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selective serotonin reuptake inhibitor (SSRI)

INTRODUCTION

Selective serotonin reuptake inhibitors (SSRIs) are now
widely used in the treatment of depression and anxiety
disorders. The presumed mechanism of action, based on in
vivo electrophysiological and intracerebral microdialysis
studies in animals, is an enhanced serotonergic receptor
stimulation caused by increased extracellular levels of
serotonin (5-HT). Preclinical studies exploring changes in
brain 5-hydroxytryptamine (5-HT) following systemic
administration of various SSRIs have consistently found
acute increases in extracellular fluid (ECF) 5-HT concentra-
tions in cell body and terminal field regions of 5-HT
neurons (Adell and Artigas, 1991; Bel and Artigas, 1992;
Invernizzi et al, 1992). While the extent of the 5-HT increase
has varied, increases have been reported in the raphe nuclei,
hippocampus, hypothalamus, diencephalon, striatum, tha-
lamus and frontal cortex (Fuller, 1994). In contrast, ECF
levels of the major 5-HT metabolite, 5-hydroxyindoleacetic
acid (5-HIAA), are consistently observed to decrease after
acute SSRI administration. The decrease in ECF 5-HIAA has
been attributed to somatodendritic and terminal autore-
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A number of studies have reported decreased human lumbar cerebrospinal fluid (CSF) concentrations of the major serotonin
metabolite, 5-hydroxyindoleacetic acid (5-HIAA), following chronic administration of selective serotonin reuptake inhibitors (SSRIs). This
decrease has been thought to be a consequence of elevated extracellular serotonin and to be mediated through terminal autoreceptor
feedback inhibition of serotonin turnover. We wished to study the previously unexamined acute effects of SSRI administration on human
CSF 5-HIAA. A serial lumbar puncture (LP) procedure was used to collect CSF samples before and after a single oral 40 mg dose of the
SSRI' paroxetine (PAR) or matching placebo in eight healthy adult humans in a randomized, double-blind fashion. CSF 5-HIAA
concentrations did not change following placebo, but showed a statistically significant 27% mean increase 3 h following PAR. Our findings
stand in contrast to the decreases reported for CSF 5-HIAA after chronic SSRI treatment in humans and the decreases seen in brain
extracellular 5-HIAA after acute or chronic administration of SSRIs to animals.
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ceptor-mediated reductions in the release and synthesis of
5-HT.

Some limited animal data are available regarding the
chronic effects of the SSRIs on cerebraspinal fluid (CSF) or
ECF levels of 5-HT or 5-HIAA (Bel and Artigas, 1993; Rutter
et al, 1994; Invernizzi et al, 1996; Smith et al, 2000;
Anderson et al, in press). There have also been a number of
studies examining the effects of chronic SSRI treatment on
human lumbar CSF 5-HIAA levels. These studies have
consistently reported declines of CSF 5-HIAA of 40-60%
after weeks or months of SSRI administration (Bjerkenstedt
et al, 1985; Potter et al, 1985; Scheinin, 1985; Martensson et
al, 1991; De Bellis et al, 1993; Sheline et al, 1997). It is worth
noting that the magnitude of the typical 5-HIAA decrease
observed in human subjects is similar to that seen after
acute SSRI administration in animals.

The absence of widely available techniques for assessing
human ECF or obtaining multiple acute CSF samples has led
to a lack of data regarding the acute effects of SSRIs in
humans. One approach with the potential to obtain
information on acute changes in CSF measures is that of
continuous CSF sampling through an indwelling lumbar
intrathecal catheter (Geracioti et al, 1992, 1993). This
approach probably represents the closest currently available
analogue to the in vivo microdialysis techniques used in
animals. In the past several years, our research group has
gained extensive experience using this method to study
healthy human volunteers (Kirwin et al, 1997; Carpenter et
al, 1998; Vythilingam et al, 2000). While this paradigm
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offers the unique opportunity to examine real-time dynamic
changes in levels of CSF neurochemicals during pharmaco-
logical challenges, we found it to be associated with
substantial adverse effects, generally in the form of post-
lumbar puncture (LP) headaches and other neurological
sequelae, which frequently required treatment with intra-
venous fluids, sterile blood ‘patch’ procedures and pro-
longed bedrest.

The morbidity associated with the intrathecal lumbar
catheter led us to consider other methods for serial CSF
collection. The introduction of the Sprotte™ spinal needle,
which has a fine-caliber gauge and conical-shaped tip, has
greatly enhanced subject comfort level and diminished
adverse outcomes associated with LP (Sprotte et al, 1987;
Pittoni et al, 1995). The greatly reduced incidence and
severity of adverse effects suggested that multiple LP
procedures would be feasible and might provide a practical
alternative method for obtaining serial CSF samples.

We undertook the present study of healthy human
subjects to (1) assess the feasibility of our serial LP method
for detecting acute, pharmacologic probe-induced changes
in relevant CNS neurochemicals in humans and (2) to test
the hypothesis, generated from preclinical research find-
ings, that a single oral dose of an SSRI would cause an acute
decline in concentrations of CSF 5-HIAA.

In the context of the many methodological limitations
that have faced investigators of human in vivo neurotrans-
mitter function, measurement of plasma hormone concen-
trations after the acute administration of a challenge drug or
other stimulus has become a widely used method for
assessment of the effects of psychiatric illness on human
neurotransmitter systems. Single doses of SSRIs are
frequently used as pharmacological probes in neuroendo-
crine challenge tests of serotonergic function (eg Raap and
Van de Kar, 1999; Attenburrow et al, 2001). Neuroendocrine
challenge tests have been considered powerful tools for
studying alterations in neural function. Acute changes in
peripheral hormone concentrations following administra-
tion of a challenge drug have been interpreted as reflecting
adaptive changes in receptor function in the brain which
may hold value for predicting individual antidepressant
response (Cowen, 1998). Pairing a serotonergic probe drug
with specific 5-HT receptor antagonists in pharmacological
challenge studies has become a widely used method for
studying mechanisms of action of various antidepressants
in both humans and animals. In animals, invasive
procedures and direct examination of brain tissue and
ECF allow for testing of basic assumptions about the effects
of a pharmacological probe. Data describing relevant
biological correlates of human neuroendocrine challenge
tests, as measured in human CSF analytes or by brain
imaging studies, may likewise provide collateral lines of
evidence about the central effects of the probe drug in
humans. An investigation involving contemporaneous
examination of CSF and peripheral components (mono-
amines, neuropeptides and amino acids) during challenge
tests provided the rationale for our implementation of
continuous CSF sampling methods (Kirwin et al, 1997;
Carpenter et al, 1998). A desire to couple our neuroendo-
crine challenge tests with a safer, more practical CSF
sampling procedure provided the rationale for the present
study.

Neuropsychopharmacology

Paroxetine (PAR) was selected for this study because,
among currently available SSRIs, it has the highest affinity
for the 5-HT transporter while exhibiting low affinity for
other central neurotransmitter binding sites and receptors
(Leonard 1992). PAR has no major metabolite and its
absorption is not altered by a fast or fed state (Haddock et
al, 1989). In addition, PAR is in wide clinical use, is well-
tolerated at a dose of 40 mg/day, and has been reported to
be an effective serotonergic neuroendocrine probe, with a
single 40 mg oral dose provoking a significant increase in
serum cortisol 3 h after ingestion (Reist et al, 1996).

SUBJECTS AND METHODS
Subjects

The study was approved by the Institutional Review Board
of Butler Hospital in Providence, RI. Eight healthy adult
subjects (5 male, 3 female; mean + SD age,
28.6 + 10.8 years; range, 19-51years), free of psychiatric
or medical illness, gave voluntary, written informed consent
to participate as paid volunteers in the study. Subjects were
accepted if they had no personal or family history of
medical, neurologic, or psychiatric illness, and no illicit
drug use or regular medication use within the past year. All
subjects were nonsmokers and demonstrated normal values
on a battery of screening laboratory tests, which included
serum chemistries, liver function tests, complete blood
count, thyroid indices, urinalysis and urine toxicology
screens, and pregnancy test in females. All subjects
demonstrated normal results on physical examination and
electrocardiogram before entering the study.

Procedures

Subjects participated in two separate but identical testing
days, separated by at least 2, but no more than 4, weeks.
Females were scheduled to participate in the follicular phase
of their menstrual cycles. Subjects were advised to avoid
strenuous physical activity for 24h before, and for 48h
after, their participation in each testing day.

The protocol for serial CSF collection is outlined in Figure
1. After an overnight fast, subjects arrived at a dedicated
biological testing suite at Butler Hospital and underwent
placement of an intravenous catheter in a forearm vein for
hydration and phlebotomy at 8 am. Usual caffeine intake (in
the form of unsweetened coffee, tea or diet soda) was
allowed, to avoid neurochemical perturbations that might
be induced by acute caffeine withdrawal on the testing days.
No other food or oral nutrition was given to subjects until
after completion of the final LP. Hydration and adequate
blood glucose levels were maintained via continuous
intravenous fluid therapy with a solution of normal saline
and 5% dextrose, at a rate of 150 ml/h. At the end of the
study (6 pm), subjects resumed a regular diet and were fed
dinner before being discharged home.

Bedrest began at 8 am, with subjects kept awake in a
neutral testing environment throughout the day. Activity
was limited to bedrest (except for bathroom use) until 1h
after the third LP. Reading materials and a television were
made available for subjects to use throughout the day.
Baseline self-report ratings of mood, anxiety and side effects
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Overnight fast, continue regular caffeine use to avoid withdrawal

8:00am.  Placement of intravenous line for hydration and phlebotomy
Begin strict bedrest (awake in neutral environment) except bathroom
Baseline ratings of mood and somatic effects

8:45am.  Pre-LP#1 blood samples obtained

9:00 a.m. Lumbar Puncture #1 (1 hour Pre-drug); CSF (6cc) collected

9:15am.  Post-LP #1 blood samples obtained

10:00 a.m. Paroxetine 40 mg oral dose (or matching placebo)

11:00 a.m.  Subject self-ratings of mood and somatic effects

12:45 p.m. Pre-LP#2 blood samples obtained

1:00 p.m.  Lumbar Puncture #2 (3 Hours post-drug); CSF (6cc) collected

1:15p.m.  Post-LP #2 blood samples obtained

2:00 p.m.  Subject self-ratings of mood and somatic effects

3:45 p.m.  Pre-LP#3 blood samples obtained

4:00 p.m.  Lumbar Puncture #3 (6 Hours post-drug); CSF (6¢cc) collected

4:15p.m.  Post-LP #3 blood samples obtained

5:00 p.m.  Subject self-ratings of mood and somatic effects

6:00 p.m.  Discontinue IV, dinner served, discharge subject home

Next day: phone contact to assess adverse effects (headache, lumbar soreness, etc)

Figure |
randomization to PAR (40 mg, single oral dose) or matching placebo.

were conducted at 8 am and again every 3h until 5 pm
These included the Visual Analogue Scales (VAS) for 15
mood states (McCormack et al, 1988), an Adverse
Symptoms Checklist (ASC; Rabkin et al, 1992), the Profile
of Mood States (POMS; McNair et al, 1992), and the
Patient-Rated Anxiety Scale (PRAS; Albus et al, 1990).
Vital signs (heart rate, blood pressure, respiratory rate
and oral temperature) were monitored at regular,
frequent intervals throughout the testing day by a research
clinician who was present in the room throughout the
protocol.

Blood samples were obtained for cortisol assay through
the existing intravenous line 5min before and 5min after
each CSF collection. A total of 42 ml of blood was withdrawn
during the course of each testing day. Cortisol levels were
measured to confirm the neuroendocrine ‘signal’ of PAR
challenge (change in resting cortisol from 9 am to 1 pm on
PAR vs placebo days) as well as to provide a measurement
of ‘stress’ (presumed HPA arousal from emotional or
somatosensory input) related to the LP procedures them-
selves (pre-LP vs post-LP values at each time point on both
days).

For each of the three LP procedures (9 am, 1 pm and 4
pm), subjects were placed in a comfortable sitting upright
position (arms and head leaning on a tray table) on the edge
of the hospital bed. Standard sterile preparation and
intradermal lidocaine 1% anesthesia were applied at the
L3-1L4 or L4-L5 interspace (with all CSF samples from any
given subject drawn from the same anatomical location on

Serial CSF sampling protocol with fine-gauge Sprotte™ spinal needle. Eight healthy subjects underwent two identical testing days with

both test days). A 20-gauge introducer needle was inserted
to penetrate the skin and superficial tissues, followed by
insertion of the Sprotte™ 25-gauge pencil-point spinal
needle to the subarachnoid space. At each LP, 6ml of
spinal fluid were removed, subsequently divided into 0.5 ml
aliquots, and frozen at —80°C until assayed. Potential
circadian rhythm effects on CSF production and clearance
were controlled by conducting the LPs at exactly the same
time points on both testing days. Following each LP
procedure, subjects were returned to bedrest in the
recumbent position. Subjects underwent double-blind
randomization to receive either PAR 40 mg or matching
placebo in a single oral dose at 10 am Potential circadian
rhythm effects on CSF production and clearance were
controlled by conducting the LPs at exactly the same time
points on both testing days.

Following a final neurological evaluation and dinner at
6:00 pm, subjects were discharged home with instructions to
contact a physician investigator in the event of emergent
headache or other adverse outcome. Subjects were routinely
contacted by phone the following day to complete an
assessment of possible adverse effects related to the
procedure. Ibuprofen was recommended on an as-needed
basis for mild tenderness at the puncture site.

Hormone and Amino Acid Assays

Levels of CSF tryptophan (TRP), tyrosine (TYR), 5-HIAA,
and homovanillic acid (HVA) were determined using a

Neuropsychopharmacology
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modified version of a previously described high perfor-
mance liquid chromatographic (HPLC) method (Anderson
et al, 1979; Leckman et al, 1988). Intra- and interassay
coefficients of variation (CVs) were between 5 and 11%. The
concentration of CSF norepinephrine (NE) was determined
by HPLC with aperometric detection after alumina extrac-
tion of 0.5ml of CSF; the interassay CV of this method is
7.5% (Anderson et al, 1988; Leckman et al, 1995). Plasma
cortisol concentrations were determined using the Gamma-
Coat cortisol I-125 coated-tube radioimmunoassay (RIA)
kit (INCSTAR Corp., Stillwater, MI). The intra- and inter-
assay CVs observed for quality assessment samples (5 and
20ug/dl) were less than 5 and 10%, respectively.

Data Analysis

Concentrations of CSF TRP, TYR, HVA, NE, and 5-HIAA,
pre-LP plasma cortisol, post-LP plasma cortisol, and pre- vs
post-LP change in cortisol (LPACORT) were analyzed for
change over time (3 time points), drug (PAR vs placebo)
effects, and time x drug interactions using a repeated
measures factorial design analysis of variance (ANOVA).
Where sphericity assumptions were not met, the Huyhn-
Feldt correction was applied. Post hoc t-tests were computed
when significant main effects were detected. Additionally, ¢-
tests were applied to compare the baseline (9 am) and 3-h
postdrug (1 pm) concentrations, since peak drug effects
were expected to be evident at that time point. Change in
concentration from baseline to 1 pm was calculated for each
individual and described here as ‘A9-1’. Paired ¢-tests were
used to compare pre- and post-LP plasma cortisol
concentrations for each of the three LP procedures. Alpha
level was set at 0.05 for determination of significance in all
analyses of neurochemical data. Mood, side effects and
physiological data were analyzed for change over time and
drug effects with repeated measures ANOVA and post hoc t-
tests where indicated. These analyses included the PRAS
total score, 15 VAS ratings, 9 POMS factor scores describing
mood states, and any adverse effects items endorsed as
present by more than one subject during the protocol. The
VAS scales were: ‘angry,’ ‘anxious,’ ‘calm,” ‘depressed,
‘drowsy,” ‘energetic,” ‘fearful,” ‘happy,” ‘high,” ‘hungry,
‘irritable,’ ‘mellow,” ‘nervous, °‘sad,’ ‘talkative.” The six
original POMS factor scores (tension/anxiety, depression/
dejection, anger/hostility, fatigue/inertia, vigor/activity,
confusion/bewilderment) were supplemented with three
additional POMS factor scores (elation, arousal, positive
mood; Fischman et al, 1990). Only ten adverse effects items
on the checklist were endorsed by one or more subjects.
These were: drowsy/sleepy, irritable, trouble concentrating,
headache, dry mouth, muscle cramps/stiffness, trouble
sitting still, excessive sweating, appetite increase and
weakness/fatigue. The Bonferonni correction was applied
to control for multiple comparisons, resulting in a corrected
alpha of 0.001 for significance on these measures.

RESULTS
CSF Neurochemical Effects of PAR

Mean CSF concentrations of NE, TRP, TYR, HVA and 5-
HIAA are plotted over time for both test days in Figure 2.

Neuropsychopharmacology

Consistent with what might be expected in a fasting state
throughout the day, significant linear decreases in CSF
concentrations of both TRP and TYR were seen over time
(F[1.3,17] =24.00, p<0.001 and F[2,26] =33.57, p<0.001,
respectively). This pattern appeared to be unaffected by
active drug. There were no significant time or drug effects
on CSF concentration of NE.

A significant time effect was seen in CSF concentrations
of 5-HIAA (F[2,26] =3.48, p<0.05), attributable to the
difference between the PAR and placebo groups at 1 pm
(Figures 2 and 3). Specifically, active PAR significantly
increased CSF 5-HIAA at 3h after drug ingestion (from
baseline mean 11.9+ 1.7ng/ml to post-PAR mean
15.1 4+ 3.5ng/ml, t=3.41, p=0.01), while administration
of placebo had no significant effect on CSF 5-HIAA levels
(baseline mean 11.2 + 2.4ng/ml to post-placebo mean
11.9 + 2.8ng/ml, t=0.78, p=0.462; cf. Figure 3). A
significant acute rise (mean + SD, 27 + 21%) in CSF 5-
HIAA was attributable to active PAR, as reflected in a
significantly greater A9-1 on the active drug day (+=2.79,
p=0.027). Group differences in CSF 5-HIAA did not persist
at the 6-h post-drug timepoint (4 pm).

Repeated measures ANOVA did not show significant time
or drug effects for CSF HVA, but secondary analyses
revealed that the pre- to post-drug change (A9-1) in CSF
concentration of HVA was significantly greater in the active
PAR group than in the placebo group (6.41 + 6.67 ng/ml for
PAR vs 0.99 + 7.18 ng/ml for placebo, t=2.45, p=0.05),
reflecting a mean 31 + 36% PAR-induced increase in CSF
HVA 3h after drug ingestion. Consistent with patterns
observed by other researchers (Jibson et al, 1990), we found
CSF HVA levels highly correlated with CSF 5-HIAA levels in
both the placebo (r=0.64, p=0.001) and active drug
(r=0.75, p<0.001) conditions.

Plasma Cortisol Effects of LP Stress and PAR

Pre- and post-LP plasma cortisol concentrations are
presented graphically for both the placebo and PAR test
days in Figure 4. Pre-LP samples were considered repre-
sentative of ‘resting state’ or ‘basal’ cortisol levels, while
post-LP samples were thought to reflect a ‘stress-induced
state,” with acute activation of the hypothalamus-pituitary-
adrenal (HPA) axis by the emotional and somatic experi-
ence of the LP procedure itself. Comparison of pre- vs post-
LP cortisol levels was used to grossly reflect the degree of
HPA-axis activation caused by LP stress.

Consistent with known patterns of diurnal variation,
unprovoked cortisol levels (pre-LP samples) were generally
highest in the morning and lower in the afternoon
(F[2,28] =23.1, p<0.001), and active drug did not sig-
nificantly influence this pattern. A neuroendocrine ‘signal’
was confirmed by a significantly different pattern of resting
cortisol (pre-LP samples) change from baseline (9 am) to 1
pm (3h after challenge drug) between the active drug and
placebo days, reflecting a relative increase in cortisol
attributable to PAR (t=—2.9; p=0.02).

Significant LP-induced increases in cortisol were not
observed for the 9 am or 4 pm procedures on either
placebo or active PAR days. However, the 1 pm LP
procedure produced a trend-level cortisol increase on the
placebo day (8.65 + 3.45 ug/dl pre-LP vs 14.60 + 7.61 pg/dl
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Figure 2 CSF mean concentrations (with standard deviation bars) plotted over 3 time points for norepinephrine (NE), homovanillic acid (HVA),
tryptophan (TRP), 5-hydroxyindolacetic acid (5-HIAA), and tyrosine (TYR). Arrow indicates oral administration of single oral dose PAR 40 mg (dark line) or

matching placebo (light line) or at 10:00 am.

post-LP, t=2.05, p=0.08) and a statistically significant
cortisol increase on the PAR day (10.03 + 2.08 nug/dl
pre-LP vs 17.30 £+ 5.05ng/dl post-LP, t=4.53, p=0.003).
Since all three LP procedures were conducted in an
identical manner, this finding can be interpreted as a
PAR-enhanced HPA response to the stress of the LP
procedure.

Subjective and Physiological Effects of PAR

No time, drug or interaction effects were found on the PRAS
total score for state anxiety. Increases in VAS ratings of

‘hunger,” ‘mellow’ and ‘talkative’ over time, and decreases in
ratings of ‘nervous’ over time, were noted before application
of the Bonferonni correction. However, after controlling for
multiple comparisons, time effects were found on only one
of the 15 VAS items, ‘hunger,” which increased throughout
the day (F[3,42] =20.3, p<0.001) as patients were fasting
during the protocol. A time x group interaction reflected
lower scores on ratings of ‘calm’ in the active PAR group 4h
after drug ingestion (F[2.5, 42] =3.6, p=0.03), but this
finding was lost when the more stringent alpha criterion
was applied. Analysis of mood data from the POMS revealed
trends toward general decreases in ‘elation’ (F[3,30] =2.9,
p=0.05) and ‘vigor’ (F[3, 30] =4.8, p=0.006) over time,

Neuropsychopharmacology
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Figure 3 CSF 5-HIAA concentrations before and after PAR or placebo
challenge. Raw data are plotted over bars indicating mean values of CSF 5-
HIAA concentrations. Paired t-tests were used to compare the baseline
and postdrug values: placebo condition (baseline mean |1.2, postdrug
mean | 1.9) t=2.79, p=0.462; active PAR (baseline mean | 1.9, postdrug
mean |5.1) t=341, p=0011.
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Figure 4 Plasma cortisol levels during PAR or placebo challenge. Bars
represent mean (+SE) plasma cortisol levels for eight healthy control
subjects during each of two testing days. Plasma samples were drawn
through existing intravenous catheter line immediately before, and
immediately following, each LP. t-Tests indicate the comparison of pre-
and post-LP cortisol concentrations at each time point.

but there were no statistically significant effects found after
Bonferonni correction.

No significant time, group or interaction effects emerged
in the side effects data. Physiological measures revealed no
significant changes over time or by group. However, a trend
was noted for an overall time effect in systolic blood
pressure (lower in the morning and higher in the afternoon,
F[3,42] =2.5, p =0.07); post hoc tests identified this trend as
attributable to active PAR (F[3,21] =2.65, p =0.07).

Neuropsychopharmacology

None of the subjects experienced post-LP headache/
neurological symptoms or required blood-patch proce-
dures. All subjects completed the study by returning for the
second test day.

DISCUSSION

The present investigation demonstrated a significant mean
27% rise in concentrations of the 5-HT metabolite 5-HIAA
in lumbar CSF 3h after administration of a single 40-mg
dose of oral PAR in eight healthy humans. This major
finding is in opposition to the well-established observation
of decreased 5-HIAA in human lumbar CSF after chronic
SSRI treatment. It is also at variance with the many
preclinical observations of decreased brain ECF levels of 5-
HIAA after acute administration of SSRIs. Several factors
deserve consideration in attempting to account for these
unexpected findings.

The discrepancy with previous observations in humans
receiving chronically administered SSRIs may be because of
differing acute and chronic effects of SSRIs in humans. The
consistent and similar decreases observed in ECF 5-HIAA in
acute animal studies and in lumbar CSF 5-HIAA in chronic
treatment human studies would seem to argue against this
possibility. Moreover, recent studies of 5-HT and 5-HIAA in
monkey brain ECF and cisternal CSF fail to support the
existence of major differences across species. These studies
have shown that central 5-HT release in monkeys increases
after acute (Smith et al, 2000) or sustained (Anderson et al,
in press) SSRI administration. The same studies have
observed marked declines in ECF or cisternal CSF 5-HIAA
after acute or chronic SSRI administration. Thus, the
nonhuman primate data appear consistent with the
previous rodent and human data in finding acute in-
creases in 5-HT release and acute and chronic decreases in
5-HIAA.

It must also be noted that human lumbar CSF 5-HIAA
levels reflect in large part the turnover of 5-HT in spinal
serotonergic neurons. These neurons may have a substan-
tially different acute response to an SSRI than the rostrally
projecting neurons that are assessed in animal brain
microdialysis experiments. Limited support for this possi-
bility is provided by microdialysis studies that have
reported regional differences in the acute effects of acute
SSRIs on 5-HT release (Fuller, 1994; Kreiss and Lucki,
1994).

Another possible explanation for the present findings is
suggested by a report of increased ECF 5-HIAA in the rat
after restraint or immobilization stress (Lucki, 1997).
Increases in striatal and hippocampal ECF 5-HIAA of about
30-60% were observed 2-3h after the start of 90 min of
restraint stress. While no definite explanation was offered
for the 5-HIAA increase (which occurred in the absence of
significant change in ECF 5-HT), it was suggested that
reported increases in brain tryptophan after immobilization
could have provided a physiological basis for the elevation
(Lucki, 1997). However, CSF tryptophan actually declined
in our study, apparently eliminating this as a explanation
for the increased CSF 5-HIAA seen here. More-
over, since our data were collected using a within-subjects,
placebo-controlled design, it is unlikely that the PAR-



induced increase in CSF 5-HIAA can be attributable to the
stress of the LP procedure itself.

Peripheral cortisol measurements were used to confirm
the neuroendocrine °‘signal’ of PAR, and also as an
indication of stress attributable to the LP procedures.
Statistically significant LP-induced increases in cortisol did
not occur during the 9 am and 4 pm procedures, even
though the diurnal pattern of cortisol release would favor
detection of such a stress effect in the late afternoon (i.e 4
pm). At the mid-day (1 pm) procedure, a trend-level rise in
cortisol was noted on the placebo day, and a significant LP-
induced cortisol increase was seen on the PAR day. Vital
signs and self-ratings of anxiety/mood state did not support
the hypothesis that the 1 pm LP was more emotionally
disturbing or physiologically arousing than the same
procedure performed at the other time points.

Even in the absence of significant physical or psycholo-
gical stress, however, it is possible that the stress-like
neuroendocrine effects of acute PAR administration (eg
activation of hypothalamus) may have influenced the
observed neurochemical response. Although such neuro-
endocrine effects have been reported to vary in intensity
between specific SSRIs and across studies (Calogero et al,
1990; Fuller, 1992; Reist et al, 1996; Attenburrow et al,
2001), acutely administered SSRIs are generally thought to
increase the release of pituitary hormones, including
prolactin and adrenocorticotrophic hormone (ACTH).
Consistent with this, an enhancing effect of PAR on
LP-induced cortisol secretion was apparent in our
subjects.

Other investigators (McEwen, 1987; Chaouloff, 1993) have
observed that various stressful conditions appear to exert
permissive effects on 5-HT biosynthesis and dampening
effects on neuronal sensitivity to 5-HT, probably mediated
by HPA-axis activation. In the present context, direct
activation of the HPA axis might have resulted in
attenuation of the normally occurring autoreceptor feed-
back inhibition of 5-HT release and synthesis, resulting in
the observed increase in CSF 5-HIAA.

Pharmacokinetic factors might have played a role if drug
levels and the extent of transporter blockade were decreas-
ing several hours after PAR administration. In such a
situation, quite different from that present in chronic
studies, compensatory increases in 5-HT metabolism might
have occurred in an attempt to overcome the initial
autoreceptor-mediated reduction in 5-HT release and
synthesis. However, given the relatively long half-life
(20h) of PAR (Haddock et al, 1989), it is unlikely that
substantial decreases in reuptake inhibition occurred before
the 1 pm or 4 pm CSF samples were obtained. We did not
measure CSF or plasma PAR concentrations, or other
peripheral indices of 5-HT function that would have
provided additional information about the possible con-
tribution of relevant pharmacokinetic variables. The present
investigation did not assess CSF neurochemical changes
associated with efficacious or therapeutic doses of PAR, but
rather was intended to shed light on the acute effects of an
SSRI on central 5-HT activity in humans and provide CSF
correlates for the peripheral hormone changes which occur
during SSRI challenge tests.

Finally, the relationship between 5-HIAA and the
dopamine metabolite, HVA, may be informative. A high
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correlation between the two CSF metabolites is frequently
observed (Faull et al, 1981; Risby et al, 1987), with results
from several studies suggesting that loss of this relationship
is predictive of nonresponse to antidepressant treatment
(Hsiao et al, 1987; Risby et al, 1987). While not clearly
understood, the origin of the monoamine metabolite
intercorrelation in human lumbar CSF does not appear to
be mainly attributable to competition for the shared
probenecid-sensitive organic acid transport system (Jibson
et al, 1990), and may reflect functional interactions between
the dopaminergic and 5-HT systems. Although some of the
post-SSRI rise in CSF HVA we observed may be because of
the rise in (and increased competition from) 5-HIAA, but
the data also raise the possibility that PAR may be affecting,
directly or indirectly, the activity of the acid transport
system.

With regard to feasibility, the serial LP sampling method
we used was easily executed and appeared to induce
minimal HPA arousal, except when coupled with active
PAR. While no invasive procedure could be construed as
totally ‘stress-free’, we found the testing days to be very well
tolerated by our subjects, each of whom underwent two test
days with 3 LPs each day. Most subjects complained of
boredom with prolonged bedrest, but described the CSF
sampling procedure itself as less painful than the intrave-
nous catheter insertion. None experienced headache or
significant adverse outcomes, leading us to conclude that
fine-gauge, conical-tip SPROTTE™ needles allow for serial
CSF sampling and meaningful assessment of central
neurochemical dynamics in humans with minimal discom-
fort and morbidity.

Interpretation of intriguing findings in the setting of new
methodology warrants considerable caution, leading to the
speculative nature of our discussion. The surprising
observation of acute increases in human lumbar CSF 5-
HIAA after SSRI administration indicates that additional
animal studies are warranted. Especially relevant would be
studies in nonhuman primates examining the short- and
long-term effects of SSRIs on lumbar CSF levels of 5-HIAA
and on cisternal CSF 5-HT and 5-HIAA levels. Clinical
studies exploring possible group differences in CSF 5-HIAA
response to SSRI across control and patient groups would
also be of interest. Functional brain imaging data may also
provide useful correlates for peripheral and CSF findings in
neuroendocrine challenge tests. Examination of possible
relationships between neurochemical changes and treat-
ment response may provide useful information and
approaches regarding outcome prediction and treatment
selection. Taken together, research in this area may help
clarify the mechanism of action of the SSRIs and shed light
on the pathophysiology of depression.
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