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A study of the uptake of 5-hydroxytryptamine

(5-HT, serotonin) and its precursor, 5-hydroxy-

tryptophan (5-HTP), by brain cells is essen-

tial for an understanding of both the synthesis of

5-HT and the availability of 5-HT to the brain.

An investigation of such transport also is indi-

cated because of recent evidence (Crossland,

1960) that the brain does not hydroxylate tryp-

tophan; rather, it appears to derive its 5-hy-

droxytryptophan from extraneural sources,

probably gastrointestinal mucosa (Dalgliesh,

1958; Cooper and Melcer, 1961) and liver

(Freedland et al., 1961).

Furthermore, certain drugs can alter the total

level as well as the subceliular distribution of

5-HT in the brain of the rat (Giarman and

Schanberg, 1958; Schanberg and Giarman, 1962).

The explanation of some of these drug-induced

changes might lie in an altered transport of

5-HTP or 5-HT into the brain.

Previous work in this laboratory has shown

that there is a facilitated transport of 5-HTP by

slices of rat brain (Schanberg and Giarman,

1960). This preliminary study has been extended

along three main lines: (1) a comparative study

of the uptake of radioactive 5-HT and 5-HTP by

brain slices; (2) a study of the effect of a number

of pertinent drugs, metabolites and amino acids

on the uptake of 5-HTP by slices of rat brain; and

(3) an investigation of the uptake of 5-HTP by

various regions of bovine and rabbit brains.

METHODS. The techniques used throughout
these studies consisted of the measurement of

the uptake of DL-5-hydroxytryptophan-1-C’4 and
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5-hydroxytryptamine-l-C’4 by brain slices incu-
bated in a phosphate-buffered medium, pH 7.4

(Rodnight and Mcllwain, 1954). The medium was
modified by reducing the level of CaCl2 from 0.11

to 0.022 M. Where indicated, glucose (10.2 M)

or dinitrophenol (DNP, 10� M) or both were
added to the medium.

Incubation procedure. Brain slices were made

sagittally along the central sulcus so as to include

both cortical and subcortical areas; of such slices,
200 mg (wet wt) were placed in 2.0 ml of the cold
medium. The slices were then preincubated at
at 37.5#{176}Cfor 10 minutes in an atmosphere of 97%
02 and 3% CO2 in a Dubnoff metabolic shaker to
allow the metabolism of the tissue to come to

equilibrium. Radioactive 5-HTP or 5-HT was
then added, together with any experimental drugs;
the final fluid volume in the incubation flask was
maintained at 3.0 ml. In certain experiments the

experimental drugs were added before the pre-
incubation period. At the end of the incubation

period the slices were removed and rapidly washed
in 2 ml of fresh medium.

Extraction and assay of radioactive substances.

The tissue samples were homogenized in 10 ml of

70% ethanol and allowed to stand for 1 hour

at 4#{176}C;after centrifugation at low speed for 10
minutes, the clear supernatant fluid was decanted.
An aliquot of the supernatant fluid was plated,

dried and counted in a Nuclear Chicago window-
less gas flow counter. Recovery tests showed that
approximately 90% of the initial radioactivity of a

sample could be e8timated in this manner.

The radioactivity measured is regarded as a

reflection of the 5-HTP-C’� or 5�HT�C14 in the

tissue, plus any metabolic derivatives bearing

the labeled carbon. Chromatographic analysis by
means of Dowex 1-formate columns or paper

[isopropanol-water-concentrated ammonium hy-
droxide (100: 10: 15)J indicated, however, that over

90% of the radioactivity recovered in these studies

was still in the original form of the administered

compounds, i.e., 5-HTP or 5-HT.

C’4-labeled chemicals-DL-5-HTP-l -C’4 [5(QH)

indole-#{244}H2 CHNH,l and 5-HT-1-C’� [5(011)

indole-�5H2 CHNH2COOH J were obtained from

the California Corporation for Biochemical Re-
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FIG. 1. Relationship of concentration of DL-5-HTP (1-C’4) to its uptake by slices of rat brain.
Incubation time was 60 minutes. Theoretical equilibrium diffusion curve was calculated on

the assumption that the tissue is 100% water, and, therefore, represents 0.2 ml.
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FIG. 2. Rate of uptake of 5-HTP by slices of rat brain.
A fixed amount of 20�ig DL-5-HTP (1-C’4) was used and glucose (102 M) was present in all three experi-

ments.

slices by a similar energy-requiring system. Al-

search and the Nuclear Chicago Corporation.

Radiochemical purity was 99% as determined by
paper chromatography. The specific activities of

these substances as used in these experiments were

approximately 7.5 X 10’ cpm mmol’ of 5-HTP

and 2.3 X 10� cpm mmol’ of 5-HT.

RESULTS. Comparative uptake of radioactive

5-HTP and 5-lIT. Glucose and 0: each increased

the uptake of 5-HTP-l-C’4 by slices of rat brain,

and dintrophenol (l)NP) inhibited the corn-

bined effect of 02 and glucose (fig. 1). About 65%

of the total uptake of 5-HTP occurred within 10

minutes (fig. 2). After that, a slow uptake con-

tinued at the same rate as that observed at 0#{176}C.

This slow uptake probably represents diffusion.

Lowering the temperature to 0#{176}Cwas more

effective than DNP in blocking the uptake of

5-HTP (fig. 2).

5-HT-1-C’4 was not transported into brain
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FIG. 3. Relationship of concentration of 5-HT (1-C’4) to its uptake by slices of rat brain.
Incubation time was 60 minutes.
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Fia. 4. Rate of uptake of 5-HT (1-C’4) by slices of rat brain. 20 �ug 5-HT (1-C’4) was used and glucose
(10-2 M) was present in all three experiments.

though the 5-HT concentration curves are some-

what higher than the theoretical diffusion curve,

its uptake was not significantly increased by 02,

or decreased by DNP (figs. 3 and 4).

Uptake of 5-HTP was markedly dependent

upon pH and temperature (figs. 5 and 6). Clearly,

the 5-HTP curves reflect an optimal uptake in the

biological range, i.e., pH 7.4 and 37.5#{176}C,while the

uptake of 5-HT does not demonstrate either

critical temperature or pH relationships. The

Q,o-value (calculated from the data in fig. 5) for

the uptake of 5-HTP between 17#{176}Cand 27#{176}C

at pH 7.4 was 1.6; this figure corrected for

diffusion becomes 2.3; on the other hand, the

Q,o-value for 5-HT uptake was 1.2 and when

similarly corrected falls to 1.0. These values sug-

gest a facilitated transport for 5-HTP but not for

5-HT.

The 5-HTP transport mechanism of the brain

could not be saturated by 5-HTP at the levels

tested (fig. 7). Owing to the relative insolubility

of 5-HTP in saline solutions, higher levels of

5-HTP in the medium could not be tested.

The uptake of 5-HTP under anaerobic condi-

tions, at two concentrations (10 and 20 �g/ml),

was approximately 50% more effective in the

presence of glucose than in its absence or when
NaF was added simultaneously (table 1). The
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Fia. 5. Effect of temperature on the uptake of 5-HTP (1-C’4) and 5-HT (1-C’4) (20 �ig/ml) at initial
rates of reaction (8 mm).

The Q,o-values for 5-HTP and 5-HT are 1.6 and 1.2, respectively; when corrected for diffusion they are
2.3 and 1.0, respectively. Each point represents 4 determinations.
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data presented in figure 8 show that a low intra-

cellular/extracellular (In/Ex) potassium con-

centration-ratio led to an inhibition of the up-

take of 5-HTP, while on the other hand, a high

In/Ex potassium ratio increased the transport of

5-HTP into the slice.

A comparative study of the uptake of radio-

active 5-HT and 5-HTP by a number of selected

tissues was also undertaken (table 2). The

greatest uptake of 5-HTP occurs in those tissues

that have a high 5-HTP decarboxylase activity

and are known to store 5-HT (e.g., mast cells and

brain). In these tissues there is approximately a

20- and a 4-fold increase, respectively, over the

theoretical equilibrium diffusion values. These in-

creases were considerably lowered by the action

of DNP. It is of interest that a tissue like spleen,

which has no decarboxylase activity, but stores

large quantities of 5-HT (presumably obtained

from the destruction of platelets), has a low up-

take of 5-HTP, almost equivalent to the amount

that theoretically enters by diffusion. The slightly

increased uptake of 5-HTP by liver and spleen

caused by DNP is probably due to increased

permeability of the cell membranes. Green and

Day (1961) first demonstrated the concentrating

capacity of neoplastic mast cells for 5-HT, and

it may be seen in table 2 that these cells alone, in

contrast to other tissues studied, concentrated

the largest amount of 5-HT, a phenomenon which

was significantly inhibited by DNP.

The influence of various substances on the uptake

of 5-HTP &y brain tissue. A wide variety of drugs

that are capable of modifying the function of

brain or of influencing the metabolism of 5-HT

were tested in concentrations known to alter per-

tinent enzyme systems or the general behavior of

rats; these included reserpine, 5-HT (in concen-

trations up to 10 times the equimolar concen-

tration of 5-HTP), LSD-25, chlorpromazine,

imipramine, iproniazid, a-methyl - dihydroxy-

phenylalanine, morphine and phenobarbital.

None of these agents changed the uptake of 5-

HTP (table 3).

The stability of the 5-HTP-transport system

was further shown by the inability of other “neu-
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TABLE 1

Uptake of 5-hydroxytryptophan by brain slices

under anaerobic conditions#{176}

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

Conditions

Mean Uptake of 5-HTP
(�sg/200 mg/60 mm)

Added cone.
20 �sg/mI

Added conc.
10 �g/ml

Oxygen

+
Glucose

14.28 7.76

Nitrogen

+
Glucose

8.94 5.80

Nitrogen 6.23 4.52

Nitrogen

+
Glucose

+
Sodium fluoride

5.97 4.14

RANGE

REL.
CO NC.
DISTR.
RATIO

60 6.6 7.0 7.4 7.8 8.2 86

pH

FIG. 6. The effect of pH on the relative concen-
tration-distribution ratio of 5-HT (1-C’4) and
5-HTP (1-C’4).

Each point represents at least 4 separate de-
terminations. The relative concentration-distribu-
tion ratio refers to the ratio of the substrate con-
centration found in the slice to that in the medium.

UPTAKE

OF

5-HTP

(jig)

CONCENTRATION OF 5-HTP IN MEDIUM (ug/mL)

FIG. 7. The relationship between the concen-
tration of 5-HTP (1-C’�) in the medium and its
uptake by rat brain slices.

Each point represents 6 individual determina-
tions.

roamines,” such as histamine, norepinephrine,

epinephrine and gamma-aminobutyric acid, to

influence significantly the ul)take of the amino

acid (table 4).

50

#{176}Warburg flasks flushed with pure nitrogen.
Each value represents 3 values.

In contrast to these inactive agents, several

amino acids significantly inhibited the ul)take of

5-HTP by rat brain slices (table 5). Thus,

L-phenylalanine inhibited the accumulation of

5-HTP in the slices to the extent of 45% of that

seen in the untreated control slices. It is impor-

tant to realize that the total accumulation of

radioactive compounds measured in the slice is a

reflection of the sum of the 5-HTP that has en-

tered by diffusion as well as by facilitated trans-

port mechanisms. Accordingly, one can assume
that an inhibition of 45% actually reflects an

even greater inhibition of the facilitated transport

system. The findings with L-tyrosine and L-di-

hydroxyphenylalanine show that the addition of

phenolic hydroxyl groups to phenylalanine
causes a decrease in inhibitory activity. Further-

more, the addition of an a-methyl group to an

active compound (dopa) causes an almost com-

plete loss of inhibitory activity. This reduction in

activity by a-methylation was observed also

in the tryptophan series. Whereas tryl)tophan is

a powerful inhibitor of the 5-HTP transport �

tern, the a-methyl derivatives of tryptophan and

5-hydroxytryptophan are relatively inactive. The

addition of a benzyloxy group on the 5-position
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FIG. 8. The effect of K� on the uptake of 5-HTP by slices of rat brain.
High intracellular tissue levels of K+ were obtained by preincubating brain slices for 60 minutes in a

high K� medium (52 mM), in which the Na� had been reduced from 134mM to 82 mM. These slices were
then incubated for varying periods of time in the normal medium containing the radioactive 5-HTP.

TABLE 2

Comparative uptake of 5-hydroxytryptophan and 5-HT by several selected tissues

Tissue S�ecies

3-Hydroxy-
tryptoohan
Decarbox-

ylase
Activity5

Serotonin
StoragS’

Uptake of

5HTP (jig/200 mg)c

Uptake of
5HTP �g/

2OODm� +

Uptake of
5-HT (pg/
200 mg)C

Untake of
5-H1� (�g/2OO
mg) + #{163}INP

Neoplastic mast cells

Brain
Kidney

Liver

Spleen
Ehrlich ascites cells

Mouse

Rat

Rat

Rat

Rat
Mouse

+
+
+

+

-

-

+
+
-

-

+
-

68.56

15.09
8.74

5.80

4.39

4.36

30.9

10.15
8.12

6.28
5.43

3.69

32.20
9.20

11.22
10.85

8.22
2.72

9.30
7.86
8.09
9.57
6.60
3.20

#{176}Plus indicates activity, minus indicates no activity (Gaddum and Giarman, 1956; Giarman, un-

published observations).

Plus indicates storage, minus indicates no storage (Erspamer, 1954; Giarman, unpublished ob-
servations).

The theoretical equilibrium diffusion value is 4.00. (Calculated on the assumption that the tissue is
100% water, and, therefore, represents 0.2 ml.)

of 5-HTP, however, did not abolish inhibitory

activity.

The inhibitory action of tryptophan resides

only in the iS-isomer; n-tryptophan is completely

inactive (table 6).

Other amino acids, such as leucine, isoleucine,

and proline can also exert a potent inhibition on

the ul)take of 5-HTP (table 7).

The uptake of 5-IITP- (1-C’�) by various areas of

bovine and rabbit brains. It was not possible to ob-

tain adequate amounts of the smaller regions of

rabbit brain for study; but when comparable

areas from both rabbit and bovine brain were

available, it was found that they showed similar

regional rank-order patterns. Those areas known

to be rich in endogenous serotonin and in 5-hy-

droxytryptophan decarboxylase activity had the

highest capacity for concentrating 5-HTP-1-C’4

from the medium, e.g. (by decreasing capacity),

the caudate nucleus, the amygdala, the hippo-
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Incubation time: 12 minutes.

TABLE 3

The influence of certain drugs on the uptake of

5-HTP-C’�#{176} by rat brain slices (BOO mg wet
weight) as percent of controib

rug e

Conc. of Drug
Added to Medium
or Administered

Intraperitoneally

Duration of
Incubation

6 12
mm mm

1. Phenobarbital

2. Reserpine

3. Reaerpine

4. Chiorpromazine

5. LSD-25
6. Iproniazid

7. Imipramine
8. Morphine sulfate

9. Carbachol
10. Physoetigminesulfate
11. 5-Hydroxyindole ace-

tic acid (5-HIAA)

12. Pyridoxal phosphate
13. Dinitrophenol

(DNP)

125 mg/kg-2.5 hr

5 mg/kg-S hr

5 mg/kg-48 hr

25 mg/kg-2 hr

500 jag/kg-30 mm

100 mg/kg-iS hr

15 mg/kg-i hr

60 mg/kg-2 hr

1 �sg/mi
200 jag/mi

200 jag/mi

247 jig/mi (1 mM)
18.4 jajag/mi (10-4 M)

93.7

102.0

101.4

85.1

97.0

104.1

94.0

104.0

108.0
116.9

102.1

97.4
74.0

97.7

98.0

108.5

90.5
92.9

93.6

93.1

99.8

112.4
86.9

94.8

99.6

76.6

#{176}Concentration in medium: 20 pg of 5-HTP-C’� per mi.
b Each value represents the average of at least 4 experiments.

TABLE 4

The influence of certain amines and amino acids on

the uptake of 5-HTP-C’4 by rat brain slices
(200 mg wet weight) as percent of control#{176}

Compound Added

Conc. of Corn-
pound Added to

Medium or
Administered

Intraperitoneally

Duration of
Incubation

6 mm 12 mm

1. a-Ethyltryptamine

2. 5-HT

3. Histamine
4. t-Histidine

5. y-Aminobutyric acid

(GABA)

6. Glutamic acid

7. Norepinephrine

8. Norepinephrine

9. Epinephrine

10. Epinephrine

200 jag/mi

200 pg/mi

100 pg/mi
200 pg/mi

5.2 mg/mi

25 mg/mi
200 pg/mi

1.7 mg/mi
200 pg/mi

1.1 mg/mi

95.6

90.5
111.0

81.4

98.2

108.9

-

92.2
-

102.3

96.8

93.6
97.1

92.7

98.8

99.8

104.5
81.7
96.6

88.6

#{176}Each value represents the average of at least 2 experiments.

campus and the thalamus. Two structures stood

out as exceptions to this: namely, the medulla

and the pineal body. The latter is especially in-

teresting in view of the relatively high levels of

5-HT reported by Giarman et at. (1960) to be

present in the pineal tissue of a number of species,

including the cow. The possibility that 5-HT is

actively transported into the pineal body, in

contrast to other regions of the brain, is now being

investigated.

Other brain regions tested are also listed with

respect to decreasing capacity to transport

5-HTP, the cortex (gray), cerebellum, hypo-

thalamus, tectum, medulla and pineal body.

DIscussIoN. The data from the studies of the

uptake of 5-HTP-(1-C’4) and 5-HT-(1-C’4) have

indicated that 5-HT is not transported in the

same maimer as its precursor by brain slices, nor

do brain slices behave like platelets (Born and

Bricknell, 1959) or mast cells (table 2) in con-

centrating 5-HT. The difference in cerebral trans-

port of 5-HT is evident from the following: (1)

the fact that the uptake of 5-HT is not signifi-

cantly increased by oxygen or glucose, (2) the

failure of pH and temperature variation to alter

significantly the uptake of 5-HT, (3) a calculated

TABLEI5

The influence of certain aromatic amino acids on the

uptake of 5-HTP-C’4#{176} by rat brain slices (values

expressed as percent of contro?)

Compound Added

Cone, of Amino
Acid Added to

Medium or
Administered

Intraperitoneally

Duration ofIncubation

�
mm mm

1. L-Phenyialanine

2. n-Tyrosine

3. nL-Dihydroxyphenyi-

alanine (dopa)
4. L-Dopa

5. a-Methyidopa
6. a-Methyidopa

7. a-Methyidopa

8. Tryptophan

9. a-Methyi-5-HTP
10. a-Methyitryptophan

11. 5-Benzyioxytryptophan

200 pg/nil

200 pg/mi
200 pg/mi

200 pg/mi

200 pg/rn)

400 mg/kgc

400 mg/kgcand 21

pg/mi (0.1 pM)

200 pg/mI

200 pg/nil

200 pg/mI

200 pg/mI

59.9

73.7
75.6

68.7
96.4
96.3

99.6

-

116.1

89.5

66.7

54.0

68.6
76.7

66.0

92.2
95.8

97.2

56.7

86.9

84.6

58.1

#{176}Concentrationin medium: 20 pg of 5-HTP-C’� per ml.
Each value represents the average of at least 4 experiments.

Animals sacrificed 45 minutes after drug.

TABLE 6

The effect of various concentrations of D- and
L-tryptophan on the uptake of 5-HTP-C’� by

rat brain slices#{176}(values reported as percent of

control)

(pg/mi)

L-Tryp-
tophan

20 pg/mi

L-Tryp-
tophan

200 pg/mI

D-Tryp-
tophan

20 pg/mI

D-Tryp-
tophan

200 pg/mi

10 77.0 61.0 100.8 85.8

20 80.0 56.7 105.0 91.2
40 81.6 53.3 96.0 97.7
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TABLE 7

The influence of certain nonaromatic amino acids

on the uptake of 5-HTP-C’4#{176} by rat brain slices

(values expressed as percent of controP’)

Compound Added

Conc. of
Compound
Added to
Medium
(jag/mi)

Duration of
Incubation

6 mm 12 mm

1. L-Leucine
2. L-Isoleucine

3. L-Proline

4. L-Glycine

5. L-Arginine

6. L-Lysine
7. L-Alanine

8. DL-Valine

200
200

200

200
200

200

200
400

63
62

80

110

110

107

80
-

53
57

61

106
101

-

86
109

o Concentration in medium: 20 jig of 5-HTP-C’4

per ml.

Each value represents the average of at least
4 experiments.

Q to-value (1.2) that suggests a nonenzymatic
mechanism, and (4) the inability of respiratory

inhibitors like dinitrophenol to inhibit the uptake

of 5-HT by the brain slice.

The finding that 5-HTP but not 5-HT is

actually transported by brain tissue may explain

some of the results reported by Glasser and

Mantegazzini (1960). These investigators found

that the electroencephalographic pattern of

midpontine pretrigeminal preparations of cats

was influenced by the intracarotid injection of

5-HTP only and not by a similar injection of

5-HT.

The finding that the 5-HT concentration curves

are somewhat higher than the theoretical diffu-

sion curve, possibly can be explained by the fact

that the particulate fraction of brain homogenates

adsorbs exogenously added 5-HT at 0#{176}C,as well

as at 37#{176}C(Giarman and Schanberg, 1958). It is

likely that as the 5-HT diffuses into the slice, it

similarly becomes adsorbed to some of the par-

ticulate structures of the cell, effectively shifting

the diffusion equilibrium towards the accumula-

tion of more 5-HT in the cells than would theo-

retically occur on the basis of a simple diffusion

process.

The demonstration (table 1) that the energy

of glycolysis, even under strictly anaerobic con-

ditions, enables brain cells to concentrate 5-HTP

actively is similar to the findings of Negelein

(1952) and Johnstone (1959), which indicated

that Ehrlich ascites neoplastic cells under similar

conditions take up certain amino acids against a

concentration gradient. It was also reported by

Hughes and Brodie (1959) that the uptake of

5-UT by platelets can occur as readily an-

aerobically as aerobically. However, it has been

reported that rat brain slices incubated under

95% N2 and 5% CO2 did not concentrate L-

tyrosine (Guroff et at., 1961).

It has been shown that a high concentration of

potassium ions leads to an inhibition of amino

acid transport by Ehrlich ascites cells (Chris-

tensen and Riggs, 1952) and of the uptake of

L-tyrosine in rat brain slices (Guroff et al., 1961).

Christensen and Riggs (1952) observed that the

uptake of neutral amino acids produced a some-

what less than stoichiometric loss of potassium

from cells, with replacement by sodium ions; the

accumulated amino acids were in turn displaced

when the extracellular K+ level was again ele-

vated (Christensen et at., 1952). The data in figure

8 indicate that 5-HTP transport in the brain is

similarly dependent upon potassium, the uptake

of 5-HTP being increased apparently by an efflux

of K� from brain slices made high in K� and de-

creased by an influx of K+ from a high K+ me-

dium (52 mM) into normal brain slices.

The findings that 5-HTP, and not 5-HT, is ac-

tively transported by brain tissue and that 5-HT

in brain is associated with the particulate frac-

tion (Giarman and Schanberg, 1958) strongly

support the concept that 5-HTP is actively

transported in vivo into the brain cell where it is

decarboxylated to 5-HT, which is subsequently

bound and stored, or metabolized further. This

differs from the proposed mechanism of 5-HT

storage in platelets, where the high concentra-

tion of 5-HT is maintained entirely by an

active transport mechanism for this amine

(Hughes and Brodie, 1959).

It was found that L-tryptophan, L-pheflyl-

alamne, L-leuclne and L-isoleucifle were the most

potent of the inhibitors tested. Interestingly,

Christensen et at. (1952) have shown that these

amino acids competed in vitro for the transport of

one another in Ehrlich ascites cells. These in-

vestigators divide the amino acids into three

groups: (1) neutral (dipolar), (2) cationic, and (3)

anionic. They found, in general, that the trans-

port of a neutral amino acid was inhibited by

dipolar and stimulated by cationic amino acids.

The anionic group had no significant effect upon
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the uptake of neutral amino acids. From the data

previously described, it can be seen that 5-HTP

fits into the classification of a neutral amino acid.

It is of considerable interest that the uptake of

5-HTP-(1-C’4) by rat brain in tvivo has been

shown recently to be inhibited by a number of

amino acids similar to those reported here to be

inhibitory in vitro (McKean et at., 1962).

Chirigos et al. (1960), studying the uptake of

L-tyrosine-U-C’4 by rat brain in eivo, and Guroff

et at. (1961), using techniques in vitro found that

the concentration of L-tyroslne was markedly

diminished by other amino acids. This action

was limited to other aromatic amino acids, and to

leucine, isoleucine, valine, histidine and cystine.

Similar findings have been reported recently by

Neame (1961). It is of interest that the data from

these studies correlate so closely with the results

of the experiments reported in this work. It is

surprising, however, that L-histidine and DL-

valine had little or no effect upon the uptake of

5-HTP, because these amino acids were also

found by Christensen et al. (1952) and Chirigos

et at. (1960) to be inhibitory to the uptake of

amino acids in this category.

The fact that L- and not D-tryptophan caused

an inhibition of the uptake of 5-HTP suggests

that L- and not D-5-HTP is actively transported

by the brain slices. Because DL-5-HTP was used

throughout these experiments one may conclude

that the intracellular to extracellular ratio (rela-

tive concentration ratio) is actually twice as high

as reported.

Despite the relationship shown in table 2 be-

tween the uptake of 5-HTP and the presence of

the decarboxylating enzyme in the tissue, our

finding that a-methyldopa [a potent inhibitor

of 5-HTP decarboxylase (Smith, 1960)] had no

effect upon the uptake of 5-HTP suggested that

the presence of both 5-HTP decarboxylase ac-

tivity and the 5-HTP transport system in the

same tissues only reflects the fact that these

specific tissues are associated with the physiologi-

cal disposition of 5-HT.

SUMMARY

The uptake of DL-5-HTP-1-C’4 and 5-HT-1-C’4

by slices of rat brain has been studied. A facili-

tated transport of 5-HTP by these slices was

demonstrated by (1) enhancement of the relative

concentration ratio (slice/medium) by oxygen

and glucose, (2) interference with this enhance.

ment by dinitrophenol, and (3) PH and tempera-

ture curves showing optimal concentrating

conditions to be pH 7.4 and 37.5#{176}C.Under similar

conditions, brain slices did not demonstrate a

facilitated transport of 5-HT, thus differing

from other tissues such as platelets and neo-

plastic mast cells. The 5-HTP transport system
in brain tissue does not seem to be associated

with the activity of 5-hydroxytryptophan de-

carboxylase, as evidenced by the inability of the

l)oteflt 5-HTP-decarboxylase inhibitor, a-methyl-
dopa, to influence the uptake of 5-HTP. it was

also found that the uptake of 5-HTP was accel-

erated, apparently, by an effiux of K+ from the

slice and decreased by an influx of K� into the

brain tissue.

In contrast to their ability to depress respira-

tion of brain tissue or influence the metabolism

of 5-HT, such drugs as phenobarbital, morphine,

reserpine, chlorpromazine, LSD-25, imipramine,

and iproniazid, in concentrations which alter

behavior, did not significantly influence the

facilitated transport of 5-HTP. On the other

hand, the naturally occurring amino acids

L-tryptophan (but not the D-isomer), L-phenyl-

alanine, L-tyrosine, L-dihydroxyphenylalanine,

L-leucine, L-isoleucine and L-prOline all cause a

significant decrease in the uptake of 5-HTP by

brain slices.
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