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BARR, G. A., J. L. GIBBONS AND W. H. BRIDGER. A comparison of the effects of acute and subacute administration 
of fl-phenylethylamine and d-amphetamine on mouse killing behavior af rats. PHARMAC. BIOCHEM. BEHAV. 11(4) 
419-422, 1979.--/3-Phenylethylamine (PEA) is an endogenous amine that in some instances acts biochemically and behav- 
iorally like amphetamine. In the present experiments, the effects of PEA on mouse killing by rats were compared and 
contrasted with the effects of d-amphetamine on this behavior. When given acutely to experienced mouse killing rats, PEA 
(16 and 32 mg/kg) inhibited killing in a direct dose dependent manner. This is similar to the dose dependent inhibition of 
killing by amphetamine reported previously. However, d-amphetamine but not PEA showed physiologic tolerance follow- 
ing 8 days of twice daily administration. Cross tolerance between the two drugs only occurred when d-amphetamine was 
administered subacutely. It was concluded that PEA and d-amphetamine have similar acute effects but differed when given 
subacutely since PEA did not show tolerance and there was not bidirectional cross-tolerance. These data suggest that these 
drugs have different pharmacologic actions when given repeatedly. One possible difference may be the duration of action. 
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/3-PHENYLETHYLAMINE (PEA) is an amine found in 
mammallian brain that is related structurally to amphetamine 
lacking only amphetamine's c~ methyl group. Like am- 
phetamine PEA acts as an agonist in catecholamine (CA) 
systems by releasing CA neurotransmitters presynaptically 
[4], and by blocking reuptake of these transmitters into the 
presynaptic cell [ 16]. In addition, PEA probably has a direct, 
albeit brief, agonistic effect on postsynaptic dopamine recep- 
tors [1 I. Behaviorally, both PEA and amphetamine increase 
motor activity, induce ipsilateral turning in unilateral sub- 
stantia nigra lesioned rats, induce stereotypic behaviors, and 
maintain self-administration [I, 3, 4, 8, 10]. Furthermore, 
because of the structural, pharmacologic, and behavioral 
similarities between PEA and amphetamine and because 
PEA is found in brain tissue, PEA has been postulated to be 
a neuromodulator that affects behavior by acting through 
similar mechanisms as amphetamine, or as a mediator of 
amphetamine's behavioral effects [8,12]. 

There are, however, differences between the effects of 
PEA and the effects of amphetamine in some behaviors. For 

example, PEA results in a dose-dependent decrease in elec- 
trical self-stimulation from a medial forebrain bundle locus 
whereas amphetamine increases self-stimulation from this 
site [6], and stereotypy induced by PEA is affected differ- 
ently by pretreatment with CA postsynaptic receptor block- 
ers than is stereotypy induced by amphetamine [3]. 

In the present paper, we compared the effects of PEA and 
amphetamine on the aggressive response of a rat to a mouse. 
This behavior (mouse-killing, muricide) is potently and se- 
lectively inhibited by amphetamine [5,7], and tolerance 
may develop to this inhibition [2]. Further, in contrast 
to the facilitative effects of amphetamine on the other be- 
havioral systems mentioned above, amphetamine inhibits 
the mouse-killing response. Both acute and subacute effects 
of PEA on muricide were studied and the possible develop- 
ment of a cross-tolerance to d-amphetamine was tested. The 
results showed similar inhibitory effects of both PEA and 
amphetamine following acute administration, but PEA, un- 
like amphetamine, showed no tolerance following subacute 
administration. 
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METHOD 

Animals 

Male hooded rats purchased from Blue Spruce Co. (AI- 
tamont, NY) were used. The rats weighed between 400-700 g 
and were 4--12 months of age at the time of testing. Spon- 
taneous killers were determined by a single 24 hr mouse 
killing test. In our lab approximately 45% of all rats tested in 
this manner are killers. All animals were pretested for killing 
20 rain following a saline injection until they reach a criterion 
of 2 consecutive kills within 120 sec of the presentation of 
the mouse. Typically the number of saline pretests ranged 
from 2 to 8 with the majority of rats reaching criterion within 
4 tests. Rats were housed singly in standard metal cages 
measuring 36x20× 19 cm high, or in some experiments, in 10 
gallon glass aquaria to enable observations by the experi- 
menter. Mice were group housed and were of various strains 
and both sexes: pilot work had shown that neither the sex 
nor strain variables affected the killing response of practiced 
killers. 

Drugs 

/3-Phenylethylamine HC1 (PEA) (ICN Pharmaceuticals 
and d-amphetamine sulfate (Arenol Chemical Co.) were dis- 
solved in distilled water and administered IP in a volume of 1 
ml/kg. PEA was mixed immediately prior to injection and 
d-amphetamine mixed weekly. Doses refer to the weight of 
the base for both drugs. 

Procedure 

All experiments were conducted in a double-blind man- 
ner. For Experiment 1, which examined the effects of acute 
administration of PEA, rats were injected with either the 
vehicle or one of 4 doses of PEA (4, 8, 16, 32 mg/kg) in a 
replicated Latin Square Design. Five minutes following in- 
jection, a mouse was placed into the cage of the rat and the 
latency to sniff, attack and kill the mouse recorded, l f no  kill 
occurred within 30 rain, the mouse was removed and the 
maximum latency of 1800 sec recorded. 

In the second experiment, the development of tolerance 
following subacute administration of PEA and d-amphet- 
amine was tested. For tolerance to PEA's inhibitory effect, 
rats were pretested with either 8, 16, or 32 mg/kg of PEA 
(N=8, 8, 9, respectively), given twice daily injections of 
PEA (32 mg/kg), without testing for killing, for 8 days, and 
tested with the same dose of PEA as on the pretest. 
d-Amphetamine tests followed the same procedure using 
pre- and posttest doses of 0.5, 1.0 and 2.0 mg/kg (N =8, 8, 15, 
respectively) and a subacute dose of 2.4 mg/kg. (The sub- 
acute dose was the same used in previous work 121.) For the 
highest test dose of PEA (32 mg/kg) and d-amphetamine (2.0 
mg/kg), rats were given vehicle tests before and after the 
drug tests to assess the effect of subacute treatment with 
those drugs on baseline kill latencies. Rats were also tested 
with PEA (32 mg/kg; N = 10) and d-amphetamine (20 mg/kg; 
N = 10) prior to and after 8 days of twice daily saline injec- 
tions. 

The third experiment examined the possible development 
of cross-tolerance between PEA and d-amphetamine. To test 
the inhibitory effects of PEA following subacute am- 
phetamine treatment, rats were tested for killing after 16 
(N =8) and 32 mg/kg (N = 10) of PEA, given twice daily injec- 
tions of d-amphetamine (2.4 mg/kg) and retested with PEA. 
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FIG. I. The dose dependent inhibition of mouse killing by/~-PEA. 
The solid line presents the data as latency to kill in seconds: the 8, 
16, and 32 mg/kg doses are significantly greater than controls. The 
dashed line presents the data as the percent of animals not killing at 
10 rain after presentation of the mouse. The 16 and 32 mg/kg doses 

are significantly different from controls. 

To test whether cross-tolerance to amphetamine's inhibition 
of killing occurred following subacute PEA administration, 
rats were tested for killing following 1.0 (N =8) or 2.0 mg/kg 
(N=9) of d-amphetamine, given twice daily injections of 
PEA (32 mg/kg) for 8 days, and then tested again with 
d-amphetamine. 

The effects of PEA on food and water intake were meas- 
ured in two ways. First, the effects of PEA on 24 hr food 
(powdered Teklad Rat Chow) and water intake were meas- 
ured following injection of one of 3 doses of PEA (8, 16, 32 
mg/kg) or the vehicle (N = 12). Second, food and water intake 
were measured in 24 hour food-deprived animals following 
one of 3 doses of PEA (4, 8, 16 mg/kg) or vehicle (N = 12). 
For the first paradigm, food and water intake were measured 
once 24 hr following injection. For the second para- 
digm, food and water intake was measured for 15 min 
periods, 5 and 30 min postinjection and for a 30 min period 1 
hr postinjection. Spillage was minimal in these experiments 
and not routinely measured. Periodic examination of the 
amount of spillage that showed no obvious differences be- 
tween drug groups. 

Data are presented as the percent of animals killing and 
the latency to kill. Statistical analyses were done on both 
using non-parametric statistics for the former data and 
parametric analyses of variance or t-tests for the latter. The 
parametric analyses were done on transformations of the type 
x' =log,,(x + 10) where x was the original latency. This was 
done to minimize heterogeneity of variance between groups. 

RESULTS 

Experiment 1 

In all experiments kill and attack latencies were highly 
correlated and hence attack latencies are not reported. The 
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data from Experiment 1 showed that PEA induced a dose- 
dependent inhibition of mouse killing (Fig. I). An analysis of 
variance on kill latencies showed a highly significant drug 
effect (p<0.001) and subsequent comparisons of each dose 
with control injections using Dunnet rs  test showed a signifi- 
cant increase in kill latency at the 8, 16, and 32 mg/kg doses 
(p<0.05 for 8 mg/kg; p<0.005 for 16 and 32 mg/kg). Non- 
parametric analyses of the number of rats not killing at 10 
min after presentation of the mouse by Wilcoxon sign-rank 
test showed inhibition by the two highest doses. This inhi- 
bition was short-lived, lasting the 30 min test session only for 
the highest test dose. Analysis of the latency to sniff the 
mouse showed no effect of the drugs. 

Experiment 2 

The data from the tolerance studies showed that there 
was tolerance as measured by a shift of the dose response 
curve of d-amphetamine to the right following repeated 
treatment (Fig. 2) (Wilcoxon sign-rank test; Z=3.35, 
p<0.001: Anova: F(1,28)=20.51; p<0.01). However, no 
tolerance developed to repeated PEA administration (Fig. 3). 
There were no changes for either d-amphetamine's or PEA's  
effect on the killing response following chronic saline treat- 
ment. 

Experin~ent 3 

The cross-tolerance data show that there was cross- 
tolerance between amphetamine and PEA when am- 
phetamine was given subacutely but not when PEA was 
given subacutely (Figs. 4 and 5). The former effect was sig- 
nificant by the Wiicoxon sign-rank test (Z=2.72; p<0.01) 
and approached significance in the Anova (F(1,16)=4.38, 
p =0.053). 

Food Intake 

The data showed no effect of PEA on 24 hr food intake 
and only minimal effects in food-deprived rats. The nature of 
the latter effect was a slight inhibition of food intake by the 
highest dose tested (16 mg/kg) for 15 min immediately follow- 
ing PEA injections. By 30 min postinjection, food intake 
was the same for all groups. Water intake was not affected 
by PEA. 
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FIG. 2. The change in dose dependent inhibition of killing by 
d-amphetamine following subacute treatment. The left hand panel 
presents latency data in seconds while the right hand panel presents 
the data as the percent of animals not killing 10 min after presenta- 

tion of the mouse. The numbers in parentheses are the N's. 
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FIG. 3. The lack of change in the dose dependent inhibition of killing 
by ~-PEA following subacute treatment. See Fig. 2 for fu~her 

desc~ption. 
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FIG. 4. The dose response cu~e of B-PEA when d-amphetamine 
was given subacutely. See Fig. 2 for details. 

1800 

~ ~200 

g 900 
15 
,.J 

6OO 

5 0 0  

T '~ 
• / / [ Z ~  

T / / /  
&/ 

1.0 

(9) • 
/ 

• ., • / 
/ 

/ 
(.~)~ - 

• ~ • Pretest 
*---* Posttest 

I I ~ 
E.5 1.0 :~.5 
d-Am~etamine 

(mg/kg) 

I00 

75 ~ 

-- 
5O ~" 

~- 
Z5 

FIG. 5. The dose response curve of d-amphetamine when/3-PEA 
was given subacutely. See Fig. 2 for details. 

D I S C U S S I O N  

The data from these experiments demonstrated that PEA 
and amphetamine both inhibited killing in a dose-dependent 
fashion. Unlike d-amphetamine, however, tolerance did not 
develop to PEA's  effects and two-way cross-tolerance did 
not occur between PEA and amphetamine. These latter data 
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suggest  that the pharmacologic  mechan ism by which P E A  
and amphe tamine  act to inhibit killing may be different.  

One major  difference be tween  d -amphe tamine  and P E A  is 
the durat ion of  act ion in the central  nervous  system. The 
t ime course  of  amphe tamine ' s  effects  on predat ion,  on 
locomotor  act ivi ty  and in inducing s te reo typy  are measured  
in hours ([ 15], unpubl ished observat ions)  whereas  the behav-  
ioral effects  o f  PEA rarely last more than one hour [ I, 3, 61. 
This short durat ion of  action of  PEA may account  for the 
lack o f  tolerance to its inhibitory effects,  and it is possible 
that more f requent  administrat ion or  t rea tment  with higher 
doses  might induce tolerance to PEA.  

Observa t ions  of  o ther  behaviors  such as food and water  
intake, s te reo typy and act ivi ty  point to o ther  similarities and 
differences be tween  PEA and amphetamine .  First  PEA,  
unlike amphetamine ,  had little effect on food and water  in- 
take,  with only a br ief  and mild decrease  in food intake in- 
duced by the highest dose  of  PEA.  In contrast ,  PEA induced 
s tereotypies  similar to those of  amphe tamine  but with 
greater  au tonomic  effects,  such as pi loerect ion.  The inten- 
sity of  the s te reo typy also increased with chronic  t rea tment  
in agreement  with Borison et  al. [31. 

In humans,  PEA has been suggested to play a role in the 
mediat ion o f  a variety of  psychiatr ic  disorders  including both 
affect ive disorders  and psychosis  [3,12]. A recent  study has 
shown that phenylacet ic  acid, the oxidat ive  metabol i te  of  
PEA,  is higher  in v io lence-prone  psychopaths  than in o ther  
convic ts  matched on a variety of  parameters  [ 14]. 

In conclusion,  the data from these exper iments  and from 
other  exper iments  suggest that amphe tamine  and PEA act 

similarly for some behaviors .  The acute  act ions of  these 
drugs are similar for the induction of  s te reotypy,  the induc- 
tion of  rotation in unilateral substantia nigra lesioned rats 
and the inhibition of  muricide but appear  to be different for 
electrical  self-st imulation and drug-induced anorexia.  
Whether  amphe tamine ' s  actions are mediated by PEA may 
depend on factors such as the part icular  behavioral  effect ,  
the neurot ransmit ter  system, and the anatomical  loci of  ac- 
tion. Fur thermore ,  differences and similarities be tween  sub- 
acute as well as acute  effects  may point to similarities and 
differences be tween  PEA and amphetamine .  For  example ,  
PEA and amphetamine  show cross-sensi t izat ion of  
s tereotyped behavior  following chronic t reatment  [31. If 
s tereotypy is mediated by dopaminergic  systems then PEA 
and amphetamine  may act via the same mechanisms in this 
system. Howeve r ,  PEA and amphetamine  did not show 
cross- to lerance for the inhibition of  mouse  killing behavior .  
This might be due to PEA~s short durat ion o f  action,  or  could 
be due to o ther  different modes  of  pharmacologic  action. 
Thus,  while PEA has been suggested to have a functional 
role in depression,  schizophrenia  and migraine [ l ,  12, 131, 
the nature of  that role and its relationship to amphe tamine ' s  
act ion remain to be explicated.  
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