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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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Introductio n 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 Material s 
Subjects: Subjects: 
Twelvee physically healthy, premenopausal women fulfillin g 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). 
Al ll  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. 
Al ll  statistical tests were conservatively two-tailed, using a 5% level of significance. 



2.1 1 
Centrall  5-HT Function and Childhood Abuse in BPD 

27 7 

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). 
Al ll  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 c 

Instruments s 

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

differencess between healthy subjects and BPD-patients 

Healthvv subjects (N=8) 

meann SD 

103.633 10.47 
1.133 1.64 
7.500 2.78 
3.388 2.77 

13.500 5.07 
11.755 3.81 
10.388 2.50 

Levell  of significance: *p < 0.05 level; ** 

BPD-patientss (N=12) 

meann SD 

206.755 41.27 ** * 
9.177 3.76*** 
9.500 4.06 

11.422 5.43*** 
26.922 6.72 ** * 
15.255 5.21 
16.833 6.39* 

*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) 

Measuress mean SD 

Cortisoll  (/xmol/1) baseline 0.37 0.13 
AA peak Cortisol (/Amol/1) 0.10 0.24 

prolactinn (IU) baseline 0.26 0.12 
AA peak prolactin (IU) 0.24 0.29 

peakk m-CPP (/xmol/l) 22.80 22.00 

BPD-patientss (N=12ï 

meann SD 

0.522 0.18* 
-0.099 0.17 + 

0.299 0.20 
0.022 0.15 * 

14.266 8.50 

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

CorrelationsCorrelations between A peak prolactin, A peak 
abuseabuse characteristics 

Abuse e 

Sexuall  abuse 
-- Onset age 
-- Frequency 
-- Severity 
-- Duration in years 

Physicall  abuse 
-- Onset age 
-- Frequency 
-- Severity 
-- Duration in years 

Levell  of significance: 
*p<0.055 level; **p<0 

inin the BPD-patients 

AA peak prolactin 

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

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

Cortisol,Cortisol, and 

AA  peak Cortisol 

0.19 9 
-0.08 8 
-0.37 7 
-0.03 3 

-0.01 1 
-0.08 8 

0.23 3 
0.23 3 

011 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). 

FigureFigure 1 
Meann A prolactin response 
too m-CPP (0,5mg/kg) over 
time. . 

 Multivariate analysis of 
variancee p < 0.005; 

**  Tukey's post hoc test 
p<0.05 5 

+/-- trauma means: 
withh and without severe 
childhoodd trauma 

FigureFigure 2 
Meann A Cortisol response to 
m-CPPP (0,5mg/kg) over time 
ii  Multivariate analysis of 

variancee p < 0.005: 
**  Tukey's post hoc test 

p<0.05; ; 
+/-- trauma means: 

withh and without severe 
childhoodd trauma 
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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 
difficul tt 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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