar daily acrivity, and ranges
from 0 (activity without any pain discomfort) to 10
(activity impossible due to pain discomfort). Three
of the questions (9 to 11) concern activities in
which the masticatory system is involved (ie, chew-
ing, swallowing, yawning), while the last question
provides an estimate of how much the pain affects
daily activities overall. The sum of the scores of the
questions (maximum 110) was calculated for each
patient (body in general and masseter muscle
region separately) and 1s referred to as ADLqn,.

Anxiety Level. The subjects used a Swedish ver-
sion of the Spielberger State and Trait Anxiety
Inventory Scale (STAI),>® which has been reported
to be reliable and valid, for rating of the anxiery
level.2® This scale consists of 2 subscales, each with
20 statements that measure state (A-state) and trait
(A-trait) anxiety. State anxiety can be defined as a
transitory emotional condition, ie, feelings of ten-
sion and apprehension associated with increased
autonomic nervous system activity at a given time.
Trait anxiety describes how a person generally
feels, ie, the tendency to perceive stressful situa-
tions as threatening. The scale ranges between 1
and 4 units, and the sum of the score of the 20
questions is calculated for each patient, giving a
total sum of 20 to 80 units. A higher score indi-
cates a higher level of anxiety.

Clinical Examination. The degree of tenderness
to digital palpation over the superficial masseter,
anterior temporalis, lateral and medial pterygoid,
and trapezius muscles, as well as over the insertion
of the temporal tendon, was assessed. A 4-graded
scale, modified after Russell et al,'> was used
where 0 = no tenderness, 1 = mild tenderness,
2 - moderate tenderness with a pain reflex, and
3 = marked tenderness with a defensive with-
drawal reflex. The sum of the tenderness score
(maximum 36) was calculated for each patient and
referred to as the tender point index (TPI).!>
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Table 2 Subjective and Clinical Characteristics
of 12 Female Patients with Fibromyalgia and 12
Age-Matched Healthy Females

Healthy
Fibromyalgia individuals
Pain intensity, | week (0 to 74 (99) na
100) (median and IQR)
Pain intensity, examination 53 (76) na.

(0 to 100) (median and IQR)
TPI(0 ta 36) (median and IQR) 19 (3) 12
PPTyum (kPa) (mean and SEM) 216 (26) 426 (29)

Pain intensity = sum of the pain from the right and left masseter muscle
region assessed with a visual analog scale twice every day during 1
week and at examination; TPI = sum of palpation scores regarding masti-
catory muscles; PPT,,, = sum of the pressure pain threshold of the right
and left masseter muscles: IQR = quartile range: SEM = standard
error of the mean; n.a. = not applicable. Significant difference between
groups regarding TPl and PPT,,,, (P < 0.001).

The pressure pain threshold (PPT) was assessed
(kPa) with an electronic algometer (Somedic Sales
AB) over the most tender point of the superficial
masseter muscles. The algometer had a blunt rub-
ber recording tip of 1 cm?. The algometer was held
perpendicular to the skin surface, and the pressure
was increased slowly at a pressure rate of 50 kPa/s.
Subjects were instructed to press a button as soon
as the sensation of pressure changed to pain. This
was first done over the soft tissue close to the base
of the thumb on the dorsal side of the right hand
to accustom the subject to the procedure. Three
recordings of PPT were then made, 2 minutes
apart, over the 2 superficial masseter muscles. The
mean of the 3 recordings was used in the analyses.
The PPT was defined as the pressure applied when
the patient reported that the sensation of pressure
changed to pain. The sum of the PPT values from
the right and left was calculated for each patient
and referred to as PPTum.

Blood Examination. Venous blood was collected
in an EDTA-containing tube for the platelet count
and in a tube without additives for C-reactive pro-
tein (S-CRP). These samples were analyzed at the
Department of Clinical Chemistry, Huddinge
Hospital. None of the patients with fibromyalgia
or the healthy individuals showed elevated levels
of CRP, while 3 of the patients with rheumaroid
arthritis did. A sample of 2 mL was collected in a
tube without additives for analysis of S-5-HT. This
blood sample was left at room temperature for 1
hour to coagulate and then cold-centrifuged (+4°C,
1,700g) for 30 minutes. Another sample of 5 mL
was collected for analysis of the platelet-poor
plasma level of 5-HT in an EDTA-containing tube,
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which was immediately cooled and centrifuged
(+4°C, 1,700g) for 30 minutes. Approximately 200
pL of the supernatant from the 2 tubes was then
pipetted into polystyrene tubes and kept frozen a
~22°C until analysis. To avoid interference with
the analysis of 5-HT, the patients were asked to
avoid tryptophan-rich food (eg, banana, pineapple,
tomato, and chocolate) for 24 hours before the
examination. Due to the diurnal variation of 5-
HT,?” all blood samples were collected in the after-
noon,

To determine the relationship between P-5-HT
and S$-5-HT, the ratio between these 2 variables
was calculated according to the following formula
and referred to as the relative plasma fraction of
serotonin (RPS):

P-5-HT x 100
N e ——————————
S-5-HT

This expresses the percentage of free-circulating 3-
HT in the blood in relation to the total 5-HT con-
tent.

Biochemical Analysis. Serotonin levels were ana-
lyzed at the Department of Clinical Oral
Physiology, Huddinge, by a commercially available
competitive enzyme immunoassay kit (No. 0642,
Immunotech International). The kit has a sensitiv-
ity of 0.5 nmol/L and is applicable at concentra-
tions between 1.6 and 200 nmol/L. According to
the manufacturer, the intra-assay coefficient of
variation varies between 7.9 and 9.4% and the
inter-assay coefficient of variation varies between
6.2 and 9.9%. The S-5-HT samples were diluted
1:20 prior to analysis and the values obtained were
corrected for the dilution.

Statistics

The Kolmogorov-Smirnov test for continuous vari-
ables was used to test the normality of the vari-
ables. One-way analysis of variance with the Tukey
test for pairwise multiple comparisons or Student’s
unpaired ¢ test was used to test the significance of
the difference between groups regarding 5-HT lev-
els, RPS, and platelet count. The Wilcoxon test was
used to test the differences between ADL for the
body in general and orofacial region in the patients
with fibromyalgia. Student’s unpaired ¢ test was
used to test the difference in PPT, and the Mann-
Whitney U test was used to test the difference in
STAI scores and TPI between patients with fibro-
myalgia and healthy individuals. The Pearson cor-
relation test was used to test the relationship
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Fig 1 The distribution of current head and neck pain reported by 11
female patients with fibromyalgia. The gray areas represent anatomic
locations where pain was present, and the numerals indicate the number
of patients reporting pain from that area. Two patients reported pain
from the forehead, temples, and occipital regions, ie, “as a taut band

around the head.”

berween 5-HT levels, RPS, STAL and normally dis-
tributed data and data measured on an interval
scale (age, duration of pain, PPT, and platelet
count). Spearman’s rank correlation test was used
to test the relationship between 5-HT levels, RPS,
STAI and non-normally distributed data, and data
measured on an ordinal scale (pain intensity, ADL,
STAI and TPI). All tests were 2-tailed, and the sig-
nificance level was set at P < 0.05.

Results
Pain and Allodynia/Hyperalgesia

The results from the clinical examination are
shown in Table 2. All fibromyalgia patients
reported pain from all 4 body quadrants and
extremities on the pain drawings. All but 1 patient
reported bilateral pain from the head (Fig 1). The
regions of the head most frequently reported
painful were the cheek, neck, temple, forehead,
and TM]. Two patients reported pain with a simi-
lar distribution as tension headache, ie, “as a taut
band around the head.” The pain intensity over
the masseter muscle region assessed during 1 week
varied berween recordings (Fig 2).

The fibromyalgia patients had significantly
higher ADL scores for the body in general than for
the masseter muscle region on questions 1 to 8 and
12 (0.003 < P < 0.018), while there were no signif-

100 4
—&—Right
80 - —e—Left
=
2 604
i3
=
=
£
20
0 T ——T ——T—T
1 I pans A SERRE N T Gl
Day

Fig 2 Median pain intensity assessed with a visual
analog scale (0 to 100) by 11 female patients with fibro-
myalgia. Pain was assessed in the right and left masseter
muscle region every morning and evening during 1
week, starting on the morning of Day 1.

icant differences regarding questions 9 to 11. Also,
ADLqm was significantly higher for the body in
general than for the masseter muscle region (P =
0.004; Fig 3).
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Fig 3 Box plots (10th, 25th, 50th, 75th, and 90th per-
centile) showing the influence of pain on daily acrivities
assessed separately for the body in general and for the
masseter muscle region by 11 female patients with fibro-
myalgia. ADL,,,, expresses the sum of the score of the
first 11 questions on the questionnaire (0 to 110). There
was a significant difference between ADL,, for the
body in general and for the masseter muscle region
(P = 0.004).

Anxiety Status

The median (interquartile range) values for A-state
and A-trait in the patients with fibromyalgia were
40 (14) and 47 (16), respectively, and in the healthy
individuals they were 31 (11) and 36 (17), respec-
tively. The differences were statistically significant
(P = 0.014 and P = 0.020, respectively; Fig 4).

Correlation Between Anxiety and Pain
Parameters

There were positive correlations between STAI and
pain parameters, with statistical significance
between A-state and the pain intensity scored dur-
ing 1 week (rs = 0.69, n = 11, P = 0.018), as well
as TPI (rs = 0.63, n = 11, P = 0.039) in the patients
with fibromyalgia.

Levels of Serotonin
Values for 5-5-HT, P-5-HT, and RPS are shown in

Table 3. The 3 groups differed as regards S-5-HT
(P = 0.013), with a significant difference between
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Fig 4 Box plots (10th, 25th, 50th, 75th, and 90th per-
centile) showing the level of anxiety reported by 11
female patients with fibromyalgia and 12 age-matched
healthy female individuals. Anxiery was assessed with
the Spielberger State and Trait Anxiety Inventory Scale
(STAI), ranging between 20 and 80. A-state measures a
transitory state of anxiety, while A-trait measures the
tendency to perceive stressful situations as threatening,
There were significant differences between the patients
and healthy individuals as regards both A-state and A-
trait (P = 0.014 and P = 0.020, respectively).

the patients with fibromyalgia and rheumatoid
arthritis (P < 0.05). There were no significant dif-
ferences berween the groups in P-5-HT or RPS.
The S-5-HT and P-5-HT of the fibromyalgia
patients taking antidepressant or ataractic medica-
tion were lower (30% and 62%, respectively) than
in those who did not take these drugs, but the dif-
ference was not statistically significant. Platelet
counts were within the normal range and did not
differ between groups. There was no significant
correlation between the number of platelets and
5-HT levels.

Correlation Between Serotonin, Pain, and Anxiety

In the patients with fibromyalgia, there were posi-
tive correlations between RPS and ADL,, for the
body in general (rs = 0.67, n = 11, P = 0.022) and
masseter muscle region (rs = 0.71, n = 11,
P = 0.015; Fig 5) as well as between RPS and A-
trait (rs = 0.68, n = 11, P = 0.020; Fig 6). Plasma
serotonin level was negatively correlated to PPT,
(rs = -0.61, n = 12, P = 0.032} in the healthy indi-
viduals.
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Tal:_:]e 3 Blood Levels of Serotonin (Mean = SEM) in 12 Female
Patients with Fibromyalgia, 12 Female Patients with Rheumatoid

Arthritis, and 12 Healthy Females

Rheumatoid Healthy
Fibromyalgia arthritis individuals
Serum serotonin level 581 £121 1282 + 214 780 + 132
(nmol/L)
Plasma serotonin level 20247 36.1 £59 30.0+863
(nmol/L)
Relative plasma fraction (%) 3905 3709 44+09

SEM = standard error of the mean. Significant difference between flbromyalgia and theumatoid

arthritis regarding serum serotonin level (P < 0.05)

RPS (%)

80 -
60 ° ®
s PORRL 1
< o L ] L
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e ©
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20 T T T !
1 2 3 4 5
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Fig 5 Scatter plot showing the association between the
relative plasma fraction of serotonin (RPS) and ADL,
for the masseter muscle region in 11 female patients
with fibromyalgia. RPS = the ratio between plasma and
serum level of 5-HT and expresses the percentage of free
circulating 5-HT in the blood in relation to the rotal 5-
HT content; ADL,,,, expresses the influence of pain on
activities of daily living and is calculated as the sum of
the score of the first 11 questions on the questionnaire
(0 to 110). The correlation was statistically significant
(rs=0:71,n=11, P = 0.015).

Discussion

In this study, patients with fibromyalgia showed
significantly lower S-5-HT than patients with
rheumatoid arthritis. This is in agreement with a
previous study,” and with the report of 2-fold
lower levels of 5-HIAA in the CSF of patients with
fibromyalgia than in patients with rheumaroid
arthritis.” To our knowledge, there is only 1 previ-
ous study of P-5-HT in fibromyalgia, which

Fig 6 Scarter plot showing the association berween the
relative plasma fraction of serotonin (RPS) and anxiety
level in 11 female patients with fibromyalgia. RPS = the
ratio between plasma and serum level of 5S-HT, which
expresses the percentage of free circulating 5-HT in the
blood in relation to the total 5-HT content. The anxiety
level was assessed with the Spielberger State and Trait
Anxiety Inventory Scale, ranging between 20 and 80. A-
trait expresses the tendency to perceive stressful situa-
tions as threatening. The correlation was statistically
significant (rs = 0.68, n = 11, P = 0.020).

reported similar levels in these patients compared
to rheumatoid arthritis.'? There was no significant
difference in S-5-HT or P-5-HT between patients
with fibromyalgia and healthy individuals in our
study, which is in agreement with the study above
and our previous result from another patient sam-
ple.!! However, there are several reports of lower
blood tryprophan and 5-HT levels in fibromyal-
gia.®* The divergent results are difficult to explain.
In this study the groups were carefully controlled
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for gender,”® age,”® and diurnal variation of
5-HT,*” as well as for food intake of tryprophan.??
It has recently been reported that the S-HT reup-
take inhibitor (SSRI) fluoxetine significantly
decreased blood 5-HT levels in depressed
patients.’? Since some fibromyalgia patients were
on medication with SSRI and buspirone (a 5-HT,
receptor agonist) we also tested the difference in 5-
HT levels between these patients and the other
fibromyalgia patients. Qur study also showed
lower S-5-HT and P-5-HT in the patients under
medication, but the difference was not significant.
We also tested whether exclusion of these patients
would alter the results, but the results remained
similar. We therefore consider this factor of minor
influence in this study, and these patients were
accordingly not excluded.

The P-5-HT in the patients with fibromyalgia
and in the healthy individuals was higher than
reported previously.!*3! The reason for this is
unknown, but it could be due to different tech-
niques used for preparing platelet-poor plasma, ie,
centrifugation time and g values as well as differ-
ent methods for analysis.

The RPS was similar in patients with fibromyal-
gia and rheumatoid arthritis and healthy individu-
als, which is in agreement with a previous study.'?
However, high RPS in the patients with fibromyal-
gia was associated with high ADL, ie, behavioral
response to pain. This could mean that there is a
subgroup of patients with fibromyalgia in which
platelets are activated to release 5-HT or which
has more receptors expressed. The S-HT may then
bind to peripheral 5-HT, receptors, which are
known to elicit pain in humans.'® This is in agree-
ment with a recent study of systemic treatment
with the 5-HT) receptor antagonist ondansetron,
where a positive effect was found on pain and allo-
dynia/hyperalgesia in about half the patients.!®
Therefore 2 subsets of patients with regard to dis-
turbance of the 5-HT, receptor system may exist,
ie, 1 group where the 5-HT, receptors are up-regu-
lated, and another group where other mediators
are more important.'%32

The anxiety level in the healthy individuals was
similar to that reported before®® and significantly
lower than in the patients with fibromyalgia.
Depressive symptoms have been found to be more
common in fibromyalgia than in healthy individu-
als in several studies.?-35 Our result in this aspect
thus supports previous findings. Furthermore, a
high level of anxiety was correlated to high pain
intensity, high TPI, and high RPS. There are many
reports of an association between low 5-HT level
and depression,’®37 as well as fibromyalgia,? and
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that chronic pain is associated with anxiety and
depressive symptoms.!33%:39 It has also been
reported that a high level of anxiety reduced pain
relief after transcutaneous elecerical nerve stimula-
tion.* One explanation to this complex associa-
tion between pain, anxiety, and 5-HT level could
be an interaction between S-HT and the neuropep-
tide cholecystokinin, which acts as an endogenous
opioid antagonist. It has been found that high anx-
iety is associated with increased release of chole-
cystokinin and that this release is blocked by the §-
HT, receptor antagonist ondansetron. !

The patients with fibromyalgia had a lower PPT
of the masseter muscle and a higher number of
tender orofacial muscles than the healthy individu-
als, This reflects a state of allodynia/hyperalgesia,
as has been stated previously.®!%4243 It has been
suggested that the lowered pain thresholds in
fibromyalgia are a consequence of an interaction
between S-HT and substance P (SP) in the endoge-
nous pain-modulating system of the CNS.3%
According to that theory, depletion of 5-HT at
spinal or brain stem levels leads to an increased
synthesis of SP in the dorsal horn of the spinal
cord or brain stem. Substance P is known to
enhance nociceptive pain transmission from the
periphery to the CNS and lowers the pain thresh-
old.*” This is supported by findings of elevated lev-
els of SP in the CSF reported in fibromyalgia,*4
On the other hand, SP is also known to activate
serotonergic descending pain-modulating tracts.*®
Thus, high levels of SP in combination with low
levels of 5-HT might reflect a failure to inhibit
pain transmission. Remarkably, high P-5-HT was
associated with low PPT in the healthy individuals.
This indicates that the pain threshold of non-
painful muscles is determined to a certain extent
by the free amount of 5-HT available in blood.

All fibromyalgia patients reported pain from all
4 body quadrants, including all extremities, and 11
of the 12 had bilateral pain from the orofacial
region. The masscter region was the most com-
monly painful orofacial region, which could be
expected, since pain from this region belonged to
the inclusion criteria. Apart from this region, pain
was reported to be widespread over the head and
neck. Even though none of the diagnostic tender
points in fibromyalgia are located in the orofacial
reglon, previous studies have already shown that
pain from this area is common.?* The pain
assessed shortly before examination was lower
than the median pain assessed over the following
week, although the pain intensity from the mas-
seter muscle region varied over the day and week
for all patients. The latter condition could be



expected due to the fluctuating nature of chronic
pain. Interestingly, though, the variation was very
symmetric, ie, the pain intensity on both sides was
similar. The patients scored the influence of pain
on daily living acrivities higher for the body in gen-
eral than for the masseter muscle region, except
for activities specific to the masticatory system.
This is natural, since most important activities in
daily work and household chores involve other
muscles of the body than the masticatory muscles,
which are involved mainly with chewing, swallow-
ing, and yawning. In a previous study we also
found that the pain intensity reported by patients
with fibromyalgia was judged to be higher in other
parts of the body than in the masserer muscle
region.'?

This study indicates that the relationship
between plasma and serum levels of 5-HT is simi-
lar in patients with fibromyalgia and healthy indi-
viduals, but that a high level of plasma serotonin
in relation to serum level is associated with pain,
discomfort, and increased anxiety in fibromyalgia.

Acknowledgments

We wish to thank Agneta Gustafsson for skillful laboratory
work and Ebba Lagerkrans for general assistance and blood
sampling. This study was supported by grants from the Faculty
of Odontology at the Karolinska Institutet, The Swedish Dental
Society, The Swedish Medical Research Council (B94-24X-
10416-02B), and Signe and Reinhold Sund Foundation.

References

1. Wolfe F, Russell I], Vipraio G, Ross K, Anderson J.
Serotonin levels, pain threshold, and fibromyalgia symp-
toms in the general population. | Rheumatel 1997;
24:555-559.

2. Wolfe F, Smythe HA, Yunus MB, Bennett RM,
Bombardier C, Goldenberg DL, et al. The American
College of Rheumatology 1990 Criteria for the
Classification of Fibromyalgia. Report of the Multicenter
Criteria Committee. Arthritis Rheum 1990;33:160-172.

3. Eriksson PO, Lindman R, Stil P, Bengtsson A. Symptoms
and signs of mandibular dysfunction in primary fibromy-
algia syndrome (PSF) patients. Swed Dent | 1988;
12:141-149.

4. Hedenberg-Magnusson B, Ernberg M, Kopp 5. Symptoms

and signs of temporomandibular disorders in patients with

fibromyalgia and local myalgia of the temporomandibular
system. A comparative study. Acta Odontol Scand
1997;6:344-349.

Moldofsky H, Warsh |J. Plasma tryptophan and muscu-

loskeletal pain in non-articular rheumatism (“fibrositis

syndrome”). Pain 1978;5:65-71.

o1

=
()

2

=3

S

e

o

w

o

~

o

W

. Moldofsky H. Rheuma:

Ernberg et al

Yunus MB, Dailey JW, Aldag JC, Masi AT, Jobe PC
Plasma tryprophan and other amino acids in primary
fibramyalgia: A controlled study. | Rheumatol
1992:19:90-94.

Russell 1], Vaeroy H, Javors M, Nyberg F. Cerebrospinal
fluid biogenic amine metabolites in fibromyalgia/fibrositis
syndrome and rheumatoid arthritis. Arthritis Rheum
1992:35:550-556.

Russell 1], Michalek JE, Vipraio GA, Fletcher EM, Javors
MA, Bowden CA. Platelet 3h-imipramine uptake receptor
density and serum serotonin levels in patients with fibro-
myalgia/fibrositis syndrome. | Rheumatol 1992;
19:104-109.

. Stratz T, Samborski W, Hrycaj P, Pap T, Mackiewicz S,

Mennet P, Miller W. Serotonin concentration in serum of
patients with generalized tendomyopathy (fibromyalgia)
and chronic polyarthritis. Med Klin 1993;88:458-462.

. Ernberg M, Hedenberg-Magnusson B, Alstergren P,

Lundeberg T, Kopp §. Pain, allodynia and serum sera-
tonin level in orofacial pain of muscular origin. ] Orofac
Pain 1999;13:56-62.

c pain modulation syndrome: The
interrelationships between sleep, central nervous system
serotonin, and pain. Adv Neural 1982:33:51-57.

. Russell IJ, Vipraio GA, Morgan WW, Bowden CL. Is

there a metabolic basis for the fibrositis syndrome? Am ]
Med 1986;81:50-54.

Krag NJ, Norregaard ], Hindberg I, Larsen JK,
Danneskiold-Samsee B. Psychopathology measured by
established self-rating scales and correlated to serotonin
measures in patients with fibromyalgia. Eur Psychiatry
1995;10:404-409.

. Hindberg I, Naesh O. Serotonin concentrations in plasma

and variations during the menstrual cycle. Clin Chem
1992:38:2087-2089.

. Endresen GK. Evidence for activation of platelets in the

synovial fluid from patients with rheumatoid arthritis.
Rheumatol Int 1989;9:19-24.

. Alstergren P, Kopp S. Pain and synovial fluid concentra-

tion of serotonin in arthritic temporomandibular joints.
Pain 1997;72:137-143.

. Herbert MK, Schmidt RF. Activation of normal and

inflamed fine articular afferent units by serotonin. Pain
1992:50:79-88.

. Hrycaj P, Stratz T, Mennet P, Miiller W. Pathogenetic

aspects of responsiveness to ondansetron (5-hydroxytrypt-
amine type 3 receptor antagonist) in patients with primary
fibromyalgia syndrome—A preliminary study. ]
Rheumarol 1996;23:1418-1423.

. Taiwo YO, Levine JD.1 Serotonin is a directly-acting

hyperalgesic agent in the rat. Neuroscience 1992;
48:485-490.

. Ernberg M, Hedenberg-Magnusson B, Alstergren P, Kopp

S. The level of serotonin in the superficial masseter muscle
in relation to local pain and allodynia. Life Sci
1999:65:313-325.

. Arnett FC, Edworthy SM, Bloch DA, McShane D], Fries

JF, Cooper NS, et al. The American Rhenmatism
Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;31:315-324.
Jensen MP, McFarland CA. Increasing the reliability and
validity of pain intensity measurement in chronic pain
patients. Pain 1993;55:195-203.

. Margolis RB, Chibnall JT, Tait RC. Test-retest reliability

of the pain drawing instrument. Pain 1988;33:49-51.

Journal of Orcfacial Pain 45



Ernberg et al

(=

30.

L
s

s

b=

3

46

4.

. Fetkovska N, Amstein R,

List T, Helkimo M. A scale for measuring the activities of
daily living (ADL) of patients with craniomandibular dis-
orders. Swed Dent | 1995;19:33-40.

. Spielberger CD. The measurement of state and trait anxi-

ety: Conceptual and methodological issues. In: Levi L (ed).
Emortions: Their Parameters and Measurement. New

York: Raven Press, 1975:713-725

. Forsberg C, Bjorvell H. Swedish population norms for the

GHRI, HI and STAl-state. Qual Life Res 1993;2:349-356.

7. Candito M, Souetre E, lordache A, Pringuey D, Ardisson

JL, Chambon P, Darcourt G. Diurnal variation in total
plasma tryptophan in controls and in depression. ]
Psychiatr Res 1990;24:227-230.

erracin F, Regenass M, Buhler
FR, Pletscher A. SH cs and sensitivity of human
blood platelets: Variations with age, gender and platelet
number. Thrombh Haemost 1988;60:486-490.

29. Walfe BE, Metzger ED, Stollar C. The effects of dieting on

plasma tryptophan concentration and food intake in
healthy women. Physiol Behav 1997:61:537-541.

Alvarez JC, Gluck N, Fallet A, Gregoire A, Chevalier JF,
Advenier C, Spreux-Varogquaux O. Plasma serotonin level
after 1 day of fluoxetine treatment: A biological predictor
for antidepressant response? Psychopharmacology (Berl)
1999;143:97-101.

. Kalra U, Chitkara N, Dadoo RC, Singh GP, Gulati P,

Narula S. Evaluation of plasma serotonin concentration in
acute appendicitis. Indian | Gastroenteral 1997:16:18-19.

. Yunus ME. Towards a model of pathophysiology of fibro-

myalgia: Aberrant central pain mechanisms with periph-
eral modulation. | Rheumatol 1992;193:846-850.

. Wolfe F, Cathey MA, Kleinheksel SM, Amos SP, Hoffman

RG, Young DY, Hawley DJ. Psychological status in pri-
mary fibrositis and fibrositis associated with rheumatoid
arthritis. | Rheumatol 1984;11:500-506.

Hudson JI, Goldenberg DL, Pope HG Jr, Keck PE Jr,
Schlesinger L. Comorbidity of fibromyalgia with medical
and psychiatric disorders. Am | Med 1992;92:363-367.

. Krag NJ, Nerregaard ], Larsen JK, Danneskiold-Samsee

B. A blinded, controlled evaluation of anxiety and depres-
sive symptoms in patients with fibromyalgia, as measured
by standardized psychometric interview scales. Acta
Psychiatr Scand 1994;89:370-375.

Volume 14, Number 1, 2000

3

3

)

3

3

o

4

4

.
3

4

46.

o

b

=

25

Glover V, Jarman ], Sandler M. Migraine and depression:
Biological aspects. | Psychiatr Res 1993;27:223-231.

. Juhl JH. Fibromyalgia and the serotonin pathway. Altern

Med Rev 1998:3:367-375.

Magni G. On the relationship berween chronic pain and
depression when there is no organic lesion. Pain
1987:31:1-21,

. Atkinson JH, Slater MA, Patterson TL, Grant I, Garfin

SR. Prevalence, onset, and risk of psychiatric disorders in
men with chronic low back pain: A controlled study. Pain
1991:45:111-121.

Widerstrom-Noga E, Dyrehag LE, Borglum-Jensen L,
Aslund PG, Wenneberg B, Andersson SA. Pain threshold
responses to two different modes of sensory stimulation in
patients with orofacial muscular pain: Psychologic consid-
erations. | Orofac Pain 1998;12:27-34.

. Raiteri M, Paudice P, Vallebuona F. Inhibition by S-HIlE

receptor antagonists of release of cholecystokinin-like
immunoreactivity from the frontal cortex of freely moving
rats. Naunyn Schmiedebergs Arch Pharmacol 1993;
347:111-114.

2. Scudds RA, Trachsel LC, Luckhurst BJ, Percy [S. A com-

parative study of pain, sleep quality and pain respoensive-
ness in fibrositis and myofascial pain syndrome. |
Rheumatol Suppl 1989;19:120-126.

3. Kosek E, Ekholm ], Hansson P. Sensory dysfunction in

fibromyalgia patients with implications for pathogenic
mechanisms, Pain 1996;68:375-383.

Russell 1], Orr MD, Littman B, Vipraio GA, Alboukrek D,
Michalek JE, et al. Elevated cerebrospinal fluid levels of
substance P in patients with the fibromyalgia syndrome.
Archritis Rheum 1994;37:1523-1601.

5. Vaeroy H, Helle R, Forre O, Kiss E, Terenius L. Elevated

CSF levels of substance P and high incidence of raynaud
phenomenon in patients with fibromyalgia: New features
for diagnosis. Pain 1988:32:21-26.

Roseén A, Franck |, Brodin E. Effects of acute systemie
treatment with the 5 HT-uptake blocker alaproclate on
tissue levels and release of substance P in rat periagueduc-
tal grey. Neuropeptides 1995;28:317-324.





