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LEE,N S,G C WAGNER,J R TROUT AND H FISHER Fenfluramine-induced behavior changes in rats prefed
serotonn-altering amounts of tryptophan and pyridoxine PHARMACOL BIOCHEM BEHAYV 29(3) 565-571, 1988 —1It
has been well established that elevated dietary tryptophan (TRP) levels can increase brain serotomin concentrations,
thereby influencing serotonergic transmission We previously examined interaction between dietary substrate (TRP 0 15
and 0 6%) and the cofactor precursor (pyridoxine HCl! 3 and 3,000 mg/kg) on brain serotonin metabolism, observing
significant increases 1n serotonin concentrations from such dietary interaction The present experiments were designed to
explore possible behavioral consequences of the substrate-cofactor interaction After the IP ijection of fenfluramine (FA
at 5, 10, 15, and 20 mg/kg), serotonin-mediated behavior traits and the appearance of flushing were observed 1n rats fed
expertmental diets as stated above With a 5 mg/kg dose of FA, a differential dietary effect was most visible However, at
higher FA levels (15 and 20 mg/kg), such dietary effects were no longer discernible The appearance of flushing was also
dependent on dietary TRP intake and the dosage of FA These results indicate a clear substrate-cofactor interaction on
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certain serotonin-mediated behavior traits in the rat

Tryptophan Serotonin Behavior

Hypothalamus

Fenfluramine Vitamin Bg Brain

RECENT research has demonstrated that manipulation of
brain serotonin levels through changes in the diet affect
serotonergically mediated behaviors—sleep, depression,
pain sensitivity, food intake, temperature and blood pressure
regulation, and aggressive behavior among others [2, 4, 9,
12, 16, 19, 28, 30]

In a previous study, we investigated the metabolic in-
teraction of dietary tryptophan and a high intake of vitamin
B, on hypothalamic serotonin concentrations of rats. It was
demonstrated that not only dietary tryptophan, but the
combination of tryptophan plus a high level of pyridoxine
mfluenced serotonin metabolism in the rat brain [17]

Vitamin Bg, as the precursor of the coenzyme
pyridoxal-5-phosphbate (PLP), plays an important role in the
metabolism of various compounds including the neuro-
transmitter serotonin Serotonin i1s synthesized from the di-
etary amino acid tryptophan by a two-step reaction, hy-
droxylation, followed by decarboxylation The enzyme
5-hydroxytryptophan decarboxylase requires PLP as a
cofactor. Pynidoxine deficiency has been shown to cause a
decrease 1n brain serotonin concentration [7] and the intra-
peritoneal injection of pyridoxine has been shown to cause
an increase 1n tryptophan levels followed by a concomitant
rise 1n brain serotonin [1].

High doses of vitamin By have been shown to cause a
neurotoxicity to sensory neurons tn animals [15, 25, 26] A
similar neurotoxic effect of high intakes of pyridoxine has
been reported recently in several climcal cases [24,27] In
both the human and animal studies, the authors did not find
central nervous system toxicities which would account for
their observations. However, they did not include any neu-
rochemical measurements 1n their studies.

Behavioral effects from a high pyndoxine intake have
been studied by Driskell and Loker [8] who noted a reduced
exploration and curiosity effect in rats fed high levels of
pyridoxine (350 times the National Research Council (NRC)
recommended level) Bender and Totoe [1}, 1n their study of
metabolic effects from high intakes of pyridoxine also re-
ported a similar sedative effect Both groups of researchers
speculated that these sedative effects might have been due to
increased cerebral serotonin resulting from high vitamin Bg
feeding

Recently, the occurrence of a stereotyped, serotonin-
mediated behavioral syndrome has been described following
the administration of drugs such as fenfluramine that release
serotonin [14]. This syndrome consists of resting tremor,
ngidity or hypertonus, reciprocal front paw treading, Straub
tail, hindlimb abduction, lateral head weaving, head shaking,
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TABLE 1

ANALYSIS OF VARIANCE OF DIETARY TREATMENT, BEHAVIORAL OBSERVATIONS, FENFLURAMINE ADMINISTRATION AND THEIR
INTERACTIONS p-VALUES FOR F

Log Transformed Behavior Data

Source Front Hind
of Backward Paw Head Limb Straub Two Paws
Variance daf Walking Treading Weaving Abduction Tail Circlhing on wall Grooming
TRP 1 067 077 0 66 0 056* 043 001* 014 009
Bs 1 012 073 0 05* 0 04* 016 096 060 011
TRPxB, 1 010 056 008 014 069 081 0 02* 033
MINE 3 0 005* 0017* 0 001* 0 06 0 002* 0 0006* 059 0 66
TRPxMINE 3 053 033 027 011 041 006 081 058
B,xMINE 3 086 072 0 009* 043 0 66 028 063 083
TRPxBz;xMINE 3 058 099 090 079 091 074 048 064

TRP=Tryptophan (0 15%, 0 6%)

B¢=Pyndoxine HCI (7, 3,000 mg/kg)

MINE=Fenfluramine (5, 10, 15, 20 mg/kg body weight)

*=Statistically significant

hyperactivity, hyperreactivity and sahivation The above Diets

syndrome 1s thought to be serotonergically-mediated, be-
cause myection of the serotonin precursors, S-hydroxytryp-
tophan (SHTP) or tryptophan produce the syndrome [14}
The precursor effects are prevented by prior inhibition of
serotontn synthesis mediated through tryptophan hy-
droxylase or 5-hydroxytryptophan decarboxylase and 1s un-
affected by prior inhibition of catecholamine synthesis [14]

The purpose of the present study was to explore the be-
havioral consequences of the dietary tryptophan-pyridoxine
interaction The drug fenfluramine was used to facilitate this
behavioral study Fenfluramine has been reported to
produce a sustamned release of serotonin from storage
granules with only transient or little effect on central nervous
system levels of norepinephrine or dopamine [10] The short
latency period, 3-5 minutes following intraperitoneal njec-
tion, indicates that the mode of action of fenfluramine 1s via a
rapid release of serotonin from the storage granules [32]
Other researchers [3, 10, 20] have used fenfluramine m
studies of behavioral traits that are mediated by serotonergic
pathways

METHOD
Anmimals

Sprague Dawley C/D male weanling rats (body weight
50-60 g, Charles River Company, Wilmington, MA) were
used for all experiments They were housed individually 1n
wire cages with a 12 hour light dark cycle (lights off at 19-00
hr) and had free access to the experimental diets and to
water The amimals were weighed and their food consump-
tion recorded three times a week

After 10 days on the experimental diets, they were ob-
served for signs of the serotonin-mediated behavior syn-
drome and were subsequently sacrificed by decapitation for
post-fenfluramine serotonin and 5-hydroxyindoleacetic acid
(SHIAA) determinations in the hypothalamus Hypothalamic
tissues were immediately removed, frozen in lhiquid nitrogen
and stored at —80°C until the time of assay, which was not
more than two weeks

The 1socaloric, 1sonitrogeneous, semi-purified experi-
mental diets provided the minimum daily requirement of
protein plus amino acids (13%) for young growing rats. The
diets provided two levels of tryptophan (0.15 and 0.6%) and
two levels of pyndoxine HCI (7 and 3,000 mg/kg). The lower
level of tryptophan represented the reported NRC require-
ment level [23] for this amino acid and the higher level was
chosen to be similar to the concentration found in commer-
cial rat diets The lower level of pyridoxine represented the
NRC recommended level (6 mg/kg diet) and the higher level
was approximately 400 times that of the lower level The
composition of the expenimental diets has been previously
reported [17]

Behavioral Observations

After 10 days on the expenimental diets, different groups
of rats were weighed and injected intraperitoneally with
varying amounts of fenfluramine 0, (saline) 5, 10, 15, or 20
mg/kg body weight The rats were then individually placed in
Plexiglas cages (44x24x20 cm) After 10 minutes, they were
observed for one hour for any serotonin-mediated behaviors
All behavioral observations were carried out between 9 am
and 12 noon The observer was unaware of the diet treatment
and the dosage of fenfluramine Four ammals, in separate
cages, were observed simultaneously All movements be-
lieved to be associated with serotonin were counted and re-
corded These movements included backward walking,
head weaving, hind imb abduction, front paw treading, cir-
cling, two paws on the wall, Straub tail, and grooming A
number of animals exhibited extreme redness of their noses
and limbs, and this phenomenon was also recorded Animals
were considered to be flushed when their noses, tails and
paws turned deep pink, which occurred usually within
twenty minutes after fenfluramine imection The appearance
of flushing was recorded 1n an all or none fashion (+ or —)
After completing the behavioral observations, the ammals
were sacrificed by decapitation, and the hypothalamus re-
moved quickly for post-fenfluramine serotonin and SHIAA
analyses
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TABLE 2A
EFFECT OF FENFLURAMINE DOSE ON FREQUENCY OF BEHAVIORAL MEASUREMENT
Front Hind

Fenfluramine Backward Paw Head Limb Straub Two Paws
(mg/kg) Walking Treading Weaving Abduction Tail Circling on Wall Grooming

5 3 4* 9 0* 11 3% 1 0* 1 4* 7 5% 7 9* 2 8*
10 9 5% 21 4% 40 7t 13% 3 6*f 16 4% 7 5% 37*

15 11 3% 23 0t 63 61t 1 6%% 8 8% 20 4t 7 5* 2 2%
20 16 0 24 7t 96 7% 317 97t 22 4% 5 0* 2 5%

N=16

Within each column, values with different superscripts are statistically significantly different from each other (p <0 05, Duncan’s

Multiple Range Test)

TABLE 2B
EFFECT OF TRYPTOPHAN LEVEL ON FREQUENCY OF BEHAVIORAL MEASUREMENT
Front Hind

Tryptophan Backward Paw Head Limb Straub Two Paws

(% of diet) Walking Treading Weaving Abduction Tail Circling on Wall Grooming
015 8 8* 17 6* 38 8% 12* 4 1% 12 2% 5 8* 2 1*
05 9 5* 19 0* 42 7* 22 5 6* 19 4t 8 3* 3 6*

N=32

Within each column values with different superscripts are statistically significantly different from each other (p <0 05, Duncan’s
Multiple Range Test, except for hind limb abduction where p =0 056)

TABLE 2C
EFFECT OF PYRIDOXINE LEVEL ON FREQUENCY OF BEHAVIORAL MEASUREMENT

Pyridoxine Front Hind
HCl1 Backward Paw Head Limb Straub Two Paws
(mg/kg diet) Walking Treading Weaving Abduction Tail Circling on Wall Grooming

7 6 9* 17 6* 32 1* 12* 37 15 6* 6 4* 3 5%
3,000 11 0* 19 0* 51 5% 227 6 2* 15 6* 7 3* 2 1*

N=32

Within each column, values with different superscripts are statistically sigmficantly different from each other (p <0 05, Duncan s

Multiple Range Test)

Statistical Analysis

The behavioral frequency measurements are presented 1n
Tables 2A-2D as the differences between values observed
with 5, 10, 15, and 20 mg/kg fenfluramine and those obtained
with the saline controls (0 fenfluramine) The serotonin-
mediated behavior results as well as the post-fenfluramine
neurochemical data were analyzed by analysis of vanance
(ANOVA) To improve the normality of the values being
compared, the frequency of the measurements were log
transformed by the equation log,, (X + 1) The log trans-
formed behavioral data and the post-fenfluramine neuro-
chemical data were analyzed for main effects of fenfluramine
dose, dietary tryptophan and dietary pyridoxine in a 4x2x2
ANOVA usmg SAS (SAS Institute, Inc , Box 8000, Cary,
NC). For the factors found to give statistically significant
responses, Duncan’s Multiple Range Test was used as a
multtple comparison procedure to identify significant differ-

ences among individual means of log transformed data The
results displayed in the tables are geometric means obtained
by reversing the transformation of the means of the log tran-
formed data The data on the occurrence of flushing were
analyzed by the Chi-square contingency table analysis Fac-
tors examined were dietary tryptophan, vitamin Bg and
fenfluramine dose

RESULTS

The amount of fenfluramine njected significantly wnflu-
enced most of the behavioral characteristics observed (Table
1). With increasing dose, the amimals generally exhibited
significantly more serotonin-related behavior (Table 2A)
The frequency of all behavior measurements except two
paws on the wall and grooming increased m a dose-
dependent manner as the fenfluramine dosage mcreased
Head weaving was the most sensitive behavioral measure-
ment relative to the level of fenfluramine admunistered
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TABLE 2D
EFFECT OF FENFLURAMINE, DIETARY TRYPTOPHAN AND PYRIDOXINE INTERACTION ON BEHAVIORAL MEASUREMENTS
Pynidoxine
HCl Front Hind

Fenfluramine Tryptophan (mg/kg Backward Paw Head Limb Straub Two Paws
(mg/kg) (% of diet) diet) Walking Treading Weaving Abduction  Tail Circhng  on Wall Grooming

S 015 7 16 49 22 05 04 45 35 18

S 015 3,000 68 100 172 09 33 64 145 16

5 06 7 53 102 61 15 12 81 145 62

5 06 3,000 18 135 503 15 15 128 49 29
10 015 7 53 17 2 272 05 25 209 34 31
10 015 3,000 190 224 636 30 83 16 8 73 45
10 06 7 79 247 362 12 12 214 105 48
10 06 3,000 95 285 427 12 49 235 116 28
15 015 7 39 278 749 05 59 128 62 25
15 015 3,000 131 314 62 1 30 56 56 66 04
15 06 7 156 16 8 68 2 07 125 388 131 45
15 06 3,000 194 138 515 18 138 265 5SS 28
20 015 7 16 0 247 122 0 07 59 181 31 22
20 015 3,000 185 2009 945 22 71 306 61 24
20 06 7 125 337 861 81 135 214 58 50
20 06 3,000 18 1 219 731 45 152 204 61 13

TABLE 3

In general, although i1t did not reach statistical signifi-
cance 1n all but one instance, there was a higher frequency of
the majority of the observed behaviors 1n the rats that had
been fed the high tryptophan diets (Table 2B) This phenom-
enon was most visible at the lower fenfluramine (S mg and 10
mg/kg) dosages adminmistered Frequency of circling behavior
was significantly increased on the higher as compared to the
lower dietary tryptophan intake A dietary pyridoxine effect
was most discernible with head weaving and hind limb ab-
duction (Table 2C)

An interaction among fenfluramine, tryptophan and
vitamin Bg1n relation to several behavior characteristics was
noted when low doses of fenflurmaine were administered
(Table 2D) With the 5 mg/kg dose of fenfluramine, frequen-
cies of front paw treading, head weaving and hind limb ab-
duction varied with the dietary treatment Frequencies of
these behavior traits were lowest 1n the control and highest
in the group fed the high tryptophan plus high vitammn B,
diet At higher fenfluramine levels (15 and 20 mg/kg), differ-
ential dietary effects were no longer observed Head weav-
g was the most sensitive of the behavioral traits in relation
to dietary treatment Interestingly, the effect of diet on this
behavioral] measurement was completely reversed at the
highest fenfluramine dose administered (20 mg/kg)

The appearance of flushing was noted unexpectedly while
the other behavioral observations were being made The
presence or absence of flushing was dependent on the dosage
of fenfluramine administered (Table 3A) At the 5 mg/kg dose
of fenfluramine, no flushing appeared 1n any of the rats Di-
etary tryptophan level also significantly affected the fre-
quency of flushing (Table 3B), with more animals experienc-
ing flushing on the higher tryptophan intake. Dietary
pyridoxine, on the other hand, did not influence the appear-
ance of flushing (Table 3C)

Serotonin and SHIAA concentrations were measured 1n
the hypothalamus of the rats observed for behavioral

CHI SQUARE ANALYSIS OF FLUSHING RESPONSE

No Yes

A Fenfluramine Dose

(mg/kg)

5 16 0
(100%) (0%)

10 11 5
(69%) (31%)

15 5 11
31%) (69%)

20 3 13
(19%) (81%)

x%=26 42, p<0 000
B Tryptophan Level

(% of diet)
015 22 10
(69%) 31%)
06 13 19
(41%) (59%)

x*=5 11, p=0 024

C Pyndoxme HCl Level
(mg/kg diet)

7 20 12
(63%) (37%)

3,000 15 17
(47%) (53%)

x>=1 58, p=0 209
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TABLE 4
POST-FENFLURAMINE 5SHT AND SHIAA CONCENTRATIONS IN HYPOTHALAMUS
Fenfluramine
(mg/kg body weight)

Duet Saline
Group* Control 5 10 15 20

A Serotonin Levels (ug/g tissue)
1 035 + 004* 035 +003* 028 + 0 02*t 023 + 003+ 024 + 002f
11 055 = 003f 030 = 003* 026 = 0 02*t 021 + 001f 022+ 002t
I 065 = 002§ 039 = 004* 019 = 0027 024 + 0027 018 = 0 041
v 054 = 001% 047 = 003% 023 = 0027 018 = 0 04t 028 = 0 02*t

B 5HIAA Levels (ug/g tissue)
1 058 + 001* 032 = 0017 033 + 003f 038 = 0 02F 047 = 0 01%
I 065 = 0 07*F 046 = 003t 037 =002t 036 = 001t 045 + 001%
111 071 = 003§ 050 = 002 024 + 003f 041 = 0 02t% 042 = 002t
v 058 = 001* 047 = 002% 036 = 003t 043 = 00114 041 = 0017t

Diet groups 1(0 15% TRP, 7 mg Vitamin By), I (0 15% TRP, 3,000 mg Vitamn By), ITI (0 6% TRP, 7

mg Vitamin Bg), IV (0 6% TRP, 3,000 mg Vitamin By)

Mean + S E (n=4)

Values with different superscripts are statistically sigmificantly different from each other (p <0 05,

Duncan’s Multiple Range Test)

changes following fenfluramine njection (Table 4) In com-
parison with control amimals (saline injected), serotonin con-
centrations 1n all dietary treatment groups decreased in-
versely 1n amimals mjected with fenfluramine in a dose-
dependent manner, with the lowest serotomn levels associ-
ated with the higher doses of fenfluramine In animals in-
Jected with 5 mg/kg fenfluramine, mean serotonin values
were different, though not significantly so, in relation to the
dietary tryptophan and/or vitamin By level Rats on high
levels of both tryptophan and vitamin B, had the highest
serotonin values The dietary difference in serotonin levels
was no longer visible when higher doses of fenfluramine
were administered

The concentration of SHIAA 1n the rat hypothalamus fol-
lowed a pattern similar to that observed for the serotonn
concentrations Tissue SHIAA levels i fenfluramine 1n-
Jected rats decreased compared to control animals mjected
with saline only The decrease was not as pronounced as that
for the serotontn levels The smallest decrease was seen n
animals treated with the lowest (5 mg/kg) dosage of
fenfluramine Interestingly, after reaching the lowest values
at a 10 mg/kg dose, the SHIAA concentrations increased
again with 15 and 20 mg/kg fenfluramimne administration

The fenfluramine dose had a greater impact n altering
hypothalamic SHIAA levels than serotonin levels When
animals were injected with the 5 mg/kg dose, a small but non
significant, differential dietary effect was visible At doses
higher than 5 mg/kg. the dietary effect was completely ab-
sent

DISCUSSION

The results of the fenfluramine-induced, serotonin-
mediated, behavioral observations indicate a clear tryp-
tophan-vitamin Bg interaction in relation to certain be-
havior traits in the rat Dietary tryptophan and vitamin B,
levels, as well as fenfluramine dosage influenced the expres-

sion of serotonin-medrated behavioral traits and the appear-
ance of flushing

The differential dietary effects on behavior were most
visible upon usage of a low dose (5 mg/kg) of fenfluramine
The frequencies of serotonin-mediated behavioral traits were
lowest 1n the control animals and highest in the rats fed the
high tryptophan plus high vitamin B; diet Separate effects of
dietary tryptophan and vitamin B, were also detectable, but
only when low doses of fenfluramine were admimstered
However, at higher fenfluramine levels (15 and 20 mg/kg),
such dietary effects were no longer discernible

Among the behavioral traits observed, head weaving was
the one most sensitive to both dietary treatment (tryptophan
or vitamin B¢) or fenfluramine dosage, confirming reports of
other workers [5,31] In this study, high levels of dietary
tryptophan or of vitamin By as well as the administration of
high doses of fenfluramme caused significant increases in the
frequency of head weaving

Head weaving has been reported to be very sensitive to
serotonergic mampulation Corne et al [5] quantified the
occurrence of the head movement response following an n-
traperttoneal injection of S-hydroxytryptophan (SHTP) (a
serotonm precursor) 1n mice and used this as an index of the
functional activity 1n serotonergic synapses Several other
workers have used the head movement response to study
serotonergic transmissions [18] Drugs, as well as serotonin
precursors that increase the serotonergic transmission have
been shown to increase the frequency of head weaving signif-
icantly [18]

It 1s not known why increased serotonergic transmission
produces increased head movement but 1t has been reported
that the serotonin (SHT) SHT,-receptor subtype 1s involved
in eliciting such a response [29] Lucki ez al [20] hypoth-
esized that in the rat, the head twitch response n contrast to
other serotonin-related symptoms, 1s mediated by SHT, 1n-
stead of SHT, receptors, respectively Moser and Redfern
[22] studied the circadian variation in behavioral responses
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to central SHT-receptor stimulation They found that only
head twitch responses, but not other serotonin-mediated be-
havior showed a circadian vanation, offering experimental
evidence supporting the existence of different SHT-receptor
subtypes

The combined treatment of high doses of fenfluramine
with high tryptophan intake reduced the frequency of the
head weaving response 1n this study Martin e a/ [21], re-
cently examined the head twitching response 1n relatton to
SHTP njected intraperitoneally They reported that, depend-
ing on the dose used, either an increase or decrease in head
twitching response occurred At higher SHTP 1t was de-
creased

Two of the other behavioral traits observed in this study,
backward walking and cirching, have been considered to be
mediated by a simultaneous release of dopamine and
serotonin Curzon et al [6] found that either amphetamine or
fenfluramine at higher dosage (15-30 mg/kg), provoked
backward walking and tight circling, which 1s a dopamine-
mediated behavioral pattern Similar observations for these
behaviors have also been described following high doses of
p-chloroamphetamine, a releaser of endogenous serotonin
[29] These results are interpreted to signify that high doses
of fenfluramine can cause a release of catecholamines as well
as of serotonin Increases 1n circling behavior exhibited by
animals mjected with high doses (15 and 20 mg/kg) of
fenfluramine might have resulted from the simultaneous re-
lease of both serotomin and dopamine

The low dose of fenfluramine (5 mg/kg) permitted the ob-
servation of differential dietary effects on behavior How-
ever, at higher fenfluramine levels (15 and 20 mg/kg), such
differential dietary effects were no longer detectable Con-
ceivably, at the higher levels, the amount of serotonin re-
leased exceeded the mimmimum concentrations needed to dif-
ferentially affect behavior patterns thus precluding the ob-
servations of diet-induced differences

The appearance of flushing was dependent on both di-
etary tryptophan intake and the dosage of administered
fenfluramine, but not on vitamin B, intake Serotonin plays a
role 1n the regulation of blood flow and central serotonergic
pathways are involved m the regulation of arterial blood
pressure [11,33] In the peripheral vessels, serotonin can
cause contraction of blood vessels by its direct action on
smooth muscle or by potentiating the effect of other vas-
oconstrictor agents It has been demonstrated that serotoner-
gic neurons in the central nervous system can both inhibit
and facilitate central sympathetic activity. Some researchers
have shown that serotonin mjected intraventricularly can
cause an increase 1n blood pressure, and others have found
that 1t can decrease blood pressure [13]}

The concentrations of hypothalamic serotonin and
SHIAA found at the completion of the study were dependent
on the dosage of fenfluramine admimistered as well as on the
earlier dietary treatment With a fenfluramine dosage of 5
mg/kg, mean serotonin values for the experimental groups
were significantly different from each other, lowest n the
control and highest in the high tryptophan, high B, group
However, such differential dietary effects disappeared when
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higher doses of fenfluramine were administered Concentra-
tions of SHIAA were lower with 5 and 10 mgkg
fenfluramine, and higher at fenfluramine levels of 15 and 20
mg/kg This finding suggests an increased turnover of
serotomn at the higher fenfluramine levels

Interestingly, even the highest dose of fenfluramme ad-
munistered did not completely deplete hypothalamic seroto-
nin storage There have been other studies that have re-
ported sumilar values for serotonin in animals injected with
fenfluramine or with a serotonin neurotoxin such as 5,7-di-
hydroxytryptamine [5,10] In these studies, fenfluramine or
5,7-dihydroxytryptamine injection decreased brain serotonin
levels by more than 50%, but did not deplete it completely
Some serotonin, possibly bound, appears to be present at all
times, not susceptible to the action of a releasing compound
such as fenfluramine There might also be two types of stor-
age sites for endogenous serotonin, the one more liable to
manipulation through drugs such as fenfluramine, and the
other, resistant to such treatment The location and func-
tional significance of the remaining serotonin is worthy of
further investigation

The changes 1n serotomin concentration following
fenfluramine treatment corresponded well with the behav-
ioral changes noted With a low dose of fenfluramme (5
mg/kg) the amount of serotonin released nto the synapse
appeared to reflect the amount of serotonin stored in the
granules, which, n turn, depended upon the dietary level of
tryptophan and vitamin Bg High doses of fenfluramine 1n-
duced a maximum release of available (releasable) serotonin,
such that both the biochemical and behavioral values indi-
cated the complete abolishment of differential dietary ef-
fects

It would have been of interest to have tested a level of
fenfluramine lower than 5 mg/kg This might have permitted
the expression of changes in the serotonin level with the
dosage of fenfluramine 1 a dose-dependent manner It 1s
also possible that a yet more defimtive dietary effect on brain
serotonin and SHIAA levels might have been observed under
such treatment conditions

CONCLUSIONS

The present study has demonstrated a clear interaction
between dietary tryptophan and pyrnidoximne on certain
serotonin-mediated behavioral traits in rats Upon admunis-
tration of a low dose of fenfluramine, differential dietary
effects were demonstrable The behavior head weaving was
the most sensitive trait in response to the dietary tryptophan
plus pyridoxine and fenfluramine interaction The post-
fenfluramine neurochemical data corresponded well with the
behavioral observations The appearance of flushing, a
newly observed characteristic, was also dependent on di-
etary tryptophan intake and the dosage of admumstered
fenfluramine, but not on vitamin B, intake

ACKNOWLEDGEMENT

We wish to thank Dr R Sandyk for his helpful suggestions n
writing this paper

REFERENCES

1 Bender, D A and L Totoe High doses of vitamin B 1n the rat
are associated with inhibition of hepatic tryptophan metabolism
and increased uptake of tryptophan into the brain J Neurochem
43: 733-736, 1984

2 Blundell, ] E Serotonin manmpulations and the structure of
feeding behavior Appetite [Suppl] T: 39-56, 1986



VITAMIN B, AND TRP-RELATED BEHAVIOR CHANGES

3

10

11

12

13

14

15

16

17

18

Burton, M J,S J Cooperand D A Popplewell The effect of
fenfluramine on the microstructure of feeding and drinking mn
the rat Br J Pharmacol 72: 621-633, 1981

Chouinard, G, S. N Young, L Annable and T L Sourkes
Tryptophan and nicotine amide combination 1n depression (let-
ter) Lancet 1: 249, 1977

Corne, S J,R W Pickering and B T Warner A method for
assessing the effects of drugs on the central actions of serotonin
Br J Pharmacol 20: 106-120, 1963

Curzon,G,J C R Fernandoand A J Lees Backward walk-
ing and circling Behavioral responses induced by drug treat-
ments which cause simultaneous release of catecholamines and
serotonin Br J Pharmacol 66. 573-579, 1979

Dakshinamurti, K, W D LeBlancq, R Herchl and V Hav-
Ircek Nonparallel changes in brain monoamnes of pyridoxtne
deficient growing rats Exp Brain Res 26: 355-366, 1976
Dniskell, J A and S F Loker Behavioral pattern of female
rats fed high levels of vitamin By Nutr Rep Intl 14: 467-473,
1976

Eichelman, B , K Kantak and L. Hegstrand Dietary effects on
different models of fighting behavior In The Biology of Ag-
gression, edited by P F Bramn and D Benton Rockville, MD
Skjthoff Noordhoff, 1981, pp 155-160

Ghezz1, D , R Samanin, S Bernasconi, G Tognone, M Gerna
and S Garattm Effect of thymoleptics on fenfluramine-
induced depletion of brain serotonin mn rats Eur J Pharmacol
24: 205-210, 1973

Gnffith, S G, J Lincoln and G Burnstock Serotonin as a
neurotransmitter in cerebral arteries Brain Res 247: 388, 1982
Hegstrand, L ,J Whitman and B Erchelman Effects of dietary
supplementation and a tryptophan-free diet on aggressive be-
havior 1n rats Pharmacol Biochem Behav 12: 173-179, 1980
Houston, D S and P M Vanhoutte Serotomin and the vascu-
lar system Role 1n health and disease, and implications for
therapy Drugs 31: 149-163, 1986

Jacobs, B L An ammal behavior model for studying central
serotonergic synapses Mimreview Life Sci 19: 777-786, 1976
Krinke, G, H Schaumburg, P S Spencer, J Suter, P
Thomann and R Hess Pyndoxine megavitaminosis produces
degeneration of pertpheral sensory neurons (sensory
neuropathy) in the dog Neurotoxicology 2: 13-24, 1981

Kuhn, D M, W A Wolf and W Lovenberg Review of the
role of the central serotonergic neuronal system in blood pres-
sure regulation Hypertension 2: 243-255, 1980

Lee, N S, G Muhs, G C Wagner, R D Reynolds and H
Fisher Dietary pyridoxine interaction with tryptophan or his-
tidine on brain serotonin and histamine metabolism Pharmacol
Biochem Behav 29: 559-564, 1988

Lees, A J,J C. R Fernando and G Curzon Serotonergic
involvement 1n behavioral responses to amphetamine at high
dosage Neuropharmacology 18: 153-158, 1979

19

20

21

22

23

24

25,

26

27

28

29

30

31

32

33

571

Lieberman, H R, S Corkin, B J Sprning, J] H Growdon and
R J Wurtman Mood, performance, and pain sensitivity
Changes induced by food constituents J Psychiatr Res 171:
135-145, 1982/83

Lucki, I, M S Nobler and A Frazer Differential actions of
serotonin antagonists on two behavioral models of serotonin
receptor activation in the rat J Pharmacol Exp Ther 228: 133~
139, 1984

Martin, P, H Frances and P Simon Dissociation of head
twitches during the study of interactions with SHTP 1n mice J
Pharmacol Methods 13: 193-200, 1985

Moser, P C and P H Redfern Circadian vanation in behav-
1oral responses to central SHT receptor stimulation in the
mouse Psychopharmacology (Berlin) 86: 223-227, 1986
Nutrient Requirement of Laboratory Animals Third revised
edition, National Academy of Sciences, Washington, DC,
1978

Parr, G J and D E Bredesen Sensory neuropathy with low-
dose pynidoxine Neurology 35: 1466-1468, 1985

Schaeppi, U and G Knnke Pyndoxine neuropathy, correla-
tion of functional tests and neuropathology in beagle dogs
treated with large doses of vitamin Bg Agents Actions 12: 575-
582, 1982

Schaeppr, U and G Krinke Differential vulnerability of three
rapidly conducting somato-sensory pathways in the dog with
vitamin Bg neuropathy Agents Actions 16; 567-579, 1985
Schaumburg, H , J Kaplan, A Windebank, N Vick, S Ras-
mus, D Pleasure and J J Brown Sensory neuropathy from
pyridoxine abuse A new megavitamin syndrome N EnglJ Med
309: 445-448, 1983

Selzer, S , R Stoch, R Marcus and E Jackson Alteration of
human pain thresholds by nutritional mampulation and L-
tryptophan supplementation Pain 13; 385-393, 1982
Singleton, C and C A Marsden Circadian vanation n the
head twitch response produced by 5-methoxy N,N-dimethyl-
tryptamine and p-chloramphetamine in the mouse Psycho-
pharmacology (Berlin) 74: 173-176, 1981

Southwell, P R, C R Evans and J N Hunt Effect of a hot
mulk drink on movements during sleep Br Med J 2: 429-431,
1972

Taylor, K M Dietary modification of amphetamine stereo-
typed behavior the action of tryptophan, methionine, and
lysine J Physiol Pharmacol 61: 81-83, 1979

Trulson, M E and B L Jacobs Behavioral evidence for the
rapid release of central nervous system serotomin by PCA and
fenfluramine Eur J Pharmacol 36: 149-154, 1976

Vanhoutte, P M Penipheral serotonergic receptors and hyper-
tension In Serotonin and the Cardiovascular System, edited
by P M Vanhoutte New York Raven Press, 1985, pp 125-
133



