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Bestimmung der Plasma-Oxytacin- trations to adverse symptoms as  Zusammenfassung Ziel: Das Fi-
Konzentration bei Patientinnen pain, stress, depression, anxiety andromyalgie-Syndrom (FMS) ist eine
mit Fibromyalgischem Syndrom to the positive item happiness. durch Schmerzen gekennzeichnete
Methods:Thirty-nine patients and chronische Erkrankung, bei der 90%
Summary ObijectivesFibromyal- 30 controls registered these symp- der betroffenen Patienten Frauen
gia syndrome (FMS) is a chronic  toms daily during 28 days and bloodsind. Das Neuropeptid Oxytocin ist
pain disorder, where 90% of the pa-samples for the assessment of oxy-bekannt fu seine antinozizeptive
tients struck by the disorder are tocin were drawn twice in all patientsund analgetische wie auch seine an-
women. The neuropeptide oxytocin and controls. Besides the daily rat- xiolytische und antidepressive Wir-
is known to have antinociceptive  ings, depression was also estimatedkung, weshalb diese Substanz von
and analgesic, as well as anxiolytic with the self-rating instrument Beck Interesse fudie FMS-Forschung ist.
and antidepressant effects, which  Depression Inventory (BDI). Das Ziel dieser Untersuchung war
makes this neuropeptide of interest ResultsDepressed patients ac- es, die Konzentration von Oxytocin
in fibromyalgia research. The aim ofcording to the BDI differed signifi- im Blut bei FMS-Patientinnen mit
this study was to assess oxytocin cantly with low levels of oxytocin  unterschiedlichem Hormonstatus so-
concentrations in female FMS pa- compared to the non-depressed pa-wie bei depressiven und nichtde-
tients with different hormonal status tients and the controls. Low levels ofpressiven Patientinnen zu messen,
and in depressed and non-depresseaixytocin were also seen in high und die Oxytocin-Konzentration ei-
patients and relate oxytocin concen-scoring pain, stress and depressionnerseits auf negative Symptome wie
patients according to the daily rat- Schmerz, Stress, Depression und
ings; however, these subgroups wer&ngst, und andererseits auf den po-
small. A negative correlation was sitiven Faktor Freude zu beziehen.
found between the scored symptoms Methode:39 Patientinnen und 30
Received: 23 March 2000 depression and anxiety and oxytocirKontrollpersonen notierten diese
Accepted: 29 August 2000 concentration, and a positive corre- Symptome ‘tglich wéhrend 28 Ta-
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lich von nichtdepressiveRatientin-
nenund denKontrollpersonen.
Niedrige Oxytocin-Plasmakaentra-
tionenwurdenauchbei starkem
Schmeraund Stresssowie bei de-
pressiverPatientinnerbeobachtet.
DieseUntegruppenwarenaller
dingsklein. Festzustellemvar eine
negativeKorrelaton zwischenden
gemesseneBymptome Depression
und Angstund der Oxytocin-Km-
zentration eine positive zwischen
demFaktor Freudeund Oxytocin.

Blut.

Introduction

Fibromyalgiasyndrome(FMS) is a commondisorderin
womencharacteriad by wide-spreadnusculampain and
tenderpointsat specificsitesaccordingto the American
College of Rheumatologycriteria (38). Besidesother
symptoms many patientsalso suffer from stressfuland/
or depressivestates.Despitemany yearsof intensere-
searchin this field, the etiology of the disorderis still
unknown. However perturbationsin the serotonegic
system(15, 22, 23), the pain processingsystems(23,
24, 36) as well asin the stressaxis (9, 10, 13) have
beenidentified, which may reflect someof the patho-
physiologicmechanisms.

The neuropeptideoxytocin is a nonapeptidepro-
ducedin the paraventricula(PVN) and supraoptiq(SO)
nuclei of the hypothalamusUnder physiologicalcondi-
tions oxytocin from the magnocellular neurons is
mainly transportedrom the PVN to the posteriorlobe
of the pituitary and therereleasednto the vein system
and the circulation. In contrast,oxytocin acting as a
neuropeptide/neamodulatoris releasedrom parvocel-
lular neuronsprojectingelsewheredo variousotherbrain
regions. Theseneuronsalso project to the spinal cord,
wherethey terminateon the presynaptimeuronsof the
sympatheticchain in the intermedblateral cell column
andin the dorsalhorn in the areawhere pain modula-
tion takesplace (21, 27). This latter function of oxyto-
cin is not likely to contributeto changesin peripheral
plasmaoxytocin concentrations

Oxytocin may also act as a potent secretagage of
adreno-coritotropin-hormone (ACTH) release at the
anteriorlobe of the pituitary. This is of interest,as per
turbationsin the hypothalamic-guitary-adrenal(HPA)
axis have been seenin FMS patients(9, 13). It has
therefore been hypothesied that long-standig stress
might be one importantfactor behindthe pathophysio-
logical mechanismsn the developmento the FMS (2,
10, 19).

Zwischendenin hormonelleHin-
sichtunterschiedlisen Untegrup-
penvon Patientimen oderKontroll-
personerbestandckein Unterschid
der OxytocinKonzentratiorim

Zusammenfassun®ie Resultate
deutendaraufhin, dassdasNeuro-
peptid Oxytocin, zusammemit an-
derenNeuropeptién und Neuro-
transmitterngine Rolle spieltin der
Integrationder Stressachsener
monoaminagen Systemeund der

schmerzreglierenderPeptidein den
pathophysiologishenMechanisma,
die fur die Symptomebei FMS ver-

antwortlichsind.

Key words Fibromyalgia—
oxytocin— pain— stress-
depression

Schlusselwoter Fibromyalgie—
Oxytocin— Schmerz- Stress-
Depression

Oxytocin is known to have anti-nociceptie and an-
algesiceffects (4, 17, 30) as well as anxiolytic and se-
dative effects (31). Researctof the last yearsalso has
revealedantidepressi (3) and anti-stresseffects (18,
32, 33) of oxytocin. This is of interest,asonsetof FMS
often coincideswith somekind of physicaland/oremo-
tional stresg(10, 19), and many patientsperceivea high
degreeof distressdue to daily hasslesand lack of con-
trol (1,11). It is also of interestthat steroid hormons,
and estrogenin particulay stimulate the synthesisof
oxytocin and the affinity to its receptorsin certainre-
gions(26), as90% of the patientsstruckby the disorder
are women. The effect patternof oxytocin as well as
the dependencef oxytocin on estrogenmake oxytocin
of specialinterestin FMS researchas many of the pa-
tients also havetheir onsetof the disorderin their fifth
to sixth decadevhenestrogerevelsdecline.

This study was designedo asses®xytocin levelsin
subgroupsof hormondly different patient subgroups
and in depressednd non-depressd FMS patientsand
comparetheseto healthyagematchedwomen,andalso
to relateoxytocinlevelsto symptomshat areassociated
with painandmoodin FMS patients.

Methods
Patientsand controls

Forty female FMS patients,all fulfilling the American
Collegeof RheumatologyACR) (39) criteriafor FMS,
age 27-61 years (48.6+7.5) were recruited from out
careunits belongingto the Rehabilitationand Rheuma-
tologic Clinics at the University Hospital, Uppsala.As
one patienthad irregular menstrualcycles, and the pa-
tients should be divided into hormonadly different sub-
groups,shewas excluded.The total patientsamplethus
comprised39 patients. The mean duration of disease
was 11.9+ 7.0 years.Someof the patientshad pharma-



U.M. Anderbeg andK. Uvnas-Mobeg

375

Plasmaoxytocin levelsin femalefibromyalgiasyndromepatients

cologicaltreatmentwith selectiveserotoninreuptakein-
hibitors (SSRI)and analgesiarugs.Sincethesepatients
were also to participatein a larger pharmacologida
study the patientswere askednot to use psychotropic
or analgesidrug treatmenthreeweeksbeforeand dur
ing the time of the study However if hecessaryparace-
tamol 500 mg twice daily or acetylsalicylicacid 1g
twice daily was allowed. Thirty age-matche healthy
womenwererecruitedto be comparedwith the patients
ascontrol subjects.

All  patients and controls were divided into sub-
groupsaccordingto their hormona stateasfollows: pa-
tients who had regularmenstrualcycles, the cyclic pa-
tients(n=16), patientswithout regularmenstruakycles,
the non-cyclc (postmenopausalpatients(n=23). The
controlswere divided in the sameway into hormondly
different subgroups Of the 30 controls, there were 16
cyclic and 14 non-cyclic subjects.The control subjects
were askedabout currentpsychiatrichistory and wide-
spreadpain beforeenteringthe study Two of thosesub-
jects were excludeddue to depressivesymptomsand
one of these excluded personsalso had wide-spread
pain. All control subjectsincluded in the study per
formedthe sameinvestigationas the patientsaccording
to plasmasamplesdaily scoringof symptomsand de-
pressionscoresaccordingto the Beck Depressionin-
ventory (BDI).

Beck depressionnventory (BDI)

To sharpenthe diagnosisof depressionthe BDI, the
self-ratinginstrumentBeck Depressiorinventory (BDI)
(5, 37), was usedbesidethe daily ratingsof symptoms,
where depressiorwas one of thesesymptoms.The pa-
tients were divided into subgroupsaccordingto their
mood and the BDI in depressednd non-depressefa-
tients. The definition of depressionin this version of
BDI is asfollows: mild depressiorscores14—20, mod-
erate depressionscores21-26 and severe depression
scores27 or more.

Patientshaving 14 or more scoresat this self-rating
scale were estimated to have depression (n=17;
43.5%). The rest of the patients(n=25) are referredto
asthe non-deprssedpatients.All includedcontrol sub-
jectshadlessthan 14 scoresat the BDI.

Daily prospectivesymptomratings

The patientsand controlswere askedto registerseveral
differentsymptoms,of which pain, depressionanxiety
stressand happinesswere selectedto be usedin this
study The patientswere askedto registertheir symp-
toms every eveningduring 28 days. Mean of the daily
ratings were used to obtain a more true level of the

symptomsover time, and also becausethis is a com-
monly usedmethodto obtaina picture of the symptoms
in the different phasesof the menstrualcycle (6, 14).

The symptomswere registeredwith whole numbers,
where, for pain, 10 was “the worst imaginable pain”

and 0 was “no pain at all”, every eveningduring 28

days. The other symptomswere estimatedin the same
way. The controls also estimatedtheir symptomsover
the sameperiodof time in the sameway. For the cyclic

patientsand controlsthe follicular phasewas definedas
days+4 to +12 andthe luteal phaseasdays—1 to —9 of

the menstruakycle.

The medianvaluesof eachsymptomof eachpatient
and control over the entiremonthwere calculated Then
the medianvaluesof eachsymptomfrom all patients
and controlsin the different subgroupsand phasesof
the menstruakycle were calculated.

Blood samples

The patientsand controlsarrived at the clinical labora-
tory half an hour beforethe blood samplesveredrawn,
which was done at 08.00—09.00in the morning. From

all patientsand controls blood samplesfor determina-
tion of oxytocin levelsweredrawntwice, with an inter

val of 14 days.For the cyclic patientsand controls,the

blood was drawn at day 7 (first sample; follicular

phase)and day 21 (secondsample;luteal phase).For

the non-cyclicpatientsand controlsthe medianvalue of

sampleone and two was used.Thenthe medianvalues
of eachsubgroupof patientsand controls and of the
differentphasesrespectivelywere calculated.

Oxytocinanalysis

The oxytocin concentratiorwas determinedas follows:
blood was drawn into chilled 7 ml tubes.Immediately
350 ul Trasylolwasaddedandthe blood wasthencen-
trifuged at 2000 rpm (Hettich Rotanda)for 10 minutes
at +4°C. The plasmawas collectedin mini-sorb tubes
(NUNC, Denmark)and kept frozen at —20°C before
further processing

Radioimmunassay(RIA) techniguefor oxytocin

Oxytocin was measuredy RIA as describedby Stock
& Uvnéas-Mobeg (29). Plasmasamples(500 pl) were
purified by extractionwith ice chilled acetonep.a. (2
ml) in polypropylee (p.p.) tubes. After vortexedand
centrifuged1800x g, the top layer was transferrd into
a new p.p. tube. Ice-chilled petroliumether (40:60
grade, p.a.) (2 ml) was addedfollowed by vortexing
and centrifugation.This procedurenvas donetwice. The
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layer below was transferrednto a new p.p. tube. After
lyophilization the samples were concentraté twice
when diluted with 0.05 M phosphatebuffer with 1.0%
BSA (bovine serumalbumin) (250 ul). Oxytocin stan-
dard was cat.no. 8152, (PeninsulaLaboratories,Inc.,
Belmont, California) and the standardrangewas 3.5—
500 pmol/l. Standard and sampleg(100 pl) wereincu-
bated with anti-oxytoch (rabbit), KA-19 (Euro-Diay-
nosticaAB, Malmo, Sweden)(1:250, 50 ul) for 24h,
+4°C. 125I-TYR2-oxyocin (3500 com/50pl), cat. no.
Nex-187, (DuPont NEN ResearchProducts, Boston,
MA, USA) was addedand the incubationcontinuedfor
another48 h, +4°C. KA-19 and 125I-TYR2-oxyocin
were both diluted in 0.05 M phosphatebuffer with

0.1% BSA. A sheepanti-rabbitantibody for precipita-
tion of the rabbit anti-sera,Decanting Suspension3,

Cat. no. 10-6487-01(Pharmacia& Upjohn Diagnostis
AB, Uppsala,SwedenWwasused.The limit of detection
of the assaywas 3.5 pmol/l and the intra-assaycoefi-

cientof variationswas16.4%.

Correlationbetweensymptomsand oxytocin levels

All symptomscoresof the daily ratingswere correlated
to the oxytocin levels in all patients,cyclic and non-
cyclic patients,and also in the correspondingcontrol
subjects.

Statistics

All within groupcomparisonsuchasbetweerthe differ-
entphase®f themenstruatyclein the patientsandcon-
trols, respectively were performed using Wilcoxon
matchedpairs signedtest. When pairwise comparisons
weremadebetweenwo differentgroupsasbetweernthe
cyclic andnon-cyclic(postmenopawad) patientsor when
comparinghe levelsfrom thefollicular andlutealphases
in the cyclic patientswith the correspondingcontrols,
Mann Whitney U-Wilcoxon rank sum test was used.
When comparingthe oxytocin levels betweendifferent
patient subgroupsand correspondingcontrols and the
oxytocinlevelsof thedifferentphase®f the patientswith
the correspondig phasesof the controls, this test was
alsoused.Comparinghreedistinctgroupsasfor the oxy-
tocinlevelsof depressedjon-depresd patientsandcon-
trols, Kruskal-Wallis one-wayanalysisof variancefol-
lowed by Conovets posthoctest(7) wasused.All illus-
trationsof thefigures,exceptthe correlationillustrations,
are madeusing box-plotswith quartiles(25th and 75th
percentiles)(29). Correlationanalyseswere performed
using Spearmais correlationtest. To obtaina regression
line, a linear correlationcoeficient was calculated.In
Figs. 3-5,theregressiotine is includedto give agraphi-
cal representationf the relationship.

Results
Oxytocinlevels

When comparing the oxytocin levels of the whole
group of patientswith the levels of the controls,there
was no significantdifference(p=0.55), but the distribu-
tion of the oxytocin levels of the patientswere larger
than of the controls(Fig. 1). Nor was there any differ-
encewhen comparingthe levels of the cyclic (p=0.69)
andnon-cyclic(postmenopauwad) patients(p=0.69) with
the correspondingcontrolsor when comparingthe dif-
ferentphasesn the sameway.

Comparingthe oxytocin levels betweenthe patients
who scoredlow (0-5) on the adversesymptoms,with
thosewho scoredhigh (6—10) alsodid not resultin any
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Fig.1 The figure shows box-plots (median and quartiles)( Tukey
1977) with plasmaoxytocin levelsin female fibromyalgia syndrome
patients (n=39) and in sex- and age-matchedhealthy controls
(n=30). Thereis no significantdifferencein oxytocin levelsbetween
the patientsand controls; however the distribution is larger in the
patientsthanin the controls.Mann Whitney U-test
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Fig.2 The figure shows box-plots (median and quatrtiles) (Tukey
1977) with plasmaoxytocin levels in depressedind non-depressed
female fibromyalgia syndromepatients(n=39) and in sex- and age-
matchedhealthy controls (n=30). Depressioris determinedaccording
to the self-rating instrument Beck Depressioninventory (Williams
1984).The oxytocin levelsof the depressegatients(n=14) weresig-
nificantly decreasedcomparedto the non-depressegatients(n=25)
(p=0.01) and to the controls (h=30) (p=0.05). Kruskal Wallis one
way ANOVA
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differenceof significance. However when investigating
the oxytocin levelsof the patientswho scoredvery high

in these symptoms(8-10) with those of the patients
who scoredow (0—4), significantdifferencesn the oxy-

tocin levels were found with low levelsin the patients
who scoredhigh in pain (p=0.03), stress(p=0.03) and

depressionp=0.05. However these patient subgroups
weresmall (n=5, 3 and4, respectively).

Low levels of oxytocin were also found in the de-
pressed=MS patientsaccordingto the BDI, compared
to the non-depressd (p<0.01) and controls (p<0.05)
(Fig. 2).

Correlationbetweenoxytocin levelsand
symptomscores

When the oxytocin levels were correlated with the
scoresof pain, depressionanxiety stressandhappiness,
a negative correlation was found to depression(rs=
-0.41, p=0.008) (Fig.3) and anxiety (rs=—0.46,
p=0.003)(Fig.4) in all FMS patients.

A positive correlationwas seenbetweenthe happi-
nessscoresand the oxytocin concentrationof all pa-
tients (rs=0.35,p=0.03) (Fig. 5). Therewasno correla-
tion betweenany of the symptomsand the oxytocin
levelsof the controls.

BDI scores

The mean (+SEM) of BDI in the total FMS patient
group was 14.3 (1.45). The mean (£ SEM) for the de-
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Oxytocin concentration (pmold)

Depression

Fig. 3 A negativecorrelation(r=—0.41,p=0.008)is shownbetween
plasmaoxytocin concentratiorand the symptomdepressioraccording
to the meanof 28 daysof daily ratingsin femalefibromyalgia syn-
dromepatients(n=39). Spearmars correlationtest
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Oxytocin concentration (pmol/l)
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Fig. 4 A negativecorrelation(r=—-0.46,p=0.003)is shownbetween
plasmaoxytocin concentratiorand the symptomanxiety accordingto
the meanof 28 daysof daily ratingsin femalefibromyalgiasyndrome
patients(n=39). Spearmais correlationtest
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Fig.5 A positive correlation (r=0.35, p=0.03) is shown between
plasmaoxytocin concentrationand the item happinessaccordingto
the meanof 28 daysof daily ratingsin femalefibromyalgiasyndrome
patients(n=39). Note that this item is positive! Spearmas correla-
tion test

pressedsubgroupof the patientswas 23.0 (1.64) and
for the non-depressedubgroupof patients8.5 (0.77).
For the control subjectsthe meanof the BDI was 3.7
(1.2).

The daily symptomratings

As expecteddue to the illness, the patientsscoredsig-
nificantly higherin the single symptomsand lower at
the positive item “happiness”’comparedto the control
subjectgTablel).
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Table 1 Mean (xSEM) of the daily symptomratingsduring 28 days
in fibromyalgia syndromepatients (n=39) and in healthy controls
(n=30)

Patients Controls

Mean +SEM Mean +SEM p
Pain 5.9 0.2 0.3 0.1 <0.001
Depression 2.9 0.3 0.6 0.2 <0.001
Anxiety 1.9 0.3 0.2 0.1 <0.001
Stress 2.8 0.3 5.1 0.4 <0.001
Happiness 3.6 0.3 5.1 0.4 <0.01
Discussion

New and interesting findings emege in the present
study: 1) Subgroupsof FMS patientswith perceptionof
severepain, depressionand stresshad low levels of
oxytocin, and oxytocin levels were higherin thosepa-
tientswho experience low pain, depressiorand stress.
Although thesepatientsubgroupswvere small, and firm
conclusionghereforeare hardto draw this finding may
be of importance.2) The finding of the low oxytocin
levels of the patientswho scoredhigh in the daily rat-
ings is supportedby the results of the patientswho
were depressedccordingto the BDI, who had signifi-

tion of pain thesepatientsexperiencanay thereforebe
dueto increasedxytocin effects.

Only onestudyhasto our knowledgealreadyassessed
oxytocinconcentratioin FMS patientq25). In thatstudy
therewasno differencebetweenthe oxytocin concentra-
tion of the FMS patientsascomparedo the healthycon-
trols. Nor did the presenstudy showdifferencesn oxy-
tocinconcentratioin FMS andcontrolsaswholegroups;
howevey whenthe patientsweredivided into depressed
andnon-depressd subgroupstherewasa differencewith
decreasetevelsin the depressegatients.

The depressed-MS patientsin this study also had
lower oxytocin levels than the non-depresedFMS pa-
tientsandthe controls.Therewasalsoa negativecorrela-
tion betweenoxytocin levelsand depressiorand a posi-
tive correlatio in all patientsbetweenthe scoreditem
happinessindoxytocinlevels.In rats,oxytocinhasbeen
found to have a stronganti-depressargffect similar to
thatof imipramine(3). The oxytocinandserotonin(5-hy-
droxytryptophan (5-HT)) systemsare interconnecte.
Oxytocin fibers projectto the raphenuclei and oxytocin
may influencethe secretionof 5-HT and the releaseof
oxytocinis enhancedn responsdo administratio of 5-
HTlaand5-HT2 receptoragonists Recentstudieshave
demonstratedhat oxytocin is releasedin responseto
treatmentwith selective serotonin reuptake inhibitors
(SSRI), opening up the possibility that oxytocin also

cantly lower levels of oxytocin than the non-depressed may mediatefurther effects causedby 5-HT (34). This

patientsandthe controls.3) Therewasa negativecorre-
lation betweenthe levels of oxytocin and the symptom
scoresof anxietyand depressionln addition,a positive
correlationwas found betweenthe levels of oxytocin
andthe item happinessn all patients.

Severalanimal studieshave demonstrateghort-term
anti-nociceptiveand analgesiceffects of oxytocin (4, 8,
16, 17, 30, 35, 41). In addition,administratioa of oxyto-
cin has been found to increasethe nociceptive pain
thresholdin along-termperspectivéweeks)studyin fe-
male and malerats (17). In patients,one study hasde-
monstratedthat intrathecallyadministeredoxytocin re-
lievedpainin patientswith low backpain (39). The low-
ered pain thresholdin the FMS patientswho had de-
creaseaxytocinlevelsin the currentstudymaytherefore
in partbe dueto the perturbedoxytocin levels.

It is a clinical observationthat many FMS patients
perceivemore pain at increasedstress.Perturbationsn
the stressaxes of FMS patientshave also been pre-
viously demonstrateq9,10,12,13)In the currentstudy
the patientswho scoredhigh on the symptomstresshad
low oxytocin levels. Although this patient group was
small, this finding must be noted and is supportedby
the fact that there was also a negativecorrelationbe-
tween oxytocin levels and anxiety Many patientswith
FMS have reported difficulties relaxing and perceive
decreasegain, increasedvell-beingandrelaxationwith
massageand warm water baths. The decreasegbercep-

is of specialinterestas it has beendemonstratedhat
FMS patientshavelow serumconcentration®f trypto-
phan,whichis a precursoto serotoninand5-HT aswell
asCSF5-HIAA (15, 22-24,40).

In a studyby Purbaet al. (20), high numbersof agi-
nine-vasopresn and oxytocin neuronsin depressed
post mortem patientswere found. In major depression
thereis an upregulationin the HPA axis, which in turn
down-regulags the 5-HT1A receptorsand the activity
of serotonin.The increasechumberof oxytocin neurons
may be a compensatgr physiologich mechanismto
balanceandincreasehe serotoninggic activity in order
to accomplishbettermood andwell-being.

The resultsof this study suggestghat the neuropep-
tide oxytocin may play animportantrole in the integra-
tion of the stressaxes,monoaminggic systemsand the
pain processingpeptides.However further studiesto
clarify the interrelationshipbetweerthe neurobiobgical
changesand the symptomsFMS patientsperceiveare
requiredto draw firm conclusions.
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