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Abstract

The purpose of this study was to examine the differential effects of acute tryptophan (TRP) depletion
vs. sham condition on plasma, cerebrospinal fluid (CSF) biochemical parameters, and mood in the

following three subject groups: (1) nine antidepressant-free individuals with remitted depression, (2)
eight paroxetine-treated individuals with recently remitted depression, and (3) seven healthy controls.

Plasma TRP decreased during TRP depletion and increased during sham condition (p<.01). CSF TRP
and 5-hydroxyindoleacetic acid were lower during TRP depletion than sham condition (p<.01 each).
During TRP depletion, CSF TRP correlated significantly with the plasma sum of large neutral amino
acids (XLNAA) (R=—.52, p=.01), but did not significantly correlate with plasma TRP (R=.15, p=.
52). The correlation between CSF TRP and ratio of TRP to XLNAA was (R= .41, p=.06) during TRP
depletion, and (R= —.44, p=.04) during sham condition. A negative correlation trend was observed
between CSF TRP levels and peak Hamilton Depression Rating Scale scores during TRP depletion
in patients recovered from depression (R=—.45, p=.07), but not in healthy controls (R=-.01, p=.

98). CSF Neuropeptide Y was higher during TRP depletion than sham condition (t= 1.75, p < .10).

These results illustrate the importance of assessing plasma ZLNAA when using the TRP depletion
paradigm. The use of a single CSF sampling technique although practical may result in data
acquisition limitations.

© 2009 Elsevier B.V. and European College of Neuropsychopharmacology. All rights reserved.
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INTRODUCTION

The tryptophan (TRP) depletion paradigm continues to be a safe and effective tool to study the
role of brain serotonin (5-HT) function in humans.

Ingestion of a 15-amino acid TRP-free drink (Young et al., 1989) induces hepatic protein
synthesis and causes rapid depletion of (80% to 90%) plasma TRP in the anabolic process. The
decrease in absolute TRP availability, along with an increase in levels of large neutral amino
acids (LNAA) that compete with TRP for transport into the brain are believed to explain a
rapid decrease brain TRP (Moja et al., 1989) and 5-HT synthesis (Nishizawa et al., 1997). It
remains unclear whether TRP, the sum of LNAA (2LNAA) or the ratio of TRP to ZLNAA
(TRP/ZLNAA) primarily determine TRP availability in the central nervous system (CNS).

Despite the consistent reduction in plasma TRP levels (Delgado et al., 1990, 1994; Moreno et
al., 1999), the behavioral responses that follow TRP depletion in individuals with remitted
depression have been quite variable. Cerebrospinal fluid (CSF) TRP and other CSF
neurochemicals may more accurately reflect the changes in brain 5-HT activity than plasma
TRP measurements, and may help explain the variability in behavioral response observed
following TRP depletion. Carpenter and colleagues (1998) measured CSF levels of monoamine
metabolites during TRP depletion in healthy young subjects by continuous sampling via an
indwelling CSF catheter. CSF levels of TRP and 5-hydroxyindoleacetic acid (5-HIAA) were
significantly reduced during TRP depletion. Moreno et al. (2000-a) replicated those findings
in a small group of healthy male volunteers utilizing a single time point sampling technique.
Salomon et al. (2003) reported a relationship between a CSF TRP threshold and depressive
relapse during TRP depletion in subjects with depression who achieved remission following
antidepressant treatment.

The present study intended to replicate and extend these findings by comparing CSF TRP and
5-HIAA concentrations after TRP depletion in subjects with remitted depression and in healthy
volunteers. We also examined whether plasma TRP, ZLNAA, or TRP/ZLNAA correlate with
CSF TRP, and CSF 5-HIAA. These data could provide important insights about the process
by which TRP is transported into the CNS. Levels of other CSF neurochemicals were analyzed
to explore their relationship to plasma amino acids, as well the anticipated depressive response.
These CSF neurochemicals included: 3-methoxy-4-hydroxy-phenylglycol (MHPG),
homovanillic acid (HVA), neuropeptide “Y” (NPY), and corticotrophin releasing hormone
(CRH). CRH (Dinan, 1996; Pitchot et al., 2001) and NPY (Mathé et al., 1996; Mathé, 1999;
Jiménez et al., 2001; Husum et al., 2003) have also been implicated in the pathophysiology of
depression. Research has shown that NPY concentrations are reduced and CRH concentrations
are increased in individuals with depression. In animal models of depression, NPY levels
increase in response to electroconvulsive therapy, lithium, and lamotrigine (Jimenez-Vazquez
etal., 2001). NPY and CRH are neuronally interconnected (Husum and Mathé, 2002) and have
modulatory interactions with the monoamine systems. A study by Tyrka et al., (2004) reported
a significant increase in CSF CRH during TRP depletion in the absence of significant mood
changes. Given these findings we anticipated observing a serotonin mediated increase in CSF
CRH levels and a decrease in CSF NPY levels during active depletion but not during sham
depletion.
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EXPERIMENTAL PROCEDURES

Subjects

Procedure

Twenty-four subjects were recruited through word of mouth and newspaper advertisements.
Nine medication-free subjects who had been in remission from a Unipolar Major Depressive
Episode (MDE) for at least three months but less than two years comprised the first group.
Seven healthy control subjects who were age- and gender- matched to the above group were
the second group. A third group (eight subjects) had achieved and maintained remission from
a MDE for at least two weeks following paroxetine treatment. The sample consisted of 16
female and 8 male subjects between the ages of 23 and 60 years (mean 36.3 £ standard deviation
[s.d.] 11.1).

All participants completed the Structured Clinical Interview for DSM-IV (SCID; Spitzer,
1987). The individuals with medication-free remitted depression were selected if they met
Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) criteria for
at least one prior MDE and had no current Axis | condition. Healthy subjects were selected if
they did not meet lifetime criteria for DSM-IV Axis | conditions based on the SCID, and lacked
history of mental illness in their first-degree relatives. The third group of subjects had recently
achieved remission from a MDE after up to eight weeks of open label treatment with paroxetine
at doses of 10 to 50 mg (mean 26.25 + s.d. 15.06). Remission was defined as a post-treatment
decrease in score > 50% in the 25-item Hamilton Depression Rating Scale (HDRS) (Mazure
etal., 1986) with a post treatment total score <9 maintained for two consecutive visits 2 weeks
apart. Post-treatment scores ranged from 0-8 (mean 2.75 + s.d. 2.6). For this group, the
depletion procedures took place two to four weeks after reaching remission.

All subjects were free of general medical or neurological conditions based on a clinical history
and review of systems, physical examination, electrocardiogram, routine blood tests, and urine
drug screen. The University of Arizona Human Subjects Committee approved this study, and
written informed consent was obtained after explaining the study in detail to each participant.

Testing was performed in the outpatient Psychopharmacology Research Program at the
University of Arizona Health Sciences Center and was conducted in a double blind,
randomized, sham-controlled, crossover fashion. TRP depletion and sham condition were
separated by one week, and each was administered across three days. On Day 1 of TRP
depletion, subjects ingested a 102 gm TRP-free 15-amino acid mixture. On Day 1 of sham
condition, subjects ingested an identical amino acid mixture but supplemented with 2.3 gm of
TRP. See table 1 for the depletion procedure timeline.

Throughout the day, subjects were asked to minimize activity and remain in a specialized
procedure room that allowed for constant observation. Subjects were encouraged to read or
listen to the radio. Although they were urged to maintain strict bed rest, they were allowed to
get up only to use the restroom. They were instructed not to fall asleep, watch television, engage
in extensive interactions, or become physically active. Subjects were allowed to drink water
or fruit juice, but not to eat until after 4:30 PM. There were no dietary or activity restrictions
after that time.

CSF samples for biochemical measurements were obtained by performing a standard lumbar
puncture from the L3-L4 or L4-L5 interspace utilizing a fine-gauge spinal needle, while
subjects were lying down on their side. Sampling occurred nine hours after ingestion of the
drink (approximately 3:30 PM, which took place without unexpected delays) to coincide with
the nadir of CSF 5-HIAA changes as reported by Carpenter et al. (1998). CSF was collected
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on ice as described by Virkunnenn et al. (1987). The first 1 cc was discarded, the following 12
cc were mixed thoroughly and frozen at —70 degrees Fahrenheit.

The time points selected for collection of plasma and CSF samples were based on the reported
mean latency for nadirs of the most relevant biological indices (i.e., approximately 5 hours
after ingestion of amino acid drink for plasma TRP and 9 hours after ingestion of amino acid
drink for CSF 5-HIAA). This time selection was based in the speculation that plasma nadir at
5 hours may best predict the CSF nadir at 9 hours. Subjects went home about one hour after
CSF collection and returned for observation and to complete behavioral rating scales for about
one hour during the two subsequent mornings (Day-2, Day-3). Assessment scores from Day-2
were included in the data analyses because the latency for depressive responses during TRP
depletion has been shown to vary significantly (Delgado et al., 1991 and 1999; Moreno et al.,
1999). A second day of follow up (Day-3) was included in order to monitor the subject's return
to baseline mood, but was not included in the data analysis as proposed a priori.

Measurements

Behavioral ratings at each time point included the HDRS, the Hamilton Anxiety Rating Scale
(HAM-A) (Hamilton, 1959) and the Symptom Checklist, a self rated scale of somatic
symptoms which was utilized to measure the procedure tolerability (Woods et al., 1988).
Experienced research assistants with established reliability on these scales performed the
ratings. Subjects and raters remained blinded to the sequence of testing. Plasma TRP and
LNAA were assayed by high performance liquid chromatography with electrochemical
detection (HPLC-EC) (Gerhardt, 1986). CSF 5-HIAA and HVA were simultaneously
quantified by mass fragmentography (Fri et al., 1974). CSF MHPG was measured by HPLC-
EC (Krstulovic, 1984). CSF NPY and CRF were measured with sensitive and specific
radioimmunoassay (RIA) as previously reported (Jiménez, 2001; Husum, 2002).

Data Analysis

Changes in plasma TRP levels were assessed with paired-samples t-test comparing 6:00 AM
to 11:30 AM measurements. Changes in behavioral ratings (HDRS, HAM-A, and SC) were
assessed by analysis of variance (ANOVA) in a repeated measures design. This allowed for
an assessment of the main effect of time (6:00 AM, 11:30 AM, 5:30 PM, and Day 2), condition
(active depletion vs. sham depletion), subject group (healthy controls, drug free in remission,
and paroxetine treated subjects), as well as time x group, condition x group, time x condition,
and time x condition x group interactions. Changes in CSF TRP, 5-HIAA, MHPG, HVA, CRH
and NPY were assessed with paired sample t-test comparing amounts measured during TRP
depletion to sham condition. ZLNAA was determined by the addition of plasma levels of
leucine, isoleucine, phenylalanine, tyrosine, and valine. Pearson'’s correlation coefficients were
calculated to assess the relationship between plasma level of TRP and ZLNAA, TRP/ZLNAA
(at five hours), and CSF TRP and 5-HIAA (at nine hours). Multiple linear regression
coefficients were calculated to explore the relationship of plasma amino acids with other CSF
neurochemicals, and CSF neurochemicals and maximum HDRS score following TRP
depletion or sham condition. The “HDRS Maximum Score” as consistently reported in
previous publications by the authors (Moreno et al., 1999, 2000-b, 2002) was selected from
the highest HDRS score observed after baseline and up to 25 hours. Results were considered
significant when p < .05, and trends were reported when < .1. All tests were two-tailed. Data
analysis and graphic presentation utilized SPSS version 16.0.
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RESULTS

Baseline HDRS scores were as follows: drug-free remitted group (M = .89, SD = 1.16), healthy
control group (M = .79, SD = .86), and paroxetine-treated remitted group (M = 3.32, SD =
3.00).

Depletion related side effects were similar in frequency and severity to those observed in
previous reports. Six subjects (25%) complained of nausea, two of them (8%) experienced
vomiting. In all cases nausea and vomiting resolved prior to lumbar puncture. Two of the
subjects complained of headaches after the lumbar puncture. In one of the cases, the headache
was mild and resolved promptly. In the other case, due to the severity and persistence or
recurrence of the headache after 24 hours the subject required treatment with a blood patch, a
procedure in which a small amount of the patient's blood is injected through a standard lumbar
puncture procedure in order to correct the presumed leakage of CSF from the sampling site.
This headache occurred following the sham condition and resolved without further
complications. We were unable to obtain a CSF sample in one female subject during one of
the test sessions. One female healthy control did not return for her second test session, and did
not state her reason for discontinuation. All available data was analyzed.

Plasma Findings

During TRP depletion TRP levels decreased by an average of 89.1 % (range 79 to 94%) (t =
22.95, df = 20, p< 0.01), ZLNAA levels increased by an average of 303% (range 157% to
479%) (t =-10.17, df = 20, p< 0.01), and TRP/ZLNAA decreased by an average of 96.1%
(range 90% to 99%; t = 15.91, df = 20, p< 0.01). During sham condition TRP levels increased
by an average of 90.5 % (range —17% to +338%) (t = —7.64, df = 23, p< 0.01), ZLNAA levels
increased by an average of 269% (range 78% to 686%) (t = —7.57, df = 23, p< 0.01), and TRP/
YLNAA decreased by an average of 25.31% (range +38 to —74%; t = 5.27, df = 23, p< 0.01).
YLNAA level changes were very similar during TRP depletion and sham condition (difference
of 13.6%, t = —.77, df = 20, p= 0.45). [See Table 2 for plasma levels].

CSF Findings

Mean CSF 5-HIAA concentration was significantly lower following active TRP depletion
(values represent mean + standard deviation) (6.34 + 3.18 ng/ml) than following sham
condition (8.36 + 3.68 ng/ml), representing a mean 24.16% difference between conditions (t
=-5.1,df=20, p<0.01) [See Figure 1]. CSF TRP was significantly lower during TRP depletion
(80.2 + 47.29 ng/ml) than during sham condition (490.69 + 174.85 ng/ml), representing a
73.66% difference between conditions (t =-13.51, df = 20, p <0.01) [See Figure 2]. CSF NPY
was 4.23% higher during TRP depletion (54.39 £ 9.6 pmol/L) than during sham testing (52.18
+7.54 pmol/L) (t = 1.747, df = 19, p <0.10). There were no significant differences in CSF
neurochemical findings between subject-groups, and there were no differences between TRP
depletion and sham tests in CSF HVA, MHPG, and CRH (see table 3).

Relationship of Plasma amino acids and CSF neurochemicals

A number of significant correlations between plasma TRP, ZLNAA levels, TRP/XLNAA and
CSF neurochemicals were observed. Of note, during TRP depletion, CSF TRP levels were
more highly correlated with plasma ZLNAA levels and TRP/ZLNAA than with plasma TRP
levels. TRP/ ZLNAA correlated significantly with CSF TRP levels during sham condition.
Additionally, CSF 5-HIAA correlated strongly with CSF HVA during both test conditions.
(Pertinent findings are reported in table 4).
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Behavioral Response

ANOVA of HDRS scores did not show statistical significant main effects of time (F = 1.66,
df =3, p >0.1), condition (F = 0.05, df = 1, p > 0.1), or any significant interaction effects.
Similarly, HAMA and SC scores showed no significant main or interaction effects. There were
no sex differences in CSF TRP and CSF5-HIAA for any of the groups.

Relationship of HDRS and CSF TRP

During TRP depletion, Pearson's correlation of maximum HDRS score and CSF TRP had a
trend of significance in subjects in remission from depression (R = —.45, N = 17, p =.07); but
not in healthy controls (R =—.01, N =5, p =.98).

DISCUSSION

The observed changes in CSF TRP and 5-HIAA are consistent with data from previous
depletion studies (Carpenter et al., 1998; Williams et al., 1999; Young et al., 1989; Moreno et
al., 2000; and Salomon et al., 2003), and are extended by the inclusion of individuals with
remitted depression both medication free and paroxetine treated, in addition to healthy controls.
Additionally, this study examined the relationship of plasma TRP and XLNAA to CSF TRP
and other neurochemicals. Interestingly, CSF TRP had higher correlations with plasma
YLNAA and TRP/EZLNAA than with plasma TRP. These data suggest that during TRP
depletion, the availability of LNAA transporters in the blood brain barrier has a larger impact
than plasma TRP levels in the CNS availability of TRP.

The following important limitations should be noted: a) given the use of a single sampling
technique, CSF values recorded for TRP depletion and sham condition can only be assessed
relative to each other. It is therefore not possible to determine to what extent the differences
observed between the two experimental conditions represents changes in TRP depletion,
control condition, or both; b) although the time selection for CSF sampling coincides with the
mean latency for nadir of CSF 5-HIAA in a previous study (Carpenter et al., 1998), given the
individual variability of timing for nadir, sampling at one standard time point may have missed
the absolute nadir for subjects; c) other CSF neurochemicals measured in this study are likely
to have different time progressions to either nadir or peaks, and a one time cross sectional
sample further limits our ability to detect possible effects; d) a lumbar puncture can be variably
uncomfortable, painful, and anxiety provoking, potentially altering the concentrations of CSF
neurochemicals; €) the depressive responses in this study were modest which may have limited
the study's ability to detect correlations between plasma or CSF-biochemical variables with
mood ratings.

Cautioning our interpretation based on the above limitations, the study findings are potentially
contributory and relevant to a better understanding of the mechanism of action of TRP depletion
paradigm studies. Another interesting issue relates to the reported relationship between CSF
TRP and HDRS scores in remitted subjects. In contrast to Salomon et al. (2003) our data failed
to observe an absolute CSF TRP threshold below which all subjects experienced a categorically
depressive response. Rather than disproving the concept of a threshold, given the single CSF
sampling concerns and limited power of the present study, our findings support the concept of
a continuous inverse relationship between CSF-TRP and depressive ratings during TRP
depletion in patients who are in remission from a major depressive episode whether drug-free
or treated with an SSRI.

2LNAA levels during sham testing correlated with CSF MHPG levels. Given that MHPG
readily crosses the blood brain barrier it is generally understood that CSF MHPG reflects
peripheral levels rather than CNS catecholamine activity during TRP depletion. This
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observation may be explained by the fact that the LNAA tyrosine and phenylalanine, which
are ingested as part of the TRP depletion and sham conditions, are precursors for the synthesis
of norepinephrine and dopamine which in turn metabolize to MHPG and HVA respectively.
The reported strong correlation of CSF 5HIAA and HVA observed during both experimental
conditions is consistent with multiple similar reports as discussed by Agren et al. (1986).

The neurotrophic factor NPY was slightly higher during active depletion compared to sham
condition. Given that NPY has been reported to be lower during depression and higher after
successful treatments; it may be speculated that the observed CSF elevation could presumably
represent a compensatory mechanism in response to the stress of this challenge paradigm,
similar to the “compensatory” increases in plasma Brain Derived Neurotrophic Factor (BDNF)
previously reported during TRP depletion (Neumeister et al., 2005). A lack of changes in CSF
CRH levels was observed when an increase was predicted, this is inconsistent with the reported
increase in CSF-CRH at 8 hours after TRP depletion (Tyrka et al. 2004).

Using a single CSF sampling technique, this study compared behavioral ratings, plasma and
CSF neurochemical changes in subjects in remission from a MDE and healthy controls that
underwent TRP depletion. CSF TRP and 5-HIAA differences between TRP depletion and sham
condition are consistent with data from previous studies which utilized continuous CSF
sampling methods. Data from this study support the role of LNAA transport capacity, rather
than absolute TRP levels, in the decrease of CNS TRP observed during TRP depletion.
Observed behavioral effects were modest which limited assessment of relationships between
neurochemical and behavioral findings. In spite of this, there was a statistical trend suggesting
a negative correlation between CSF TRP and maximum HDRS score during depletion in
subjects who are in remission from a MDE.
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Figure 1. CSF 5-HIAA Concentrations at Nine Hours Following Active and Sham Tryptophan
Depletion Protocol

Abbreviations: CSF= cerebrospinal fluid, 5-HIAA= 5-hydroxyindoleacetic acid, ng/ml=
nanograms per milliliter

Figure depicts: Mean, standard deviation, and confidence intervals.
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Figure 2. CSF TRP Concentrations at Nine Hours Following Active and Sham Tryptophan
Depletion Protocol
Abbreviations: CSF= cerebrospinal fluid, TRP= tryptophan, ng/ml= nanograms per milliliter

Figure depicts: Mean, standard deviation, and confidence intervals.
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Schedule for Depletion Sessions

Table 1

Day 1

6:00 AM Arrive at the Research Clinic (fasting after midnight). Behavioral
ratings and
plasma for TRP and LNAA levels (10 cc)

6:15 AM Ingestion of methionine, cysteine, and arginine capsules

6:30 AM Administration of amino acid drink.

11:30 AM Behavioral ratings, plasma for TRP levels (10 cc), vitals

3:30 PM Lumbar puncture forCSF acquisition (15 cc)

4:00 PM Dinner will be provided (Return to unrestricted food intake)

5:30 PM Behavioral ratings

6:00 PM After observation, in the absence of side effects, subjects were allowed
to leave

Days2 & 3

8:00 AM Behavioral ratings
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Table 2

Plasma Amino Acid Levels During TRP Depletion and Sham Condition

TRP/ZLNAA at 11:30 AM

00032 +.00015
(N=21)

.00608 +.00195

(N=24)

Plasma Levels Active Paired t-test Sham Paired t-test
Depletion p value 2- Condition p value 2-
Mean £ S.D. tailed Mean £ S.D. tailed
Total TRP at 6:00 AM (ug/ml) 11.21+1.89 P<.01 11.66 + 2.06 P<.01
(N=21) (N=24)
Total TRP at 11:30 AM (ug/ml) 1.23+0.36 22.21+7.53
(N=22) (N=24)
SLNAA at 6:00 AM (ug/ml) 1403.7 + 260.4 P<.01 1501.8 + 430.2 P<.01
(N=24) (N=24)
TLNAA at 11:30 AM (u/ml) 4249.4+1326.3 4007.4 + 1672
(N=24) (N=24)
TRP/ZLNAA at 6:00 AM .00828 +.00227 P<.01 .00814 +.00193 P<.01
(N=21) (N=24)

Page 13

Abbreviations: N= number of subjects, TRP= tryptophan, Total TRP at 6:00AM= total tryptophan level obtained immediately prior to ingestion of
the test drink, Total TRP at 11:30 AM= total tryptophan level obtained 5 hours after ingestion of the test drink, ug/ml= micrograms per milliliter,
S.D.= standard deviation, ZLNAA= sum of large neutral amino acids, TRP/XLNAA= Ratio of tryptophan to the sum of large neutral amino acids.
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Table 3

CSF Neurochemicals During TRP Depletion and Sham Condition

Page 14

CSF Active Depletion Sham Condition T-test “p”
Neurochemicals Mean £ S.D. Mean £ S.D. 2-tailed
TRP ng/ml 80.2 £ 47.29 490.69 + 174.85 <01
(N=23) (N=22)

5-HIAA ng/ml 6.34 £ 3.18 8.36 + 3.68 <01
(N=23) (N=22)

MHPG ng/ml 10.86 £ 5.77 11.74 £6.22 .34
(N=23) (N=22)

HVA ng/ml 28.66 + 17.45 27.21+15.86 .58
(N=23) (N=22)

NPY pmol/L 54.39+9.6 52.18+7.54 <.10
(N=22) (N=21)

CRH pmol/L 8543.6 + 2515.82 8844.6 +2124.8 A7
(N=22) (N=21)

Abbreviations: CSF= cerebrospinal fluid, N= number of subjects, TRP= tryptophan, ng/ml= nanograms per milliliter, pmol/L = picomoles per liter,
S.D.= standard deviation. 5-HIAA= 5-hydroxyindoleacetic acid, MHPG= 3-methoxy-4-hydroxy-phenylglycol, HVA= homovanillic acid, NPY=

Neuropeptide Y, CRH= Corticotrophin releasing hormone.
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Selected Correlations Between Biochemical Parameters During TRP Depletion and Sham Condition

Table 4

Biochemical Parameters

Active Depletion
Pearson's R (p value)

Sham Condition
Pearson's R (p value)

Plasma (T+5hr) TRP & CSF TRP 15 (52) N=21 08 (.74) N=22
Plasma (T+5hr) TRP & CSF 5-HIAA 05 (.82) N=21 39 (.07) N=22
Plasma (T+5hr) SLNAA & CSF TRP -52(.01) N=21 34 (12) N=22
Plasma (T+5hr) SLNAA & CSF 5-HIAA 30 (.19) N=21 15 (.49) N=22
Plasma (T+5hr) TRP/SLNAA & CSF TRP 41 (.06) N=21 — 44 (04) N=22
Plasma (T+5hr) TRP/SLNAA & CSF 5-HIAA ~.11 (.62) N=21 03 (.91) N=22
Plasma (T+5hr) TRP & CSF NPY .05 (.08) N=20 32 (15) N=21
Plasma (T+5hr) SLNAA & CSF MHPG 68 (<.01) N=21 .10 (.64) N=22
CSF TRP & CSF 5-HIAA -.35(11) N=23 -.05 (.84) N=22
CSF 5-HIAA & CSF NPY 24 (.28) N=22 46 (.03) N=21
CSF 5-HIAA & CSF MHPG 36 (.09) N=23 13 (57) N=22
CSF 5-HIAA & CSF HVA 69 (<.01) N=23 55 (<.01) N=22
CSF HVA & CSF NPY 32 (.18) N=22 38 (.09) N=21
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Abbreviations: N= number of subjects, T+5hr = 5 hours after ingestion of amino acid mixture, CSF = cerebrospinal fluid, TRP = tryptophan, ZLNAA
= sum of large neutral amino acids, TRP/ZLNAA = Ratio of tryptophan to the sum of large neutral amino acids, 5-HIAA = 5-hydroxyindoleacetic
acid, MHPG = 3-methoxy-4-hydroxy-phenylglycol, HVA = homovanillic acid, NPY = Neuropeptide Y, CRH = Corticotrophin releasing hormone.
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