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DIRINGER, M. N., N. R. KRAMARCY, J. W. BROWN AND J. B. THURMOND. Effect of fusaric acid on aggression,
motor activity, and brain monoamines in mice. PHARMAC. BIOCHEM. BEHAYV. 16(1) 73-79, 1982.—The effects of
fusaric acid (FA), a dopamine-B8-hydroxylase (DSH) inhibitor, were determined on aggression, motor activity, and brain
monoamines at doses of 3.2 to 60 mg/kg following administration of dietary supplements of L-tyrosine or balanced protein
to male albino mice. Compared to saline injected control animals, both aggression and motor activity were reduced by the
highest doses of FA. Somewhat more reduction in aggression was observed in animals administered dietary supplements of
casein compared to those given the tyrosine supplement. Treatment with FA at doses of 30 to 60 mg/kg decreased brain
norepinephrine and dopamine, and decreased brain tyrosine in animals fed the tyrosine supplement. In contrast, FA
increased 5-hydroxytryptamine, and caused marked increases in 5-hydroxyindoleacetic acid at the highest doses. The data
suggest that the neurochemical effects of FA may not be the same in rats and mice.
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WHILE it is evident that central monoamines play a role in
modulating aggression and arousal, the nature of their rela-
tionship remains elusive. Brain norepinephrine (NE) and
dopamine (DA) activity have been postulated to be directly
related to intraspecies aggression but inversely related to
predatory aggression {3,32]. Intraspecies fighting among rats
is induced by apomorphine [12], and among mice by
L-DOPA at high doses or amphetamine at low doses [20], or
by addition of tyrosine to the diet [41,42]. Barr ef al. [4]
observed that steady-state DA levels were higher in the
hypothalamus of rats prone to fight other rats whereas NE
and DA concentrations were similar in non-killer and killer
rats engaging in muricide. These relationships are consistent
with intraspecies fighting among mice in that higher hypotha-
lamic DA concentrations have been found in aggressive mice
when compared to non-aggressive animals [44].

In contrast, enhanced aggression is related apparently to
diminished serotonergic (5-HT) function. Muricide [13, 14,
18, 27] and shock-induced fighting in rats [21,36] are
facilitated by lesions or drug treatments which lower brain
5-HT. Maintaining rats on a tryptophan-free diet, which
leads to depletion of brain 5-HT levels [14,22] induces
muricide in nonkiller rats and facilitates muricide in killer
rats which is reversed by restoring or raising brain S-HT [14].
Mouse killing in rats induced by pharmacologic depletion of
5-HT is also reversed by restoring brain 5-HT [3, 13, 27].

Evidence also suggests that central catecholamine (CA)
systems play a mediational role in behavioral arousal. In-

creased locomotor activity in rats has been reported follow-
ing administration of amphetamine [35,43] and in mice fol-
lowing L-DOPA at low doses after pretreatment with reser-
pine [1] or PCPA [25], or following additions of tyrosine to
the diet [6, 41, 42]. In contrast, administration of tryptophan
[28] or 5-hydroxytryptophan [19] reportedly reduced motor
activity in mice.

Establishing the nature of the modulatory effect of the
central monoamines on animal aggression is an area of con-
siderable complexity since most experimental models seem
based on different interactions of these neurotransmitters
[3,10]. A reciprocal relationship between CA and 5-HT
functions was postulated by Mabry and Campbell [26] to
account for aggressive behavior in mice. Hodge and Butcher
[19,20] suggested that aggression is related to the potentia-
tion of NE (and possibly DA) function and to the impairment
of 5-HT function. Antelman and Caggiula [2] propose that
NE neurons exert an indirect modulatory influence on DA
systems and in this way regulate their function. When this
modulatory influence is disrupted by activating or stressful
stimuli (e.g., situations evoking aggressive behavior), behav-
iors critically dependent on normal DA function will be
potentiated; under conditions of minimal stress, no change
or perhaps a depression of DA-dependent behaviors may
occur.

The purpose of the present investigation was to test these
hypotheses by assessing the effects on aggression and motor
activity of treatments intended to increase brain DA while
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lowering brain NE. Hence, tyrosine was added to the diet to
increase CA function and fusaric acid (FA), a dopamine-3-
hydroxylase (DBH) inhibitor, was administered to decrease
brain NE. Studies in rats have shown that treatments which
raise brain tyrosine concentrations accelerate the rates at
which CA neurons synthesize and turnover their transmit-
ters [15, 16, 51]. Evidence from a number of sources [9, 24,
46, 49] suggests the possibility that brain NE biosynthesis
may not only be regulated at the tyrosine hydroxylase step
but at the DBH step as well. It has been shown in rats that
brain DA increases whereas brain NE decreases following
DgH inhibition with FA [17,48].

METHOD

Two experiments were conducted, the second being es-
sentially a replication of the first.

Animals

Male mice of the CF-1 strain (Carworth Farms, Wil-
mington, MA), 11 weeks old, were housed five per cage. The
laboratory was maintained at a temperature of 21°C, with a
light cycle of 12 hr on, 12 hr off governed by three 100 W red
bulbs superimposed for 12 hr with bright fluorescent lights.
All procedures were performed during the first half of the
dim portion of the cycle, between 12 noon and 5 p.m. The
animals were marked with a spot of green liquid food dye for
identification during testing.

Aggressive Behavior

A complete description of the apparatus used for produc-
ing and measuring territorial aggression has been published
[40]. Briefly, the test animal (resident mouse) takes up lone
residence for 24 hr in a 60 cm square box containing a 30 cm
high tower in the center and has access through a 12 cm long
tube to a standard mouse cage with food, water, and bed-
ding. After this interval, a naive intruder mouse 13-15 weeks
old is placed on the tower. Typically, the resident mouse
intercepts and attacks the intruder within the first several
minutes of the test, after the intruder climbs down the tower
or by climbing the tower to reach the intruder. An attack was
defined as a bout of activity lasting up to three seconds dur-
ing which the resident bit the intruder at least once. The
latency to the first attack was determined by recording with a
stopwatch to the nearest second the time lapsed between
placing the intruder on the tower and the first bite inflicted
on the intruder by the resident. Most of the resident’s ag-
gression displayed toward the intruder takes place during the
first 15 min of the test. The latency (in minutes) to first attack
and the number of attacks over a 20-min observation period
are used to quantify the level of aggression.

Motor Activity

In groups of five, an individual mouse was placed alone in
one of five identical motimeters described by Knoll [23] and
the accumulated activity for each mouse was recorded for 20
min. In this device the animal moves over aluminum contact
plates mounted 4 mm apart in a clear 12 cm deep, 12 cmx40
cm rectangular Plexiglas box (testing cage) and a count is
recorded for every passage between two plates.

Drugs

The dopamine-B-hydroxylase inhibitor (fusaric acid, U.S.
Biochemical, Cleveland, OH) was dissolved in saline (0.9%
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NaCl) and the pH was adjusted to 6.0. The drug was freshly
prepared before each IP injection and was given in a volume
of 0.57 ml/100 g of mouse in doses of 15, 30, 45, and 60 mg/kg in
Experiment 1 and 3.2, 15, 30, and 50 mg/kg in Experiment 2.

Diets

Mice were randomly designated as residents or intruders
upon arrival at the laboratory, and residents were im-
mediately given free access to water and a semi-synthetic
basal diet (all diet materials were obtained from ICN Phar-
maceuticals, Cleveland, OH) of the following composition:
12% casein protein, 5% corn oil, 709% corn starch, 2% cel-
lulose, 4% Salt Mixture X1V, 2.2% Vitamin Diet Fortifica-
tion Mixture, 4.8% dextrose. After maintenance on this diet
for two weeks, the animals were randomly assigned to one of
four groups (N=20 per group). In Experiment 1, two groups
(A, B) remained on the 12% casein basal diet, a third group of
animals (C) received a supplement of 4% casein to provide a
total of 16% protein, and a fourth group (D) had the 12%
casein diet supplemented with 4% tyrosine. Groups C and D
were replicated in Experiment 2. The supplements replaced
equal weights of dextrose; thus, all diets were isocaloric. The
dietary materials for the resident mice were thoroughly
mixed with enough water to make a batter, then oven-dried
at 105°C for 40 min. The result was a cream-colored cake,
which could be easily cut into pieces for purposes of feeding.
Other mice, designated as intruders, were given free access
to Rat/Mouse Purina Chow. The mice were weighed weekly
to determine if any physical differences occurred as a result
of the various dietary regimens.

Procedure

All four groups of mice were maintained on their respec-
tive diets for four weeks before drug administration was ini-
tiated. Groups B, C and D receiving injections of either FA
or vehicle (0.9% saline) were tested three hours after an in-
jection. Two doses each of FA and vehicle were adminis-
tered in counterbalanced order, one injection to each animal
every two weeks. Group A, which remained on unsupple-
mented 12% casein diet, was injected with vehicle and tested
every two weeks, thus providing control data on the effects
of repeated testing. Testing occurred every two weeks for
ten weeks. Each round of testing for an animal consisted of a
test of activity and aggression separated by 48 hr. Half of the
test animals were assessed for aggression first and the other
half for activity first to control for any confounding effects of
test order. The order of testing for a particular animal re-
mained constant throughout the experiment.

Biochemical Determinations

Separate groups of animals (N=35 per group), maintained
for four weeks on the semi-synthetic diets, were killed by
cervical dislocation, their brains removed, and immediately
homogenized in ten volumes of cold acidified n-butanol.
Serotonin (5-HT), 5-hydroxyindoleacetic acid (5-HIAA), DA
and NE in whole brain were determined spectrophoto-
fluorometrically according to the method of Cox and Perhach
[8] and Chang [7). Tyrosine (TYR) was analyzed according to
Wong et al. [50] as modified by Phillips [31]. Monoamine (2
wg/ml) and tyrosine (250 ug/ml) standards were shaken
briefly with 2.5 ml acidified n-butanol, then carried through
the entire procedure. External standards were also prepared
and run with each set of samples to obtain a measure of
recovery. A pooled sample was generated from the super-
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FIG. 1. Effect of fusaric acid plus unsupplemented 12% casein diet (solid circles), plus 4% casein supplement (solid squares), or plus 4%
L-tyrosine supplement (solid triangles) on the motor activity, attack latency, and number of attacks by test mice on intruders. Effect of
repeated saline injections on 12% casein condition is shown above the VEH point (open circle). All injections were IP. Results are given as
mean with SEM of 20 determinations. Statistical significance show differences from the VEH value for a given condition. *n<0.05, **p<0.01.
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natants of the individual brains and carried through the pro-
cedure as a tissue blank. Recovery of each substance ranged
from 65 to 90 per cent.

Statistics

A two-factor (diet and drug) analysis of variance
(ANOVA) with repeated observations on one factor (drug)
was conducted on the behavioral data, followed where signif-
icant by Dunnett’s test for comparing individual treatment
means with the control group mean. Interactions were
analyzed using analysis of variance for the simple effects of
the drug doses for each category of diet according to Winer
[47]. Based on tests of homogeneity of variance and of the
distributions about the means, parametric statistics were
deemed appropriate for the data, particularly in view of the
characteristic robustness of the analysis of variance [47].
Similar analyses for independent observations were applied
to the neurochemical data.

RESULTS
Weight Gain

The mice in each diet supplement group gained approx-
imately the same amount of weight over the 15-week period
of maintenance on the diets. The mean weights for animals
maintained on the basal 12% casein diet, the 4% tyrosine
supplement, and the 4% casein supplement were respec-
tively, 35, 33, and 36 g before supplementation, 43, 41, and
42 g after twelve weeks on the diet. The weight gain of
the mice on each of these diets was the same. This agrees
with prior data on weight gain in our laboratory in which
mice were fed essentially identical supplements [42] and with
more extensive data on weight gain [41] in which mice fed
identical supplements gained the same amount of weight as
animals fed Rat/Mouse Purina Laboratory Chow.

Motor Activity

Although the difference in motor activity of animals in
Experiment 1 maintained on supplements of 4% casein or 4%
tyrosine was not significant, F(1,38)=2.85, p=0.90, the ad-
ministration of FA produced effects in each of these groups
(Fig. 1). The ANOVA for repeated measures showed a
highly significant drug effect on motor activity,
F(4,152)=20.48, p<0.001, and a significant diet xdrug inter-
action, F(4,152)=4.38, p<0.01. Figure 1 (left panel) shows
that the highest dose of FA (60 mg/kg) decreased motor ac-
tivity significantly in all three diet groups. The relatively
larger drop of the casein supplemented group was the main
source of the significant interaction, F(4,152)=12.60,
p<0.001. Administration of FA in Experiment 2 (Fig. 1, right
panel) reduced motor activity in both diet groups,
F(4,152)=18.92, p<0.01. No differences due to diet or
dietxdrug interaction were obtained.

Aggression

The effects of diet supplementation and FA on attack
latency in Experiment 1 are summarized in Fig. 1 (left panel).
No effects on attack latency due to diet were shown by the
ANOVA but a significant drug effect, F(4,152)=7.23,
p<0.001, and a dietxdrug interaction, F(4,152)=3.51,
p<0.01, were obtained. The significant interaction was due
mainly to the relatively large increase in attack latency in the
casein supplemented group at the 60 mg/kg dose of FA,
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F(4,152)=3.90, p<0.01. A comparison of mice in this group
with saline injected controls was significant, Dunnett’s
1(152)=4.24, p<0.01.

Diet had no significant effects on number of attacks (Fig.
1) but again the drug effect was highly significant,
F(4,152)=12.68, p<0.01. The number of attacks was in-
creased only in the casein group as compared to their vehicle
injected control value and only at the lowest dose of FA,
Dunnett's 1(152)=2.70, p<0.05. The highest dose of FA de-
creased this measure significantly in the casein supple-
mented group compared to the vehicle injected control
value, Dunnett’s 1(152)=3.85, p<0.01. A similar decrease at
60 mg/kg by FA in the tyrosine supplemented group did not
reach statistical significance.

The effect of FA on attack latency in Experiment 2 (Fig.
1, right panel) was significant, F(4,152)=3.98, p<0.01, re-
sulting in reductions of attack latency at the 15 mg/kg dose
for animals fed additional casein, Dunnett’s r(152)=2.65,
p<0.05, and at 30 mg/kg for those fed additional tyrosine,
Dunnett's 1(152)=3.14, p<0.01. The ANOVA yielded no
significant effects on latency to attack due to diet or di-
etxdrug interaction. Administration of FA significantly de-
creased the number of attacks, F(4,152)=3.33, p<0.05, ap-
parently due mainly to the sharp drop in attacks in the casein
group at 50 mg/kg (Fig. 1, right panel). The number of attacks
was decreased significantly at this point compared to the
vehicle injected control value, Dunnett's 1(152)=2.41,
p<<0.05. The tyrosine supplemented group displayed an in-
crease in attacks at the 30 mg/kg dose but this did not reach
statistical significance compared to the saline injected con-
trol value.

Neurochemical Parameters

Table 1 summarizes biochemical data from analyses of
mouse brains of animals treated identically to those used for
behavioral testing, except that no behavioral tests on these
mice were conducted. The data were analyzed with use of
ANOVA in which the two independent variables (diet, drug)
were manipulated and five dependent measures (NE, DA,
5-HT, 5-HIAA, and TYR) were analyzed. These analyses
were followed by tests (Dunnett’s 7) for comparing individual
treatment means with the control group mean (see Table 1).

Significant biochemical differences between the three
diets were determined by applying a simple ANOVA to the
control values, followed where significant by Dunnett’s test.
Significant differences were obtained between the diets for
5S-HIAA in Experiment 1, F(2,12)=3.90, p<<0.05, and for
TYR in Experiment 1, F(2,12)=87.52, p<<0.001, and in Ex-
periment 2, F(2,12)=11.27, p<0.001. Adding 4% casein to
the 12% casein diet produced no significant biochemical
differences. However, the addition of 4% tyrosine reduced
5-HIAA in Experiment I, Dunnett's #(12)=2.71, p<0.05, and
raised levels of brain tyrosine in both experiments, Dun-
nett’sz=11.91 and 4.13 in Experiments | and 2, respectively;
df=12; p<0.001 in each case.

In Experiment 1 significant effects were obtained on NE
due to drug, F(2,24)=7.48, p<0.01, DA due to drug.
F(2.24)=9.57, p<0.001, 5-HT due to diet, F(1,24)=6.8,
p<0.05, drug, F(2,24)=7.02, p<0.01, and dietxdrug interac-
tion, F(2,24)=3.92, p<0.05, S5-HIAA due to drug,
F(2,24)=10.89, p<0.001, TYR due to diet, F(1,24)=86.84,
p<0.001, drug, F(2,24)=26.1, p<0.001, and diet xdrug in-
teraction, F(2,24)=5.90, p<0.01.

It is apparent from the data of Table 1 that decreased
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TABLE 1

EFFECTS OF DIET SUPPLEMENT AND FUSARIC ACID (FA) ON CONCENTRATIONS OF NOREPINEPHRINE (NE), DOPAMINE (DA),
SEROTONIN (5-HT), 5-HYDROXYINDOLEACETIC ACID (5-HIAA), AND TYROSINE (TYR) IN MOUSE BRAIN

NE DA 5-HT 5-HIAA TYR
Experiment ! Treatment
12% Casein (control) 0.54 = 0.03 1.14 = 0.13 0.54 + 0.03 0.79 + 0.05 13.48 = 1.25
Plus 4% Casein + Saline 0.56 = 0.07 1.59 = 0.36 0.62 = 0.02 0.67 = 0.03 16.07 + 1.60
+ 15 mg/kg FA 0.46 = 0.07 1.44 = 0.21 0.71 = 0.02% 0.70 = 0.04 8.13 = 1.37
+ 60 mg/kg FA 0.35 + 0.02F 0.79 = 0.11* 0.58 + 0.03 1.58 + 0.16% 7.35 + 0.58*
Plus 4% Tyrosine + saline 0.55 = 0.02 1.70 = 0.34 0.49 = 0.02 0.62 + 0.05 46.15 + 2.68
+ 15 mg/kg FA 0.49 = 0.02 1.71 = 0.18 0.62 + 0.047 0.66 = 0.02 36.29 + 5.40*
+ 60 mg/kg FA 0.38 + 0.06* 0.84 + 0.07* 0.61 + 0.04* 1.21 + 0.08% 17.96 + 3.09%
Experiment 2 Treatment
12% Casein (control) 0.58 + 0.01 1.63 = 0.30 — 0.69 + 0.04 9.55 = 1.30
Plus 4% Casein + saline 0.57 = 0.03 1.61 = 0.34 — 0.71 = 0.04 9.88 + 0.95
+ 1.6 mg/kg FA 0.52 + 0.03 1.59 + 0.35 — 0.66 + 0.05 10.87 = 1.37
+ 3.2 mg/kg FA 0.44 = 0.05 1.51 = 0.29 — 0.65 + 0.04 7.86 = 0.69
+ 15 mg/kg FA 0.43 = 0.05 1.40 + 0.25 — 0.74 £ 0.05 7.18 = 0.41
+ 30 mg/kg FA 0.34 + 0.02% 0.79 = 0.06* — 0.72 = 0.03 6.14 = 0.29
+ 50 mg/kg FA 0.37 = 0.03t 0.77 = 0.10* — 1.42 + 0.08% 7.61 = 0.68
Plus 4% tyrosine + saline 0.56 + 0.06 1.69 + 0.37 — 0.60 + 0.05 35.14 = 7.4
+ 1.6 mg/kg FA 0.55 = 0.07 1.41 = 0.28 — 0.77 = 0.20 27.71 = 4.33
+ 3.2 mg/kg FA 0.55 = 0.06 1.31 = 0.15 — 0.64 = 0.06 24,97 = 0.58*
+ 15 mg/kg FA 0.49 = 0.04 1.48 = 0.17 — 0.68 + 0.04 22.64 = 2.511
+ 30 mg/kg FA 0.31 + 0.02% 0.74 + 0.08* — 0.67 = 0.03 14.79 = 1.31%
+ 50 mg/kg FA 0.35 + 0.07t 0.80 = 0.08* — 1.15 = 0.07¢ 16.09 + 2.17%

Results are given as mean ug/g wet weight = SEM (N=5 for each determination). Treatment means in each diet condition were
compared with the matched saline-injected dietary control (Dunnett’s r).

*p<0.05.
tp<0.01.
1 <0.005.

levels of brain NE and DA are associated with a decrease in
brain tyrosine following FA treatment, especially in the
tyrosine supplemented conditions. The source of the
dietxdrug interaction for TYR is due to the marked dose-
related decrease in brain tyrosine following FA treatment in
the tyrosine supplemented animals, F(2,24)=23.34, p<0.001,
compared to the moderate decreases for those given casein.
In both diet conditions, 5-HIAA was increased significantly
by the highest dose of FA (60 mg/kg). Animals receiving the
tyrosine supplement evidenced a very large increase in TYR.
FA reduced brain TYR in a dose-related manner for the
tyrosine supplemented animals. Thus, FA depleted brain
tyrosine most in the tyrosine-supplemented mice, but
tyrosine loading did maintain normal (untreated, casein diet)
levels of tyrosine (even then, there was a behavioral effect).

The biochemical data for Experiment 2 were analyzed
with use of ANOVA as in Experiment 1. The ANOVA indi-
cated significant effects on NE due to drug, F(5,48)=8.15,
p<0.01, DA due to drug, F(5,48)=5.21, p<0.01, 5-HIAA due
to drug, F(5,48)=21.22, p<0.01, TYR due to diet,
F(1,48)=93.07, p<0.01, drug, F(5,48)=5.42, p<0.01, and
diet xdrug interaction, F(5,48)=2.59, p<0.05.

The highest doses of FA (30 and 50 mg/kg) decreased
brain NE and DA significantly in both diet groups. In the
tyrosine supplemented animals these decreased levels are
associated apparently with reduced concentrations of brain
tyrosine following FA treatment. The source of the

diet xdrug interaction for TYR is due to the more than two-
fold drop in brain tyrosine as a function of FA treatment in
the tyrosine supplemented animals as opposed to the lesser
(and nonsignificant) effects of FA in the casein fed animals,
F(5,48)=7.60, p<0.01.

DISCUSSION

Dietary tyrosine and FA were administered to mice in the
present study, not because tyrosine loads would be expected
to alter the action of FA, but rather because tyrosine admin-
istration has been shown to increase brain CA metabolism
[15, 16, 51] and FA, a DBH inhibitor, has been shown to
reduce brain NE [30,48]. The effect of these joint manipula-
tions should therefore have been to increase brain DA func-
tion and decrease brain NE, and thereby permit a test of the
hypothesized results on behaviors supposedly mediated by
central DA systems. In view of prior findings with mice and
rats associating increases in aggression with enhanced DA
function [4, 12, 25, 44], and in rats following DBH inhibition
[34], the combined treatment of tyrosine and FA would be
expected to enhance aggression. In contrast, DGH inhibition
in mice reportedly reduces aggression [20, 33, 38, 39] and
locomotor activity [20,29]. The effects of dietary tyrosine
and FA in the present study seem consistent with the data of
these prior studies, taken as a whole. Administration of FA
caused reductions in aggressive behavior and motor activity
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at the highest doses used (50-60 mg/kg), with decreases in
aggression being less severe in the tyrosine supplemented
mice. It should be noted that because of the decreases in
motor activity, the decreases in aggression may be non-
specific.

In an earlier study [41] we observed that a tyrosine sup-
plement increased aggressive behavior after one week, but
an apparent tolerance developed to this effect after five
weeks [42]. In the present study, the animals were fed the
dietary supplements for four weeks before behavioral testing
began; moreover, testing took place over a ten-week period
while the animals were maintained on the diet. It seems rea-
sonable to suppose that the conditions of the present study
produced a similar tolerance to the effects of tyrosine. The
application of adrenergic agonists to tissues frequently re-
sults in a subsensitive response to the subsequent addition of
agonists [45].

Although prior in vivo studies with rats have not reported
a decrease in brain DA following FA treatment [48], the
reduction in aggression and motor activity observed here and
in prior studies with mice after DBH inhibition [20, 33, 39] is
consistent with the low brain NE and DA obtained following
FA treatment in the present study. The most unexpected and
consistent finding in the present experiments was that FA
reduced brain tyrosine in a dose-dependent manner. This
was evidenced most dramatically by the groups on tyrosine-
supplemented diets. Here, brain tyrosine levels in non-
treated animals were 3-4 times control levels, yet FA at
higher concentrations reduced these levels by half. These
same concentrations of FA reduced brain tyrosine concen-
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trations in casein-supplemented animals to 50-60 percent of
control values. Although one can only speculate as to the
reason for this effect, it is consistent with another finding of
these experiments, that FA not only reduces NE (as ex-
pected), it also reduces DA. If FA were acting only on the 8
hydroxylase, and the supply of CA precursor were adequate.
one might expect DA to increase, not decrease. However, by
reducing the concentration of the amino acid precursor of
both monoamines, FA should have the effect observed.

Slight increases in 5-HT and marked increases in S-HIAA
were observed in mouse brain following FA at 50 and 60
mg/kg in both the casein and tyrosine supplemented groups.
Using another DSH inhibitor, Fukumori ¢t a!f. [11] found that
treatment with disulfiram increased 5-HT and 5-HIAA in rat
brain. The significant increases in 5-HIAA which we ob-
served at the highest dose of FA in both diet conditions may
be taken to indicate, as others have reported [37], enhanced
metabolism of 5-HT.

In summary, we have investigated the interaction of FA
(a DBH inhibitor) pretreatment, and tyrosine or casein sup-
plementation on motor activity, attack latency and attack
frequency in mice fed a semi-synthetic basal diet in an at-
tempt to determine the relative roles of central NE and DA in
these behaviors. A decrease in brain DA as well as NE was
observed following FA treatment which was associated with
reduced levels of brain tyrosine. Although this finding was
unexpected, it was noted that it is consistent with decreased
levels of aggression and motor activity following DBH inhi-
bition reported here and elsewhere.

REFERENCES

[. Andén, N.-E., U. Strdmbrom and T. H. Svensson. Locomotor
stimulation by L-DOPA: relative importance of noradrenaline
receptor activation. Psychopharmacology 54: 243-248, 1977.

2. Antelman, S. M. and A. R. Caggiula. Norepinephrine-dopamine
interaction and behavior. Science 195: 646-653, 1977.

3. Avis, H. H. The neuropharmacology of aggression: a critical
review. Psychol. Bull. 81: 47-63, 1974,

4. Barr, G. A., N. S. Sharpless and J. L. Gibbons. Differences in
the level of dopamine in the hypothalamus of aggressive and
non-aggressive rats. Brain Res. 166: 211-216, 1979.

5. Bocknik, S. E. and A. S. Kulkarni. Effect of a decarboxylase
inhibitor (RO4-4602) on 5-HT induced muricide blockage in rats.
Neuropharmacology 13: 279-281, 1974.

6. Brady, K., J. W. Brown and J. B. Thurmond. Behavioral and
neurochemical effects of dietary tyrosine in young and aged
mice following cold-swim stress. Pharmac. Biochem. Behayv.
12: 667-674, 1980.

7. Chang, C. C. A sensitive method for spectrophotofluorometric
assay of the catecholamines. Int. J. Neuropharmac. 3: 643-649,
1964.

8. Cox, R. H. and J. L. Perhach. A sensitive, rapid and simple
method for the simultaneous spectrophotofluorometric deter-
minations of norepinephrine, dopamine, 5-hydroxytryptamine,
and 5-hydroxyindoleacetic acid in discrete areas of brain. J.
Neurochem. 20: 1777-1780, 1973.

9. Coyle, J. T. and M. J. Kuhar. Subcellular localization of
dopamine-g-hydroxylase and endogenous norepinephrine in the
rat hypothalamus. Brain Res. 65; 475-478, 1974.

10. Eichelman, B. S. The catecholamines and aggressive behavior.
Neurosci. Res. 5: 109-129, 1973.

11. Fukumori, R., A. Minegishi, T. Satoh, H. Kitagawa and S.
Yanaura. Effect of disulfiram on turnover of S5-hydroxy-
tryptamine in rat brain. Life Sci. 25: 123-130, 1979.

12. Gianutsos, G. and H. Lal. Modification of apomorphine induced
aggression by changing central cholinergic activity in rats.
Neuropharmacology 16: 7-10, 1977.

13. Gibbons, J. L., G. A. Barr, W. H. Bridger and S. F. Leibowitz.
Effects of parachlorophenylalanine and S5-hydroxytryptophan
on mouse killing behavior in killer rats. Pharmac. Biochem.
Behav. 9: 91-98, 1978.

14. Gibbons, }. L., G. A. Barr, W. H. Bridger and S. F. Leibowitz.
Manipulations of dietary tryptophan: effects on mouse killing
and brain serotonin in the rat. Brain Res. 169: 139-153, 1979.

15. Gibson, C. J. and R. J. Wurtman. Physiological control of brain
catechol synthesis by brain tyrosine concentration. Biochem
Pharmac. 26: 1137-1142, 1978.

16. Gibson, C. J. and R. J. Wurtman. Physiological control of brain
norepinephrine synthesis by brain tyrosine concentration. Life
Sci. 22: 1399-1405, 1978.

17. Goldstein, M. Inhibition of norepinephrine biosynthesis at the
dopamine-B-hydroxylase stage. Pharmac. Rev. 18: 77-82, 1966.

18. Grant, L. D., D. V. Coscina, S. P. Grossman and D. X. Freed-
man. Muricide after serotonin depleting lesions of midbrain
raphe nuclei. Pharmac. Biochem. Behav. 1: 77-80, 1973.

19. Hodge, G. K. and L. L. Butcher. 5-Hydroxytryptamine corre-
lates of isolation-induced aggression in mice. Eur. J. Pharmac.
28: 326-337, 1974.

20. Hodge, G. K. and L. L. Butcher. Catecholamine correlates of
isolation-induced aggression in mice. Fur. J. Pharmac. 31:
81-93, 1975.

21. Jacobs, B. L. and A. Cohen. Differential behavioral effects of
lesions of the median or dorsal raphe nuclei in rats: open field
and pain-elicited aggression. J. comp. physiol. Psychol. 90:
102108, 1976.

22. Kantak, K. M., L. R. Hegstrand, J. Whitman and B. Eichel-
man. Effects of dietary supplements and a tryptophan-free diet
on aggressive behavior in rats. Pharmac. Biochem. Behav. 12:
173-179, 1980.

23. Knoll, J. Motimeter: a new sensitive apparatus for the quantita-
tive measurement of hypermotility caused by psychostimulants.
Archs int. Pharmacodyn. Thér. 130: 141-154, 1961.



FUSARIC ACID AND AGGRESSION

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lander, J. and L. Austin. Subcellular distribution of
dopamine-B-hydroxylase and inhibitors in the hippocampus and
caudate nucleus in sheep brain. J. Neurochem. 26: 661-673,
1976.

Lycke, E., K. Modigh and B. E. Roos. Aggression in mice
associated with changes in the monoamine metabolism of the
brain. Experientia 25: 951-953, 1969,

Mabry, P. D. and B. A. Campbell. Serotonergic inhibition of
catecholamine-induced behavioral arousal. Brain Res. 49: 381-
391, 1973.

Miczek, K. A., J. L. Altman, J. B. Appel and W. O. Boggan.
Parachlorophenylalanine, serotonin and killing behavior. Phar-
mac. Biochem. Behav. 3: 355-361, 1975.

Modigh, K. Effects of L-tryptophan on motor activity in mice.
Psychopharmacologia 30: 123-134, 1973.

Murphy, J. M. and Z. M. Nagy. FLA-63 blocks food-
deprivation-induced behavioral arousal in the mouse. Physiol.
Psychol. T: 407-411, 1979.

Nagatsu, T., H. Hidaka and K. Taikeye. Inhibition of
dopamine-B-hydroxylase by fusaric acid (5-butylpicolinic acid)
in vitro and in vivo. Biochem. Pharmac. 19: 35-44, 1970.
Phillips, R. E. Tyrosine in serum. In: Manual of Fluorometric
Clinical Procedures. Palo Alto, CA: G. K. Turner Associates,
1972.

Reis, D. J. Central neurotransmitters in aggression. Res. Publs
Ass. Res. nerv. ment. Dis. 52: 119-146, 1974.

Ross, S. B. and S. Ogren. Anti-aggressive action of
dopamine-8-hydroxylase inhibitors in mice. J. Pharm. Phar-
mac. 28: 591-593, 1976.

Scheel-Kruger, J. and A. Randrup. Aggressive behavior
provoked by pargyline in rats pretreated with diethyldithiocar-
bamate. J. Pharm. Pharmac. 20: 949-950, 1968.

Segal, D. S. and A. J. Mandell. Long-term administration of
d-amphetamine: Progressive augmentation of motor activity and
stereotypy. Pharmac. Biochem. Behav. 2: 249-255, 1974.
Sheard, M. H. and M. Davis. Shock-elicited fighting in rats:
importance of intershock interval upon the effect of
p-chlorophenylalanine (PCPA). Brain Res. 111: 433-437, 1976.
Simpkins, J. W., G. P. Mueller, H. H. Huang and J. Meites.
Evidence for depressed catecholamines and enhanced serotonin
metabolism in aging male rats: possible relation to gonadotropin
secretion. Endocrinology 100: 1672-1678, 1977.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49,

50.

51

79

Svensson, T. H. The effect of inhibition of catecholamine syn-
thesis on dexamphetamine induced central stimulation. Eur. J.
Pharmac. 12: 161-166, 1970.

Svensson, T. H. and B. Waldeck. On the significance of central
noradrenaline for motor activity: experiments with a new
dopamine-B-hydroxylase inhibitor. Eur. J. Pharmac. T: 278
282, 1969.

Thurmond, J. B. Technique for producing and measuring ter-
ritorial aggression using laboratory mice. Physiol. Behav. 14:
879-881, 1975.

Thurmond, J. B., S. M. Lasley, A. L. Conkin and J. W. Brown.
Effects of dietary tyrosine, phenylalanine, and tryptophan on
aggression in mice. Pharmac. Biochem. Behav. 6: 475-478,
1977.

Thurmond, J. B., S. M. Lasley, N. R. Kramarcy and J. W.
Brown. Differential tolerance to dietary amino acid induced
changes in aggressive behavior and locomotor activity in mice.
Psychopharmacology 66: 301-308, 1979.

Tilson, H. A. and R. H. Rech. Conditioned drug effects and
absence of tolerance to d-amphetamine induced motor activity.
Pharmac. Biochem. Behav. 1: 149-153, 1973.

Tizabi, Y., N. B. Thoa, G. D. Maengwyn-Davies, 1. J. Kopin
and D. M. Jacobowitz. Behavioral correlation of catecholamine
concentration and turnover in discrete brain areas of three
strains of mice. Brain Res. 166: 199-205, 1979.

Trendelenburg, U. Mechanisms of supersensitivity and subsen-
sitivity to sympathomimetic amines. Pharmac. Rev. 18: 629
640, 1966.

Versteeg, D. H. G., J. Vander Gugten, W. Jong and M. Pal-
kovits. Regional concentrations of noradrenaline and dopamine
in rat brain. Brain Res. 113: 563-574, 1976.

Winer, B. J. Statistical Principles in Experimental Design. New
York: McGraw-Hill, 1962, pp. 33-36, 232-238.

Wise, C. D., J. D. Belluzzi and L. Stein. Possible role of
dopamine-3-hydroxylase in the regulation of norepinephrine
biosynthesis in rat brain. Pharmac. Biochem. Behav. T: 549~
553, 1977.

Wise, C. D. and L. Stein. Dopamine-8-hydroxylase deficits in
the brains of schizophrenic patients. Science 181: 344-347,
1973.

Wong, P. W. K., M. E. O’Flynn and I. Inouye. Micromethods
for measuring phenylalanine and tyrosine in serum. Clin. Chem.
10: 1098-1104, 1964.

. Wurtman, R. J., F. Larin, S. Mostafapour and J. D. Fernstrom.

Brain catechol synthesis: control by brain tyrosine concentra-
tions. Science 185: 183-184, 1974,



