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Thee Neuro-endocrine Scars of Sustained
Childhoodd Abuse in Adult Female Patients
withh Borderline Personality Disorder

Thomass Rinne

Stellingenn behorend bij het proefschrift:
'Neuro-endocrinee Scars of Sustained Childhood Abuse
inn Adult Patients with Borderline Personality Disorder'
1.. De borderline persoonlijkheidsstoornis is geen complexe posttraumatische stressstoornis.
2.. Het huidige concept van de borderline persoonlijkheidsstoornis doet geen recht aan de
ernstigee traumatisering en de daaraan gerelateerde neuro-endocriene afwijkingen.
3.. De correlatie tussen een deficiënte functie van het centrale serotonerge neurotransmittersysteemm en impulsief en agressief gedrag is genderspecifiek.
4.. De geringe aandacht van de subsidiegevers en daardoor het wetenschappelijke veld voor
persoonlijkheidsstoornissenn staat in geen verhouding tot de grote maatschappelijke
schadee en het individuele leed die daarvan het gevolg zijn.
5.. Hoewel de emancipatie seksueel misbruik in de jeugd bij vrouwen op de kaart heeft
gezett is seksueel misbruik in de jeugd bij mannen nog vrijwel taboe.
6.. De geestelijke gezondheidszorg is een publiek domein geworden waarin eenieder
ongehinderdd door enige kennis denkt recht van spreken te hebben.
7.. In de polder mag je geen klokken luiden.
8.. Het persoonsgebonden recht van de doctorstitel doet geen recht aan de collectiviteit
vann de inspanning die het verkrijgen van de waardigheid vergt.
9.. De naam van de Instelling voor Geestelijke Gezondheidszorg "De Geestgronden" te
vertalenn in "Mind Grounds" is misschien voor de hand liggend maar getuigt van
onvoldoendee aardrijkskundige kennis.
10.. De keuze voor de aftershave "Obsession" is een indicatie van de geestestoestand van
dee promovendus.
11.. Een formule 1 coureur dient over 3 sterke stressassen te beschikken.
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Introduction n
Thee prevalence of borderline personality disorder in the general population is approximately
1,5-2%% with much higher levels among females compared to males. Patients with a
borderlinee personality disorder form a considerable group of mental heath care consumers:
approximatelyy 10% of the outpatients and 15 to 20% of the hospitalized patients (Verheul
ett al 1999). They suffer from a pervasive pattern of instability of interpersonal relationships,
selff image and affect, weakened reality testing and perceptual disturbances during stress,
markedd impulsivity with potentially negative consequences, hostile or aggressive behavior
whichh can be directed against others or against themselves in form of self destructive
behavior.. In the course of the disorder, 8 to 10% die as a consequence of a suicide attempt.
Thee present borderline personality disorder concept has been developed from two mainstream
psychiatricc traditions: a descriptive, phenomenological and clinical psychiatric stream and
aa psychodynamic, structural, genetic-analytic stream. Several descriptions of borderline
pathologyy tied in with the 'latent schizophrenia' concept of Bleuler. Borderline diagnoses
weree described as 'latent schizophrenia1, 'pseudoneurotic schizophrenia' and 'borderline
schizophrenia".. In the seventies Spitzer, Endicott and Gibbon succeeded in identifying
twoo distinct groups in the otherwise very diffuse borderline concept (Spitzer et al 1979).
Theyy described an instable personality disorder and a residual group of patients with
psychopathologicall similarities with schizophrenia, which were later conceptualized and
operationalizedd in DSM terms as borderline personality disorder and schizotypal personality
disorder,, respectively. The DSM operationalization made the borderline concepts accessible
forr research. In the meantime, the BPD concept has become one of the most reliable and
mostt extensively validated personality disorders, which is clearly independent from
schizophrenia.. However, the problem of the heterogeneity of the concept in terms of
symptomatologyy and etiology is still unresolved. The heterogeneity with respect to the
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symptomatologyy is partly due to the definition of the DSM diagnosis and the lack of
biologicall markers, which can be used to identify homogeneous subgroups. In order to
attributee the DSM IV diagnosis of BPD one has to meet at least 5 of the 9 BPD criteria,
whichh yields about 160 possible symptom combinations and thus 160 different phenotypes
off BPD pathology. The identification of clinically or biologically meaningful subgroups is
necessaryy for research and last but not least for treatment. Therefore, an attempt was made
too distinguish subgroups within the heterogeneous BPD population based on biological
parameters:: the response of specific symptoms to drug treatment. It has been suggested
thatt BPD with predominantly affective dysregulations or dysregulations of the impulse and
aggressionn control could effectively be treated with selective serotonin reuptake inhibitors
andd BPD with more cognitive perceptual symptoms could be better treated with
antipsychotics.. The underlying idea of this subdivision is the assumption that disorders of
thee affect, impulse and aggression regulation in BPD are related to disturbances of the
serotonergicc system and the more psychotic like symptoms are related to dopaminergic
dysregulationss as demonstrated in schizotypal personality disorder. However, this
subdivisionn lacks empirical confirmation. The authors did not manage to replicate the
resultss on which the sub-grouping was based.
Givenn the complexity of the BPD it is unlikely that one single etiological risk factor
accountss for BPD. From twin studies we learn that BPD has a considerable hereditary
predispositionn and the trait variability also is genetically determined. However, the
expressionn of BPD and its traits is shaped by environmental factors. Thus the predisposition,
whichh reflects a biological vulnerability, is a necessary but not sufficient condition to
developp BPD. Emotional neglect and / or childhood abuse, are considered to be prominent
riskk factors stimulating the expression of BPD traits. Research of the biological
consequencess of the exposure to specific environmental risk factors could provide the
opportunityy to identify biological markers that help us to subgroup borderline patients.
Thee background of the studies described in this thesis is formed by certain aspects of the
etiology,, symptomatology and comorbidity as well as the neurobiology and pharmacological
treatmentt of the borderline personality disorder. In addition, a series of findings from stress
researchh in animals and humans have been very important in the development of concepts
andd research strategies for this thesis.
1.1. Etiology: A considerable group of borderline patients reports a history of childhood
neglect,, physical and sexual abuse with percentages varying from 20% to 75%
(Hermann et al 1989; Ogata et al 1990;Salzman et al 1993). Several authors consider
thesee to be etiological factors of BPD pathology (Landecker 1992; Silk et al 1995;
Wagnerr et al 1994). There is also growing evidence from ongoing twin studies that
geneticc factors are important in the development of BPD (Livesley et al 1993; Livesley
ett al 1998). These genetic factors can determine personality pathology itself as well as
thee vulnerability to traumatic stress, which may lower the threshold for predisposed
personalityy pathology, anxiety or affective disorders to become manifest (Livesley et al
1998;; Kendler et al 1999; Levitan et al 1998; Zaidi et al 1994).
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Personalityy pathology and psychiatric illnesses can also be caused by persisting
disturbancess in the developing brain due to severe and sustained traumatic stress.
Alterationss in brain morphology, the function of neurotransmitter systems and the
neuroendocrinee function of the Hypothalamus Pituitary Adrenal axis (HPA-axis) are
alll reported as sequelae of sustained traumatic stress during youth (Peters 1990;
Peterss 1987; Coplan et al 2001; Rosenblum et al 1994).

Symptomatology:Symptomatology: BPD patients suffer from frequent mood shifts, feelings of emptin
cognitivee and perceptual impairment during stress, irritability, impulsive and/or
aggressivee and auto-aggressive behavior often combined with suicide attempts.
Irritability,, impulsive, aggressive and parasuicidal behavior are reported to be
associatedd with a history of childhood abuse as an etiologic risk factor on one side
andd a hypofunction of the serotonergic system on the other side (Landecker 1992;
Silkk et al 1995; Wagner et al 1994; Coccaro et al 1989; Herpertz et al 1997;
O'Keanee et al 1992). However, the link between early psychological traumatization
andd hypofunction of the central serotonergic system in adults is hardly studied.
Comorbidity:Comorbidity: Borderline patients also suffer from a broad range of axis I disorders
suchh as mood (96% lifetime prevalence (LP)) and anxiety disorders (88% LP), among
otherss post traumatic stress disorder (PTSD) (58% LP), eating disorders (53% LP) and
substancee abuse disorders (64% LP) (Zanarini et al 1998). In most of the commonly
observedd comorbid disorders, functional alterations of the serotonergic system as well
ass the HPA axis are observed (Cleare et al 1996; Axelson et al 1993; Modell et al
1997;; Plotsky etal 1998; Yehuda et al 1991).
Majorr depressive disorder (MDD) and PTSD are likely to share decreased
Corticotropinn Releasing Hormone (CRH) receptor sensitivity of the pituitary, but also
too exhibit opposing changes in the negative feedback inhibition of the HPA axis
(Yehudaa 1998). Therefore these comorbid conditions have to be taken into account in
studiess investigating the function of the HPA-axis in BPD-subjects.
Neurobiology: Neurobiology:
4.11 Neurobiological research in BPD can be divided in research focusing on the
serotonergicc system and research focusing on the HPA axis.
Serotonergicc research in personality disorders is concentrated on the relationship
betweenn impulsive, aggressive and suicidal behaviors and functional alterations of
thee central serotonergic neurotransmitter system. In a number of studies, blunted
neuroendocrinee responses, as an indirect measure of serotonergic functioning, to a
serotonergicc challenge tests are associated with impulsive aggressive behavior in male
subjectss with different types of personality disorders. (Coccaro et al 1989; O'Keane et
all 1992). However, the association between the serotonine system and impulsive
aggressivee behavior has not been demonstrated in female subjects. (Cleare et al 1997;
Bondd et al 1997; Rinne et al 2001; Verhoeven et al 1997).
Studiess using the dexamethasone suppression test (DST) in BPD patients emerging in
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thee eighties focused the interest on the function of the HPA axis in relation to
comorbidd major depressive disorder. The studies were inconclusive because of major
methodologicall problems. The only methodologically adequate DST study performed
withh BPD found that patients with concurrent major depressive illness did not differ
fromm normal controls with respect to non-suppression rates and BPD patients without
MDDD were likely to be almost always suppressors. However, this study did not take
comorbidd PTSD into account. (Soloff et al 1982).
4.22 Neurobiological trauma research principally addresses HPA axis alterations in
relationn to PTSD. Probable consequences of sustained and severe childhood abuse on
bothh the central serotonergic neurotransmitter system and the HPA axis were not taken
intoo account in general.
Preclinicall research and studies with maltreated children demonstrated functional
alterationn of the serotonergic system associated with prenatal or postnatal stress or
long-termm stress during youth. (Peters 1986; Peters 1987; Rosenblum et al 1994;
Kaufmann et al 1998) These changes are likely to be mediated either by hypercortisolism
duee to a chronic stress response itself or to a persistent pathological dysregulation of the
HPA-axiss due to traumatic stress (Lopez et al 1997; Meijer et al 1994). The consequences
off severe childhood abuse on the central serotonergic system in adults have not been
studied. .
Animall studies demonstrate that the function of the HPA axis is very sensitive to
sustainedd stress during (early) youth. (Levine et al 2000; Van Oers et al 1999; Lyons et
all 1999) Increased expression of the main activator of the stress response, the
corticotrophinn releasing hormone (CRH) and its potent co-regulator arginin
vasopressinn (AVP) have been found in the paraventricular nucleus (PVN) of the
hypothalamuss in animals which were chronically stressed during early life (Coplan et
all 1998; Coplan et al 2001; Ma et al 1998; De Goeij et al 1992). Very recently, a study
wass published which demonstrates the HPA axis to be hyperresponsive during a
laboratoryy stress test in adult female victims of severe childhood abuse (Heim et al
2000).. However, studies which investigate the function of the HPA axis in relation to
childhoodd abuse, MDD and PTSD in adult BPD subjects, are lacking.
5.5. Pharmacological treatment: At least 10 open label studies with a selective serotonin
reuptakee inhibitor indicate that SSRI's could be effective in the treatment of BPD
symptomatology.. However, the only double blind randomized SSRI trial, with a small
samplee of BPD subjects with mild pathology, failed to confirm the positive results of
thee open label studies because of a large placebo response (Salzman et al 1995).
Onn the basis of these inconsistent findings and the finding of a blunted neuroendocrine
responsee to serotonergic challenge in impulsive and aggressive male subjects with
differentt personality disorders, SSRI treatment is often recommended to improve
affect-liability,, impulsivity, irritability and aggressive behavior (Coccaro 1993; Soloff
2000).. The underlying serotonergic hypothesis of this treatment recommendation,
however,, was never really tested. Therefore it is unknown whether SSRI treatment
regulatess the serotonergic alterations in subjects with personality disorders.
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SSRI'ss can also exert their action by targeting other central neurotransmitter or
endocrinee systems. For example, there is growing evidence from pre-clinical research
thatt tricyclic antidepressants as well as SSRI's regulate HPA-axis hyperfunction.
Thesee changes are paralleled by simultaneous decrease of circulating ACTH and
Cortisoll levels (Holsboer et al 1996).
ConcludingConcluding remarks
Despitee obvious interconnections between the different aspects of borderline pathology
suchh as etiology, symptomatology and neurobiology and trauma, the focus on BPD and
traumaa research remains limited, disregarding the interconnections. Thus, research on
etiologicall risk factors in borderline personality disorder is merely focused on childhood
traumaa and its relation to psychological sequelae and behavioral aberrations.
Neurobiologicall research on these patients is restricted either to serotonergic dysfunction
inn relation to impulsive and or aggressive and auto-aggressive behavior or to dysfunction
off the HPA axis with respect to comorbid depression. Traumatic stress and its alterations of
thee HPA axis and their probable influence on serotonergic functioning are not taken into
accountt in neurobiological research of borderline pathology. Moreover, SSRI treatment of
BPDD pathology is still insufficiently evidence based and the effects of SSRI treatment on
neurobiologicall alterations in BPD patients are unknown.
AA plethora of studies on traumatic stress report profound alterations of the HPA axis in
relationn to traumatization and posttraumatic stress disorder. However, serotonergic
alterationss due to traumatic stress are not examined in adults. To disentangle the
complexityy of BPD pathology and to obtain a more integrated understanding of the role
off the neurobiology as a probable interface between etiological risk factors and
symptomatology,, it is necessary to interconnect the different research lines in BPD
research.. Investigations regarding the relationship of severe childhood abuse with the
functioningg of the serotonergic system and the HPA axis in BPD patients are lacking.
Att the same time, the combination of neuroendocrine challenge procedures to test the
serotonergicc system and the HPA axis with SSRI treatment studies could provide more
insightt in the trait and state dependency of the neurobiological alterations.

Chapterr 1.2
Scopee of the Thesis
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Scopee of the thesis
Thee objective of the studies presented in this thesis is to provide more insight into the
pathophysiologyy of the central serotonergic system and the hypothalamus pituitary adrenal
(HPA)) axis of female patients with a borderline personality disorder (BPD), in relation to
childhoodd abuse as a probable etiological risk factor and MDD and/or PTSD as comorbid
conditions.. In addition, the effect of SSR1 treatment on BPD symptomatology as well as
onn the serotonergic system and HPA axis pathophysiology is studied. The results of these
studiess may contribute to the identification of clinically meaningful and homogeneous
BPDD subgroups of the otherwise very heterogeneous BPD population, which may in turn
providee cues for a more specific diagnosis and more effective treatment approaches.
HypothesisHypothesis and experimental approach of the serotonergic study
Heree we test the hypothesis that severe childhood abuse will reduce central serotonergic
functioning,, which may underlie impulsivity, irritability, and aggressive and auto-aggressive
behavior.. According to this line of reasoning BPD symptoms and serotonergic hypo-function
cann be improved by SSRI treatment.
Too test these hypotheses, the function of the central serotonergic system was investigated
inn impulsive and aggressive female borderline patients (n = 12) in relation to severe
childhoodd abuse <n = 7) by performing two neuroendocrine challenge tests with
m-chlorophenylpiperazine.. a partial 5HT1A, 5HT2A, 5HT2C postsynaptic agonist and
serotoninn reuptake inhibitor. As indirect measures of serotonergic system function Cortisol
andd prolactin response to m-CPP challenge were measured in blood plasma.
Thee two challenge tests were performed before and after an open drug treatment (pilot
study)) of 8 weeks with the SSRI fluvoxamine.
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Thee results of the pre fluvoxamine m-CPP challenge test of the BPD patients were
comparedd to those of 9 healthy female control subjects.

Synapse e
Presynapticc part
5-HTT reuptake,

JÉÊËJÉÊË
511

SHT

£

HI

5HT

# m-cpp

Postsynapticc part

FigureFigure 1 Action of m-Chlorophenylpiperazine (m-CPP) in the hypothalamic serotonergic synapse.
Serotoninn (5-HT) binds, among others to the postsynaptic 5-HTIA, 5-HT2A, 5-HT2C receptors.
Stimulationn of these 5-HT receptors leads to increased prolactin release from the pituitary.
Stimulationn of the 5-HT2C receptors activates the hypothalamus-pituitary-adrenal (HPA) axis ultimately
leadingg to increased Cortisol secretion from the adrenal cortex. M-CPP inhibits 5-HT reuptake and is
aa partial agonist for the 5-HTlA, 5-HT2A, 5-HT2C receptors. The prolactin and Cortisol plasma levels
aree therefore (indirect) measures of the m-CPP efficacy.
HypothesisHypothesis and experimental approach of the HPA axis study
Thee hypothesis was tested that the HPA axis of the severely abused BPD subjects will be
hyperactivee compared to mildly abused BPD subjects and healthy controls, while this
hyperactivityy will be distinct from comorbid MDD and PTSD. It is also hypothesized that
thee HPA-axis hyperactivity will be restored after treatment with the SSRI fluvoxamine, with
concomitantt improvements of the BPD core symptoms of impulsivity, aggressiveness, and
rapidd mood shifts.
HPAA axis function was evaluated with a combined dexamethasone/corticotropin releasing
hormonee test (DEX/CRH). This technique, which is highly sensitive to subtle HPA axis
alterations,, was chosen to connect the current study to previous dexamethasone
suppressionn test (DST) studies performed with BPD, MDD and PTSD patients, but also to
overcomee some of the limitations of the DST. The combined DEX/CRH test measures the
effectt of the hypothalamic CRH/AVP drive on the pituitary ACTH release during maximal
glucocorticoidd inhibition by DEX pretreatment. Decreased glucocorticoid receptor
sensitivityy associated with MDD is expected to decrease the dexamethasone induced
inhibitionn of ACTH release to exogenous CRH administration.
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Thee increased glucocorticoid receptor sensitivity associated with PTSD is expected to
producee the opposite effect. This challenge technique is expected to provide the possibility
too discern the modifying effects associated with MDD and PTSD from the effects associated
withh a history of severe childhood abuse on the HPA axis function.
Too investigate whether fluvoxamine is an effective drug to treat BPD core symptomatology,
aa double blind placebo controlled randomized trial with fluvoxamine was performed on
388 female borderline patients for six weeks, with a follow up of 18 weeks. To investigate
thee effects of fluvoxamine treatment on the HPA axis and the time frame in which the
effectss were exerted, the DEX/CRH test was performed in two groups: one receiving a
placeboo for 6 weeks and fluvoxamine for 6 weeks, and one receiving fluvoxamine for 12
weeks. .

HPAA axis
Cortisol l
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PVN N GR R
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FigureFigure 2 Function of the hypothalamus-pituitary-adrenal (HPA) axis.
Severall neurotransmitters such as noradrenaline (NA), adrenaline (A), serotonin (5-HT) and
acetylcholinee (Ach) can activate the HPA axis. These transmitters control corticotropin releasing
hormonee (CRH) release into the pituitary portal vessel system from CRH neurons localized in the
paraventricularr nucleus of the hypothalamus. CRH potently activates the HPA axis and this action is
enhancedd by arginin vasopressin (AVP). CRH binds to the CRH-1 receptors on the membranes of
pituitaryy corticotrophs and stimulates the release of the adrenocorticotrope hormone (ACTH) into the
blood.. ACTH induces the secretion of adrenocortical Cortisol. This glucocorticoid hormone binds to
glucocorticoidd receptors (GR) in the pituitary corticotrophs and the hypothalamic CRH neurons,
whichh mediate the negative feedback action terminating stress-induced HPA activation. The synthetic
glucocorticoidd dexamethasone binds with high affinity to the GR's in the pituitary and suppresses
stress-inducedd ACTH release and Cortisol secretion. The principal action of dexamethasone is on the
levell of the pituitary corticotrophs. since penetration of this synthetic steroid in brain is hampered by
multidrugg resistance-P-glycoprotein in the blood brain barrier (BBB).
++ = stimulation, - = inhibition
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Outlinee of the thesis:
Partt 2: Central serotonergic function in patients with Borderline Personality Disorder in
relationn to sustained childhood abuse
ChapterChapter 2.1 describes the impact of sustained physical and sexual abuse during childhood on
thee central serotonergic system. The rationale of this study was provided by two findings:
a)) neuro-endocrine response to serotonergic challenge among impulsive aggressive male
subjectss with personality disorders was found to be blunted and
b)) chronic stress or administration of corticosteroids seems to influence the development
off the serotonergic system in young animals or to down regulate 5 HT1A receptors in the
hippocampuss in adult animals. The function of the serotonergic system was investigated
withh the serotonergic agonist m-CPP. Cortisol and prolactin responses to m-CPP as indirect
measuress of 5-HT function were correlated with abuse parameters.
InIn Chapter 2.2, the effects of fluvoxamine, a selective serotonin reuptake inhibitor (SSRI),
onn the function of the central serotonergic system are described, using the neuroendocrine
responsee to the m-CPP challenge test as the main indicator. In several open SSRI studies
performedd with patients suffering from personality disorders including borderline patients,
itt is suggested that SSRFs are effective in these patients because of blunted prolactin and
Cortisoll response to serotonergic challenges. Before and after an eight weeks of fluvoxamine
treatment,, m-CPP challenge tests were performed.
Partt 3: HPA axis function in BPD patients in relation to sustained childhood abuse, MDD
andd PTSD
Inn the study described in Chapter 3.1, the function of the hypothalamus-pituitary-adrenal
axiss in female BPD patients is investigated at the pituitary level in relation to childhood
abuse,, MDD and PTSD. The rationale for this study was the finding that the severely
bluntedd Cortisol response in contrast to the prolactin response to m-CPP challenge in our
serotonergicc study did not differentiate between the chronically abused and the non or
mildlyy abused BPD subgroups. The finding that the altered Cortisol response to m-CPP is
nott associated with sustained childhood abuse is remarkable because animal studies
demonstratee that traumatic stress in early life can increase HPA axis function profoundly
andd persistently. The severely blunted Cortisol response may be due either to serotonergic
dysfunctionn as a borderline characteristic or to dysfunction of the HPA axis or to an
accumulatingg effect of both.
Furtherr neuro-endocrine research of the HPA axis of patients with PTSD or depression has
revealedd that these patients generally exhibit opposite dysregulations of the feedback
mechanismss of the HPA axis. Moreover, BPD patients often suffer from comorbid MDD
and/orr PTSD.
Wee search for answers to the difficult question, which HPA axis alterations are specific for
borderlinee patients and which are associated with a childhood abuse history or with
comorbidityy with MDD and/or PTSD.
Thee baseline ACTH and Cortisol plasma levels as well as the ACTH and Cortisol
suppressionn to DEX pretreatment and the response to the additional CRH administration
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weree investigated in a group of female BPD patients in relation to childhood abuse, PTSD
andd depression.
ChapterChapter 3.2 describes a double blind placebo controlled randomized half crossover trial of
122 weeks and a follow up of further 12 weeks with fluvoxamine. The rationale of this
studyy was found in the controversial findings of at least 10 small open label SSRI studies
reportingg significant improvement of BPD symptomatology and the only double blind
randomizedd SSRI trial with BPD patients reporting negative findings. Therefore, it is
importantt to replicate these results under double blind randomized conditions in a larger
samplee of BPD patients. In order to evaluate whether relevant improvements persist for a
longerr period, patients are followed for a period of half a year.
ChapterChapter 3.3 describes a study which investigates the influence of the fluvoxamine
treatmentt on the function of the HPA axis. The rationale for this study was on the one hand
thee lacking change of the serotonergic system to fluvoxamine treatment as investigated with
thee m-CPP paradigm and on the other hand the reported restoration of disturbed HPA axis
feedbackk mechanisms in depressed patients after treatment with tricyclic antidepressants
(TCA'S)) and SSRI's. The restoration of the HPA axis function was paralleled by symptom
reductionn in these depressed patients. In order to evaluate the probable influences of
tluvoxaminee treatment and the timeframe in which fluvoxamine exerts its probable effect
onn HPA axis function; a combined DEX/CRH test was performed before and after
treatmentt (six and twelve weeks, respectively).
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Abstract t
Background:: Disturbances of affect, impulse regulation and auto-aggressive behavior, which
areare all said to be related to an altered function of the central serotonergic (5-HT) system,
areare prominent features of borderline personality disorder (BPD). A high coincidence of
childhoodchildhood physical and sexual abuse is reported in these patients. Animal studies indicate
thatthat early sustained stress correlates with a dysfunctional central 5-HT system. Therefore,
wewe hypothesize that sustained traumatic stress in childhood affects the responsivity of the
postsynapticpostsynaptic serotonergic system of traumatized BPD patients.
Methods:: Following Axis I, Axis 11, and trauma assessment, a neuroendocrine challenge
testtest was performed with the postsynaptic serotonergic agonist
meta-chlorophenylpiperazine
(m-CPP)(m-CPP) in twelve impulsive and auto-aggressive female patients with BPD and nine
matchedmatched healthy volunteers.
Results:: The Cortisol and prolactin responses to the m-CPP challenge in BPD patients
werewere significantly lower compared to those in controls. Within the group of patients with
BPD,BPD, the net prolactin response showed a high inverse correlation with the frequency of
thethe physical (r = -.77) and sexual abuse (r = -.60).
Conclusions:: Our data suggest that severe and sustained traumatic stress in childhood
affectsaffects the 5-HT system and especially 5-HT 1A receptors. This finding confirms the data
fromfrom animal research. The blunted prolactin response to m-CPP seems to be due to severe
traumatisationtraumatisation and independent of the BPD-ciiagnosis.
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Introduction n
Patientss with a borderline personality disorder (BPD) are heterogeneous in terms of
symptomatology,, etiology, pathogenesis and type of comorbidity. There is evidence to
suggestt that BPD is associated with early childhood neglect, sexual abuse and physical
violence.. (Perry et al 1993; Goldman et al 1992) These risk factors, however, are not
reportedd for all patients with BPD, but only in a percentage varying from 20% to 75%
(Ogataa et al 1990). (Salzman et al 1993; Herman et al 1989) In addition, several studies
havee shown, that the presence of a history of sexual abuse in childhood affects personality
developmentt and correlates with a high degree of autoaggression, such as automutilation
andd suicidality (Silk et al 1995; Wagner et al 1994; Landecker 1992). Finally, childhood
physicall abuse seems above all to coincide with the development of antisocial traits in
BPDD patients. (Shearer et al 1990)
Resultss from neurobiological research on personality disorders suggest that impulsiveness,
autoaggressionautoaggression and outwardly directed aggression are associated with dysfunctions of the
serotonergicc system indicated by low 5-hydroxyindoleaceticacid levels in lumbar CSF
(Asbergg et al 1976;Linnoila et al 1992) and blunted neuroendocrine responses to
fenfluraminee (O'Keane et al 1992b; Herpertz et al 1995; Cleare et al 1996; Coccaro et al 1989)
Animall research shows that long-term stress or high doses of glucocorticoids induce
5-HT1AA and 5-HT1B receptor alterations in the hippocampus and cortex. High levels of
plasmaa corticosterone decrease the binding of [3H] 8-hydroxy-2-(di-n-propylamino)
tetralinn (8-OHDPAT) at 5HT1A receptors in the dorsal hippocampus of rats. (Mendelson et
all 1992). The reduction of the hippocampal 5HT1A binding sites seems to be related to a
corticosteronee mediated suppression of the expression of 5HT1A receptor messenger-RNA
(Meijerr et al 1994). In line with these findings, behavioral changes and a significant
reducedd plasma prolactin response to 5-HT 1A receptor stimulation with m-CPP and
(8-OHDPAT)) are found following long-term glucocorticoid-treatment. (Bagdy et al 1989)
Maternall stress during pregnancy appears to affect the development of the central 5-HT
neuronss resulting in permanent changes in the distribution of the serotonergic receptors in
thee offspring. The binding of [3H] 5-HT is increased in cerebral cortex and decreased in
hippocampus.. The binding changes appear to be due to altered numbers of binding sites
withh no changes in dissociation constants (Peters 1986). Comparable results are obtained in
aa stress study with nonhuman primates. Early adverse experiences created by manipulations
off the mother-child situation caused long-term effects on psychobiological functions in the
offspring.. These monkeys appeared to be hyperresponsive to the noradrenergic agonist
yohimbinee and hyporesponsive to the serotonergic agonist m-CPP (Rosenblum et al 1994).
Inn summary:
1.. Clinical studies reveal that BPD patients form a heterogeneous group in terms of
symptomatologyy and etiology.
2.. Within this heterogeneous group of patients, a correlation exists between early abuse
experiencess and the degree of impulsive, aggressive and autoaggressive behavior.
3.. Moreover impulsive, aggressive and autoaggressive behavior in patients with BPD
correlatess with functional alterations of the serotonergic system.
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4..

Animal data show that long-term stress or high dosages of glucocorticoids are likely
too induce serotonergic alterations. These findings provide circumstantial evidence that
chronicc adverse childhood experiences, such as physical and sexual abuse, may lead to
cortisol-mediatedd changes in the anatomy and function of the serotonergic system,
whichh in turn may result in traits such as aggressive, autoaggressive, or impulsive
behavior,, which are often seen in patients with BPD.

Thee hypotheses of this study are:
1.. The serotonergic system of impulsive and autoaggressive BPD patients is altered as
reflectedd by blunted prolactin and Cortisol responses to a neuroendocrine challenge
withh a serotonergic agonist (m-CPP).
2.. Severely traumatized borderline and not severely traumatized BPD patients differ in
theirr serotonergic functioning, indicated by differences in prolactin and Cortisol
responsee to a serotonergic probe (m-CPP).
Too test these hypotheses, a group of impulsive and autoaggressive female patients with
BPDD (with and without sustained traumatic stress during childhood and without current
majorr depression, alcohol abuse, or drug abuse) and a group of healthy female control
participantss without a trauma history were submitted to a challenge test with m-CPP.
Preclinicall and clinical studies generally have shown that the prolactin and Cortisol
responsess to m-CPP are due to stimulation of the 5-HT1A, 5-HT2A and 5-HT2C
serotonergicc neuroreceptors (Fiorella et al 1995; Bagdy 1996; Callahan et al 1994; Hamik
etall 1989).

Methodss and Materials
Subjects: Subjects:
Twelvee physically healthy, premenopausal women fulfilling DSM 1II-R criteria for BPD
tookk part in this study (18-45 years of age; mean age 32,5 SD 7,7). Patients were recruited
fromm the outpatient departments of psychiatric hospitals and from community mental
healthh centers.
Too be included in the study, participants had to have a positive score on impulsiveness with
potentiallyy self-damaging behavior (DSM III-R BPD criterion 2) and at least on one of the
criteriaa for aggressiveness (DSM III-R BPD criteria 4 or 5). All patients were given written
andd verbal information and gave fully informed written consent. Nine physically and
mentallyy healthy female controls were recruited through advertising (18-45 years of age;
meann age 33,8 SD 8,6). The control participants followed the same diagnostic procedure.
Individualss with pathology, who scored above the 75 percentile of the general population on
thee rating scales, and had a history of trauma were excluded. One individual was excluded
postt hoc because she had an abnormal, extremely high prolactin response to m-CPP (4 times
higherr than the SD).
Alll participants were somatically prescreened and physically examined to exclude medical
illnesses.. Electrocardiogram, complete blood count, routine blood chemistry and urine
analysiss were performed.
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Psychiatricc exclusion criteria included schizophrenia, occurrence of a manic episode,
currentt major depression lasting for more than 4 weeks, a Hamilton Depression Ratings
Scalee score higher than 14 on the day of the challenge test, current drug or alcohol abuse
orr dependence.
PsychiatricPsychiatric assess men t:
Forr the diagnostic evaluation, three different structured interviews were used: the Structured
Intervieww for DSM III-R Personality Disorders (SIDP-R) (Pfohl et al 1989), the Structured
Clinicall Interview for DSM III-R (SCID-R) fSpitzer et at 1992) and the Structured Trauma
Intervieww (Draijer 1989). Each of these interviews was conducted by a different group of
experiencedd residents and psychiatrists who were specially trained and supervised weekly
forr this task. The interviews with the patients were videotaped and reassessed by one of the
threee research psychiatrists who was blind to the diagnosis. The definite diagnosis was
obtainedd by consensus. Axis I and Axis II psychiatric diagnosis were assigned according
DSMM III-R criteria.
Axiss II diagnoses were made using the Dutch version of Structured Interview for DSM III-R
PersonalityPersonality Disorders (SIDP-R); (Brink van den et al 1992). The DSM-III version of the
SIDPP was validated by Van den Brink (1989).
Axiss I diagnoses were made using the Dutch version of the Structured Clinical Interview
forfor DSM III-R (SCID-R) (Spitzer et al 1992) modified for use in the moclobemide anxiety
disorderr program of Hoffmann La Roche (SCID-RO ). The following modules were used:
panicc disorder, phobia and social phobia, generalized anxiety disorder, obsessive compulsive
disorder,, posttraumatic stress disorder, depression, dysthymia, eating disorders and the
screeningg modules for schizophrenia en mania.
Forr the assessment of traumatic experiences the Structured Trauma Interview was used.
(Draijerr 1989) This interview explores physical and sexual abuse and the circumstances and
behaviorss that are often seen in abused persons, such as automutilation, suicide attempts,
outburstss of anger and revictimization. The frequencies of abuse and behavioral patterns
aree operationalized in 7 point scales (0 - never, 1 = only once; 2 = once or twice a year;
33 = once or twice in six months; 4 = once or twice a month; 5 = once or twice a week;
66 = daily) The severity of the subjective perception of the abuse is measured on a 5 point
scalee ranging from 0 (= not disturbing) to 4 (- very seriously disturbing).
Baselinee intensity ratings of psychopathology were performed, using the 18-item Hamilton
Depressionn Rating Scale to asses the severity of depressive symptomatology (Hamilton 1980)
andd symptom Check List 90 (SCL 90) (Derogatis et al 1973) for general psychiatric
symptomatology.. The SCL 90 is translated into Dutch and validated by Arrindell and
Ettemaa (Arrindell et al 1981).
Too evaluate hostility, we used the Buss Durkee Hostility Inventory (BDHI-D). (Buss et al
1957)) The BDHI-D is a modified and validated Dutch version of the BDHI. (Lange et al
1995;; Dehghani et al 1993)The Dutch version consists of 40 items and is subdivided into
threee factors: 1) Direct Aggression (DA) measuring assaultive aggression, shouting,
arguingg and destruction of property; 2) Indirect Aggression (IA) measuring more subjective
experiencedd anger; and 3) Social desirability (SA).
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Too measure impulsiveness, we translated the Barrat Impulsiveness Scale 11 (BIS-11) into
Dutch.. (Barratt 1965; Barratt et al 1985) The second translation was done by a professional
translator.. The BIS-11 is a 30-item, self-administered questionnaire constructed to measure
threee impulsiveness subtraits: factor 1: motor impulsiveness (10 items), or the tendency to
actt without thinking; factor 2: cognitive impulsiveness (8 items), or the tendency to make
upp one's mind quickly; and factor 3: nonplanning impulsiveness (12 items), or the
tendencyy to "live for the moment" and not plan ahead (Barratt 1985).
ChallengeChallenge tests:
Becausee of the influence of estrogen on the prolactin levels during the menstrual cycle,
thee m-CPP-challenge tests were performed in the first 6 days of the menstrual cycle
(O'Keanee et al 1991). All participants had to be drug free for at least 14 days (and free
off fluoxetine for 6 weeks) before entering the research program. They were instructed not
too ingest alcohol, coffee, tea or chocolate 24 hours before the test. A light breakfast was
permittedd on the morning of the test, with one biscuit, orange juice or herbal tea.
Thee subjects arrived in the research unit at 8.30 AM. A cannula was inserted in the forearm
veinn and kept open by a saline solution. The HDRS was administered. Temperature, heart
rate,, and blood pressure were measured and at 9.00 AM baseline samples for the Cortisol
andd prolactin assays were taken. At 9.30 AM m-CPP (.5 mg/kg) was administered orally.
Fromm 10.00 AM to 1.00 PM blood samples were taken at half hourly intervals for prolactin,
Cortisoll and m-CPP plasma level measurement.
BiochemicalBiochemical Measures:
Sampless of blood were extracted by vacuum into four plain tubes ( 5 ml). The first tube
wass discharged. The tubes were placed on ice; after centrifugation, the plasma was kept
frozenn at -20°C until analysis. Cortisol and prolactin plasma levels were measured by
commerciallyy available assays. The intra- and interassay coefficients of variation for
Cortisoll measurement were 7,5% and 7,5%, respectively. Intra- and interassay coefficients
off variation for prolactin measurement were 2,5% and 3%, respectively. Blood samples
weree assayed for m-CPP by HPLC as described by Suckow et al (Suckow et al 1990).
StatisticalStatistical analysis:
Groupp differences over time between patients and control participants on Cortisol and
prolactinn response to m-CPP were compared by repeated measures analysis of variance
(MANOVA).. Post hoc analysis was performed by using Student's paired Mest for
independentt samples to identify the time points, which contributed to the statistical
significancee of the MANOVA. In case of three different groups, post hoc analysis after
MANOVAA was conservatively performed using Tukey's post hoc test. A peak values of
prolactinn and Cortisol were obtained by subtracting the baseline values from the peak
valuess after m-CPP administration. The A peak values of both groups were compared by
Student'ss paired /-test for independent samples. Correlation of the neuro-endocrine A peak
valuess with psychiatric assessments was performed using Pearson's correlation analysis.
Alll statistical tests were conservatively two-tailed, using a 5% level of significance.
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Results s
DescriptionDescription of the Patient and Control Participant Samples
DemographicDemographic Data:
Patientss with BPD and control participants did not differ significantly with regard to age,
educationall level, employment status, and marital status.
DiagnosticDiagnostic data:
Thee Axis I disorder assessment using the SCID-RO revealed a large range of Axis I
comorbidity.. Twelve BPD-patients had a total of 55 lifetime Axis I disorders: social phobia
(N=7),, obsessive compulsive disorder (obsessions only) (N-7), dysthymia (N=6), major
depressivee episodes (lifetime not current) (N- 6), bulimia (N= 6), atypical depressive
episodess (lifetime not current) (N= 5), post traumatic stress disorder (N=4) atypical
psychosiss (brief, egodystonic psychosis) (N=4), cyclothymia (N=4), panic disorder (N=3),
generalizedd anxiety disorder(N=3).
Alll patients with BPD (N=12) met criteria of at least one other Axis II personality disorder:
clusterr 'A' personality disorder (N=4), other cluster 'B' personality disorder (N=10) and
clusterr 'C' personality disorder (N=15).
Sevenn of the patients with BPD were severely physically abused and three of them were
alsoo severely sexually abused. Two participants with BPD were mildly sexually abused.
Twoo other patients were mildly physically abused and one patient did not meet any abuse
criterion. .
Sixx BPD patients exhibited mild forms of automutilation, and four of them had a history of
onee or more mild suicidal gestures in the form of small overdoses of benzodiazepines with
thee intention of taking a timeout. Two patients showed the same parasuicidal behavior
withoutt suicide attempts.
Twoo other patients exhibited serious automutilation and suicide attempts, which made a
medicall intervention or hospitalization necessary.
Theree were significant differences between the participants with BPD and the control
participantss on the HDRS and on all subscales of the SCL 90. In addition, participants with
BPDD scored significantly higher on the indirect aggression subscale of the BDHI-D and on
factorr 1 (activity level and attention) and factor 3 (future orientation / life stability) of the
BISS 11 (Table 1).
Psychometric cdifferencess between healthy subjects and BPD-patients
Healthvv subjects (N=8) BPD-patientss (N=12)
Instruments s

meann

SD

meann

SCL900 tot.
HDRS S
BDHII DA
BDHIIA A
BISS llfac.1
BISS 11 fac.2
BISS llfac.3

103.633
1.133
7.500
3.388
13.500
11.755
10.388

10.47
1.64
2.78
2.77
5.07
3.81
2.50

206.755
9.177
9.500
11.422
26.922
15.255
16.833

SD
41.27 ***
3.76***
4.06
5.43***
6.72 ***
5.21
6.39*

Levell of significance: *p < 0.05 level; ***pp < 0.0001 level (2-tailed)

TableTable 1
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Neuro-endocrineNeuro-endocrine data:
Theree were no differences between the participants with BPD and the control participants
inn the mean pre-m-CPP baseline prolactin plasma levels (t = 0.45, df - 17.88 , p > 0.5);
however,, participants with BPD had a significantly higher pre m-CPP baseline Cortisol
plasmaa level, (t = 2.15, df = 17.89, p < .05), (Table 2).
Bothh the prolactin and the Cortisol response to m-CPP were significantly blunted in the
patientt group. A longitudinal analysis (repeated measure analysis of variance: MANOVA)
off changes in prolactin and Cortisol plasma level following m-CPP challenge showed
significantt differences between the two groups. Prolactin response showed a significant
groupp by time interaction (F=5.1, df =5,90, p < 0.0001). Post hoc Mests revealed a significant
differencee between the participants with BPD and the healthy control participants at 180
andd 210 min after m-CPP administration. For Dcortisol also a significant group-by-time
interaction:: (F =6.14, df= 5,90, p < 0.0001) was found. Post hoc Mests showed statistically
significantt differences between the two groups at, 120, 150, 180 and 210 min after m-CPP.
Thee A peak prolactin response to m-CPP was significantly lower in the patient group than
inn the control group {A peak prolactin: t = -2.22, df- 18, p < 0.05). The A peak Cortisol
valuess were lower in the patients, but the difference just failed to reach statistical
significance,, due to the large variance within the patient group (A peak Cortisol: t = -2.01.
df== 18, p = 0.06) (Table 2).
CortisolCortisol and prolactin plasma measures at baseline, A peak values
andand m-CPP peak values for healthy control subjects and BPD patients
Healthvv subjects (N=8) BPD-patientss (N=12ï
Measuress

mean

SD

meann

SD

Cortisoll (/xmol/1) baseline
AA peak Cortisol (/Amol/1)

0.37
0.10

0.13
0.24

0.522
-0.099

0.18*
0.17 +

prolactinn (IU) baseline
AA peak prolactin (IU)

0.26
0.24

0.12
0.29

0.299
0.022

0.20
0.15 *

22.80

22.00

14.266

peakk m-CPP (/xmol/l)

Levell of significance: + p=0.06; *p < 0.05 level; (2-tailed)

8.50
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AnalysisAnalysis of the Relationship between the Psychometric and Neuroendocrine Data:
Thee A peak Cortisol values did not correlate with any abuse characteristic (Table 3);
however,, the A peak prolactin values showed a strong and significant inverse correlation
withh traumatic youth experiences such as onset and frequency of physical abuse (r = -0.60
p<< 0.05 and r = -0.77, p< 0.005), duration and frequency of sexual abuse (r = -0.63,
p<< 0.05 and r = -0.60, p<0.05).
Cortisol,Cortisol,
and
CorrelationsCorrelations between A peak prolactin,
A peak
abuseabuse characteristics
inin the BPD-patients
Abuse e
Sexuall abuse
-- Onset age
-- Frequency
-- Severity
-- Duration in years
Physicall abuse
-- Onset age
-- Frequency
-- Severity
-- Duration in years

AA peak prolactin

AA peak Cortisol

0.11 1
-- 0.60 *
-0.37 7
-- 0.63 *

0.19 9
-0.08 8
-0.37 7
-0.03 3

-- 0.60 *
-- 0 77 ***
-0.53 3
-0.54 4

-0.01 1
-0.08 8
0.23 3
0.23 3

Levell of significance:
*p<0.055 level; **p<0011 level ***p<0.005 level (2-tailed)
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AnalysisAnalysis of subgroups:
Basedd on the frequency of physical abuse, participants with BPD could be subdivided into
twoo groups: seven individuals experienced frequent physical abuse and five did not
experiencee or infrequently experienced physical abuse. Frequent abuse is defined as at least
oncee a month (score 4) up to daily (score 6) on the 7-item scale (scores 0-6). Sexual abuse
iss not taken into account because of a low number of severely sexually abused subjects
(N=3),, who also were frequently physically abused. The Dpeak prolactin values were
significantlyy lower in the frequently physically abused group. (F=-2.56, df=6.27, p<0.05 ).
Repeatedd measure analysis of variance (MANOVA) of the prolactin and Cortisol response
too challenge with m-CPP showed significant group(of the three groups)-by-time interaction
forr prolactin (F(10.25)=3.15, p < 0.005) and Cortisol (F(10.26)=3.19, p < 0.005)). For
prolactinn Tukey's post hoc test revealed a significant difference between the traumatized
participantss with BPD and the healthy control participants at 150, 180 and 210 min after
m-CPPP administration for prolactin (Figure 1). For Cortisol, a significant difference was
observedd between the traumatized participants with BPD and control participants at
1200 minutes after m-CPP administration. At 210 min after m-CPP a trend ( p <0 .06)
towardss a significant difference between both traumatized and nontraumatized participants
withh BPD and the control group was observed (Figure 2).
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Discussion n
Inn this study, women with a BPD diagnosis and autoaggressive and impulsive behavior had
aa blunted neuroendocrine response to m-CPP challenge. Our hypothesis that sustained
childhoodd trauma causes a functional reduction of the central post-synaptic 5-HT receptors
iss supported by our finding of a statistically significant, inverse and strong correlation
betweenn D peak prolactin values and abuse characteristics such as repetitiveness and the
severityy and duration of physical and sexual abuse. In our study, frequent abuse took place
overr years and the most frequently abused subjects were also the most severely abused.
Therefore,, our data suggest that the accumulation of the abuse characteristics might be
relatedd to the functional alteration of the serotonergic system, which account for the blunted
prolactinn response to m-CPP.
Ass shown by MANOVA, the severely physically and sexually abused subgroup accounts for
thee statistically significant difference of the prolactin response to m-CPP between the total
BPDD group and the control group. Therefore, the alteration of the serotonergic system is
probablyy not related to the BPD diagnosis per se, but to sustained traumatization during
childhood.. This raises the question of whether traumatized women who do not meet a BPD
diagnosiss show a similar alteration of the serotonergic system. We hypothesize that a blunted
prolactinn response to m-CPP in adults could be a marker of sustained traumatic stress
duringg childhood. Kaufman (1998) investigated the serotonergic function of abused and
depressedd children by using a L-5-Hydroxy tryptophan (L-5-HTP) challenge. The abused
groupp exhibited a significantly enhanced prolactin response. The findings of Kaufman are
inn line with the results reported by Pine et al (1997), who investigated the serotonergic
functionn in boys with aggressive behavior and adverse rearing. The adversive relationship
betweenn the boys and their mothers, appeared to correlate positively with the prolactin
responsee to fenfluramine.
Nonetheless,, serotonergic studies conducted with adults suffering from a variety of
personalityy disorders and impulsive, aggressive, and autoaggressive behavior report a
functionall decrease in activity of the central 5-HT system. This is in line with our findings.
Inn view of this opposite serotonergic dysfunction between childhood and the adult state,
itt is hypothesized that the serotonergic system ondergoes a developmental 'switchover'.
Too the best of our knowledge, this is the first study showing an association between traumatic
experiencess during childhood and hyporesponsiveness of the serotonergic system in adult
humans.. The findings of our study are in accordance with animal data showing an
associationn between early stress and alteration in the postsynaptic 5-HT receptors as
measuredd by m-CPP (Peters 1986). (Rosenblum et al 1994)
Comparedd to the impressive differences in the prolactin responses of the severely abused
andd the nonabused borderline subgroups the expected differences in Cortisol responses
betweenn the abused and nonabused borderline subgroups are remarkably absent. We did not
findd any statistically significant difference between these subgroups with respect to the
elevatedd baseline plasma Cortisol level and the very low Cortisol response. Therefore, the
abnormall Cortisol levels are probably related to other factors than early traumatization. A
possiblee explanation of the difference between prolactin and Cortisol responses could be that
thee early traumatization affects primarily the 5-HTIA receptors and not the 5-HT2C receptors.
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Thiss hypothesis can be inferred from the finding that the prolactin response needs an
activationn of both 5-HTIA and 5-HT2C receptors whereas Cortisol secretion is induced by
stimulationn of 5-HT:c receptors (Meltzer et al 1995; Park et al 1995) and it fits with the
findingss from animal research that high plasma Cortisol levels resulting from induced stress
orr artificially administered stress decreases 5-HTIA receptor function in hippocampus
(Bagdyy et al 1989; Mendelson et al 1992).
Thee strong hyporesponsiveness of the Cortisol response to the m-CPP challenge in the total
BPDD group compared to the control group might be accounted for by both a dysfunction of
thee postsynaptic 5-HT receptors as well as to a suppression of the HPA-Axis by high
baselinee Cortisol levels. On basis of our data, we can not rule out an accumulative effect of
concomitantt disturbances of the serotonergic system and the HPA-Axis.
Thee elevated baseline Cortisol level could be attributed to the presence of a depressive
disorder.. O'Keane et al (1992a) found a strong inverse relationship between an increased
baselinee Cortisol level and a blunted prolactin response to fenfluramine challenge in patients
sufferingg from major depression. After antidepressive treatment, baseline Cortisol level
decreased,, and the prolactin response to fenfluramine normalized (O'Keane et al 1992a),
suggestingg a causal relationship between high Cortisol levels and blunting of the prolactin
responsee to fenfluramine in depressed patients. In our study, however, no correlation
betweenn the high baseline Cortisol level and the prolactin response to m-CPP response was
found.. In addition, depressed patients with BPD with a score above 14 on the HDRS prior
too the m-CPP challenge test were excluded. Taking these findings into consideration, the
assumptionn that elevated baseline Cortisol levels are accounted for by the presence of
aa depressive disorder is highly unlikely.
Moreoverr depressed patients had a normal prolactin and Cortisol response to m-CPP
challengee (Anand et al 1994; Henningeret al 1990; Kahn et al 1990). These data support
thee notion that the finding of a blunted Cortisol response is not due to the presence of
depressivee symptomatology.
Basedd on these data we conclude that depressed patients and traumatized patients with BPD
whoo did not suffer from major depression during the challenge test, may have different
underlyingg pathophysiological mechanisms, which corroborates the assumption of different
serotonergicc disturbances in major depression and personality disorder. (Cowen 1993;
Sieveretall 1993).
Thee results of neuroendocrine challenge studies in patients with personality pathology are
difficultt to compare with our data because of differences in objectives, sampling (gender),
psychopathology,, or serotonergic probes.
Too date two studies with m-CPP have been performed in borderline patients to test the
serotonergicc function. In a pilot study, Hollander et al (1994) tested four male and eight
femalee patients with BPD with m-CPP. The male subjects showed a significantly greater
Cortisoll increase and a marginally blunted prolactin response compared to the control
subjects.. The findings in the female subjects did not differ from the findings in the male
subjects,, but they were not controlled for the influence of the menstrual cycle on the
challengee test. Therefore, the authors of the study concluded that the lack of prolactin
bluntingg in the female patients might be a false negative result.
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Thee enhanced Cortisol response to m-CPP is in contrast with our finding of a blunted
Cortisoll response to m-CPP in the female borderline group.
Thee second m-CPP study with 6 male and 12 female patients with BPD (Stein et al 1996)
reportedd a significant association between a "spacy", high behavioral response with
increasedd prolactin and Cortisol response to m-CPP. The results were not corrected for
gender,, however.
Too our knowledge only one fenfluramine study with female sujects with BPD has been
publishedd until now (Marital et al 1997). There was no difference between five patients
withh BPD without comorbid Axis I disorders and six healthy subjects. Both groups showed
aa similar increase in prolactin in reaction to a fenfluramine challenge, which is not in
accordancee with our findings. The different findings of Marital's study may be caused by
differencess in severity of pathology or a possible lack of (severely) traumatized borderline
patientss in their sample. A further option could be that the impulsive patients with BPD are
outnumberedd by depressive patients in this sample.
Ourr study also has some limitations. The small sample size makes the results more liable to
aa type I error and may also have some adverse impact on our ability to detect differences
inn Cortisol response in the dichotomized BPD group. Based on our data, we are unable to
makee assumptions about the abnormal HPA-Axis function and its interaction with the
serotonergicc system.
AA further limitation of the present study is the absence of an early traumatized nonborderline
controll group, which would allow us to examine whether severe prolactin blunting is
associatedd with early trauma, with BPD pathology, or whether it is a combination of both.
Studiess investigating the relation between sustained traumatic stress and 5-HT system
functioning,, together with HPA-Axis functioning, performed across diagnostic boundaries
inn larger samples are clearly warranted .
Althoughh the study was performed with impulsive and autoaggressive patients, the
questionn whether the hyporesponsiveness of the 5-HT system forms the interface between
traumatizationn and behavioral aberration is unresolved. Elucidation of this question will
bee an enterprise for future research.
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Conclusion n
Ourr data support the hypothesis that the function of the 5-HT receptors that are responsible
forr the prolactin and Cortisol response to m-CPP challenge is decreased in impulsive and
autoaggressivee female patients with BPD. The main finding of our study, however, is the
highh inverse correlation between early sustained traumatic stress and a low prolactin
responsee to m-CPP challenge. This finding discriminates the severely traumatized BPD
patientss and BPD patients who were not severely traumatized, suggesting that the blunted
prolactinn response to m-CPP might be due to sustained traumatization and might therefore
bee independent of the BPD diagnosis. The blunted prolactin response to m-CPP in adults
couldd be a marker of sustained traumatic stress during childhood. Compared with the results
fromm m-CPP studies in depressed patients, our data support the hypothesis that traumatized
BPDD and major depressive disorder have different underlying pathophysiological mechanisms.
Thee decreased Cortisol response to m-CPP does not correlate with trauma indices and
mightt be due to a functional alteration of the 5-HT system, as well as the HPA-axis.
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Abstract t
Objective:: A decreased serotonergic function is associated with impulsive aggressive
behaviourbehaviour in male subjects with personality disorders and with severe childhood abuse in
femalefemale Borderline Personality Disorder (BPD) subjects. This study investigates whether
SSRISSRI treatment improves serotonergic function infernale BPD subjects.
Method:: 12 BPD patients were treated with fluvoxamine (200 mg/day)for eight weeks and
submittedsubmitted to a neuroendocrine challenge tests with m-chlorophenylpiperazine
(m-CPP)
beforebefore and after treatment.
Results:: Prolactin and Cortisol responses to m-CPP challenge remained severely blunted
afterafter treatment.
Conclusion:: Fluvoxamine treatment does not improve the hyporesponsivity of the serotonergic
systemsystem in BPD patients.
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Introduction n
Serotonergicc alterations are related to impulsive aggressive behaviour in male subjects with
differentt personality disorders (PD) and severe and sustained childhood abuse in female
Borderlinee personality disorder (BPD) subjects (Coccaro et al 1989; Rinne et al 2000).
Electro-convulsivee and drug treatment induce a restoration of the blunted prolactin response
too serotonergic challenge with fenfluramine or tryptophan (both increase available serotonin
(5-HT)) in the synaptic cleft) in patients with major depressive disorder (MDD) (Price et al
1989;; O'Keane et al 1992). We hypothesize that the treatment with the SSRI fluvoxamine
willl also restore the altered serotonergic system of impulsive aggressive and (severely)
traumatizedd female BPD subjects.
Method d
Subjects: Subjects:
Twelvee physically healthy, pre-menopausal female outpatients fulfilling DSM III-R criteria
forr BPD with impulsive and aggressive behaviour took part in this study. (18-45 years of age,
meann age 32.5; SD 7.7) Two patients dropped out during the study. Exclusion criteria were
lifetimee schizophrenia and mania, and current major depression and substance abuse or
dependence.. All patients were given written and verbal information and gave fully informed
writtenn consent. The Committee on Human Experimentation of our hospital approved of the
study. .
PsychiatricPsychiatric assessment:
Axiss I and axis II diagnoses were assigned according to DSM III-R criteria using the
Dutchh versions of the Structured Clinical Interview for DSM III-R (SCID-R) and the
StructuredStructured Interview for DSM III-R Personality Disorders (SIDP-R).
Design: Design:
Alll BPD subjects were submitted to a m-chlorophenylpiperazine (m-CPP) challenge test
beforee and after an open fluvoxamine treatment (200mg/day) of eight weeks. M-CPP is a
serotonergicc agonist, which induces an increase of Cortisol and prolactin plasma level.
ChallengeChallenge tests:
Alll subjects had to be drug free for at least 14 days (fluoxetine 6 weeks) before the test.
Noo alcohol, coffee, tea and chocolate consumption was allowed 24 hours before the test.
AA light breakfast was permitted before the test. The test was corrected for menstrual cycle
(O'Keanee et al 1991). At 9.30 a.m. m-CPP (0,5 mg/kg) was administered orally. At 9.00 a.m.
(baselinee samples) and from 10.00 a.m. to 1.00 p.m. blood samples were taken half hourly
forr prolactin. Cortisol and m-CPP plasma level measurement. (Rinne et al 2000)
StatisticalStatistical analysis:
Peakk values of prolactin and Cortisol plasma levels after m-CPP administration were
correctedd for baseline measurement. The A peak values were compared by Student's paired
t-testt for independent samples.
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Results s
Fluvoxaminee treatment neither induced statistically significant changes in the prolactin and
Cortisoll baseline plasma levels nor in the prolactin and Cortisol responses to the post
treatmentt m-CPP challenge compared to those values before fluvoxamine treatment.
Unexpectedly,, peak plasma m-CPP levels turned out to be increased by a factor three
comparedd to those before treatment (Table 1).
Baseline,Baseline, A. peak prolactin, Cortisol and peak m-CPP plasma levels before
andand after fluvoxamine (FLVX) treatment
pree FLVX
SD D

mean n

SD D P P

Baselinee Cortisol level (/imol/1) 0.561 1 0.20 0
AA peak Cortisol (//-mol/l)
-0.084 4 0.19 9

0.568 8
0.003 3

0.20 0 0.334 4
0.21 1 0.293 3

0.298 8 0.21 1
0.032 2 0.17 7

0.300 0
0.032 2

0.18 8 0.978 8
0.12 2 0.793 3

Plasmaa levels

Baselinee prolactin level (IUJ
AA peak prolactin (IU)
peakk m-CPP levels

mean n

postt FLVX

21.00 0 11.50 0 61.70 0

Two-tailed,, 5% level of significance

32.85 5 0.005 5

2.2 2
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Discussion n
Fluvoxaminee treatment of eight weeks exerts no effect on prolactin and Cortisol plasma
baselinee levels, and the neuroendocrine hypo-responsiveness of the central serotonergic
systemm of BPD patients remain unchanged as reflected by blunted prolactin and Cortisol
responsess to m-CPP after fluvoxamine treatment. The irreversibility of the serotonergic
hypo-responsivenesss in these patients is emphasised by the lack of change despite the
three-foldd increase of the post fluvoxamine m-CPP peak plasma level, which is probably
duee to inhibitory effects of fluvoxamine on m-CPP metabolism (Table 1). Our findings are
inn contrast with a significantly decreased Cortisol baseline level and normalised prolactin
responsee to fenfluramine challenge reported in depressed patients after a successful
fluoxetinee treatment, suggesting a state dependence of the prolactin response to
fenfluraminee in depression (O'Keane et al 1992). In our female BPD sample the blunted
prolactinn response to m-CPP was, as previously reported, strongly associated with
childhoodd abuse (Rinne et al 2000). The finding that this childhood related serotonergic
disturbancee is resistant to SSRI treatment, is remarkable and hints at a stable trauma
relatedd trait. Moreover the severely blunted Cortisol response to m-CPP of all BPD
subjects,, which was neither associated with childhood abuse nor with impulsive
aggressiveness,, also remained unaffected after fluvoxamine (Rinne et al 2000).
Itt is improbable that a hyporesponsive HPA axis accounts for the blunted Cortisol response
too m-CPP. Recently we found the HPA axis in severely abused BPD subjects to be
hyperresponsivee (Rinne et al 2001a). Interestingly this HPA axis hyperresponsiveness
restoress after fluvoxamine treatment (Rinne et al 2001b). In conclusion: disturbances of
centrall serotonergic system in female BPD subjects are likely to be SSRI treatment resistant.
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Abstract t
Background:: In borderline patients a high coincidence of childhood abuse, MDD and
PTSDPTSD has been reported. Animals exposed to early trauma show increased stress-induced
HPAHPA activity due to an enhanced corticotropin-releasing hormone (CRH) drive and
glucocorticoidglucocorticoid feedback resistance. In humans, Posttraumatic Stress Disorder (PTSD)
andand Major Depressive Disorder (MDD) are associated with decreased and increased
resistanceresistance to glucocorticoid feedback respectively, which might reflect persistent changes
inin neuroendocrine sequelae following childhood abuse (in vulnerable subjects).
Method:: The relationship between childhood abuse and functioning of the HPA-axis
functionfunction was investigated using a combined
dexamethasone/corticotropin-releasinghormonehormone (DEX/CRH) test in 39 BPD patients (with (N-24) and without (N-15) sustained
childhoodchildhood abuse and comorbid PTSD (N=/2) and/or MDD (N=1I)) and II healthy
controls. controls.
Results:: Chronically abused borderline patients had a significantly enhanced ACTH and
CortisolCortisol response to the DEX/CRH challenge compared to non abused subjects. Comorbid
PTSDPTSD significantly attenuated the ACTH response.
Conclusion:: The hyperrresponsiveness
of the HPA-axis in the chronically abused BPD
subjectssubjects might be due to the enhanced central drive to pituitary ACTH release.
SustainedSustained childhood abuse rather than BPD, MDD or PTSD pathology accounts for this
effect.effect. PTSD attenuates the ACTH response to DEX/CRH possibly due to an enhanced
efficacyefficacy of HPA suppression by dexamethasone.
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Introduction n
Recentt studies suggest that childhood abuse is an important factor in the pathogenesis of
borderlinee personality disorder. (Herman et al 1989; Ogata et al 1990; Salzman et al 1993)
However,, there is also evidence that early trauma may increase vulnerability to the
occurrencee of a major depressive disorder (MDD) and post traumatic stress disorder
(PTSD)) in later life. (Gladstone et al 1999; Heim et al 1999; Stein et al 1997) Moreover
MDDD and PTSD are often diagnosed in borderline patients. (Zanarini et al 1998) In fact,
200 to 40% of borderline patients meet the DSM-IV criteria for PTSD in response to
childhoodd abuse or superimposed on borderline pathology due to later traumatic
experiences.. (Gunderson et al 1993).
Patientss suffering from MDD or PTSD often display major disturbances in the regulation
off the hypothalamic-pituitary-adrenal (HPA) axis. For PTSD, several studies have
demonstratedd a much more potent suppression of the HPA axis by the synthetic
glucocorticoidd dexamethasone compared to healthy controls. This observation suggests that
enhancedd glucocorticoid feedback inhibition is a hallmark ofin PTSD. This enhanced
glucocorticoidd feedback is probably due to hypersensitivity on the part of the pituitary
and/orr brain glucocorticoid receptors (GRs). As a consequence of such heightened
feedback,, the circulating Cortisol levels are low and the patients display symptoms of
apparenthypocortisolismm (Yehuda et al 1990; Yehuda et al 1993; Yehuda 1998). In contrast,
glucocorticoidd feedback inhibition has been found to be attenuated in a large population of
depressedd patients. These individuals display hypercortisolism and resistance to the
suppressionn of the HPA axis by exogenous dexamethasone. (Carroll et al 1981a; Carroll
1982;; Evans et al 1985). However, MDD and PTSD appear to share an enhanced central
corticotropinee releasing hormone (CRH) drive towards HPA axis activation. (Baker et al
1999;; Bremner et al 1997: Gold et al 1986; Heim et al 2001; Holsboer et al 1987a;
Kaufmann et al 1998; Smith et al 1989; von Bardeleben et al 1988).
Recentt animal research data suggest that adverse circumstances during early development
mayy permanently affect the HPA axis and cognitive functioning (Oitzl et al 2000).
Thee long-term effects of deprivation of rat infants from maternal care include an enhanced
CRHH and/or arginine vasopressin AVP drive from the hypothalamus, an enhanced
glucocorticoidd response to stress, and altered expression of mineralo- and glucocorticoid
receptorss in the brain. (Coplan et al 1996; Francis et al 1999; Hatalski et al 1998; Plotsky
ett al 1993; Sutanto et al 1995; Workel et al 2001). The enhanced drive by adrenocorticotropic
hormonee (ACTH) secretagogs is important, as it is known that AVP synergizes and thus
potentiatess CRH action on to release ACTH from pituitary corticotrophs. (De Goeij et al
1992;; Lim 2000) These preclinical HPA axis studies have prompted the examination of the
specificc influences mediated by the effects of early abuse on adult HPA axis function in a
clinicall population. Research with traumatized children and most recently with adult
femalee victims of childhood sexual abuse has also demonstrated persistent changes in the
HPAA axis characterized by an enhanced central drive. (De Bellis et al 1994; Heim et al 2000a;
Heimm et al 2001; Kaufman et al 1997)
Severall studies have been conducted in order to evaluate HPA axis function in borderline
patientss using the dexamethasone suppression test. The results of these studies have been
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inconclusive,, however, because the potential effects of a concurrent MDD and/or PTSD
havee not been taken into account.(Baxter et al 1984; Carroll et al 1981b; Kontaxakis et al
1987;; Krishnan et al 1984; Steiner et al 1984; Sternbach et al 1983) In one study, MDD
patientss with a comorbid borderline personality disorder displayed less suppression of
Cortisoll after dexamethasone than MDD patients without a comorbid borderline disorder.
Thiss finding indeed suggests that borderline pathology enhances the feedback inhibition of
thee HPA axis during depression. Unfortunately, the presence of potential comorbid PTSD
wass not taken into account in this study. (Soloff et al 1982) (For review, see Lahmeyer
(Lahmeyerr et al 1989))
Takenn together, these findings raise the question of whether alterations in HPA activity in
BPDD patients are associated with the borderline personality disorder, a comorbid MDD
and/orr PTSD, or the occurrence of severe childhood abusesustained childhood abuse.
Inn the present study, we tested the hypothesis that severely abused borderline patients can
bee distinguished from both not (severely) abused borderline patients and healthy controls
byy a hyperresponsive HPA axis using a combined dexamethasone/corticotropin releasing
hormonee challenge test (DEX/CRH test). The test evaluates HPA activity in terms of
centrall CRH/AVP drive and glucocorticoid feedback at the level of the pituitary gland,
whichh is the target organ for both dexamethasone and CRH. (De Kloet 1997; Heuser et al
1994;; Holsboer 1989; Hundt et al 2001; Modell et al 1997; von Bardeleben et al 1989;
Zobell et al 2001). Differences in the DEX/CRH test between borderline patients are
hypothesizedd to be associated with sustained severe childhood abuse and a comorbid PTSD
orr MDD can be expected to mitigate and enhance these effects, respectively.
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Methods s
Subjects: Subjects:
Physicallyy healthy females (18-50 years) with a possible diagnosis of BPD were recruited
fromm psychiatric outpatient clinics, community mental health centers, and by advertising in
newspaperss and on the Internet. Given this heterogeneous sampling frame, a rigorous
diagnosticc procedure was applied to select a homogeneous study population with a
(moderately)) severe DSM-IV borderline personality disorder. In order to be included in the
study,, all of the patients had to obtain a score of 110 or more on the borderline trait and
distresss scale of a self-report screener for personality disorders (ADP-IV), meet 5 or more
off the criteria for a borderline personality disorder on a semi-structured borderline
diagnosticc interview (SIDP-IV), and attain a score of 20 or more on the basis of a semistructuredd borderline severity interview (BPDSI). The exclusion criteria were:
schizophrenia,, a life-time episode of mania, current major depression not lasting more than
44 weeks, current opiate or cocaine abuse/dependence, and current alcohol or cannabis
dependencee according to a fully structured psychiatric interview (CIDI). A total of 39 subjects
qualifiedd for participation in the study.
Elevenn healthy female controls were recruited via newspaper advertisements and identified
ass free of a history of life-time and current mental disorders and current disorders based on
thee results of structured diagnostic interviews for DSM-IV Axis I (CIDI) and Axis II
(SIDP-IV)) disorders. None of the controls reported early traumatization during the structured
traumaa interview (STI). The healthy controls were paid to participate in the study.
Alll of the eligible subjects were screened for somatic conditions and physically examined
too exclude medical illness. An electrocardiogram, a complete blood count, routine blood
chemistry,, and urine analyses were performed. In contrast to the protocol of Heuser which
requiredd a medication free period of one week (Heuser et al., 1994) in the present study all
off the subjects had to be medication free for at least 14 days prior to the neuroendocrine
challengee test (fluoxetine six weeks). They were also not allowed to drink alcohol one
weekk prior to the test.
Alll of the patients and controls provided their -fully informed- written consent. The
"Toetsingscommissiee Patientgebonden Wetenschappelijk Onderzoek te Arnhem" (officially
authorizedd Dutch Ethical human rights committee) approved of the procedures used in this
study. .
Assessment: Assessment:
Diagnosiss of BPD (inclusion criteria):
AssessmentAssessment of DSM-IV Personality Disorder (ADP-IV) (Schotte et al 1998). Prescreening
forr the presence of a DSM-IV borderline personality disorder was performed using a
self-reportt questionnaire, the Assessment of DSM-IV Personality Disorder (ADP-IV).
Thee ADP-IV consists of 94 items representing the 80 criteria for the 10 different DSM-IV
personalityy disorders and 14 criteria for the depressive and passive-aggressive personality
disorders.. The item response format emphasizes the pathology conceptualization of the
DSM-IVV by scoring an item on both a 7-point trait and a 3-point trait-related distress scale.
Inn order to proceed to the next phase in the diagnostic procedure, the BPD subjects had
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too attain a score of 110 or more on both the borderline and borderline distress scales.
(Schotteett al 1998).
StructuredStructured Inteniew for DSM-IV Personality Disorders (SIDP-IV). The presence or absence
off a DSM-IV borderline personality disorder was determined using the validated Dutch
versionn of the SIDP-IV. (Jong et al 1996; Pfohl et al 1995) Three psychologists trained by
thee Dutch translators of the SIDP-IV administered the SIDP-IV In order to be included in
thee study, the patient had to meet at least five of the nine borderline criteria.
BorderlineBorderline Personality Disorder Severity Index (BPDSI). (Arntz et al 2002; Weaver et al
1993)) The BPDSI was used to select only those borderline patients with moderate to
severee pathology. The BPDSI is a semi-structured interview that measures the frequency
off borderline symptoms across the past 3 months along a 10-point scale including 0
(noo occurrence). 1 (one occurrence in three months). 5 (6. or 7 occurrences in three months
orr once every two weeks), and 10 (daily). In order to be included in the study, the patients
hadd to score 20 or more on the BPDSI.
DSMDSM IV axis I Diagnosis:
CompositeComposite International Diagnostic interview (CIDI) (Smitten et al 1997; WHO 1997)
Diagnosiss of Major Depressive Disorder (MDD) and Posttraumatic Stress Disorder (PTSD).
Thee diagnosis of a MDD and/or PTSD conform the DSM-IV Axis I criteria was obtained
usingg the Dutch version of the computer supported Composite International DiagnosticIntervieww (CIDI), version 2.1. lifetime module, which explores the presence of both
life-timee and current DSM-IV mental currentdisorders as well as a history of a disorder.
AssessmentAssessment of childhood abuse:
StructuredStructured Trauma Interview (STI) (Draijer 1989)
Thee Structured Trauma Interview was used to assess traumatic experiences. In this interview.
patternss of both physical and sexual abuse are explored along with the occurrence of
behaviorss such as auto-mutilation, attempted suicide, outbursts of anger, and re-victimization,
whichh are often seen in abused individuals. The frequencies of abuse and related behaviors
aree scored along a 7-point scale (0 - none, 1 = only once; 2 = once or twice a year;
33 = once or twice in six months; 4 = once or twice a month; 5 = once or twice a week;
66 = daily). The severity of the subjective perception of the abuse is measured along a
5-pointt scale ranging from 0 ( - not distressing) to 4 (= very seriously distressing).
Thee criteria for the assignment of the borderline patients to the group of "not or mild"
childhoodd abuse or the group of "moderate to severe" childhood abuse was based on an
abusee frequency score of 3 and higher and onset of the abuse at an age younger than
166 years.
Inn a previous study, frequency of abuse was found to be a very reliable predictor of the
neuroendocrinee sequelae of childhood abuse. (Rinne et al 2000) In addition, frequency
off abuse highly correlated with other abuse parameters such as duration in years (r=0.792,
p<0.000)) and age of onset (r=-0.810, p<0.000).
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A'euro-endocrinee challenge procedure:
Forr the combined dexamethasone suppression corticotropine releasing hormone challenge
testt (DEX/CRH), the refined procedure developed at the Max Planck Institute in Munich
wass adopted. (Heuser et al 1994).
Participantss ingested an oral dosage of 1.5 mg of dexamethasone at 11:00 p.m. the evening
beforee the challenge. To check for ingestion of the dexamethasone, 50 mg of riboflavin was
addedd to the capsule. Riboflavin is rapidly cleared by the kidneys, and the subjects were
thereforee asked to collect their urine on the morning of the test. On the same morning, the
participantss were allowed a light breakfast and instructed to not eat or drink after 11:00 a.m.
withh the exception of water or herbal tea. The participants arrived at the research unit at
1:300 p.m. The riboflavin concentrations in their morning urine were analyzed before 3:00 p.m.
Theyy were asked to rest supine on a bed; a cannula was inserted 1:35 p.m; in the forearm
veinn and kept open by heparanization. At 3:00 p.m. (after baseline sampling), 100 jug of
CRHH (Ferring BV, Hoofddorp, The Netherlands) reconstituted in 1 ml of 0.9% saline was
administeredd in the cannula within 30 seconds. Blood samples for Cortisol and ACTH
plasmaa level measurement were collected at the following times: 3:00 p.m. (baseline level
beforee CRH ), 3:30 p.m., 3:45 p.m., 4:00 p.m., and 4:15 p.m. Blood, heart rate, and
temperaturee were also measured at the same time points.
Afternoonn Cortisol and ACTH baseline plasma levels without a challenge probe were
measuredd on a different day. These baseline measurements were taken at the same points
inn time as the DEX/CRH challenge test measurements.
Alll of the blood samples were extracted by vacuum into three plain tubes (5 ml); the first
tubee was discarded. The tubes were immediately placed on ice; after centrifugation, the
plasmaa was kept frozen at -70°C until analysis. Cortisol and ACTH plasma levels were
measuredd using commercially available assays. The Cortisol assay was obtained from
Boehringerr Mannheim and the ACTH assay from Nichols Institute Diagnostics.
Thee intra- interassay coefficients of variation for Cortisol measurement were less then 6%
andd 10% respectively. The intra- interassay coefficients of variation for ACTH
measurementt were less then 3.2% and 6.3% respectively.
StatisticalStatistical analysis:
Too start with, all of the continuous measures with distributions departing from normality
accordingg to the Shapiro-Wilk W test were normalized using van der Waerden's method.
(Conoverr 1999; Royston 1982; Royston 1995; Royston 19982; Shapiro et al 1965)
Demographicc differences between the BPD patients with sustained childhood abuse
(abusedd BPD), the BPD patients with no or mild childhood abuse (non or mildly abused
BPD),, and the healthy control subjects (controls) were tested using chi-square tests and
univariatee analyses of variance when appropriate. Possible differences with regard to
psychopathologyy (MDD and/or PTSD) for the chronically abused versus non or mildly
abusedd BPD patients were also tested using chi-square tests.
Ourr main hypothesis was that a history of sustained childhood abuse (and not borderline
personalityy disorder as such) would affect the results of the combined DEX/CRH test.
Thee hypothesis was tested using multiple comparison ANOVAs with post-hoc analyses
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usingg Duncan's test when the variances were equal and Tamhane's T2 test when the
variancess were not equal. The contrasts in these analyses involved the abused BPD, non or
mildlyy abused BPD, and healthy control subjects.
Too test the hypothesis that the observed effect is not due to a comorbid MDD and/or
PTSD,, stepwise backward analyses of covariance were performed using only the data from
thee BPD patients. Each of the backward analyses of covariance started from the full model
involvingg the factors: sustained childhood abuse, comorbid MDD, comorbid PTSD, and the
interactionss between these factors. In each step thereafter, the term that contributed the
leastt (alpha 10%) was omitted until the final model was attained or no terms were left.
Inn both the individual univariate analyses of variance and the stepwise backward analyses
off variance, correction for age, body mass index, and contraceptive pill usage was made
wheree necessary.
ACTHH and Cortisol response to the DEX/CRH test was quantified by calculating the area
underr the concentration time curve (AUC) by using the trapezoid method. (Heuser et al 1994)
Thee dependent variables were baseline afternoon ACTH and Cortisol plasma levels without
thee challenge probe, plasma levels after dexamethasone suppression and the AUCs for
ACTHH and Cortisol response after the CRH challenge.
Thee ACTH and Cortisol response to DEX/CRH was also additionally analyzed by using
repeatedd measures ANOVA. The analysis of covariance for a childhood abuse history,
PTSDD and MDD was performed by using a repeated measures ANCOVA.
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Results s
SampleSample characteristics:
Noo significant differences were detected between the chronically abused BPD patients, non
orr mildly abused BPD patients, and healthy controls with respect to body mass index,
contraceptivee pill and nicotine usage, or living situation. However, the abused BPD patients
weree significantly older and had significantly fewer years of education than the healthy
controll subjects, whereas the non- abused BPD subjects did not differ significantly from
bothh other groups. Significantly more of the healthy controls were employed than both the
chronicallyy abused or mildly abused BPD patients. The two BPD subgroups did not differ
significantlyy with regard to comorbidity or the total BPDSI score (see Table 1).
Cohortt characteristics
Abusedd BPD

Mild,, abused BPD

Controls s

(N=24) )

(N=15) )

(N=ll) )

PP

Demography y
Meann age
31.21
)
Bodyy Mass Index
)
Useofnicotinn
15(58.3%)
Contraceptivee pill
10(41.7%)
Married/livingg together
13(54%)
Meann years of education
)
Employmentt status
8(33%)

))
))
100 (66.7%)
6(40%) )
8(53%) )
))
8(53%) )

Psychiatr.. Assessment
BPDSII total score
PTSDD [+ MDD] *
MDDD [+PTSD] *

))
5[2](33.3)% %
5[2](33.3%) )

)
7[4](29%)
6[4](25%)

))
))
77 (63.7%)
6(54%) )
5(45%) )
))
10(91%) )

0.028 8
0.709 9
0.798 8
0.810 0
0.934 4
0.002 2
0.007 7
0.558 8
0.784 4
0.574 4

BPDSII = Borderline Personality Disorder Severity Index; PTSD = Posttraumatic Stress Disorder;
MDDD = Major depressive Disorder
** [+ MDD] = with comorbid MDD and [+ PTSD] = with comorbid PTSD

199 of the BPD subjects reported exposure to different kinds of DSM-IV PTSD "A" criteria
ass adults. 13 of them belonged to the sustained childhood abused subgroup. 5 of the 6
subjectss who reported one or few exposures to one or few PTSD "A" criteria in the
absencee of a history of sustained childhood abuse suffered from concurrent PTSD.
222 BPD subjects did not use any medication. 7 subjects used only SSRI's, 5 subjects
benzodiazepiness and 4 subjects used both and 1 subject used a tricyclic antidepressant.
MeanMean afternoon baseline ACTH and Cortisol plasma levels:
Comparisonn of the chronically abused BPD patients, non or mildly abused BPD patients,
andd healthy controls showed no significant differences in the baseline levels of ACTH or
Cortisoll between the three groups (ACTH: F(2,47)=1.197 with p=0.311; Cortisol:
F(2,47)=0.3644 with p=0.697).
Stepwisee backward analyses of variance did not show an effect of a comorbid MDD or

Neuro-endocrinee Scars
off Childhood Abuse in BPD

PTSDD on the baseline levels of ACTH. For the baseline levels of Cortisol, a significant
interactionn between MDD and childhood abuse was found (F(l,35)=4,922 with p=0.033);
neitherr the main effect of MDD nor the main effect of childhood abuse proved significant.
Analysiss of the baseline Cortisol levels for the abused BPD patients showed particularly
highh levels for patients with depression: a similar effect of depression was not found for
thee non-abused patients.
ACTHACTH and Cortisol plasma levels after 1.5 mg dexamethasone:
Thee ACTH and Cortisol plasma levels after DEX suppression were not found to differ
significantlyy between the chronically abused BPD patients, non or mildly abused BPD
patients,, or healthy controls (ACTH: F(2.47)=0,815 with p=0.449: Cortisol: F(2.47)=0.358
withh p=0.701).
Stepwisee backward analyses of covariance did not show a significant effect of childhood
abuse,, MDD, or PTSD on the suppression of ACTH plasma levels. For suppression of
Cortisoll plasma levels, a trend towards a significant interaction (at the 10 % level) was
foundd between PTSD and depression (F(l,35)=3,36 with p=0.075) with the main effects
off PTSD ( F(l,35)=9,24 with p=0.004) and depression (F(l,35)=3,36 with p=0.075) also
showingg a trend towards significance (on 10% level).
Alll of the BPD patients with both PTSD and MDD showed minimal post DEX Cortisol
plasmaa levels (i.e. maximal suppression).
Thee BPD patients without any comorbidity showed a higher mean post DEX Cortisol
plasmaa level while the BPD patients with comorbid depression but without concurrent
PTSDD showed the highest mean post DEX Cortisol plasma levels (e.g. least suppression)
(seee Figure 1).
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FigureFigure 1
Meann Cortisol plasma levels after
1.55 mg DEX and before CRH
administrationn (DEX suppression
test) )
Stepwisee backward analysis
off covariance (PTSD, MDD.
childhoodd abuse):
Interaction: :
PTSD*MDDD p=0,043;
mainn effect MDD p= 0, 072;
mainn effect PTSD p=0.005

3.1 1
57 7
HPAA Axis Function and Childhood Abuse in BPD

ACTHACTH and Cortisol plasma concentration time curves after DEX/CRH:
Thee AUCs were found to be significantly different when the chronically abused BPD
patients,, non or mildly abused BPD patients, and healthy controls were compared. A
significantlyy larger mean AUC for the ACTH response was found for the chronically
abusedd BPD patients when compared to the non or mildly abused BPD patients and the
healthyy controls with no significant difference between the latter two groups
(F(2,47)=7.3533 with p=0.002). The additional repeated measurement Anova with
Bonferonii correction for multiple testing confirmed the robust significant difference
(F(2,47)=7,1799 with p=0,002). (Figure 2) The mean AUC for the Cortisol response of the
abusedchronicallyy abused BPD patients showed a trend towards statistical significance was
alsoo found to be significantly larger (at the 10% level) than that ofcompared with the
nonabusednonn or mildly abused BPD patients (F(2,47)=2.574 with p=0.087), while the
healthyy controls did not differ significantly from either of the BPD groups. The trend for
cortrisoll disappeared vanishedin an additional repeated measures mentANOVA novawith
Bonferonii correction for multiple testing for cortisol(F(2,47)= 1,528 with p=0,l 19). (Figure 3)

FigureFigure 2

14 4
12 2
10 0

Meann A ACTH plasma response to
thee combined DEX/CRH challenge
overr time
** ANOVA of the AUCs (chronically
abused,, non-abused BPD and
controls)) p=0.002
Stepwise backward analysis of
covariancee in BPD sample (PTSD,
MDD,, childhood abuse) childhood
abuse:: p=0.001and PTSD: p=0.049

C R HH 100 Hg

aa

cc 88
XX 66
HH
UU
< <4 4

^_^___
/

22

*
— *^*

^ *

00
15:000

15:30

15:455

16:00

—— Abused BPD (N=24)
-A—-A—

I6:15time

dd BPD (N=15)

Controls ( N = l l )

FigureFigure 3
Meann A Cortisol plasma response to
thee combined DEX/CRH challenge
overr time
** ANOVA AUCs (chronically
abused,, non-abused BPD and
controls)) p=0.08
ii Stepwise backward analysis
off covariance in BPD sample
(PTSD,, MDD, childhood abuse)
childhoodd abuse p=0.031

120 0

II 80
.5 5
ÖÖ 60

55

*,

^^^~^^^~

1000 ug C R H

..

'

*

-

40

20 0
00

T^^""' '
15:000

15:30

—— Abused BPD (N=24)
—A—— Controls (N=ll)

15:455

16:00

16:15 time

dd BPD(N=15)

58 8

Neuroendocrinee Scars
off Childhood Abuse in BPD

Thee stepwise backward analyses of covariance revealed significant effects. Chronically
abusedd BPD patients had higher mean AUC's for both the ACTH response
(F(( 1,36)= 12.084 with p=0.001) and Cortisol response (F(l,36)=5.026 with p=0.031) when
comparedd to non or mildly abused BPD patients. The additional repeated measurement
ANCOVAA with Bonferoni correction for multiple testing confirmed the robust significant
differencess for the ACTH response (F(l,36)=10,757 with p=0,002) and Cortisol
(F(l,36)=4,294)) with p=0,45).
Inn addition, the BPD patients with a comorbid PTSD were found to have a significantly
lowerr mean AUC for the ACTH response than the BPD patients without a comorbid PTSD
(F(l,36)=4,1399 with p=0.049) (Figure 4). This statistically significant effect of PTSD
changedd into a trend towards statistical significance in the additional repeated measurement
ANCOVAA with Bonferoni correction for multiple testing (1,36)=3,454 with p=0,071).
FigureFigure 4
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Discussion n
Thee results of the present study show significantly higher plasma ACTH and Cortisol
concentrationss after a DEX/CRH challenge for severely traumatized borderline patients
withh a history of sustained childhood abuse when compared to a group of mildly or not
chronicallyy abused borderline patients. This heightened ACTH and Cortisol response is
associatedd with childhood abuse and appears to be independent of BPD pathology and
independentt of a comorbid PTSD and/or MDD. Nevertheless, a comorbid PTSD was found
too attenuate the ACTH response to DEX/CRH in sustained and severely abused as well as
inn non or mildly abused BPD patients while a comorbid MDD did not have a modifying
influence,, probably because of considerable overlap with comorbid PTSD (see below).
BPDD patients who experienced sustained childhood abuse did not differ from nonabused or
mildlyy abused BPD patients and controls with respect to dexamethasone suppression.
Inn the BPD patients with a MDD, Cortisol escaped dexamethasone suppression; in BPD
patientss with a PTSD, the opposite was observed -namely increased suppression. There was
aa marked interaction between PTSD and MDD, as the expected resistance to dexamethasone
suppressionn during major depression was not observed in the case of comorbid PTSD.
Inn other words, the Cortisol levels after dexamethasone suppression for comorbid PTSD and
MDDD are comparable to the levels for PTSD alone.
Comparisonn of the chronically abused borderline patients with the non or mildly abused
borderlinee patients and healthy controls showed no significant effect of the factor sustained
childhoodd abuse on the real baseline afternoon plasma levels of ACTH and Cortisol, as
measuredd in the afternoon concentrations. However, a significant interaction between
childhoodd abuse and depression was observed with the presence of both factors associated
withh higher basal Cortisol plasma levels.
Thee demographic data revealed significant differences between the traumatized,
non-traumatized,, and control subjects with respect to age, mean years of education, and
employmentt status. All of the analyses were therefore corrected for age when necessary.
Thee traumatized BPD patients had the least amount of education on average, which may
reflectt the adverse life circumstances experienced during childhood. The lower occupational
statuss of the BPD patients in general may reflect the disabling pathology of BPD. The body
masss index, use of nicotine, contraceptive pill and medication, which was stopped at least
twoo weeks prior to the DEX/CRH test did not interfere with the outcome, nor did the
lengthh of the medication free period prior to the test.
Thee most striking finding in our study is that a history of sustained childhood abuse is
associatedd with a hyperresponsiveness of ACTH release, which is likely to be independent
off BPD, MDD, and PTSD pathology. There are only a few reports in which the lasting
effectss of early trauma on the HPA axis are examined using endocrine challenge tests.
First,, in young sexually abused girls with concurrent dysthymia, a blunted ACTH
andd normal Cortisol response to a CRH challenge has been observed. Second, an increased
ACTHH and normal Cortisol response to CRH challenge has been observed for abused
childrenn with a concurrent major depression still living under adverse circumstances.
(Dee Bellis et al 1994; Kaufman et al 1997). Third, two recent studies have revealed a
hypersensitivee stress axis in early abused adult females after exposure to a laboratory stress
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paradigmm or a CRH challenge. An enhanced ACTH and Cortisol response in the CRH
challengee study was observed in early abused subjects without MDD while the ACTH
responsee was eliminated in early abused subjects with comorbid MDD. (Heim et al 2000b;
Heimm et al 2001). Unfortunately, the presence of a comorbid PTSD was not controlled for
inn the analyses although the authors mentioned that the abused and depressed adult
subjectss suffered more from a concurrent PTSD than the subjects without MDD. (Heim et
all 2001) In contrast to these results, we did not find a significant interaction between
sustainedd childhood abuse and depression, probably because of a considerable overlap of
MDDD with PTSD. However, the patients with a MDD and a comorbid PTSD exhibited
hypersuppressionn of circulating ACTH and Cortisol to DEX during pre-treatment alone, which
iss in line with previous reports. (Halbreich et al 1989; Yehuda et al 1993). In addition to
this,, from DEX/CRH studies investigating familiar susceptibility for MDD we know that
thee Cortisol response to DEX/CRH of the abused -mostly not depressed- BPD subjects is
nott as high as that found in MDD patients in a DEX/CRH study, but rather comparable to
thee Cortisol response of non-MDD family members at high risk for depression.
Ann increased responsivity of the HPA axis in not depressed subjects turns out to be a risk
factorr for depression after stress. (Holsboer et al 1995) This further underscores the
potentiall susceptibility of the chronically abused BPD patient to stress and stress related
disorderss like MDD.
Onee or two methodological notes merit mention at this point. Even though the ACTH
responsee after DEX/CRH appeared to discriminate between the chronically abused patients
onn the one hand, and the non or mildly abused patients and healthy controls on the other
hand,, only a trend towards statistical significance in the case of the Cortisol response after
DEX/CRHH was found. Only within the patient group, moreover, did childhood abuse lead
too statistically significant outcomes. The Cortisol (but not ACTH) responses of the healthy
controlss to the DEX/CRH test varied widely, which certainly influenced the significance of
thee comparisons to the chronically abused and non or mildly abused patients. The
considerablee variance of the Cortisol response within the healthy control group also
occurredd despite very careful selection procedures. However, we omitted to control for
irregularitiess of the day night rhythm, which could be a probable confounder and we do
nott have a satisfactory explanation for this finding. Another potential confounder might be
thee menstrual cycle of the subjects. Although we controlled for the contraceptive pill
usage,, which had no effect on the outcome, we did not control for the phase of the
menstruall cycle. Finally, the negative results regarding the expected enhancing effect of
MDDD on the ACTH/cortisol response to DEX/CRH should be interpreted with care
becausee the statistical power for the MDD group was markedly diminished by the frequent
occurrencee of a comorbid PTSD and it's overriding neuroendocrine effect, (see Table 1).
Thee present results are in line with the results of studies of animals exposed to early and
sustainedd life stress, which are the only studies we can refer to in the form of maternal
deprivation,, which is a laboratory model for neglect and perhaps abuse.
Thee results show rodent and primate infants exposed to such early life stress to display
generallyy increased CRH mRNA and AVP m-RNA expression in the parvocellular CRH
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neuronss of the hypothalamic paraventricular nucleus (PVN) which still persists in
adulthood.. (Albeck et al 1997; Coplan et al 1996; Feldman et al 1995; Hatalski et al 1998;
Levinee et al 2000; Pihoker et al 1993). In addition, the maternal deprivation studies
revealedd that the basal and stress-induced HPA responses are also enhanced, although
pronouncedd differences are found depending on the strain and gender of the animal and the
timingg and duration of the maternal separation. (De Kloet et al 1998; Van Oers et al 1998;
VanOersetall 1997).
Thesee findings indicating aberrant HPA response after sustained childhood early trauma
suggestt that the DEX/CRH challenge test provides important information on the function
off the pituitary corticotrophs when the CRH/AVP drive and feedback inhibition mediated
byy glucocorticoid receptors have been taken into consideration. (Holsboer et al 1996;
Holsboerr et al 1987b; Holsboer et al 1994; von Bardeleben et al 1985). The magnitude of
thee response to exogenous CRH depends, on the one hand, on the pituitary CRH1
receptorss and the V3 receptors as AVP potentiates CRH in the stimulation of ACTH release
byy a factor 3 to 6. (De Goeij et al 1992; Lim 2000). On the other hand, the magnitude of
thee response depends on the glucocorticoid receptors activated by dexamethasone, which
determiness the level of glucocorticoid inhibition. (Modell et al 1997) While these receptors
aree maximally stimulated by the DEX pretreatment, the glucocorticoid hyposensitivity
associatedd with MDD is expected to decrease inhibition of ACTH release and the
hypersensitivityy associated with PTSD is expected to produce the opposite effect.
Inn addition to this, the AVP signaling pathway is resistant to dexamethasone and the main
sitee of action of dexamethasone in the suppression of stress-induced HPA activity is at the
pituitaryy level (De Kloet et al 1975; De Kloet 1991; De Kloet 1997).
Basedd on the above considerations, the following conceptual framework may be constructed.
Thee hyperresponsiveness of ACTH and Cortisol release in the severely traumatized patients
withh a history of sustained childhood abuse after the DEX/CRH challenge indicates an
increasedd sensitivity of the pituitary CRH receptor and/or resistance to DEX suppression.
However,, no statistically significant effect of the factor childhood abuse was detected for
DEXX suppression. The most proximal cause of the enhanced ACTH response in the
traumatizedd subjects might therefore be increased pituitary CRH receptor sensitivity either
ass an intrinsic property of this receptor or caused by enhanced activity of the AVP-V3
receptorr system. (Lim 2000) The amplitude of the ACTH response to DEX/CRH is
substantiallyy modified by the sensitivity of the glucocorticoid receptors of the pituitary
corticotrophs.. (vide supra) (Modell et al 1997).
Onn the basis of the above, it can be hypothesized that sustained childhood abuse increases
primarilyy the CRH/AVP drive (i.e., CRH receptor sensitivity). This assumption is
supportedd by the finding that concurrent PTSD attenuated the ACTH response to
DEX/CRHH significantly among the chronically abused patient group and the non or mildly
abusedd patient group as well. The severely abused PTSD patient subgroup nevertheless had
aa significantly enhanced ACTH response when compared to the nonabused PTSD patient
subgroupp (see Figure 4). Five of the twelve BPD patients with a comorbid PTSD did not
experiencee sustained childhood abuse. PTSD was in these cases associated with one or
veryy few exposures to PTSD "A" criteria. This interesting although preliminary, finding
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suggestss that the neuroendocrine sequelae of sustained severe childhood abuse and PTSD
att least in BPD patients are clearly distinct. Sustained childhood abuse is likely to be
associatedd with increased pituitary CRH receptor sensitivity but not with alterations of the
pituitaryy glucocorticoid receptors. The chronically abused BPD group did not show a
statisticallyy significant differential effect on the DEX suppression at pretreatment compared
withh the non or mildly abused group and controls. In addition, the neuroendocrine sequelae
off sustained childhood abuse in our BPD population are likely to be independent of PTSD,
whichh has been found to be associated with hypersensitive glucocorticoid receptors in the
pituitaryy corticotrophs. This hypersensitivity of the glucocorticoid receptors to Cortisol and
dexamethasonee in connection with PTSD. as demonstrated by maximal suppression during
DEXX pretreatment (see Figure 1), attenuates the ACTH response to CRH after DEX
pretreatmentt {see Figure 4). These preliminary results support the assumption that
sustainedd childhood abuse is associated with an increased CRH/AVP drive and PTSD with
increasedd negative feedback inhibition. Our study provides no conclusive information
aboutt the consequences of chronic traumatic stress during adulthood without a history of
childhoodd abuse. Future research has to address this question. The results of this study
withh a preliminary character have to be replicated in larger samples with PTSD patients
withoutt BPD and chronically abused subjects with and without BPD and PTSD in order to
providee a more profound insight in the suggested different pathophysiological mechanisms.
Inn these studies, comorbid MDD has to be taken into account as a probable confounder.
Thiss is the second study in which we have successfully isolated a distinct, homogeneous,
andd large subgroup of the otherwise very heterogeneous population of borderline patients
onn the basis of a probably important etiological factor, namely sustained childhood abuse,
andd the profound neuroendocrine alteration related to this. In a previous study, we found a
severelyy blunted prolactin response to a m-chlorophenylpiperazine (m-CPP) challenge
amongg chronically abused female BPD patients. (Rinne et al 2000). The HPA axis
alterations,, which are expected to render chronically abused BPD patients susceptible
too stress and stress-related disorders may be of particular significance for future
psychopharmaceuticall research. The fact that the neuroendocrine dysfunctions are related
too childhood abuse and not to the diagnosis of BPD also compels us to reconsider the
borderlinee concept for this large and rather homogeneous subgroup of BPD patients.
Thoughh our neuroendocrine data do not support the suggestion put forth by some authors,
namelyy that BPD can be construed as a complex PTSD, a trauma-related concept for the
childhoodd abused BPD subgroup is nevertheless preferable because it recognizes the
seriouss neuroendocrine alterations induced by sustaine childhood abuse. (Herman 1992)
Inn conclusion, within the heterogeneous BPD population, a relatively homogeneous
subgroupp can be identified with sustained childhood abuse as a probable etiologic factor.
Thiss severely traumatized group of patients shows HPA axis alterations in the form of
hyperresponsivenesss of ACTH and Cortisol release after the DEX/CRH challenge.
Thee neuroendocrine sequelae associated with sustained childhood abuse and PTSD appear
too be very distinct. The different characteristics of the two are the enhanced pituitary CRH
receptorr responsiveness associated with sustained childhood abuse and the enhanced
pituitaryy glucocorticoid receptor function associated with PTSD.
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Moreover,, the latter PTSD condition appears to override the decreased efficacy of
dexamethasonee suppression associated with MDD in the investigated BPD population.
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Abstract t
Objective:: Selective serotonin reuptake inhibitors (SSRI's) are recommended for treatment of
rapidrapid mood shifts, impulsivity and aggression in borderline patients. This recommendation
isis based on the positive reports of at least 10 open and one small, double blind SSRI study
withwith Borderline Personality Disorder (BPD) patients and one study of impulsive aggressive
patientspatients with different personality disorders. The only randomized placebo controlled SSRI
studystudy with BPD patients, however, provides inconclusive results due to a large placebo
response.response. It was, therefore, decided to conduct a new randomized trial with a larger
samplesample size.
Method:: A double blind placebo controlled randomized trial using the SSRI fluvoxamine
forfor 6 weeks followed by a blind half crossover for 6 weeks and an open follow up for
anotheranother 12 weeks was conducted with 38 non-schizophrenic, non-bipolar female BPD
patients.patients. As outcome measures were chosen the rapid mood shift, impulsivity, and
aggressionaggression sub scales from the Borderline Personality Disorder Severity Index.
Results:: Fluvoxamine but not the placebo produced a marked and long-lasting reduction in
thethe scores on the rapid mood shift subscale. In contrast, no differential effect was observed
betweenbetween the fluvoxamine and placebo group with respect to the impulsivity and aggression
scores. scores.
Conclusion:: In this study fluvoxamine improves rapid mood shifts infernale borderline
patientspatients but not impulsivity and aggressiveness. This latter finding may be due to gender
specificspecific differences in impulsivity and aggression.
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Introduction n
Patientss suffering from borderline personality disorder constitute a substantial group of the
mentall health care consumers and exhibit a broad spectrum of symptoms and behaviors:
affectt lability with rapid mood shifts from normal to depressive states, distinct irritability
orr anxiety, impulsive, aggressive and parasuicidal behavior. A considerable number of
studiess points to the central 5 HT system as a possible target for psychopharmacological
interventionn with impulsive, aggressive, and suicidal patients and also, therefore, with BPD
patients.. (Brown et al 1982; Coccaro 1989; Oquendo et al 2000) Several open studies with
selectivee serotonin reuptake inhibitors (SSRI's) in small groups of borderline patients
suggestt that the prescription of an SSRI may be an effective pharmacological strategy to
amelioratee BPD pathology. (Cornelius et al 1991; Markovitz et al 1991; Norden 1989;
Coccaroo et al 1997; Salzman et al 1995; Norden 1989; Cornelius et al 1990; Coccaro et al
1990)) However, the results of the only double blind placebo controlled randomized trial
withh 14 female and 8 male borderline patients with mild to moderate symptomatology did
nott confirm the positive results of the open studies due to a very high placebo response.
Onlyy after post hoc refinement of the analysis and the introduction of a measure of placebo
responsee statistically significant differences were obtained with respect to anger and
aggression.. (Salzman et al 1995) A statistically significant improvement in impulsive
aggressionn was observed in another double blind randomized SSRI study with 28 male and
122 female subjects suffering from a variety of impulsive DSM III-R personality disorders
(133 BPD subjects) after a trial of 12 weeks. However, the authors warned that the results of
thiss study must be interpreted with caution due to a substantial drop out rate of 439c
(Coccaroo et al 1989)
Beyondd these promising but controversial results with SSRI's, no further double blind
placeboo controlled studies have been performed using larger samples of borderline patients
withh severe borderline pathology. Moreover, based on these findings of the SSRI studies,
SSRII treatment is recommended for BPD patients with affect labilty, impulsivity and
aggressiveness.. (Soloff 2000; Soloff 1998b)
BPDD patients are susceptible to a broad spectrum of axis I disorders such as affective
disorders,, anxiety disorders (including PTSD), eating disorders, and substance use
disorders.. (Zanarini et al 1998) In all of the SSRI treatment studies performed with PD
patientss to date, current major depressive disorder was an exclusion criterion due to the
antidepressivee effects of SSRI's. Such a criterion, however, fails to recognize that SSRI's
alsoo constitute an effective form of treatment for many patients with anxiety disorders
(includingg PTSD) and eating disorders. (Kent et al 1998; Hudson et al 1998; Brady et al
2000)) Furthermore, exclusion of all BPD patients with one or more co-existing axis I
disorderr would reduce the sample to a marginal group with mild pathology. A clinically
moree relevant research strategy might, therefore, be to less rigorously exclude comorbid
axiss I disorders and to mark them as covariants in the statistical analysis. In addition to the
abovee complications, the severity of BPD pathology raises some major ethical and practical
issuess with regard to the use of a long-term double blind placebo controlled design. Taking
thiss into account, it was decided to design the study in such a manner that the length of the
placebo-controlledd phase would be kept to a minimum but without the loss of statistical power.
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Thee present study includes the largest group (N=38) of well-diagnosed BPD patients with
moderatee to severe pathology so far studied in a pharmacotherapeutical trial. A double
blindd placebo controlled randomized trial using the SSRI fluvoxamine for 6 weeks
followedd by a blind half crossover (with fluvoxamine replacing the placebo) for 6 weeks
andd an open follow up (in which all patients were offered fluvoxamine) for another 12
weekss was conducted. This study investigates - following the mentioned treatment
recommendationn - the effects of fluvoxamine on the BPD symptoms such as rapid mood
shifts,, impulsivity and anger. Potential interaction effects with relevant axis 1 disorders
weree taken into account in the statistical analysis.

Methods s
Subjects Subjects
Physicallyy healthy females (18-50 years) were recruited from psychiatric outpatient clinics,
communityy mental health centers and by advertising in newspapers and on the Internet.
Givenn this heterogeneous sampling frame, a rigorous diagnostic procedure was applied to
selectt a homogeneous study population with moderate to severe DSM-IV borderline
personalityy disorder. In order to be included in the study, all patients had to obtain a score
off 110 or more on the borderline and distress scale of a self-report screener for personality
disorderss (ADP-1V), meet 5 or more of the criteria on a semi-structured personality
disorderr diagnostic interview (SIDP-IV). and receive a score of 20 or more on the basis of
aa fully structured interview, the borderline personality disorder severity index (BPDSI).
Inn addition, all eligible subjects were somatically screened and physically examined to
excludee medical illnesses. Physical screening included an electrocardiogram, a complete
bloodd count, routine blood chemistry and urine analysis. Psychiatric exclusion criteria
were:: schizophrenia, a life-time episode of mania, current major depression lasting more
thann 4 weeks, current opiate or cocaine, alcohol or cannabis abuse or dependence
accordingg to a fully structured psychiatric interview (CID1). All psychoactive drugs had to
bee stopped after signing the informed consent and all participants had to be medication
freee for at least two weeks (and six weeks for fluoxetine) prior to entering the trial.
Alll of the patients were given both written and verbal information and asked to provide
writtenn consent before entering the study. A total of 38 subjects qualified for participation
inn the study.
Design Design
Thee study consisted of a double-blind placebo controlled randomized trial of 6 weeks,
followedd by a half crossover for another 6 weeks and an open treatment period of 12
weekss to evaluate the effects of fluvoxamine (150 mg to 250 mg daily) on borderline
personalityy disorder pathology (see Figure 1). The 38 subjects were randomly allocated to
thee fluvoxamine or placebo conditions. After randomization, subjects entered the doubleblindd placebo-controlled phase of 6 weeks. At the end of this period, all subjects received
fluvoxaminee for 6 weeks without breaking the randomization code (half crossover).
Inn cases of insufficient clinical improvement according to the treating physician after
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weekk 10, an adjustment of the daily dosage of 150 mg fluvoxamine could be made.
Thee 6 week single-blind phase was followed by a 12 week open phase with fluvoxamine
prescribedd to all subjects.
Psychiatricc assessments took place at screening (To), at baseline just before randomization
(Ti)) and at weeks 6 (T2), 12 (T3), and 24 (T<0. Adverse events were recorded every two
weeks. .
DesignDesign of the study and points of measurement (R=Randomization/Minimiziation)
placebo o

fluvoxamine fluvoxamine
fluvoxamine fluvoxamine

66 weeks

luvoxamine e

Screening g

T,,
Baselinee

DURATIONN FLUVOXAMINE
TREATMENT T

66 weeks

122 weeks

fluvoxamine fluvoxamine
fluvoxamine e

T,
6 weeks

1rr
1

T3 3
122 weeks

T4 4
244 weeks

1' '

TT

Experimentall Group

66 weeks

22 weeks

244 weeks

Originall Control Group

00 weeks

66 weeks

188 weeks

FigureFigure J

Assessments Assessments
1)) Diagnosis of BPD
a)a) Assessment of DSM-IV Personality Disorder (ADP-IV) (Schotte et al 1998) Prescreening
forr the presence of a DSM-IV borderline personality disorder was performed with a selfreportt questionnaire, the Assessment of DSM IV Personality Disorder (ADP-IV).
Thee ADP-IV consists of 94 items representing the 80 criteria for the 10 different DSM IV
personalityy disorders. The item response format emphasizes the pathology conceptualization
off the DSM-IV by scoring an item on both a 7-point trait and a 3-point trait-related distress
scale.. In order to move to the next phase in the diagnostic procedure, subjects had to score
1100 points or more on the BPD distress scale. (Schotte et al 1998)
b)b) Structured Inteniew for DSM-IV Personality Disorders (SIDP-IV). The presence or
absencee of a DSM-IV borderline personality disorder was established with the validated
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Dutchh version of the SIDP-IV. (Pfohl et al 1995; Jong et al 1996) Three psychologists who
weree specially trained by the Dutch translators of the SIDP-IV administered the SIDP-IV.
Thee interviews were videotaped and reassessed by another interviewer, who was blind for
thee diagnosis. The final diagnosis was obtained by consensus. In order to be included in
thee study, subjects had to meet at least five of the nine borderline criteria.
c)c) Borderline Personality Disorder Severity Index (BPDSI). (Arntz et al 2002) (Weaver et
all 1993) The BPDSI was used to select only those borderline patients with moderate to
severee borderline pathology. The BPDSI is a fully structured interview that aims to
measuree the frequency of DSM-IV BPD symptoms over the past 3 months on a 10-point
scale,, ranging from 0 (no occurrence), 1 (one occurrence in three months), 5 (6, or 7
occurrencess in three months or once every two weeks), to 10 (daily). In order to be
includedd in the study, subjects had to score 20 or more on the BPDSI.
22 Diagnosis of Axis I disorders
CompositeComposite International Diagnostic Interview, lifetime module (CIDI). (WHO 1997;
Smittenn et al 1997) The CIDI is a fully-structured interview aimed at the diagnosis of
DSM-IVV and ICD-10 disorders, including schizophrenia, substance use disorders, unipolar
andd bipolar affective disorders, anxiety disorders (including PTSD), and eating disorders.
Alll researchers were trained by the staff of the Dutch CIDI Training and Reference Center
inn Amsterdam.
33 Outcome measures
BorderlineBorderline Personality Disorder Severity Index (BPDSI). To test our hypothesis, the
followingg BPDSI subscales were selected:. Rapid Mood Shifts, which contains three
questionss concerning brief mood shifts (i.e., changes from a normal mood to depression,
irritability,, and/or anxiety). Anger, which contains four questions concerning verbal and
physicall aggression as well as fits of temper. Impulsivity, which contains ten questions
concerningg several (potentially) harmful and therefore pathologically impulsive behaviors.
Thee BPDSI and its subscales have proven to be reliable and sensitive to change in earlier
studies.. (Arntz et al 2002)
44 Statistical analysis
Too test the efficacy of fluvoxamine after the 6 week double-blind placebo controlled phase
off the study an intention-to-treat analysis was performed using the scores from the BPDSI
subscaless as the primary outcome variables. Separate analyses of covariance were
performedd with each of the BPDSI subscales as the dependent variable, the baseline score on
thee BPDSI subscale as a covariate, and the fluvoxamine-placebo (treatment) grouping factor
ass the independent variable. Drop outs were taken into account in the intention-to-treat
analysess using an unbalanced repeated measure model with structured covariance matrices.
(Dixonn 1992)
Too test the probable influence of co-existing axis I disorders on the improvement of BPD
symptomss with fluvoxamine treatment, a series of 2 x 2 analyses of covariance (ANCOVAs)
weree performed using the week 6 ratings for the BPDSI subscales as the dependent
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variables,, the baseline scores on the BPDSI subscales as a covariate, the treatment grouping
factorr and the presence of a comorbid diagnosis of depression or PTSD as independent
variables,, an interaction term for the treatment grouping factor and the presence of a
comorbidd axis I disorder. A significant interaction term (treatment x comorbid axis I
disorder)) was taken to indicate significant mediation of the fluvoxamine treatment effect
byy the presence of comorbid axis I disorders.
Too explore the speed of recovery, data for the 24 weeks of fluvoxamine treatment for the
experimentall group were combined with the data for the 18 weeks of fluvoxamine
treatmentt for the initial placebo group. This combination of data provides BPDSI subscale
scoress at baseline (Ti) and after 6 weeks of fluvoxamine treatment for both the
experimentall (Ti) and initial placebo group (N=20 and N=18 at baseline and N=19 and
N=188 after 6 weeks, respectively), scores after 12 weeks of fluvoxamine treatment for the
experimentall group only (N=17) (T3), scores after 18 weeks of fluvoxamine treatment for
thee original placebo group only (N=14) (T3), and scores for 24 weeks of fluvoxamine
treatmentt for the experimental group only (N=16) (T5). (see Figure 1) Two types of
analysess were then performed: 1) analyses using the existing data from partly different
populationss at the different points in time (real data matrix), and 2) analyses using the
covariancee matrix for non-missing values as the basis for imputation of missing values
resultingg in estimates for all 38 subjects at all points in time (completed data matrix).
(Dixonn 1992) Three separate analyses of variance with repeated measures (MANOVAs)
weree conducted on the completed data matrix with the three BPDSI subscales as dependent
variables.. Helmert contrasts were used to evaluate significant changes.
Alll of the statistical tests were conservatively two-tailed and utilized a 5% level of
significance. .

76 6

Neuro-endocrinee Scars
off Childhood Abuse in BPD

Results s
SampleSample characteristics:
Inspectionn of the first two columns of Tables 1 and 2 shows the randomization process to
bee successful. No significant differences in the fluvoxamine and placebo groups in terms
off sociodemographics, axis I disorders, or personality traits were observed at baseline.
Itt should be noted, however, that the difference in the prevalence of PTSD between the two
groupss almost reached statistical significance (459c versus 16%: p=.06).
SampleSample Characteristics
Alll subjects
Characteristics s
(n=38) )
DD
Age e
66
77
Yearss of education
No.(%)) of subjects
200 (52)
Withh partner
17(45) )
Employment t
BPDD criteria:
Meann no. of SIDP-IV
criteriaa SD
33
BPDSII total score
00
Currentt axis I disorders
Moodd disorders
Depression3 3
111 (28)
Dysthymia a
8(21) )
Anxietvv Disorder
Gen.Anxiety y
3(8) )
PTSD D
12(32) )

Fluvoxamine e

Placebo o p* *

(n=20) )

(n=18) )
7 7 .33 3
0 0 .54 4

66
55
11(55) )
10(50) )

9(50) )
7(39) )

22
00

.76 6
.49 9

4 4 .79 9
2 2 .77 7

7(35) )
5(25) )

4(22) )
3(16) )

.40 0
.10 0

1(5) )
9(45) )

2(11) )
3(16 6

.50 0
.06 6

** P value for difference between fluvoxamine- and placebo
-treatedd subects. .
SIDP-IVV = Structured Interview for DSM-IV PersonalityDisorders; ;
BPDSII = Borderline Personality Disorder Severity Index
aa
Depression = episode not longer than 4 weeks
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EffectEffect offluvoxamine on BPD symptomatology
Tablee 2 shows the effects of fluvoxamine on BPD pathology. Although significant decreases
onn all three BPDSI subscales were observed in both conditions after six weeks, a differential
decreasee indicating a larger decrease for the fluvoxamine group when compared to the
placeboo group was only observed for the rapid mood shifts subscale (F (1,35) = 4.47;
p=.042).. The results of a 2 x 2 analysis of covariance indicate that the effects of
fluvoxaminee on BPDSI subscale scores are likely to occur independent of the presence of
affectivee disorders and PTSD.
with with
BPDBPD pathology ratings at baseline and week 6 for BPD patients treated
andand placebo
fluvoxamine fluvoxamine

BPDSI I

Baselinee Rating
Fluvoxaminee Placebo

Weekk 6
Fluvoxaminee Placebo

Ancova a
p* *
FF

N=200

N=20**

(1,35) )

Moodd shifts
Anger r
Impulsivity y

N=18
22
44
00

2
2
1.15+0.86

N=18
44
00
66

9 4.47 7
0 0.58 8
4 0.29 9

0.042 2
0.452 2
0.593 3

BPDSII = Borderline Personality Disorder Severity Index; *p values for ANCOVAs comparing
scoress for fluvoxamine and placebo conditions at week 6 corrected for baseline scores.
Testss are two-tailed tests.
^Dropoutss are taken into account in an intention to treat analysis using the BMDP
imputationn technique.

MinimalMinimal fluvoxamine treatment duration to show improvement
Figuree 2 shows that the main effect of fluvoxamine is constituted in the first six weeks.
AA repeated measures analysis of variance revealed a significant symptom reduction between
baselinee (Ti) and week 6 to week 24 (T2 to Ts) for the 3 BPDSI subscale scores. Post hoc
Helmertt contrast analysis also shows that the most substantial symptom decrease took
placee during the first 6 weeks of treatment with fluvoxamine. The amount of symptom
decreasee during the remaining 18 weeks of treatment with fluvoxamine failed to show
significantt differences compared with the measurement of week 6 (T2 versus T3 to Ts).

10 0
99
00

uu

KK

n
/

Mood-shifts HAnger

y

FigureFigure 2
Coursee of fluvoxamine treatment on BPDSI subscales
acrosss a period of 24 weeks with imputed data (n=38)
(post-hocc contrast MANOVA).
Tii versus T2 to T5:
rapidd mood shifts (F(4.34) = 43.96: p < 0.000)
angerr (F(4.34) = 10.96: p < 0.000)
impulsivityy (F(4.34)=9.69: p < 0.000).
T22 versus T3 to Ts:
rapidd mood-shifts F(4,36) 43.96, t = 1.04 p< 0.303
angerr F(4,36) 10.96, t = 541 p< 0.591
impulsivityy F(4,36)6.69 t = 0.98, p< 0.333
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6

DD 5
%% 4
§§ 3
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00

TITI
Baselinee

T2
6 wks

T3
T4
12 wks
18 wks
off fluvoxamine
treatment

T5
24 wks
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AdverseAdverse events and drop out
Tablee 3 shows that the patients in the placebo as well as in fluvoxamine groups frequently
reportt adverse events after the initial two weeks of study. In general, the fluvoxamine
groupp complained significantly more often than the placebo group (90%versus 56%:
p=.02)) although the only specific significant difference was found for nausea (45% versus
ll%:p=.02). .
Frequencyy of adverse events after the second week of
thee placebo controlled phase of the trial
Noo (%) of subjects
Adversee events

Fluvoxamine e Placebo o
(n=20)(n=18) )
Anyy adverse event: 18(90%) )
300 (56%)
Specific: :
2(11%) )
99 (45%)
Nausea a
2(11%) )
55 (25%)
Fatigue e
55 (28%)
Sleepp disturbance 88 (40%)
2(11%) )
66 (30%)
Anorexia a
55 (28%)
66 (30%)
Agitation n
3(17%) )
55 (25%)
Anxiety y

PP
.02 2
.02 2
.28 8
.43 3
.16 6
.89 9
.53 3

Duringg the placebo-controlled phase, two subjects from the placebo condition dropped out
duee to serious symptom aggravation in the form of self-damaging behaviors and were
treatedd openly with fluvoxamine after symptom assessment and one subject in the
fluvoxaminee group due to severe side effects (1/20=5%). During the 24 weeks of study,
aa total of eight subjects (21%) dropped out because of: lack of efficacy (2); adverse events
(2);; start of psychotherapy (2): without comment (2).
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Discussion n
Thiss randomized double-blind placebo controlled SSRI trial with a sample of 38 female
borderlinee subjects with moderate severity of pathology demonstrates a statistically
significantt and clinically relevant effect of fluvoxamine on the occurrence of rapid mood
shifts.. The effect was found to occur independent of a co-existing PTSD or depression.
Moreover,, this effect is reached within the first six weeks of treatment and seems to persist
duringg the follow-up of 18 weeks. (Figure 2) No differential effect of treatment with
fluvoxaminee could be observed for the other two BPDSI subscales measuring pathological
angerr and impulsivity due to similar symptom reduction for both the placebo and
fluvoxaminee groups. (Table2) This finding corroborates the results of the only other
double-blindd placebo controlled SSRI study with exclusively BPD patients. (Salzman et al
1995) )
AA question that remains to be answered is whether particular limitations of the current trial
itselff may account for the lack of an effect of treatment with fluvoxamine on anger and
impulsivity. .
Firstly,, the dosage of 150 mg of fluvoxamine may have been too low for the treatment of
impulsivee and aggressive behavior. The dosage of 150 mg was chosen because it is a fairly
highh dosage and sufficient for most indications and to restrict side effects. Fluvoxamine
inhibitss its own metabolism; an increase of the daily dosage from 150 to 200 mg can
increasee the fluvoxamine plasma level by 100% with a considerable increase in the adverse
effectss of the medication and an increased risk of drop out as a result.
Secondly,, it cannot be completely excluded that the power of the study was too small to
detectt smaller differences in symptom reduction of anger and impulsivity and interactions
withh depression. This is especially true in this study with an outcome of relatively low base
ratess of comorbid axis I disorders.
Further,, the failure to detect an improvement of impulsive and aggressive behavior after
fluvoxaminee might be related to the third limitation of the current study, i.e. the fact that
onlyy female BPD patients were included.
Untill now, the correlation between impulsive aggressive behavior and serotonergic
hypofunctionn has been observed exclusively in Caucasian males (see for review (Verhoeven
ett al 1997) and has not been demonstrated in female samples.(Cleare et al 1997; Manuck
ett al 1998; Rinne et al 2000) Furthermore, in a serotonergic challenge study with
m-chlorophenylpiperazinee (m-CPP), we found no change of the severely blunted prolactin
andd Cortisol responses to m-CPP after an open treatment of 8 weeks with fluvoxamine of
100 female BPD patients (submitted). These data challenge the serotonin hypothesis with
respectt to impulsive aggressive behavior in women.
Inn conclusion, the present study addresses a major problem for evidence-based medicine
andd the pharmacological treatment of borderline patients. SSRI's are generally regarded to
bee effective for the treatment of the affective dysregulation and impulsive aggression found
inn borderline patients.(Soloff 1998a;Soloff 2000) The findings of at least 10 open SSRI
studiess all show statistically significant improvements, and extrapolation from other studies
investigatingg the effects of SSRFs on impulsive aggression among patients with other
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personalityy disorders provides additional support for this assumption. (Coccaro et al 1997)
However,, the only two randomized double-blind placebo controlled studies with exclusively
BPDD subjects currently available did not replicate the findings with respect to impulsivity
andd aggression of the open SSRI studies and the study with different impulsive personality
disorders.. Our study provides limited support for a SSRI treatment of rapid mood shifts in
femalee borderline patients. The scientific discussion of the role of SSRI's in the treatment
off BPD pathology is therefore far from closed.
Additionall randomized double-blind placebo controlled SSRI studies are absolutely needed
withh both female and male BPD patients and larger sample sizes. In addition, more
sophisticatedd research strategies must be developed to solve the problem of high placebo
responsee rates among BPD patients and high drop out rates especially of impulsive
subjects.. Therefore the duration of the placebo-controlled phase should be restricted to a
maximumm of 6-12 weeks. Finally, research guidelines should be developed to establish the
usee of a standard set of outcome measures in order to facilitate comparisons across studies.
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Abstract t
Objective:: The aim of the study is to test whether fluvoxamine can reduce the increased
responsivenessresponsiveness of the hypothalamic pituitary adrenal (HPA) infernale borderline (BPD)
patientspatients with a history of severe childhood abuse, using a reduction in the adrenocorticotrope
hormonehormone (ACTH) and Cortisol hyperresponsivity to a combined dexamethasone corticotropin
releasingreleasing hormone (DEX/CRH) test as the central indicator.
Method:: Thirty female BPD patients with (N=17) and without (N=13) sustained childhood
abuseabuse histories were submitted to a DEX/CRH challenge before and after 6 (N=J4) or
1212 (N=J6) weeks of fluvoxamine treatment (150 mg/day).
Results:: Both six weeks and twelve weeks of fluvoxamine treatment were associated with a
significantsignificant reduction of the ACTH and Cortisol response to the DEX/CRH test in the total
groupgroup of BPD patients. BPD patients with a history of sustained childhood abuse exhibited
aa significantly larger reduction in the ACTH and Cortisol response to DEX/CRH than BPD
patientspatients without sustained childhood abuse. No significant interaction effects were
observedobserved between treatment and the presence of a comorbid major depressive disorder or
aa post traumatic stress disorder (PTSD).
Conclusion:: A six-week treatment with fluvoxamine can reduce the responsiveness of the
HPAHPA axis in BPD patients and especially the chronic hype rresponsiv ene ss in those BPD
patientspatients with a history of sustained childhood abuse.
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Introduction n
Manyy borderline patients report a history of sustained childhood abuse and many of them
meett criteria for comorbid major depressive disorder (MDD) and/or posttraumatic stress
disorderr (PTSD) (Zanarini et al 1998). Sustained childhood abuse is associated with a
permanentlyy increased responsiveness of the hypothalamic pituitary adrenal (HPA) axis,
ass reflected by an increased adrenocorticotrope hormone (ACTH) and Cortisol response
too a combined dexamethasone corticotropin releasing hormone (DEX/CRH) test and by
hyperarousall in response to a psychological stressor (Rinne et al 2001b; Heim et al 2000a;
Heimm et al 2000b). Preclinical studies suggest that an enhanced expression of CRH is
involvedd in the pathogenesis of this hyperresponsiveness of the HPA axis is an enhanced
expressionn of CRH and its potent co-regulator arginine vasopressin (AVP) in the
hypothalamicc nucleus paraventricularis (PVN) (Coplan et al 1996; Hatalski et al 1998).
Inn addition, this hyperresponsiveness of the HPA axis may render the abused BPD patients
veryy susceptible to stress and in case of sustained stress to depression comparable with
subjectss with a heritable predisposition for MDD (Holsboer et al 1995). As far as the
treatmentt of psychiatric disorders related to a hyperactive HPA-axis concerns there is
evidencee that the recovery from MDD due to antidepressant drug treatment is paralleled by
attenuationn of the hyperactive HPA axis (Holsboer et al 1996; Barden et al 1995).
Moreover,, animal studies have shown that antidepressants may restore HPA-axis feedback
deficiencyy (Rowe et al 1997).
Inn the present study we hypothesized that treatment with an antidepressant drug (e.g. the
SSRII fluvoxamine) will reduce the hyperresponsiveness of the HPA axis in BPD patients
withh a history of sustained childhood abuse. Since concurrent major depressive disorder
and/orr posttraumatic stress disorder could confound the outcome of the DEX/CRH test,
theyy were taken into consideration in an analysis of covariance.
Too investigate the hypothesis and to explore the timeframe of the functional reduction of
thee HPA axis activity, a combined DEX/CRH challenge test is performed before and after
66 or 12 weeks of fluvoxamine treatment in a group of patients with a borderline personality
disorderss including both patients with and without severe childhood traumatization.
Method d
Subjects: Subjects:
Thirtyy healthy female borderline patients with and without sustained childhood abuse were
includedd in the study (for sample characteristics see table 1). Subjects were recruited from
outpatientt mental health care centers and by advertising. In order to be included in the
fluvoxaminee trial all of the patients had to obtain a score of 110 or more on the borderline
traitt and distress scale of a self-report screener Assessment of DSM-IV Personality Disorder
(ADP-IV)(ADP-IV) (Schotte et al 1998), meet more than 5 of the BPD criteria on the Structured
Inten'iewforInten'iewfor DSM-IV Personality Disorders (SIDP-IV) (Pfohl et al 1995; Jong et al 1996)
andd receive a score of 20 or more on the fully-structured Borderline Personality Disorder
SeveritySeverity Index (BPDSI) (Arntz et al 2002; Weaver et al 1993).
Alll eligible subjects were screened for somatic conditions and examined physically; an
electrocardiogram,, a complete blood count, routine blood chemistry analyses, and urine
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analysess were performed to exclude somatic illness.
Exclusionn criteria were: schizophrenia, a life-time episode of mania, current major depression
nott lasting more than 4 weeks, current drug or alcohol abuse or dependence according to
aa fully structured psychiatric interview: Composite International Diagnostic inteniew (CIDI)
(WHOO 1997; Smitten et al 1997)
Speciallyy trained psychologists who were blind for the diagnoses performed diagnostic
interviews.. Subgroups were defined according to the presence of sustained childhood
abuse,, as was assessed with the Structured Trauma Interview (STI) (Draijer 1989).
Diagnosiss of concurrent MDD and PTSD were obtained by the CIDI.
Alll of the subjects had to be medication free at least 14 days prior to the neuroendocrine
challengee test (fluoxetine six weeks). They were also not allowed to drink alcohol one
weekk prior to the test. All of the patients provided their -fully informed- written consent.
Thee ethical committee of our clinic approved the study.
Design: Design:
Afterr diagnostic baseline assessment the first combined DEX/CRH test was performed just
beforee the start of fluvoxamine treatment (150 mg/day). The second DEX/CRH test was
performedd for one group (n=l4) after 6 weeks of fluvoxamine treatment and for the other
groupp (n=16) after 12 weeks of fluvoxamine treatment.
NeuroendocrineNeuroendocrine challenge procedure
Forr the combined dexamethasone suppression corticotropine releasing hormone challenge
testt (DEX/CRH), the refined procedure developed at the Max Planck Institute in Munich
wass adopted. (Heuser et al 1994)
Participantss had to ingest an oral dosage of 1.5 mg of dexamethasone at 11:00 p.m. the
eveningg before the challenge. 50 mg of riboflavin was added to the capsule in order to
checkk for the ingestion of dexamethasone. Riboflavin has a rapid renal clearing, and the
subjectss were therefore asked to collect their first urine on the morning of the test
procedure.. On the same morning, the participants had a light breakfast and were instructed
too not eat or drink after 11:00 a.m. with the exception of water or herbal tea.
Thee participants arrived at the research unit at 1:30 p.m. The riboflavin concentrations in
theirr morning urine were analyzed before 3:00 p.m. They were asked to rest supine on a bed;
aa cannula was inserted in the forearm vein and kept open by heparinization. At 3:00 p.m.
(afterr baseline sampling), 100 mg of CRH (Ferring BV, Hoofddorp, The Netherlands)
reconstitutedd in 1 ml of 0.9% saline was administered in the cannula within 30 seconds.
BloodBlood samples for Cortisol and ACTH plasma level measurement were taken at five time
points:: 3:00 p.m. (baseline level before CRH ), 3:30 p.m., 3:45 p.m., 4:00 p.m., and 4:15
p.m.. Blood pressure, heart rate, and temperature were also measured at the same time
points. .
Afternoonn Cortisol and ACTH baseline plasma levels without a challenge probe were
measuredd on a different day. These baseline measurements were taken at the same
timepointss as the DEX/CRH challenge test measurements.
Alll of the blood samples were extracted by vacuum into three plain tubes (5 ml); the first tube

3.3 3
SSRII Treatment and HPA Axis function in BPD 87 7

wass discarded. The tubes were immediately placed on ice; after centrifugation, the plasma
wass kept frozen at -70°C until analysis. Cortisol and ACTH plasma levels were analysed
withh commercially available assays. The Cortisol assay was obtained from Boehringer
Mannheimm and the ACTH assay from Nichols Institute Diagnostics.
Thee intra- interassay coefficients of variation for Cortisol measurement were less then
6%6% and 10% respectively. The intra- interassay coefficients of variation for ACTH
measurementt were less then 3.2% and 6.3% respectively.
StatisticalStatistical analysis:
Thee efficacy of fluvoxamine to reduce the increased responsiveness of the HPA axis in BPD
patientss could be reflected in the lower Cortisol and ACTH afternoon baseline levels or in
thee decreased ACTH or Cortisol responses to CRH after DEX pre-treatment. The latter data
weree calculated using the area under the concentration time curve (AUC) of ACTH and
Cortisoll response.
Thee effect of fluvoxamine on the response of the HPA axis to the DEX/CRH challenge
testss in BPD patients was analyzed using paired student t-tests to compare the ACTH and
Cortisoll AUC's before and after treatment. To assess the probable statistical interactions of
thee factors severe childhood abuse, comorbid PTSD and comorbid MDD with the effect of
fluvoxaminee on the HPA axis, a stepwise backward analysis for each dependent variable
wass performed, starting from a full repeated model with pre- and post-treatment measures
off the dependent variable as the within- subject factor and severe childhood abuse, comorbid
PTSDD and MDD as between-subject factors. Interaction of a between-subject factor with
thee within-subject factor indicates an effect of the between-subject factor on the relevant
change. .
Inn all the analyses corrections for age, body mass index and contraceptive pill usage were
made,, if required.
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Results s
ACTHACTH and Cortisol response pre/post fluvoxamine
Noo significant overall changes in mean afternoon baseline Cortisol and ACTH baseline
levelss were detected after 6 or 12 weeks of fluvoxamine treatment. However, fluvoxamine
treatmentt was associated with a significant decrease of the mean AUC of the ACTH and
Cortisoll response to DEX/CRH challenge: Mean AUC of the Cortisol concentration time
curvee decreased from 85.3 (sd= 110.7) to 16.65 (sd=44.42); (t=3.77, df=29, p=0.001) and
meann AUC of the ACTH concentration time curve from 8.77 (sd=9.21) to 2.21 (sd=5.18);
(t=3.70,, df=29 p=0.001).
Covariates:Covariates: childhood abuse, MDD and PTSD
Regardingg the question whether the reduction of the hyperresponsiveness of the HPA axis
byy fluvoxamine treatment is expressed more in BPD subjects with a history of sustained
childhoodd abuse and whether this effect is affected by comorbid PTSD or MDD. a stepwise
backwardd analyses of covariance has been performed. This revealed no effects for changes
inn mean Cortisol and ACTH afternoon baseline levels. However, changes in AUC's of the
Cortisoll and ACTH response to the DEX/CRH test were significantly dependent on a
historyy of sustained childhood abuse, but not on the various forms of psychiatric comorbidity.
Meann AUC ACTH response for those subjects with sustained childhood abuse dropped from
12.700 (sd=10.41) to 2.37 (sd=5.82); while for those subjects without childhood abuse the
meann AUC ACTH response dropped from 3.63 (sd=3.19) to 2.00 (sd=4.43) (F(1.28)=7.19,
p=0.012;; (see also figure 1). Mean AUC of the Cortisol response for those subjects with
sustainedd childhood abuse this AUC dropped from 113,2 (sd=121,0) to 13.9 (sd=30.7); while
forr those subjects without sustained childhood abuse the mean AUC Cortisol response
droppedd from 48.9 (sd=87.0) to 20.2 (sd=59.1) (F( 1.28)=4.08, p=0.058; (see also figure 2)
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Concentrationn time curve of ACTH
responsee to DEX/CRH challenge pre and
postt fluvoxamine (FLVX) treatment for
abusedd (N=17) and not abused (N=13)
BPDD subjects. Students-t test for
independentt samples of mean AUC's of
ACTHH of the abused versus not abused
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b)) t=0.199, df=28, p=0.84. Students
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c)) t = -3.80. df = 16. p = 0.002 and
d)) t = 1.61, df = 12, p = 0.134 respectively.
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TheThe time frame of the fluvoxamine effect on the HPA axis
Thee AUC of ACTH response after DEX/CRH challenge decreased from 8.99 (SD=9.70) to
2.600 (SD=4.07) and from 8.57 (SD=9.08) to 1.87 (SD=6.10) after 6 weeks of fluvoxamine
treatmentt (n=14) and after 12 weeks of fluvoxamine treatment (n=16) respectively.
Becausee of the equal decrease in both groups no statistically significant group by time
effectt could be found ( F(1.28)=0.007, p=0.933), indicating that fluvoxamine exerts its
effectt in the first six weeks of treatment.
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Discussion n
Fluvoxaminee treatment was associated with a significant reduction of the ACTH and
Cortisoll response to the combined DEX/CRH challenge test in all BPD subjects. The BPD
subjectss with a history of sustained childhood abuse exhibited a significantly larger decrease
off the ACTH and Cortisol response to DEX/CRH as compared to the not abused subjects,
whereass PTSD and depression did not show any interaction effect (Rinne et al 2001b).
(figuree 1 and 2) Additional analysis revealed that the decrease of the ACTH and Cortisol
responsee is established in the first six weeks of the fluvoxamine treatment. The marked
decreasee of the ACTH and Cortisol response to the DEX/CRH test after fluvoxamine
treatmentt in the chronically childhood abused BPD subjects may reflect a reduction of the
enhancedd CRH/AVP drive (Rinne et al 2001b). Interestingly, fluvoxamine treatment of 8
weekss does not restore the severely blunted prolactin and Cortisol response to the challenge
withh the serotonergic agonist meta-chlorophenylpiperazine (m-CPP) in BPD subjects
(Rinnee et al 2001a), whereas the blunted prolactin response was highly correlated with
sustainedd childhood abuse (Rinne et al 2000).
Thee combination of these findings directs our attention to the HPA axis as primary target
off SSRI treatment in the chronically abused BPD subjects and not to the central
serotonergicc system.
Preclinicall research has provided some clues as to how these effects of childhood abuse
andd fluvoxamine on the HPA-axis evolve (Levine et al 2000). It appeared that early life
stressorss such as maternal deprivation persistently enhance responsiveness of the HPA axis
inn adulthood (Ma et al 1998; Oitzl et al 2000). The effect exerted by maternal deprivation
resultedd into altered expression of the hippocampal mineralo and glucocorticoid receptor
sitess (Oitzl et al 2000) in a manner that would explain the enhanced HPA responsiveness
(Dee Kloet et al 1998). In other studies early stress was found to induce an increase in the
numberr of hypothalamic CRH neurons and an increase in CRH and AVP m-RNA expression.
(Dee Goeij et al 1992; Plotsky et al 1993; Coplan et al 1996; Hatalski et al 1998; Lim 2000;
Coplann et al 2001). This elevated AVP/CRH release is likely to enhance the expression of
pro-melanocortinee synthesis and the release of its peptide product ACTH in the pituitary
corticotrophs. .
Preclinicall studies on the effects of the chronic administration of different antidepressants
demonstratee that a decrease of the HPA axis activity is a final common pathway of antidepressantt effects, but that the different antidepressants unfold their specific pharmacological
efficacyy on varying HPA axis levels and receptor subsystems.
Tricyclicc antidepressants as wel as the SSRI fluoxetine are likely to increase either GR
m-RNAA or MR m-RNA expression in the hippocampus depending on the type of drug
(Bradyy et al 1992; Seckl et al 1992; Barden et al 1995; Holsboer et al 1996; Okugawa et al
1999;; Jensen et al 1999; DeRijk et al 2001). Owing to the increase of hippocampal mineraloandd glucocorticoid receptors they are thought to regain their balance re-establishing the
inhibitoryy tone on the PVN in the hypothalamus. In accordance with this assumption CRH
m-RNAA in the hypothalamic PVN and CSF CRH as well as AVP turn out to be decreased
afterr fluoxetine treatment. (Brady et al 1992: De Bellis et al 1993)
Inn this context another (hypothetical) pathway of SSRI's action on the HPA axis may be of
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interestt (Brady 1994). The CRH neurons of the PVN and the locus coeruleus (LC) maintain
aa positive feedback loop in case of stress (Holsboer et al 1996; Valentino et al 1983).
Sustainedd SSRI treatment leads to a reduced firing rate of noradrenergic neurons of the LC
(Szaboo et al 1999; Szabo et al 2000) which is expected to have its repercussion on the
hypothalamicc CRH neurons and thus on the release of ACTH secretagogs.
Inn conclusion, the above mentioned factors may contribute to a normalization of the
hyperresponsivee stress axis of the chronically childhood abused BPD subjects, as reflected by
aa decreased ACTH and Cortisol response to the DEX/CRH test after fluvoxamine treatment.
Thee failure to detect the expected neuro-endocrinological effects of concurrent MDD
(Bardenn et al 1995) in 11 BPD subjects on the ACTH and Cortisol response to the
DEX/CRHH test after fluvoxamine treatment in our BPD sample might be due to the
considerablee overlap of concurrent PTSD and MDD. Six of the eleven subjects who
sufferedd from MDD also had comorbid PTSD. In a previous study we demonstrated that
thee same BPD subjects with concurrent MDD and PTSD exhibited a strongly increased
negativee feedback inhibition of the pituitary corticotrophs, as demonstrated by
hypersuppressionn to dexamethasone challenge. This effect is comparable to the results
fromm subjects suffering from PTSD without MDD (Rinne et al 2001b). The expected
neuroendocrinee effects of MDD are most likely obscured by comorbid PTSD.
Thee childhood abuse subgroup was significantly older than the non-abuse subgroup, which
wass taken into account in the statistical analysis. The lower education level of the abused
groupp may be a reflection of the adverse rearing conditions in which they grew up.
Thiss study contributes to the knowledge of the effect of fluvoxamine in chronically
childhoodd abused and not abused borderline patients. Whereas childhood abuse seems to
leavee a persistent increase of the excitability of the HPA-axis, fluvoxamine turns out to
reducee these effects as demonstrated by an attenuated ACTH and Cortisol response after the
combinedd DEX/CRH test. This normalization takes place in the first 6 weeks of fluvoxamine
treatment.. Therefore, it can be concluded that SSRI treatment might be a supportive
strategyy in addition to cognitive training in stress management to reduce the susceptibility
off the severely abused BPD subjects to stress and stress related disorders like MDD.
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Generall Discussion
Thee aim of the studies described in this thesis was to gain more insight into the
pathophysiologyy of the borderline personality disorder (BPD) in relation to childhood
abuse.. These studies were designed to delineate childhood abuse as a probable etiological
factor.. Moreover, identification of meaningful and homogeneous BPD subgroups in the
otherwisee rather heterogeneous BPD population was an important goal. In addition, the
effectt of fluvoxamine on the neuroendocrine parameters and the symptoms of borderline
patientss were studied.
Patientss with a borderline personality disorder are heterogeneous in terms of symptomatology,
etiology,, pathogenesis and type of comorbidity. Because of a high coincidence of sustained
childhoodd abuse in the BPD population some authors regard BPD as a trauma-related
disorderr or even a complex posttraumatic stress disorder (PTSD). Moreover, preclinical
researchh has revealed that sustained stress during childhood could alter the function of the
centrall serotonergic system and the hypothalamus-pituitary-adrenal (HPA) axis.
Impulsivenesss and aggressive behavior as well as affect dysregulations, all core symptoms
off BPD pathology, are often assumed to be associated with poor function of the central
serotonergicc system. Functional alterations of the HPA-axis are also found in major
depressivee disorder (MDD) and PTSD: disorders which are often diagnosed as comorbid
conditionss in BPD patients and which have to be taken into account as probable confounders.
Further,, drug treatment with a selective serotonin reuptake inhibitor is often recommended
inn the treatment of the core symptoms of BPD pathology.
Takingg into account, these confounding factors, the conceptual hypotheses underlying the
workk described in this thesis are that sustained childhood abuse persistently alters the
functionn of serotonergic neurotransmitter system and the HPA-axis in BPD patients and
thatt SSRI treatment normalizes these alterations and improves the BPD pathology.
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Thesee hypotheses were tested in two studies. In the first study, a neuroendocrine challenge
testt of the serotonergic system was used with nv cholorophenylpiperazine (m-CPP) as the
particularr probe. In the second study, the functioning of the HPA axis was tested using the
combinedd dexamethasone/corticotropin releasing hormone (DEX/CRH) test before and
afterr treatment with the SSRI fluvoxamine, whereas the neuroendocrine alteration
associatedd with MDD and PTSD were taken into account as potential confounders.
Findings s
Inn chapter 2.1 we presented the findings regarding our investigation of the central
serotonergicc system in BPD patients using a neuroendocrine challenge test with the
serotonergicc agonist m-cholorophenylpiperazine (m-CPP) in 12 female BPD patients
(77 with and 5 without a reported history of sustained childhood abuse) and 8 healthy
controlss without a history of sustained childhood abuse. The Cortisol response to m-CPP
wass blunted in all BPD patients irrespective of a trauma history, but not in the group of
healthyy controls. However, only the chronically abused subgroup of BPD patients exhibited
severee blunting of the prolactin response to m-CPP. The prolactin response to m-CPP
showedd a strong correlation with the frequency and severity of childhood traumatization.
Thee trauma related changes in the neuroendocrine responses were not significantly related
too self-report measures of impulsive and aggressive behaviors in this sample of female
borderlinee patients. A gender specific relation of the serotonergic function and impulsivenesss and aggression might contribute to the different findings compared to male subjects.
Itt was concluded that the blunted prolactin response is independent of BPD pathology and
moree likely to be a stable marker of early traumatization.
Inn chapter 2.2 we studied the effect of fluvoxamine on the serotonergic disturbances in
femalee BPD subjects. It was found that fluvoxamine treatment exerts no effect on prolactin
andd Cortisol plasma baseline levels, and that the neuroendocrine hypo-responsiveness of the
centrall serotonergic system of BPD patients remains unchanged such as reflected by the
persistencee of a blunted prolactin and Cortisol responses to m-CPP after 8 weeks of
fluvoxaminee treatment. The irreversibility of the serotonergic hypo-responsiveness in these
patientss is emphasised by the lack of change despite the three-fold increase of the post
fluvoxaminee m-CPP peak plasma level. The rise of m-CPP plasma level is probably due
too inhibitory effects of fluvoxamine on m-CPP metabolism. The combination of a strong
associationn between the blunting of the prolactin response to m-CPP and the severity of
childhoodd abuse and the resistance of the blunting to SSRI treatment, strongly suggests a
stablee trauma related trait.
Inn chapter 3.1 we investigated the function of the HPA axis of 39 BPD subjects with
(n=24)) or without (n=15) a history of sustained childhood abuse and 11 healthy controls
withoutt a history of childhood abuse, using the combined DEX/CRH challenge test.
BPDD patients with sustained childhood abuse did not differ from patients without
childhoodd abuse and healthy controls with respect to the basal afternoon ACTH and
Cortisoll plasma levels. Moreover, there was no significant difference between these groups
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withh respect to the ACTH and Cortisol levels following dexamethasone suppression.
However,, among BPD patients with a concurrent MDD, Cortisol escaped dexamethasone
suppression.. In contrast. BPD patients with both concurrent MDD and PTSD showed
maximall suppression of Cortisol levels after dexamethasone. These findings suggest that
comorbidd PTSD overrides the decreased efficacy of dexamethasone suppression associated
withh MDD.
Chronicallyy abused borderline patients showed significantly higher plasma ACTH and Cortisol
responsess after the complete DEX/CRH challenge compared to the non-traumatized
borderlinee patients and controls. This strongly enhanced ACTH and Cortisol response was
clearlyy associated with childhood abuse and appeared to be independent of BPD pathology
andd independent of a comorbid PTSD and/or MDD. Nevertheless, a comorbid PTSD was
foundd to attenuate the ACTH response to DEX/CRH in abused as well as in non-abused
BPDD patients. This preliminary finding suggests that the pathophysiological mechanisms in
thee neuro-endocrinology of PTSD and the sequelae of sustained childhood abuse are not the
same.. Whereas childhood abuse seems to be associated with an increased hypothalamic
CRH// arginin vasopressin (AVP) drive and/or an increased pituitary CRH receptor
sensitivity,, PTSD is associated with a strongly enhanced pituitary glucocorticoid receptor
functionn resulting in an increased pituitary (negative feedback) inhibition with a decreased
ACTHH release. The neuroendocrine effects of comorbid MDD are probably outnumbered
byy the overlap with PTSD and its strong negative feedback inhibition of the pituitary
ACTHH release.
Inn chapter 3.2, a randomized double-blind placebo controlled trial is described with the
SSRII fluvoxamine in a sample of 38 female borderline subjects. The results indicate that
SSRIsSSRIs can ameliorate rapid mood shifts. The effect on mood instability was independent of
aa co-existing diagnosis of PTSD or depression. Moreover, this effect was obtained within
thee first six weeks of treatment and seemed to persist during the entire follow-up period of
188 weeks. In this sample of female borderline patient we did not find any evidence
supportingg the assumption that SSREs are effective in the treatment of pathological
impulsivityy and aggression in borderline patients.
Inn chapter 3.3 we investigated the effects of 6 and 12 weeks fluvoxamine treatment on
thee hyperresponsivity of the HPA axis. Fluvoxamine treatment was associated with a
significantt reduction of the ACTH and Cortisol response to the combined DEX/CRH
challenge.. BPD subjects with a history of sustained childhood abuse (n=17) exhibited a
significantlyy larger decrease of the ACTH and Cortisol response to DEX/CRH compared
too non-abused BPD subjects (n=13). The decreases of the responses in the latter group
weree not statistically significant. With regard to the prediction of DEX/CRH responses,
noo statistically significant interaction effects were observed between a history of sustained
childhoodd abuse on the one hand and the presence of a comorbid diagnosis of PTSD or
MDDD on the other hand. Additional analysis revealed that the decrease of the ACTH and
Cortisoll response was established in the first six weeks of fluvoxamine treatment.
Thee marked decrease of the ACTH and Cortisol response to the DEX/CRH test after

Generall Discussion

fluvoxaminee treatment in the severely abused BPD subjects may reflect a reduction of the
enhancedd CRH/AVP drive.
Implicationss for the diagnosis BPD
Inn two different and independent studies, we successfully isolated a distinct, homogeneous,
andd large subgroup of the otherwise very heterogeneous population of patients with a BPD
onn the basis of a probably important etiological risk factor, namely sustained childhood abuse
andd the neuroendocrine alterations related to it. The fact that serotonergic and HPA axis
dysfunctionss were related to childhood abuse and not to the diagnosis of BPD per se forces
uss to reconsider the validity of the DSM-IV concept of borderline personality disorder.
Ourr findings do not support the proposal to conceptualize BPD as a complex PTSD.
However,, our findings do support a clear distinction of BPD with and without early
childhoodd abuse. A trauma based conceptual subdivision of the BPD population would also
recognizee the serious neuroendocrine alterations associated with sustained childhood abuse.
Inn addition, we recommend a scrutinized trauma history as an integrated part of the
diagnosticc assessment of patients with a diagnosis of BPD. The "Structured Trauma
Interview"" developed by Dr. N. Draijer turned out to be an excellent researchinstrument to
relatee neuro-endocrine alterations to childhood abuse.
Implicationss for the treatment of BPD patients
Whereass childhood abuse seems to cause a persistent increase of the responsiveness of
thee HPA-axis in BPD patients, fluvoxamine turns out to reduce this effect as demonstrated
byy an attenuated ACTH and Cortisol response following the combined DEX/CRH test.
AA long-term increase of the CRH/AVP drive is assumed to be an important
pathophysiologicall hallmark in the dysregulation of the HPA axis underlying the
pathogenesiss of depression (Holsboer 2001; Plotsky et al 1998; Raap et al 1999). Similarly,
thee increased CRH/AVP drive in chronically abused BPD patients renders them susceptible
forr stress and the development of stress related disorders such as depression.
Fluvoxaminee and probably SSRI treatment in combination with stress management
orientedd psychotherapy may be of value preventing MDD in these patients. However, there
iss evidence from animal research and from studies among patients with anxiety disorders
thatt chronic treatment with a SSRI does not alter the neuroendocrine stress response (Raap
ett al 1999; Shlik et al 1997; Goddard et al 1993; Lopez et al 1998). Considering that this
effectt has not been investigated in patients suffering from MDD, our hypothesis of a
preventivee effect of fluvoxamine has to be verified by future studies investigating
alterationss of the neuroendocrine stress response to a psychological stress test after SSRI
treatment.. Because of the high suggestibility of BPD patients, and the resulting, high
placeboo responses in randomized clinical trials, this might also create a new and probably
usefull research strategy in addition to the naturalistic assessment of symptoms in the
evaluationn of SSRI efficacy in BPD patients. Alternatively, BPD patients suffering from
earlyy trauma and hyperreactivity of the HPA axis might benefit from treatment directed to
restoree the activity of the stress axis. Examples are the new research lines which
investigatee the effect of CRH-receptor antagonists on anxiety disorder and depression and
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off glucocorticoid antagonist on depression alone (Holsboer 2001; Heim et al 1997;
Belanoffetal2001). .
Pathophysiologicall discrepancies between the HPA axis and serotonergic findings
Whereass the blunted prolactin response to m-CPP challenge is highly correlated with a
historyy of severe childhood abuse, the Cortisol response appeared to be maximally blunted
inn all BPD subjects irrespective of childhood abuse. Although m-CPP probably has
serotoninn reuptake inhibiting properties (Baumann et al 1995), several studies have also
shownn that m-CPP exerts neuroendocrine effects through postsynaptic serotonin receptors
Thee prolactin response is thought to be primarily induced by a synergistic action mediated
byy the hypothalamic 5-HTIA, 5-HT:A, 5-HT2C receptors. The ACTH and Cortisol response
seemm to be primarily dependent on 5-HTzc receptor stimulation by m-CPP (Bagdy 1996;
Callahann et al 1994; Fiorella et al 1995; Hamik et al 1989; Meltzer et al 1995; Park et al
1995).. In our first study, the concentration time curve of the prolactin response to m-CPP
challengee of the non-traumatized BPD patients runs between the concentration time curves
off prolactin of the severely abused BPD patients on the one hand and the healthy nontraumatizedd controls on the other. Given the synergistic action mediated by at least the
5-HTIA,, and 5-HT2C receptors with respect to the prolactin response to m-CPP (Meltzer
ett al 1995), one may speculate that this moderately blunted prolactin response in the not
abusedd BPD patients is due to the presence of a BPD associated 5-HT2C receptor
hypofunctionn and intact 5-HTlA, and probably 5-HT2A receptors. The severe blunting of the
prolactinn response in the severely abused BPD patients could be a result of an additional
hypofunctionn of at least the 5-HTIA, but possibly also the 5-HT2A receptors related to
childhoodd abuse. Replication of these findings in a study with BPD and non-BPD subjects,
bothh with and without a history of childhood abuse would be required.
However,, this explanation for the differences in the Cortisol and prolactine responses
betweenn traumatized and non-traumatized borderlines is not fully consistent with our
findingss regarding the Cortisol and ACTH responses to DEX/CRH among chronically
childhoodd abused and non or mildly abused BPD patients. Preclinical research has revealed
thatt the m-CPP induced ACTH release of the pituitary corticotrophs is primarily dependent
onn hypothalamic CRH excretion mediated mainly by 5-HTic receptors (Calogero et al 1990).
Inn addition, m-CPP also induces an increased release of AVP, the potent co-regulator of CRH,
fromm the hypothalamic CRH neurons, which also is mediated mainly by 5-HTic receptors
(Calogeroo et al 1992). Therefore, it is not fully understood why the Cortisol response to
m-CPPP did not differentiate between the abused and the not abused BPD subjects, because
thee ACTH and Cortisol response to DEX/CRH is enhanced in the chronically abused BPD
subgroup.. This enhanced ACTH response to DEX/CRH is thought be due to an increased
hypothalamicc CRH/AVP drive (Holsboer et al 1996). In case of well functioning 5-HT2C
receptorss one could expect an increased ACTH response in the severely abused BPD
subgroup.. However, this expectation is not confirmed by our findings. The discrepancy
betweenn the Cortisol response to m-CPP and the ACTH and Cortisol response to DEX/CRH
challengee suggests a strong down regulation of the hypothalamic 5-HT2C receptors, which
iss likely to block serotonergic input via these receptors in all BPD subjects.
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Alternatively,, differences in sensitivity at the level of the adrenal may explain the discrepancy
betweenn the Cortisol responses of the DEX/CRH and the m-CPP study. Therefore, in a
futuree m-CPP study also ACTH plasma levels, should be measured.
Inn addition, the blunted Cortisol and prolactin response to m-CPP is not restored after an
eightt weeks treatment with fluvoxamine. In contrast to our findings, chronic exposure to
thee SSRI fluoxetine increased sensitivity of the 5-HT receptors in rats as reflected by
increasedd or maximal responsiveness of ACTH, oxytocin and, to a lesser extent, prolactin
releasee to the 5-HT agonists MK212 and DOI (Li et al 1993; Raap et al 1999). Consistent
withh these preclinical observations fluoxetine treatment increases the prolactin as well as
thee Cortisol response to m-CPP in patients with obsessive compulsive disorder (Hollander
etall 1991).
Thee remarkable lack of a restoring effect of fluvoxamine on the neuroendocrine responses to
m-CPPP challenge in our study can be interpreted in different -not mutually exclusive- ways:
(a)) Sustained childhood abuse induces a persistent and stable alteration of the 5-HTIA and
probablyy also of the 5-HT2A receptors; (b) Hereditary and/or intrauterine factors probably
contributee to the hypofunction of the hypothalamic 5-HT2C receptors; (c) Normalization of
hypothalamicc 5-HT2C receptor function is counterbalanced by the decreased CRH/AVP
drivee after fluvoxamine treatment, resulting in a low net ACTH and Cortisol response; and
(d)) Fluvoxamine has no upregulating effect on hypothalamic 5-HT2C receptor sensitivity
likee paroxetine, an other SSRI, which has shown to reduce the Cortisol and prolactin
responsess to m-CPP challenge in healthy volunteers (Quested et al 1997).
Futuree directions
Thee studies described in this thesis provide important insights into the neuro-endocrine
sequelaee of sustained childhood abuse, comorbidity and the effects of fluvoxamine
treatmentt on the neuroendocrine alterations and BPD symptomatology, but they also
generatee many new questions, which have to be addressed in future studies.
Thee discrepancy between the ACTH and Cortisol response to DEX/CRH and to m-CPP
raisess intriguing questions regarding the nature of the relationship between HPA axis and
serotonergicc dysfunctions in relation to childhood abuse or the pathophysiology of BPD.
Itt could be that some serotonergic subsystems are dysfunctional due to hereditary or
intrauterinee factors in subjects that are prone to develop a BPD in adolescence and that
childhoodd abuse aggravates these serotonergic disturbances and also shapes the expression
off BPD. In this context, gender differences may be of interest because impulsive and
aggressivee behaviors are reported to be related to serotonergic hypofunction in male subjects,
whereass this finding has never been replicated in female subjects. In addition, the
neuroendocrinee sequelae of sustained childhood abuse have never been investigated in
malee victims.
Inn order to obtain conclusive answers to all these questions, it seems most useful to
combinee different research strategies in the same sample of male as well as female
borderlinee patients with and without a history of sustained childhood abuse, with and
withoutt co-existing MDD and/or PTSD, and to compare these patients with abused and
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non-abusedd healthy controls. The combination of serotonergic and HPA axis challenge
testss and proper imaging techniques can elucidate the relationship between serotonergic
andd HPA axis alterations, whereas the imaging techniques can identify neuro-anatomical
substratess or specific subsystems. In addition, studies have to be conducted in which
differentt BPD phenotypes are related to a broad range of neurobiological markers,
includingg markers of the central serotonergic system and the various subsystems of the
HPAA axis.
Anotherr topic for future studies is the susceptibility of BPD patients for the development
off comorbid conditions such as PTSD and MDD. The genetic research of glucocorticoid
receptorr polymorphism may identify an inheritable factor, which contributes to the
susceptibilityy to develop PTSD or depression after traumatic experiences.
Programss addressing early detection of childhood abuse and prevention of the
neuroendocrinee sequelae developing after childhood abuse are necessary to prevent the
victimss from lifelong suffering from emotional problems and psychiatric disorders and to
savee the community the high costs of medical service consumption. Given the finding that
fluvoxaminee treatment reduces the hyperresponsiveness of the HPA axis, early SSRI
treatmentt of chronically abused children might be effective in preventing the development
off the chronic HAP-axis alteration found in adult BPD victims of sustained childhood abuse.
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Summary y
Thee studies presented in this thesis cover two major issues:
Firstly,, the neuroendocrine alterations of the central serotonergic system and the HPA-axis
inn association with Borderline Personality Disorder (BPD) pathology, sustained childhood
abusee and comorbidity of Posttraumatic Stress Disorder (PTSD) and Major Depressive
Disorderr (MDD) in female BPD patients.
Secondly,, the effectiveness of a Selective Serotonin Reuptake Inhibitor (SSRI) treatment
aimedd at the normalization of the neuroendocrine alterations and the improvement of the
BPDD coresymptoms like rapid mood shifts from a normophoric state to depressive, irritable
orr anxious mood state and impulsive and aggressive behavior.
Inn the first study, we found among adult female subjects with a BPD that a history of
sustainedd childhood abuse was associated with a severely blunted prolactin response to the
challengee with the serotonergic agonist m-chlorophenylpiperazine (m-CPP). The Cortisol
responsee was severely blunted in all BPD subjects irrespective of a history of childhood
traumatization.. Fluvoxamine treatment did not normalize the severely blunted neuroendocrine
responsess to m-CPP challenge, indicating the presence of a stable trait-like alteration.
Thee blunted prolactin response probably is a biological marker of sustained childhood
traumatization. .
Inn the second study HPA axis function in BPD patients was evaluated with the combined
dexamethasone/corticotropinn releasing hormone (DEX/CRH) challenge test. It revealed that
BPDD patients with a history of sustained childhood abuse did not differ from non-abused
BPDD patients and healthy controls with respect to baseline (without a challenge probe)
ACTHH and Cortisol plasma levels and to suppression of ACTH and Cortisol plasma levels
afterr dexamethasone pretreatment. In the BPD patients with a concurrent MDD, Cortisol
escapedd dexamethasone suppression in contrast to patients with concurrent PTSD, who
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demonstratedd maximal suppression of ACTH and Cortisol plasma levels. These findings are
inn line with reports from other authors. Moreover, in BPD patients with both concurrent MDD
andd PTSD. maximal suppression of Cortisol levels was observed. These findings indicate
thatt the co-occurrence of PTSD seems to override the decreased efficacy of dexamethasone
suppressionn associated with MDD. This also corroborates previous research.
Chronicallyy abused borderline patients showed significantly higher plasma ACTH and
Cortisoll responses after the complete DEX/CRH challenge compared to non or mildly
abusedd borderline patients and controls. These seriously enhanced ACTH and Cortisol
responsess were strongly associated with childhood abuse and appeared to be independent of
BPDD pathology and independent of a comorbid PTSD and/or MDD. However, a comorbid
diagnosiss of PTSD was found to attenuate the ACTH response to DEX/CRH in abused as
welll as in non-abused BPD patients. This could be an indication that the pathophysiological
mechanismss in the neuro-endocrinology of PTSD and the sequelae of sustained childhood
abusee are not the same. It is concluded, that whereas childhood abuse is associated with an
increasedd hypothalamic CRH/arginin vasopressin (AVP) drive and or increased pituitary CRH
receptorr sensitivity, PTSD is associated with a strongly enhanced pituitary glucocorticoid
receptorr function resulting in an increased pituitary (negative feedback) inhibition with a
decreasedd ACTH release. The neuroendocrine effects of a comorbid diagnosis of MDD are
difficultt to assess because of the overlap with PTSD and its strong negative feedback
inhibitionn of the pituitary ACTH release.
Inn contrast to the serotonergic alterations, fluvoxamine treatment did appear to normalize
thee hyperresponsiveness of the HPA axis to DEX/CRH challenge in the abused subgroup
duringg the first six weeks of treatment. In a double-blind placebo controlled randomized
trial,, fluvoxamine caused an improvement in rapid mood shifts but not in impulsive and
aggressivee behavior in female BPD subjects. Childhood abuse, PTSD or MDD were not
associatedd with treatment outcome.
Inn two separate studies, we demonstrated that a homogeneous subgroup could be identified
withinn the heterogeneous population of BPD patients. This homogeneous sub-population
iss characterized by sustained childhood abuse as an etiologic risk factor. Related to this
riskk factore are hyporesponsiveness of the serotonergic system and hyperresponsiveness of
thee HPA axis. In contrast to SSRI treatment resistant alteration of the serotonergic system.
thee HPA axis hyperresponsivity is normalized in the chronically abused BPD subgroup
afterr SSRI treatment. The hyperresponsiveness of the HPA axis renders the abused BPD
subjectss susceptible for stress and in case of long lasting stress to stress related disorders
likee MDD. Because of its regulating effect on HPA axis hyperresponsiveness, SSRI
treatmentt or treatment with CRH and glucocorticoid receptor antagonists directed to
correctt the dysregulated HPA axis might be of preventive value. The identification of this
homogeneouss childhood abuse related BPD subgroup challenges us to reconsider the existing
BPDD concept. A trauma-related concept for the childhood abused BPD subgroup is
preferable.. Future studies should address the interrelationship between HPA axis function
andd serotonergic system in BPD patients in general and in relation to childhood abuse
especially.. The combination of different neuroendocrine challenge tests directed at the
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serotonergicc system and HPA axis in the BPD patients and controls both with and without
sustainedd childhood abuse subgroups can provide more conclusive data about the
pathophysiologyy of the sequelae of chronic childhood traumatization and the relations
betweenn the two systems. An additional combination with modern imaging techniques
mightt identify neurobiological substrates and locations of BPD and or trauma related
disturbances.. Also probable glucocorticoid receptor polymorphism as risk factor for PTSD
orr MDD and gender specific alterations after sustained childhood abuse and impulsive and
aggressivee behavior have to be addressed in future studies.
Inn conclusion we have demonstrated that sustained childhood abuse leaves persistent
neuroendocrinee scars, which are still detectable after 30 or 40 years. A history of sustained
childhoodd abuse might constitute, in combination with inheritable factors, a modifying
vulnerabilityy factor in the pathogenesis of BPD and other stress related brain disorders.
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Samenvatting g
Dee onderzoeksresultaten die in dit proefschrift worden gepresenteerd, omvatten twee
hoofdthema's. .
Tenn eerste: de neuroendocriene veranderingen van het centrale serotonerge systeem en de
Hypothalamuss Hypofyse Bijnier (HHB) as in relatie tot borderline persoonlijkheidsstoornis
(BPS)) pathologie, langdurig seksueel misbruik en/of mishandeling op jeugdige leeftijd en
comorbiditeitt van een Posttraumatische Stress Stoornis (PTSS) en / of een depressieve
stoorniss bij vrouwelijke BPS patiënten.
Tenn tweede: de effectiviteit van een behandeling met Selectieve Serotonine Heropname
Remmerss (SSRI's) met betrekking tot de normalisering van de neuroendocriene
veranderingenn en de verbetering van de BPS symptomatologie, te weten snelle stemmingswisselingenn van een normale naar een depressieve, prikkelbare of angstige stemming en
impulsieff en agressief gedrag.
Inn het eerste onderzoek vonden wij bij een aantal volwassen vrouwelijke deelnemers met
eenn BPS een zeer sterk verband tussen een voorgeschiedenis van ernstige en langdurige
mishandelingg en/of seksueel misbruik op jeugdige leeftijd en een sterk verlaagde prolactinesecretiee na provocatie met de serotonerge en partiële agonist m-chlorophenylpiperazine
(m-CPP).. De cortisolsecretie was bij alle BPS deelneemsters sterk verlaagd, ongeacht de
mogelijkee aanwezigheid van een langdurige traumavoorgeschiedenis. Behandeling met
fluvoxaminee resulteerde niet in een normalisatie van de sterk verlaagde neuroendocriene
responss op de m-CPP provocatietest, hetgeen op een stabiele niet te beïnvloeden afwijking
wijst.. De sterk afwijkende prolactinerespons kan mogelijkerwijs worden beschouwd als
eenn biologische traumamarker voor chronische traumatisering op jeugdige leeftijd.
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Inn het tweede onderzoek werd de functie van de HHB as bij borderline patiënten
onderzochtt met een gecombineerde dexamethason/corticotropin releasing hormone
(DEX/CRH)) test. Hierbij bleek dat de langdurig misbruikte of mishandelde BPS patiënten
zichh niet onderscheiden van BPS patiënten zonder misbruikverleden en de gezonde
controless voor wat betreft de basale (zonder enige provocatie) ACTH en Cortisol
plasmaspiegelss en de suppressie van ACTH en Cortisol afgifte na dexamethason
voorbehandeling.. Bij BPS patiënten met een comorbide depressieve stoornis bleek de
suppressiee van Cortisol op dexamethason verminderd in tegenstelling tot de patiënten met
eenn comorbide PTSS, waarbij juist een maximale suppressie van ACTH en Cortisol
plasmaspiegelss werd waargenomen. Beide bevindingen liggen in lijn met eerder
onderzoek.. Daarentegen werd bij BPS patiënten die gelijktijdig aan de criteria van zowel
eenn depressieve stoornis als een PTSS voldeden, een maximale suppressie van de Cortisol
plasmaspiegelss waargenomen. Deze bevinding wijst erop, dat PTSS bij gelijktijdige
aanwezigheidd van beide aandoeningen de verminderde effectiviteit van dexamethason bij
depressiess lijkt te overrulen, hetgeen ook een bevestiging van eerder onderzoek is.
Dee langdurig misbruikte groep BPS patiënten vertoonde na de volledige DEX/CRH
provocatietestt een significant hogere plasma ACTH- en cortisolrespons dan de niet of
lichtmisbruiktee groep BPS patiënten en de deelneemsters uit de controlegroep.
Dezee hoge ACTH en cortisolresponsen zijn gerelateerd aan chronische misbruik- en/of
mishandelingervaringenn op jeugdige leeftijd en blijken los te staan van zowel BPS
pathologiee als van een comorbide PTSS en/of depressieve stoornis. Een comorbide
diagnosee van PTSS bleek de ACTH-respons op de DEX/CRH test echter af te zwakken,
zowell bij langdurig misbruikte en/of mishandelde, als bij niet of licht misbruikte of
mishandeldee BPS patiënten. Dit zou een aanwijzing kunnen zijn dat de pathofysiologische
mechanismenn in de neuroendocrinologie van PTSS en de gevolgen van langdurige
misbruik-- en/of mishandelingervaringen niet dezelfde zijn. Geconcludeerd wordt dat
chronischee misbruik-en/of mishandelingervaringen op jeugdige leeftijd in verband kunnen
wordenn gebracht met een toegenomen CRH/arginine vasopressine (AVP) activiteit in de
hypothalamuss en/of een verhoogde CRH receptorgevoeligheid in de hypofyse, terwijl
PTSSS in verband kan worden gebracht met een sterk verhoogde glucocorticoid
receptorgevoeligheidd van de hypofyse, gepaard gaande met een toegenomen negatieve
feedbackk inhibitie, met als gevolg een verminderde ACTH afgifte. De neuroendocriene
effectenn van een comorbide depressieve stoornis worden in deze studie gemaskeerd door
dee grote overlap met PTSS en zijn krachtige negatieve feedback inhibitie van de ACTH
afgiftee door de hypofyse.
Gedurendee de eerste zes weken van de behandeling met fluvoxamine bleek de hyperresponsiviteitt van de HHB as op de DEX/CRH provocatie in de chronisch getraumatiseerde
BPSS subgroep te normaliseren. Dit in tegenstelling tot wat bij de serotonerge veranderingen
hett geval was. In een dubbelblinde placebo gecontroleerde gerandomiseerde trial bracht
fluvoxaminee een verbetering teweeg in de snelle wisseling van stemmingen, maar niet in
impulsievee en agressieve gedragingen in een onderzoeksgroep van 38 vrouwelijke BPS
deelneemsters.. Een voorgeschiedenis van langdurig misbruik en/of mishandeling op
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jeugdigee leeftijd, PTSS of depressieve stoornis waren niet van invloed op de uitkomst
vann de gerandomiseerde fluvoxamine trial.
Inn twee aparte onderzoeken toonden wij aan, dat er een homogene subgroep kon worden
geïdentificeerdd binnen de heterogene populatie van BPS patiënten. Deze homogene
subgroepp wordt gekenschetst door langdurig misbruik en/of mishandeling op kinderleeftijd
alss een etiologische risicofactor met een hieraan gerelateerde hyporesponsiviteit van het
serotonergee systeem enerzijds en een hyperresponsiviteit van de HHB as anderzijds.
Inn tegenstelling tot de SSRI therapieresistente veranderingen van het serotonerge systeem
wordtt bij de ernstig getraumatiseerde BPS subgroep na behandeling met SSRFs de HHB as
hypergevoeligheidd gereguleerd. De hypergevoeligheid van de HHB as maakt de chronisch
getraumatiseerdee BPS patiënten ontvankelijk voor stress met in geval van langdurige stress
hett risico van stressgerelateerde stoornissen en dan met name een depressieve stoornis.
Vanwegee het regulerende effect op de hyperresponsiviteit van de HHB as zouden behandeling
mett SSRI's of behandeling met CRH en glucocorticoïde receptor antagonisten, gericht op
hett corrigeren van de ontregelde HHB as, van preventieve waarde kunnen zijn.
Dee identificatie van deze homogene jeugdtraumagerelateerde BPS subgroep vormt voor ons
eenn uitdaging om het bestaande BPS concept kritisch te evalueren. Een traumagerelateerd
conceptt voor de langdurig misbruikte en/of mishandelde BPS subgroep verdient de
voorkeur.. Toekomstig onderzoek zou zich moeten richten op zowel de onderlinge relatie
tussenn de functie van de HHB as en het serotonerge systeem bij BPS patiënten in het
algemeen,, als bij langdurig getraumatiseerde BPS patiënten in het bijzonder.
Dee combinatie van verschillende neuroendocriene provocatietesten gericht op het
serotonergee systeem en de HHB as bij BPS patiënten en controlegroepen -beide met zowel
chronischh getraumatiseerde als niet-getraumatiseerde subgroepen- kunnen ons verdere
informatiee verschaffen over de pathofysiologie van de gevolgen van langdurende
misbruikervaringenn en de onderlinge relatie van de twee systemen. Een additionele
combinatiee met moderne beeldvormings-technieken zou mogelijk meer neurobiologische
substratenn van BPS en/of traumagerelateerde stoornissen in kaart kunnen brengen.
OokOok moet toekomstig onderzoek zich richten op mogelijke glucocorticoid receptor
polymorphismenn als risicofactor voor het ontstaan van PTSS of depressieve stoornis en
genderspecifiekee aspecten met betrekking tot de neuroendocriene veranderingen na
chronischee traumatisatie op jeugdige leeftijd en impulsief en agressief gedrag.
Alduss concluderend is in dit onderzoek bij vrouwelijke BPS patiënten aangetoond dat
chronischh misbruik en/of mishandeling op jeugdige leeftijd blijvende neuroendocriene
littekenss achterlaten, die zelfs na 30 of 40 jaar nog kunnen worden aangetoond.
Eenn voorgeschiedenis van langdurig seksueel misbruik en/of fysieke mishandeling vormt
mogelijkk in combinatie met aanlegfactoren een modificerende risicofactor in de
pathogenesee van BPS en stressgerelateerde hersenstoornissen.
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Dankwoord d
Promoverenn is een paradoxale activiteit. Het is enerzijds een zeer eenzame bezigheid
enn anderzijds een nauwe samenwerking met heel veel mensen. Zonder hen en hun
ondersteuningg zou een proefschrift nooit tot stand kunnen komen. Eén persoon heeft de eer
tee mogen promoveren, maar het proefschrift is het product van een intensief teamwork en
hett steunend netwerk eromheen. Voor mij was het een heel bijzondere belevenis om dit te
mogenn ervaren. Ik wil dan ook op deze plaats eenieder die op enigerlei wijze heeft
bijgedragenn aan het totstandkomen van dit proefschrift van harte danken.
Daarnaastt wil ik een aantal personen in het bijzonder danken.
Opp de eerste plaats wil ik alle patiënten danken die hun vertrouwen aan ons onderzoeksteam
hebbenn gegeven en bereid waren zelfs grote afstanden te overbruggen om aan het onderzoek
deell te nemen. Zij hebben een belangrijke bijdrage voor de wetenschap geleverd en ik
hoopp dat de bevindingen van het onderzoek verdere inzichten zullen opleveren waarvan
borderlinee patiënten in de toekomst baat zullen hebben.
WouterWouter van Ewijk, je haalde mij terug naar het Psychiatrisch Centrum Vogelenzang, later
Dee Geestgronden IGGZ, en bood mij de unieke kans mijn onderzoeksideeën, die niet in de
traditionelee onderzoekslijnen van academische ziekenhuizen pasten, op De Geestgronden
tee verwezenlijken. Je hebt niet alleen een belangrijke initiërende en later faciliterende rol
gespeeld,, maar je hebt je ook actief bij de fondsenwerving ingezet.
WillemWillem van Tilburg, je was de Nestor van mijn promotieonderzoek, je hebt mij geholpen
mijnn onderzoeksvragen te operationaliseren en je hebt mij ondersteund bij het ontwikkelen
vann een netwerk. Je bracht mij in contact met andere onderzoekers en introduceerde mij bij
dee NWO werkgemeenschap psychiatrie, van welke ik later secretaris mocht zijn.
Belangelooss beschouwde je het als je taak mij met mijn vraagstellingen bij de juiste
begeleiderss (promotoren) terecht te laten komen.
WimWim van den Brink, je werd mijn eerste promotor, ik had mij geen betere kunnen voorstellen.
Jouww aanhoudend enthousiasme, je deskundigheid en je snelle en waardevolle correctie
vann de manuscripten en je bereikbaarheid waren ongelofelijk stimulerend, inspirerend,
leerzaamm en steunend. Als het nodig was, was je er en kon ik op je bouwen. In de tijden
vann het schrijven van artikelen hadden wij af en toe op zondagavond telefonisch overleg,
watt ook altijd een gezellige component had en waarbij van alles en nog wat de revue
passeerde.. Ik zal deze telefoongesprekjes op zondagavond missen.
HansHans den Boer en Herman Westenberg, jullie waren intensief betrokken en hebben mij zeer
geholpenn bij de eerste studie naar de functie van het serotonerge systeem bij borderline
patiënten.. Jullie hebben mij niet alleen een blauwdruk voor het schrijven van een onderzoeksprotocoll ter beschikking gesteld wat mij veel tijd bespaarde, maar ook het stofje m-CPP
voorr de provocatietesten. Ook hebben jullie de m-CPP bloedplasmaconcentraties in Utrecht
voorr mij laten uit voeren. Het schrijven van gezamenlijke artikelen heb ik als zeer
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inspirerendd ervaren. Inmiddels hebben zich nieuwe projecten aangediend, waardoor een
nieuwee samenwerking met jou, Herman, tot stand is gekomen.
RonRon de Kloet, je kwam er in een latere fase bij. omdat ik na het serotonerge systeem de
hypothalamus-hypofyse-bijnierr as bij borderline patiënten wilde onderzoeken en je werd
mijnn tweede promotor. Je introduceerde mij in de complexiteit van de neuroendocrinologie
vann stress. Ik heb veel van je vermogen om ingewikkelde materie in te kaderen en op een
eenvoudigee manier te presenteren geleerd. Je snelle en constructieve feedback op mijn
manuscriptenn was inspirerend en stimulerend, waarbij je persoonlijke betrokkenheid zeer
steunendd werkte. Dit laatste uitte zich in kleine, maar wel belangrijke gestes zoals een
e-mailtjee met de inhoud: 'Thomas, lange radiostilte. Gaat het goed met je? Laat wat van je
horen". .
Dee leden van de leescommissie, de hoogleraren Gersons, Joéls, van Praag, Schwaab, van
Tilburgg en Zitman dank ik voor het beoordelen van het proefschrift.
RichardRichard van Dyck, slechts korte tijd was het mij gegund om als jouw adjunct sectorhoofd
deeltijdd te mogen fungeren. Maar je hebt het mogelijk gemaakt dat ik ondanks alle
reorganisatieturbulentiess mijn proefschrift kon afmaken.
JaapJaap Goekoop, na de serotonine studie werd je een sparring partner, was je betrokken bij
dee ontwikkeling van de stress-as studie en heb ik veel van je mogen leren. Ook was je de
initiatorr van het cortisolclubje met Roel de Rijk, Karel Bemelmans, Jolanda Schouten,
Jokee Schouten en Remco de Winter. De kritische vragen en discussies gaven weer energie.
Ookk ben ik Jaap en Roel zeer erkentelijk dat de cortisolanalyses in het klinisch chemisch
laboratoriumm van Endegeest konden plaatsvinden en Joke Schouten geldt mijn dank voor
dee uitvoering van deze analyses.
NelNel Draijer, je hebt de interviewers van mijn onderzoek getraind in het afnemen van het
doorr jou ontwikkelde trauma-interview. Vele inspirerende gesprekken volgden en ons
contactt wordt inmiddels gekarakteriseerd door vriendschappelijke genegenheid. Ik ben blij
mett je adviezen en het perspectief op een intensievere samenwerking in de toekomst.
JorienJorien Lokker, mijn "research nurse" en paranimf, je hebt alle onderzoeksactiviteiten rond
dee patiënten op het medisch centrum gecoördineerd en de provocatietesten met enorme
toewijdingg voor de patiënten uitgevoerd. Ze voelden zich veilig bij jou en ze liepen met je
weg.. Ik loop ook met je weg. De toewijding gold niet alleen de patiënten, maar het hele
onderzoek.. Je was een van de steunpilaren op wie ik altijd kon bouwen. Zelfs in voor jou
zeerr moeilijke tijden van reorganisaties van je werkplek en de ziekte van Arthur zorgde je
ervoorr dat je er was voor ons onderzoek. Dank je wel.
RiëttaRiëtta Obering, oude vriendin en paranimf, Je was een reddende Engel in tijd van nood
toenn ik midden in het onderzoek zonder secretariële ondersteuning zat en te weinig
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interviewerss had om een groot aantal nieuwe patiënten in het onderzoek in te laten stromen.
Jee hielp mij aan een nieuwe coördinatrice voor het onderzoek, je zorgde voor meer en zeer
capabelee interviewers en je deed zelf mee. Je hebt enorm veel werk voor het onderzoek
verzet,, patiënten geïnterviewd en door het onderzoek begeleid.
LuukLuuk Wouters, jou wil ik hartelijk danken voor je enorme inzet en de geboden kwaliteit bij
dee statistische analyse van de complexe data van de farmacologische en de stress-as studie.
MieiMiei Gans, als opleider moest je ook aan onderzoek doen, een SRC-eis. Daar zat je dan,
opgescheeptt met zo'n biologisch onderzoek. Maar niets was je gek genoeg, zelfs geen
herscoringsoefeningenn van videobanden met SCID-interviews op een vrije zaterdag of
'ss avonds. Je was van het eerste begin tot aan het einde bij mijn onderzoek betrokken, je
hebtt diagnostische interviews afgenomen en patiënten begeleid. Echter, je bent voor mij
mett name een enorme morele steun geweest. Je hebt me over menig dieptepunt heen
geholpenn met je psychoanalytisch, empathisch confronterende en je onuitputtelijke humor,
doorspektee peptalks.
EliseElise Ruys en Saskia Janssen, voordat jullie diagnostische interviews gingen afnemen en
patiëntenn begeleidden, hebben wij voor de stress-as studie aan een scoring van de mate
vann traumatisering gewerkt. Wij zijn er echter niet in geslaagd om tot een cumulatieve
traumascoree te komen. Maar het was wel heel erg leuk.
Inn de verschillende studies hebben veel collega's tijd vrij gemaakt om diverse
diagnostischee interviews af te nemen en ook ten dele patiënten tijdens het onderzoek te
begeleiden.. Mijn dank geldt Roxanne Vernimmen, Elsbeth de Ruijter, Richard van Dijk,
HermanHerman Rose, Floor Wiedijk , Paulien Nesselaar, Jan Bogers, Lizelotte Vos, Jan van Zaane,
SaskiaSaskia Janssen, EUse Ruys, Wijtske Kijlstra, Sabine Raams, Karen Konijn en Jasper van Marie.
AnneAnne mie Monen, Bianca Sommeling en Marga Wierikx, jullie hebben in vakantietijden
Jorienn Lokker vervangen en daarmee voor continuïteit van de provocatietesten gezorgd,
waarvoorr mijn dank.
Dee secretariële ondersteuning en coördinatie van een dergelijk onderzoek is essentieel.
MaartenMaarten Roggeveen, je heb heel in het begin van het onderzoek met veel toewijding en
betrokkenheidd geholpen de scoringsformulieren voor de Patient Record Forms te
ontwerpenn en het draaiboek getypt. Toen je het centraal secretariaat verliet, zorgde je
ervoorr datje opvolgster Vera Slot van de noodzaak doordrongen was om mijn onderzoek
tee ondersteunen. Ook jij, Vera, hebt met de voor jou zo eigen betrokkenheid veel werk
voorr het onderzoek verzet en ook later, waar mogelijk, nog ondersteuning geboden.
Toenn de secretariële en coördinatietaken steeds meer tijd eisten, nam Ja re a van Unnik het
onderzoekssecretariaatt over. Jarka, wij hebben jarenlang goed samen gewerkt. Je hebt mij
bijj mijn taken als secretaris van de NWO werkgemeenschap psychiatrie ondersteund, het
onderzoekk gecoördineerd en geholpen de stress-as studie op te zetten. Toen je beslootje te
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verzelfstandigenn als tolk eindigde jammer genoeg onze samenwerking.
Inn de overbruggingstijd tot ik een nieuwe coördinator gevonden had, werd ik ondersteund
doorr Sonja Stevens, Andrea Quist, Inge de Jong, Lucienne van Leeuwen en Riet Flink,
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