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Serotonin release varies with brain tryptophan levels
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This study examines directly the effects on serotonin release of varving brain tryptophan levels within the physiologic range 1t also addresses
r-ssible anteractions between tryptophan avalability and frequency of membrane depolanzation in controlling serotonin release We
J.monstrate that reducing tryptophan levels in rat hypothalamic slices (by superfusing them with medium supplemented with 100 uM leucine)
J. creases tissue serotonin levels as well as both spontaneous and electrically-evoked serotonin release Conversely. elevating tissue tryptophan
lovels (v superfusing shees with medium supplemented with 2 ™M tryplophan) increases both tissue serotomin levels and serotonin relcase
S.rovtonin release was found 1o be affecied independentls by tryptophan availability and frequency of electrical field-sumulation (1-5 Hz). since
ir.teasing both svanables produced nearly additine increases in release These obsenauons demonsirate for the first ume that both
precursor-dependent elevations and reductions in brain serotomin levels produce proportionate changes in serotomin release. and that the
magnitude of the trvptophan effect 15 unrelated to neuronal finng frequency The data support the hypothesis that serotomin release s

Tooporuonate 1o intracellular serotomin levels

INTRODUCTION

The rate at which serotonin (5-HT) is released from
brain neurons 1s often assumed to vary with that of 5-HT
synthesis. and thus with brain levels of its precursor
traptophan This assumption arnises from the known
Jependence of 5-HT synthesis on the local concentration
of tryptophan'* '* ™. It also derives from studies report-
ing modifications in certain behaviors. including aggres-
100" and pain sensitivity **, when brain tryptophan levels
are altered in vivo. the tryptophan-sensitivity of these
and other behaviors is thought to be due to precursor-
Jependent changes in 5-HT synthesis and subsequent
release of the transmitter into brain synapses. If 5-HT
svnthesis and release do in fact covary. then one would
expect to find that changes in 5-HT synthesis would
produce parallel changes in 5-HT release. Indeed. nu-
merous studies have demonstrated increases in S-HT
release in vivo”-”"‘-"’-“ or in Viﬂ’o""‘ when brain
iryptophan levels have been elevated. a few studies,
however. failed 10 reveal this affect'>**°. Conspicu-
vusly. no study has examined directly the effect of
reducing brain tryptophan levels on the release of
endogenous 5-HT. Furthermore. it is not known whether
the firing activity of serotoninergic neurons influences the
relationship between tryptophan availability and 5-HT
release. The present study addresses these questions in
witro.

We now report that 5-HT release is decreased when
brain tryptophan levels are lowered. and that the mod-
ulation of 5-HT release by tryptophan availability 1s
independent of. and nearly additive with. the effects of
varving the frequency of membrane depolarization

MATERIALS AND METHODS

Shice preparanon

Hypothalamic shces (300 um) from male Sprague-Dawley rats
(180-240 g) were prepared as descnibed previoush*' Some shices
were relained. frozen over drv ice. and stored at =70 *C unul
biochemical assavs were performed Most shices were placed into
parallel chambers and superfused (0 & ml min) with pre-warmed
physiologic medium having the following composition (1n mM)
NaCl 130. KC13.5. CaCl, 1.3. MgSO, 1.5, NaH.PO, 1. NaHCO,
25. p-glucose 10. This medium also contained 2 uM fluoxeune
(unless noted otherwise) to block the reuptake of synapnc 5-HT"'.
and was gassed continuoush with 98% O, 5% CO. 10 sustain pH
7.4 Shices were equilibrated by superfusion for 50 min pnor to
fraction collecuon.

Expenimenial design

Effecs of LNAAs on indole levels and release In expenments
designed 10 examine the effects of reducing or elevaung brain
tryptophan levels on 5-HT relcase. each chamber contained the
equivalent of one hypothalamus Slices in one chamber were
superfused with fluoxetine-containing medium supplemented with
100 uM leucine. 2 uM tryptophan. or 100 uM leucine plus 2 uM
tryptophan. Shces in the other chamber were superfused with amino
acid-unsupplemented medium. and thus served as control Four
expenments were performed using each of the 3 comparative
conditions Successive S-min fractions (FC-80K Fractionator. Gilson
Medical Electronics. Inc . Middleion. W) were collected for 80 min
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(1c . hetween St and 1% ming bevond the imnial equilibration
penod Each fracuon of superfusion medium was collccied o &
glass whe comtaiming 1wl of 7 mM ascorhatc and internal
standards [S-hvdrovs-A-methvlinpramine oxalaie (S-HT-CH,) and
S.hvdrowy 2andolecarboavhe acid (5-HICA)]. mixed by vortex. and
stoted in the dark onace. untl further processing (within 1-2 h)
Shoes were electnically ficld-sumulated for 3 penods of 47 min
each starning &) KS and 110 min aficr the onsct of superfusion
Elccincal field-sumulanon was wnduced by delivers of bipolar
squarc-warc pubses (8 Hz. 2 mo. 10 mA cm’) using a sumulator
(San Grass Instrument Co . Quiney. MA) in senes with a 12V
relay . pulses were monnored by an osailloscope (V-212. Hiach
Denshi Lid . Tokvo, Japan) Al the end of each expenment. the
shices were remored from thewr chambers. guickly ninsed in distilled
waler, frozen onver dry icc. and stored a1 =70 °C for subsequent
Mochemical assays

In cxpenimenis addressing posubie interactions between neuronal
actmann and altered tryptophan availlabibinn n controling S-HT
release  cach superfusion chamber contained the equivalent of a
demi-hapothalamus The fluoxctine-containing medium superfusing
shoes 1n one chamber was supplemented with 2 uM trvptophan. that
supcrtusing the other chamber was amino acid-unsupplemenied
tcontrall Ten-minute fracuons were collecied over @ 70-min peniod
tio between Sgnd 120 min) beginming at 80, 60, 75 RS, 10 and
Lt min from the onset of superfusion These fracions were
collecied and handled as descnibed abone Shices were electnically
hield-sumulated for 3 peninds of 4 min each. staruing at &0, RS and
Lo min from the onset of superfusion Elecinical field-sumulation
was induccd e desenibed above. although the frequency of the
sumulator was set gt either 1 3 or & Hz which delivers 240, 720 or
1200 pylses respectnels . over @ constant (4-min) penod of elecincal
fivld-simulation Seven or eight expeniments were performed at
cach ot thy 3 snimulation {requencies tested

Timi-course 0! tssue andole levels Eight expeniments were
conducted in shich shices (& per ime-point) were retneved afier 0
13 3w~ Wi ognd 120 min of superfumion with fluoxenne-frev
physloge medium These shees were guickls rinsed with disulied
wuler hlotcd frozen over dry ace and stored at =70 *C unul assavs
woere performed W tested whether exposing shees 10 those
sdJditongl conditons apphed-duning the release experiments aliered
the imc-courscs ohtained with superfusion alone Thue. shices were
delnercd 3 penods of electnical field-stimulanon (4 7 min. & Hz. 2
m. I ma cm’) and or superfused with medium containing 2 wM
fluracuine. 4 expeniments were performed under each of these
conditions

Time-course of irvpiophan concentration in superfusion medium
Each superiumion chamber contained the equinalent of onc hypo-
thalsmus and wa~ superfused with fluoxetine-containing physiologic
medium Shces in onc chamber were electncally field-sumulated (8
Hz.2ms 1nimA cm’) for 3 periods of 4 7 min each staruing a1 60.
8% and 110 min_ those in the other were just superfused throughout
Fine expenimenis were conducted in which fracuons (15 s; 150 ul)
of superfusion medium werce collecied from the latier chamber
starting a1t 5. 15 M. 60U, QU and 120 min from the onsel of
superfusion. fracuions (15 5. 150 u1) from the elecincally-sumulated
chamhcr were collecied starung a1 5. 15, 30, 60, 65. BS. 90, 110 and
115 min Ten mucrolners of 075 mM ascorbate containing the
wiernal standard 5-HICA were added 10 each fraction. samples
were siored on ice until assay (uswally within 20 min of coliection)

Biochemical analysis

Indole conceniranons in superfusion medium S-HT and §-
hydroxvindolcacetic acid (S-HIAA) were exiracted from each
fracuon of superfusion medium using the newly developed prepar-
atne reverse-phase method described previoush®’ This method
was modified shightly 10 extract these S-hydroxvindoles from either
the S-min (3 1 ml) or 10-min (6 1 ml) fractions columns conlaining
100 mg (for a 3.1-m! fraction) or 200 mg (for 3 6 1-ml fraction) of
C,. sorbent (40 wM. Analytichem International. Harbor Ciy. CA)
were prepared in Pasieur pipettes (9 inch) Each column was

condimoned with methano! (1 £ ml) and then 0 1 M NaH.PO, 1pH
30. 075 ml) before loading a sample or siandard fracuon pH
2 R-30) Afier passage of a fraction. the aqueous phase ina ltr.mg
column was displaced by 125 4l of 70% methanol 307 acenc &.i2
and that in a 200-mg column by 200 ul of this organic solution The
S.hvdroxvindoles were eluted into Eppendor{ tubes with ¥u .0 of
this methanol acetic acid solution. and the solvent was evaporasice
under a stream of nitrogen The dnied eluates were reconstiutec
with 50 ul of 0.15 M HCI containing 0.25 mM ascorbate Recoveries
of 5-HT and 5-HIAA were generally B0-90% based on calculatione
using the internal standards in standard fracuoné

5-HT and 5-HIAA in the reconstituted samples were assave2 by
high-performance hquid chromatography with electrochemica’ Je-
tecion (HPLC-ED) Samples (45 of 50 ul) were injected avtomal-
ically (712; Waters Inteligent Systems Program. Milford. MA 1 cver
a reverse-phase C,, column (5 ym. 25 cm. Beckman Instirumen: (o .
San Ramon. CA) The mobile phase was pumped (11UA. Altex
Scientific Inc.. Berkeley. CA) over this column a1 a rate of 12
mi'min. and was of the following compositon (in mM). NaH.PO,
200. Na.EDTA 0.1. octyl sodium sulfate 0.17. with 137 methanol
(vol'vol) and having a final pH of 4.3. 5-HT and S-HIAA were
detected electrochemically (LC4A. Bioanalvuical Svstems In: .
West Lafayente. IN) at 2 nAN when the potental of the glava
carbon electrode was se1 at 0.55 V against the Ag AgCl reference
electrode

Tryprophan in fracion ahquots (S0 wl) was assaved using the
HPLC-ED conditions as descnibed above. but with the apphed
potential set a1 09 V.

Tussue indole levels Frozen ussue samples were homogemzed by
ultrasonicanon in 0.2 M HCIO, (ca 0 4 mi'mg protein) containing
0% mM ascorbate and the imernal standards $-HT-CH. and
S-HICA These homogenates were centrifuged (35 000 x g. 10 min)
and aliquots (50 wl) of these ussue supernatants were assavec 1or
their contents of tryptophan. 5-HT and 5-HIAA by HPLC-ED wnth
the apphed potenual set at 0.85 V' and the sensitnaty at $ na '\
Tissue peliets were assaved for protein using the method of Lown
et al™*. with bovine serum albumin senang as the protein standard

Daia anal\sis

Amounts of thEindoles 1n each samplie of superfusion mediumr or
tissue supernatant were esimated by correcung the recorded poak
height for ns recovery. using the designated internal standurd
(5-HT-CH, for 5-HT and ussue tryptophan. 5-HICA for &.HlAA
and medium tryplophan). followed by linear regression anahsis
based on standard curves run in paraliel with each ser of samples
These amounts were normalized to the amount of protein in the
tissue pellet

For each experiment examining the effects of leucine and or
trypiophan on hypothalamic 5-hvdroxyindole release. calculations
were made of the average rates of 5-HT release (pmol g protein
min) over the 4 rest penods (spontaneous 5-HT release ) and the 2
penods of electrical field-stimulanon Evoked 5-HT release was
calculated by subtracung the 5-HT released spontancously from that
released with sumulaion The rate of S-HIAA efflux (pmulg
proiein‘min) was taken as the average across the 80-min collection
penod Tissue indole levels and release are reporied here as means
or mean percents = S.E M relative 10 paired control shices The
fracuons of intracellular §-HT released (% ) per min were calculated
by dividing the average raie of 5-HT released spontancoushy or with
sumulation (pmol‘g protein‘min) by the final ussue S-HT levels
(nmol‘g protein). and then multiplying by 100. Data were evaluated
by the 2-tailed Student pared rtest Stausnscally significant
differences were noted for these and all other analvsis when the
probability value was less than 0.05

For experiments addressing the effect of tryptophan availabiin
on the release of S-HT evoked at varying frequencies of elecincal
held-sumulation. we calculated 5-HT release per pulse (pmol g
protein‘pulse) and total 5-HT release (pmol'g protein) These data
were evaluated by a 2-way analysis of vanance. followed by the
Duncan muluple range posi-hoc test.



()ne-way or Iwo-way analvuis of vanance. as appropnate. fol-
lowed by the Duncan muluiple range test. was used to evaluate the
citouis of treatments (1 e . superfusion ume. electncal hield-stimu-
jor»n  fluoxeune) on tryptophan concentrations in superiusion
m.dium and on lissue indole levels

Marnials

Fiuoxetine HCl was generously provided by Eh Lilly Laboratones
tindianapolis. IN) All L-amino acids (tryptophan and leucine) and
standard compounds (5-HT. 5-HIAA and albumin) were purchased
from Sigma Chemical Company (S1. Louis. MO). The internal
standards S-HT-CH, and 5-HICA were obtained from Aldnch
Chemical Company (Milwaukee. W1) Gilass-distilled methanol
uscd for HPLC and for the extracuion procedure was obtained from
E\ Science (Gibbsiown, NJ). acetic acid for extraction use was of
tutler grade. and was purchased from Prerce Chemical Company
tRuckford. IL). All other reagents were of analytc grade

RLESULTS

Levels of trvptophan. 5-HT and 5-HIAA in hvpotha-
lamic shces prior to superfusion were 1846 = 10.3. 71.3
= 1.7and 41 6 % 2.5 nmol g protein. respectively. When
Jices were superfused with physiologic medium (unsup-
rlemented with amino acids or fluoxetine) time-depen-
dJent changes in tissue levels of tryptophan (F, ;- = 7.35.
P < 001). 5-HT (F, = 2.97. P < 0.05) and 5-HIAA
if,,, =491 P<001)were observed (Fig. 1). Tissue
tvprophan levels increased with the onset of superfusion.
and then remained relatively constant before declining
vradually over the second hour. Tissue 5-HT levels also
rose with superfusion. peaking after those of tryptophan
and then remained relatively unchanged for the remain-
der of the expenmental penod. Tissue 5-HIAA levels fell
precipitously with superfusion and remained low there-
atter  Exposing slices to those additional conditions
present duning the release expeniments (i.e., 3 peniods of
electrical field-stimulation: 2 uM fluoxetine) did not
modify these time-courses observed with superfusion
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Fig | Time-courses of indole levels in hypothalamic shees dunng
superfusion with physiologic medium (unsupplemented with amino
acids or fluoxeune) Time-dependent changes in ussuc levels of
tryptophan (F i, = 7.35. P<001). 5-HT (F, 5y = 2.97. P < 0.05).
and 5-HIAA (F,,, = 4491, P < 0.01) were observed. Data are
expressed as mean percents = S.EM.. relauve to levels in
pre-superfusion (1 = 0) shices
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alone (data nct shown). Tissue levels of tryptophan.
5-HT and 5-HIAA in slices retnieved at the end of each
release expenment (i.e.. after 130 min of superfusion
dunng which time slices were exposed to electrical
field-stimulation and fluoxetine) were 239.9 = 12.1. 897
#+ 2.6 and 3.8 * 0.4 nmol:g protein, respectively.

We examined the possibility that the time-dependent
changes in tissue tryptophan levels could be accounted
for by changes in the tryptophan concentration of the
extracellular medium. We found that under control
conditions the amino acid-unsupplemented medium ac-
tually contained endogenous tryptophan. in concentra-
tions (ca. 0.06=0.12 uM) which vaned with time (F, ,, =
4.99, P < 0.01); they peaked 15-30 min after the onset
of superfusion. and then declined gradually over the next
90 min (Fig. 2). This time-course was not affected by
delivery of 3 periods of electncal field-stimulation.

Shees superfused with control medium released 5-HT
spontaneously at a rate of 51 = 2 pmol/g protein‘min. this
rate increased to 320 = 10 pmol'g protein-min with each
of the 3 periods of electrical field-stimulation. These rates
were relatively consistent over the 4 rest penods and the
3 periods of electrical field-stimulation. The fraction of
intraneuronal 5-HT released spontaneously was 0.06%
per min: this increased with electrical field-stimulation to
0.36 = 0.02% per min. The rate of 5-HIAA efflux during
the 80-min collection period was 659 * 30 pmolg
protein min.

Superfusing shces with medium containing 100 uM
leucine reduced final tissue tryptophan levels to 607 =
1.0% (P < 0.01) and 5-HT levels 10 B8.7 = 2.0% (P <
0.05) of control levels (Fig. 3). The addition of 2 uM
tryptophan to the superfusion medium caused final shce
tryptophan and 5-HT levels to be elevated to 183.1 =
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Fig 2. Time-course of the irypiophan concentration in physiologic
medium (amino acd pplemented medium) with superfusion
and electncal field-stimulation of hypothalamic shces. Shices in one
of the paraliel chambers were elecincally field-sumulated (4.7 min.
S Hz. 2 ms. 100 mA/em’) for 3 penods staruing a1 60, 85 and 110 min
after the onset of superfusion Values are group means = SEM
Two-way analysis of vanance detecied a significant effect of ume
(Fy3 = 499 P < 0.01). but not of treatment
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Fig 2 Effects on ussue indole level of decreasing and increasing
irvpiophan availabihnn Paired rat hypothalamic shees were super-
fused with amino acid-unsupplemented medium (control) or me-
dium 10 which LNAAs leucine (110 M. leu) and or tryptophan (2
uM. trp) were added Shces were retnieved at the end of each
releasc experiment (1 e.. after 14 min of superfusion) and were
assaved for their contenis of trvplophan and 5-HT Data are
eapressed a~ mean percents = S E M relative 1o control. for n =
4 parrs for each treatment, *P < G0k, "*P < (01 differs from
control by the Student paired i-1est

1247 (P < 0.0]1) and 115.0 2 59% (P < 0.05) of
control. respectively  Co-supplementing the medium with
100 &M leucine plus 2 4M tryptophan resulted in final
tryptophan and 5-HT levels of 1181 = 10.5% and 97.7
= 547 of control. respectively.

Shces superfused with medium containing 100 uM
leucine decreased their spontaneous release of 5-HT to
726 = S.0% (P < 0.05) and their electrically-evoked
releasc 1079 7 2 2 6% (P < 0.01) of control rates (Fig

4). S-HIAA efflux decreased to 70.3 = 2.1% of control

(P < 001) Superfusing shces with medium contaiming 2
uM tryptophan increased spontaneous and electrically-
evoked 5-HT release to 138.1 * 3.9% (P < 0.01) and
1239 = 39% (P < 0.01) of control. respectivels.
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Fig 4 Effects on 5-hydroxyindole release of decreasing and
increasing trypiophan availability . Paired ra1 hypothalamic shees
were superfused with amino acid-unsupplementied medium (control)
or medium 1o which LNAAs leucine (100 4M. leu) andor
trypiophan (2 4M. 1rp) were added Data are expressed as mean
percents = S E M . relative 10 control. for n = 4 pairs of each
treatment *P < 0.05. **P < 0.01 differs from control by the
Studen! paired I-test

TABLE 1

Fracuonal rates of 5-HT released per min from hipothalami, s.aces
superfused with medium coniaining LNAA:

Rat hypothalamic shces were superfused with either control me.um
(-) or medium supplemented with 100 uM leucine (Leul. 2 u™
tryptophan (Trp). or 100 M leucine plus 2 uM inprophan (=1 S-HT
released basally and with electneal field-sumulauon (4 7min. SHz 2
ms. 100 mA/em’) were monitored; tissue 5-HT levels were assaved in
slices retneved at the end of each release expenment (1 ¢ . afier 130
min of superfusion). Fractional rates of 5-HT release (%) per min
were calculated Values are mean percents = S E M (where prester
than 0) for n = 4 pairs for each expenmental condition The Studen!
paired i-1est did not detect significant differences between fracuional
rates of basal or evoked 5-HT release.

LNAA Fracuonal raie of 5-HT release 17
Basa! Evohed
Leu - 0.06 03%=002
* 0.05 0.32=003
Trp - 0.08 03:=00
- 0.06 039=002
Lev = Trp - 0 06 03¥=002
- 0.07 039=00:

5-HIA A efflux increased to 161.3 = 9.0 of control (P
< 0.01). Co-supplementing the medium with both of the
large neutral amino acids (LNAAs) suppressed the
changes induced by either LNAA individually

The fractional rates of 5-HT released spontaneousl or
with electrical field-stimulation were not modified by
supplementing the medium with leucine. tryptophan. or
leucine plus tryptophan (Table I).

Total 5-HT release increased (F, 5 = 74 47, P < 0.01)
as a function of stimulation frequency (1 Hz 753 = 69
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Fig 5. Effect of electrical field-stimulation frequency (1.3 or § Hz»
on 5-HT released per pulse from slices superfused wath tryptophan
(irp)-free or trypiophan-supplemented (2 uM) medium Data are
expressed as group means = S.E.M. Two-way analysis of vanance
detecied a significant effect of tryptophan supplementauon (F, ,, =
6.67. P < 0.05) which was independent of sumulation frequency. a
significant effect of stimulation frequency was also detected (Fy 5, =
24 4], P < 0.01) with 5-HT release evoked by | Hz different from
that evoked by 3 or 5 Hz. as assessed by the Duncan muluple range
post-hoc test



pmul p protein. 3 Hz: 1496 = 87 pmol‘g protein: 5 Hz:
2142 = 154 pmolg protein) However. 5-HT release per
pulse decreased with frequencies greater than 1 Hz (F, 4,
= 2441, P < 001. Fig. 5) Superfusing shces with
medium contaiming 2 uM tryptophan augmented. by 21 .4
= 4 3% . to1al 5-HT release (F, ., = 8.20. P < 0.01) and
5-HT release per pulse (F, y = 6.67. P < 0.05). The
magnitude of the tryptophan-induced enhancement in
5-HT release was independent of stimulation frequency
(1-% Hz). Moreover. increasing both tryptophan avail-
abihty and stimulation frequency produced nearly addi-
tive increases in 5-HT release (e.g.. 2 uM tryptophan
increased spontaneous 5-HT release by 21 = 5% and
evoked release by 19 = 5% 3 Hz stimulation increased
5-HT release by 284 = 21%: and 2 uM tryptophan plus
3 Hz sumulation increased 5-HT release by 357 + 24%).

DISCUSSION

These data provide the first direct evidence that
reducing brain tryvptophan levels produces proportionate
de.reases in S-HT release. both spontaneous and elec-
tricallv-evoked (Figs. 3 and 4). Earlier in vivo studies
provided only indirect evidence that local tryptophan
lervels can limit 5-HT release: It had been shown that
supplemental tryptophan could restore the decrements in
S-HT release caused by prolonged stimulation®*!; and
the stress-induced elevations in brain tryptophan levels®
and S-hydroxvindole release™ could be blocked by
pretreating with vahine, a LNAA which competes with
tryptophan for uptake into brain®’. Another in vivo study
tailed 10 reveal a precursor-dependence of 5-HT release:
In cats fed a tryptophan-free meal which lowered their
brain levels of tryptophan and 5-HT. the release of
['H]-5-HT. synthesized from [‘H]iryptophan injected
intraventricularly. was reportedly not different from that
released in cats fed the control. tryptophan-containing
meal. it was concluded that diet-induced changes in brain
iryptophan levels do not modify S-HT release®. How-
ever. since total brain levels of 5-HT were reponedly
lower in the tryptophan-deficient brains than in control
brains. the specific activity of [*H]S-HT was probably
higher relative to control. While the release of [*H]S-HT
was observed to be unaffected by diet. total 5-HT release
in the tryptophan-deficient brain may thus have dimin-
ished (see ref. 39).

In the present study. superfusing rat hypothalamic
slices with medium containing the LNAA leucine. at a
concentration which approximates the summed concen-
trauons of LNAAs in cerebrospinal fluid''"* reduced
tissue tryptophan levels. This observation is consistent
with other in vitro studies demonstrating that LNAAs
competitively inhibit tryptophan's influx across the
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plasma membrane of brain cells*'*' and also facilitate is
efflux™*'. Our data suggest that serotoninergic neurons
can couple LNAA-induced decrements in net tryptophan
uptake to transmitter release.

These data confirm our earlier finding that elevating
tryptophan levels in rat hypothalamic slices causes pro-
portionate increase in tissue 5-HT levels and release’.
Final tissue tryptophan and 5-HT levels were altered in
parallel over ranges of 122% (-39% to +83%) and 26%
(=11% to +15% ). respectively. by superfusing slices with
medium to which 100 uM leucine and/or 2 uM tryptophan
were added. These variations in tissue indole levels are
quantitatively similar to those which occur physiologically
in rat brain after consumption of certain meals'®'***;
with time of day’’*; or after particular stressors®>
Thus, our data suggest that physiologic elevations or
reductions in brain tryptophan levels cause parallel
changes in brain 5-HT levels and 5-HT release. Within
the physiological dynamic range for brain 5-HT levels.
the absolute amounts of released 5-HT changed proport-
ionately: and this proportionality is evidenced by the
invanant fractional rates of 5-HT release when tissue
5-HT levels were raised. lowered. or unaltered (Table I).

Our data suggest that intracellular 5-HT stores and
monoamine oxidase activity may buffer precursor-depen-
dent changes in 5-HT release. This interpretation is based
on the finding that the molar changes in 5-HT release
were significantly smaller than those in tissue 5-HT levels
(ca one-quarter) and in 5-HIAA efflux (ca one-sen-
enth). The precursor-dependent increases or decreases in
5-HT release were apparently partially suppressed by
more pronounced elevations or reductions. respectively. in
tissue 5-HT levels and 5-HIAA efflux. Thus. compensaton
alterations in 5-HT storage pools and degradation may
serve to dampen increases in 5-HT release when synthesis
exceeds immediate demands for release. and to offset
decreases in 5-HT release when synthesis contributes less to
the pool of releasable 5-HT than immediate demands

Levels of tryptophan. 5-HT and 5-HIAA in hypotha-
lamic slices changed over the experimental period when
superfused with physiologic medium (unsupplemented
with amino acids or fluoxetine; Fig. 1). The time-
dependent changes in tissue tryptophan levels probably
resulted from changes in the net uptake of free trypio-
phan (likely 10 have derived from protein breakdown in
association with slice preparation). This view is supported
by the paraliel changes in the endogenous tryptophan
concentrations of the superfusion medium (Fig. 2). A
similar time-course of tryptophan accumulation has been
described for slices prepared from rat cerebral cortex®.

The changes in tissue 5-HT levels with superfusion in
unsupplemented (Fig. 1) or LNAA-supplemented (Fig.
3) medium paralieled those in tissue tryptophan levels.
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and thus probably reflect changes in S-HT synthesis.
inasmuch as tryptophan hydroxylase is known to be
unsaturated with its substrate a1 physiologic levels of
brain trspiophan'* ' *. §-HT levels of rat hippocampal
shices have similarly been shown to change with incuba-
tion ime- The rapid dechine in tissue S-HIA A levels with
the onsel of superfusion probably reflects the efficient
transport of the acid metabolite into the extracellular
space

Ve observed that supplemental tryptophan enhanced
5-HT release by an amount which was invariant across
the frequency range tested (Fig. 5). Thus. the influence
of irvptophan availabihty on 5-HT release was indepen-
dent of the frequency of membrane depolarization. This
finding 15 consisient with earher suggestions that the
effect on 5-HT svnthesis of rasing brain tryptophan
levels was independent of the firing rate of serotoninergic
neurons. The enhancement in S-HT synthesis which
occurred when rats received a trvptophan dose or
consumed a carbohydrate-rich meal was not attenuated
by druge |1.e.. 2 monoamine oxidase inhibitor: chlornimi-
praminc. 8-hyvdroxy-2 (di-n-propylamine) tetralin] which
suppress the flow of impulses along serotoninergic raphe
neurons” ' *“. Addinonally. S-HT synthesis in resting
brain synaptosomes”<’ and slices™ was proportionate 10
the tryvpiophan concentration of the incubation medium.
and thus apparentlhy not highly dependent on neuronal
actmitv - The apparent independence of tryptophan’s
effect on finng frequency differs from that described for
the precursors of catecholamine and acetyvicholine: By
and large. t1vrosine and choline affect the production and
release of their transmitter products only when neurons
are finng rapdh ™.

We also found that varving the frequency of electrical
field-stimulation (over a constant period of time) affected
S-HT release. Other in vivo studies have similarly
demonstrated that 5-HT release 1s decreased by pharma-
cological agents (1.e.. 5-HT,, agonists) which reduce
impulse flow along serotoninergic neurons' *“*_ and is
increased by delivery to raphe perikarya electrical pulses
which accelerate impulse flow? ‘. Increasing the fre-
quency of electrical field-stimulation increased. in a
pulse-dependent manner. total 5-HT release but de-
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