Pharmacology Biochemistry & Behavior, Vol. 7, pp. 515—-518. Copyright © 1977 by ANKHO Internauonal Inc.

All rights of reproduction in any form reserved. Printed in the U.S.A.

Differential Uptake, Metabolism and Behavioral

Effects of the D and L Isomers
of 5-Hydroxytryptophan'

P. E. PENN, W. J. MCBRIDE, J. N. HINGTGEN AND M. H. APRISON

Departments of Psychiatry and Biochemistry, The Institute of Psychiatric Research,
Indiana University School of Medicine, Indianapolis, IN 46202

(Received 31 May 1977)

PENN, P. E., W. J. MCBRIDE, J. N. HINGTGEN AND M. H. APRISON. Differential uptake, metabolism and behavioral
effects of the D and L isomers of 5-hydroxytryptophan. PHARMAC. BIOCHEM. BEHAV. 7(6) 515-518,1977. — The
relative contribution of the D and L isomers of 5-hydroxytryptophan (5—HTP) to the uptake and metabolism of 5—-HTP
and their associated behavioral effects were investigated. For the metabolic study, an injection of 25 mg/kg of D or
L—-5—-HTP was administered IP and the rats killed 15, 30, 45 or 60 min later. Endogenous levels of 5—-HTP, serotonin
(5—HT) and S-hydroxyindoleacetic acid (5—HIAA) were measured in the telencephalon following D— or L-5-HTP
administration. Levels of 5—HTP, 5—-HT and 5-HIAA were also measured in the brain stem (including diencephalon)
following L—~S5-HTP administration. In the behavioral study, the effects of IP injections of D—5—HTP, L—5—-HTP and
D,L-5-HTP upon operant responding on a VI 1 schedule were investigated. Compared to vehicle controls, L—5—~HTP
significantly increased the levels of S—HTP, 5—HT and 5—-HIAA in the telencephalon and brain stem at all time points
investigated. Behaviorally, 25 mg/kg of L-5--HTP and 50 mg/kg of D,L—5-HTP produced similar changes. Following the
injection of either compound there was a large decrease in response rate with a duration of about 1 hr which paralleled the
neurochemical changes. Injections of D—S—HTP produced an increase in the levels of 5—HTP and 5-HIAA in the
telencephalon at 15 min but no change in the level of 5—HT was observed. In the operant situation, following D—5—HTP
injections, a brief decrease in responding occurred in some animals which did not correlate with the neurochemical data. It
was concluded that the L isomer is mainly responsible for the neurochemical and behavioral effects seen when
D,L-5-HTP is administered.
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THERE have been numerous reports demonstrating that
injections of D,L-5—HTP produce an increase in brain
levels of serotonin [9—12, 14, 19]. Studies from our
laboratory have indicated that injections of D,L-5—-HTP
into rats and pigeons increased the levels of 5—HT in the
CNS and that this increase in 5—HT was temporally
correlated with certain behavioral changes [3—8]. In all the
biochemical and behavioral studies, D,L—5—-HTP was used
because it was the only form of 5—-HTP commercially
available at that time. Recently, both the D and L forms of
5—HTP (non-radioactive) have become available. Therefore,
we undertook studies to determine the relative contribu-
tions of the D and L forms of 5—HTP (a) to the formation
of 5—HT in the CNS and (b) to the behavioral effects
observed when the racemic mixture of 5—HTP is injected.

METHOD

Neurochemical

Adult male Wistar rats (250—300 g) on food and water
ad lib were handled and adapted to the apparatus used for

killing. D— or L-5—HTP (25 mg/kg; Sigma) was injected
intraperitoneally (IP) 15, 30, 45, or 60 min prior to killing
by the near-freezing method {18]. A saline control group
received injections 15 min prior to killing. Five rats were
used for each time point for each compound injected. The
telencephalon and the brain stem (including diencephalon)
were immediately dissected from the brain at —4°C; the
tissue was frozen in liquid nitrogen and then stored at
—70°C until extraction and assay. The brain parts were
individually pulverized in liquid N, and the compounds of
interest were extracted with formic acid/acetone and
assayed as previously described [17].

Behavioral

Six adult, male Wistar rats were trained to bar press for
sweetened condensed milk reward on a Variable Interval 1
(VI 1) schedule as previously described [13]. The animals
were also adapted to saline injections until no effect upon
responding was found following injections. After establish-
ment of a stable baseline rate of responding during daily VI

! A portion of this study was presented to the Society for Neuroscience, Toronto, Canada, November 1976.
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sessions (30 min duration), injections were made and
response rates were monitored until responding returned to
baseline levels. Half of the rats were first injected IP with
25 mg/kg D-5-HTP while the other half received
L-5-HTP in a counterbalanced design. Injections of
D,L—-5—HTP (50 mg/kg) were also tested in these animals.
At least two weeks elapsed between injections.

RESULTS

Compared to saline controls, IP injections of L—5—HTP
(25 mg/kg) significantly (p<0.05) increased the levels of
5—-HTP, 5-HT and 5-HIAA in both the telencephalon
(Fig. 1) and brain stem (Fig. 2) at all time points measured.
However, by 60 min the levels of 5—HT are almost back to
normal.

Injections of D—5—HTP (25 mg/kg) caused a transient
increase in the levels of S—HTP and 5-HIAA in the
telencephalon 15 min later (Fig. 3). The levels of 5—HT
were not changed following D—5—HTP injection at any of
the time points measured.
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FIG. 1. Levels of 5—HTP, 5-HT and 5-HIAA in the telencephalon
following an IP injection of 25 mg/kg L—5—HTP.

The effect of injections of D—S—HTP, L-5—HTP and
D,L—5-HTP upon operant responding of rats on a VI1
schedule were determined (Fig. 4; Table 1). The effects of
L—5—HTP and D,L—5—-HTP on the duration and response
rates were very similar (Fig. 4; Table 1). Within 10 min of
administration, L—5—HTP (25 mg/kg) produced a large
mean decrease in responding (17% of control) which lasted
about 1 hr. In contrast, injections of D—5—HTP (25 mg/kg)
produced a rapid decrease in responding (41% of control) in
4 of 6 rats tested but within 10 min the response rate
returned to normal levels. Two rats did not show any
behavioral alterations after an injection of 25 mg/kg
D-5-HTP.

DISCUSSION

The data indicate that L.—5S—HTP given IP in the dose
tested is taken up into the telencephalon and brain stem
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FIG. 2. Levels of 5-HTP, 5—HT and 5—-HIAA in the brain stem
following an IP injection of 25 mg/kg L—5—HTP.
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FiG. 3. Levels of 5-HTP, 5—HT and 5—HIAA in the telencephalon

following an IP injection of 25 mg/kg of D-5-—-HTP. Values

significantly (p<0.05) different than control levels are indicated by
an asterisk.

and is metabolized to 5—HT and 5—-HIAA (Figs. 1 and 2).
This finding is in agreement with that found following an
injection of D,L—5—HTP (50 mg/kg) in brain parts of rats
and pigeons [3, 4, 8] as well as into nerve terminals isolated
from these regions {15]. Parallel to the neurochemical
changes, a decrease in responding on a VI | schedule was
found following D,L (50 mg/kg) or L (25 mg/kg) 5S—HTP
administration (Fig. 4; Table 1). This was also previously
observed following IP injections of D,L-5-HTP
(50 mg/kg) in pigeons and rats on different operant
schedules [1, 2,4—-7].
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TABLE 1

BEHAVIORAL EFFECTS FOLLOWING ADMINISTRATION OF SALINE, D-5-HTP, L-5-HTP
OR D,L-5-HTP TO RATS RESPONDING ON A FOOD-REINFORCED VARIABLE INTERVAL
1 (MIN) SCHEDULE*

Duration (min)

Responses/min after saline

Latency (min)

Treatment of decreased or during period of decreased of behavioral
responding?t responding after S-HTP effect

Saline 0 16.7 = 2.5 —

D-5-HTP

(25 mg/ke) 48+ 2.2% 68=1.9 1.9=1.2

L-5-HTP

(25 mg/kg) 59.2 +12.4 2.8x09 43+ 1.2

D,L-5-HTP

(50 mg/kg) 60.1 = 10.3 0.9+0.2 6.6+4.1

*Means + S.E.M. following IP injections; N = 6.
tDecreased responding was defined here as a response rate at least 50% less than

baseline response rates.

Two rats did not display any decreased responding after D-5-HTP.
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FIG. 4. Effects of IP injections of D—5—HTP, L-5—HTP and

D,L—S—HTP upon the rate of operant responding on a VI1

schedule in a representative rat (E 612). Closed symbols indicate a
response rate of less than 50% of control levels.

Injection (IP) of D—-5-HTP (25 mg/kg) did produce
some transient increases in the levels of S—HTP and
5—-HIAA in the telencephalon (Fig.3). However, these
changes were small (3-fold increase vs. 27-fold increase) in
comparison to those produced by the same dose of
L—5-HTP (Fig. 1). Furthermore, injections of D—5—HTP
did not produce an increase in the level of S—HT. There are
several possible explanations for these data. First, some
D—S5—HTP could be taken up and not metabolized to
5—HT but could be shunted via 5—hydroxyindolepyruvic
acid to 5--HIAA; there is evidence which supports the
existence of such a by-pass [16]. Second, D—5—HTP could

be taken up in liver or brain and converted to L—S—HTP by
a reversible transamination reaction. The metabolism, but
not the levels of 5—HT, may then be altered by the small
increase in 5—HTP availability, as the increase in 5—HIAA
may reflect increased 5—HT metabolism. Third, the purity
of the D—5—HTP used has not been tested and it is possible
that it may be contaminated with some L—5—HTP.

The brief behavioral effects (Fig. 4; Table 1) observed
following injection of D—5—~HTP were too brief (5 min vs.
59 min for L-5—HTP) and not consistent enough (occur-
ring in 4 of 6 animals) to make any conclusive statements.
Therefore, if the neurochemical changes seen after
D—5—HTP injection are really the result of L—-5—HTP (e.g.,
formed via a reversible transamination reaction) then the
resulting small increase in 5—HT metabolism is not signifi-
cant enough to alter the behavior tested.

In conclusion, the L isomer of 5—HTP is clearly the
major contributor to the increase in S—HTP, 5—HT and
5—HIAA levels and to the associated behavioral effects
previously observed following injections of D,L—-5—HTP
[7]. However, if D—5—HTP is taken up into the CNS at
approximately 16% of the rate of L—5—HTP (compare data
for 15 min time point in Figs. 1 and 3) and is metabolized
to 5—HIAA via 5-hydroxyindolepyruvic acid [16] then
studies in which radioactive D,L—5—HTP is injected may be
difficult to interpret since the specific radioactivities of
5—HIAA to 5—-HT and of 5—HTP to 5—HT may not show
the usual product-precursor relationship.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the skilled technical assis-
tance of Mr. Terry Gaff. This investigation was supported in part by
Grants MH—03225 and MH-10695 from the National Institute of
Mental Health, U.S.P.H.S.

REFERENCES

1. Aprison, M. H. and C. B. Ferster. Neurochemical correlates of
behavior. I. Quantitative measurement of the behavioral effects
of the serotonin precursor, S-hydroxytryptophan. J. Pharmac.
exp. Ther. 131: 100-107, 1961.

2. Aprison, M. H. and C. B. Ferster. Neurochemical correlates of
behavior. II. Correlation of brain monoamine oxidase activity
with behavioral changes after iproniazid and 5-hydroxytrypto-
phan administration. J. Neurochem. 6: 350—357, 1961.



518

1.

Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of
behavior. IV. Norepinephrine and dopamine in four brain parts
of the pigeon during period of atypical behavior following the
injection of S-hydroxytryptophan. J. Neurochem. 12:
959-968, 1965.

Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of
behavior. V. Differential effects of drugs on approach and
avoidance behavior in rats with related changes in brain
serotonin and norepinephrine. Recent Adv. Biol. Psychiar. 8:
87-100, 1966.

Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of
behavior. In: International Review of Neurobiology Vol. 13,
edited by C. L. Pfeiffer and J. R. Smythies. New York:
Academic Press, 1970, pp. 325-341.

Aprison, M. H. and J. N. Hingtgen. Serotonin and behavior: A
brief summary. Fedn Proc. 31: 121-129, 1972.

Aprison, M. H., J. N. Hingtgen and W. J. McBride. Serotonergic
and cholinergic mechanisms during disruption of approach and
avoidance behavior. Fedn Proc. 34: 1813-1822, 1975.
Aprison, M. H., M. A. Wolf, G. J. Poulos and T. L. Folkerth.
Neurochemical correlates of behavior. IIl. Variation of sero-
tonin content in several brain areas and peripheral tissues of
the pigeon following 5-hydroxytryptophan administration. J.
Neurochem. 9: 575584, 1962.

Bogdanski, D. F., H. Weissbach and S. Udenfriend. Pharmaco-
logical studies with the serotonin precursor, 5-hydroxytrypto-
phan. J. Pharmac. exp. Ther. 122: 182-194, 1958.

Butcher, L. L., J. Engel and K. Fuxe. Behavioral, biochemical,
and histochemical analyses of the central effects of monoamine
precursors after peripheral decarboxylase inhibition. Brain Res.
41: 387-411, 1972.

Corrodi, H., K. Fuxe and T. Hokfelt. Replenishment by
S-hydroxytryptophan of the amine stores in the central
5-hydroxytryptamine neurons after depletion induced by
reserpine or by an inhibitor of monoamine synthesis. J. Pharm.
Pharmac. 19: 433-438, 1967.

12.

13.

14.

15.

16.

19.

PENN ET AL.

Fuxe, K., L. L. Butcher and J. Engel. DL-5—Hydroxytrypto-
phan induced changes in central monoamine neurons after
peripheral decarboxylase inhibition. J. Pharm. Pharmac. 23:
420-424,1971.

Hingtgen, J. N., J. E. Smith, P. A. Shea, M. H. Aprison and T.
M. Gaft. Cholinergic changes during conditioned suppression in
rats. Science 193: 332—334, 1976.

Korf, J., K. Venema and F. Postema. Decarboxylation of
exogenous L—S-Hydroxytryptophan after destruction of the
cerebral raphe system. J. Neurochem. 23: 249-252, 1974.
McBride, W. J., M. H. Aprison and J. N. Hingtgen. Effects of
S-hydroxytryptophan on serotonin in nerve endings. J. Newro-
chem. 23: 385-391, 1974.

Millard, S. A. and E. M. Gal. The contribution of 5—Hydroxy-
indolepyruvic acid to cerebral 5-hydroxyindole metabolism.
Int. J. Neurosci. 1: 211-218, 1971.

Smith, J. E., J. D. Lane, P. A. Shea, W. J. McBride and M. H.
Aprison. A method for concurrent measurement of picomole
quantities of acetylcholine, choline, dopamine, norepinephrine.
serotonin, S-hydroxytryptophan, 5-hydroxyindoleacetic acid,
tryptophan, tyrosine, glycine, aspartate, glutamate, alanine,
and gamma-aminobutyric acid in single tissue samples from
different areas of rat central nervous system. Analyt. Biochem.
64: 149-169, 1975.

Takahashi, R. and M. H. Aprison. Acetylcholine content of
discrete areas of the brain obtained by a near-freezing method.
J. Neurochem. 11: 887—-898, 1964.

Udenfriend, S., H. Weissbach and D. F. Bogdanski. An increase
in tissue serotonin following administration of its precursor
S-hydroxytryptophan. J. hiol. Chem. 224: 803—810, 1957.



