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DOURISH, C T Lotal apphtation of fl-phenylethylamine to the caudate nucleus of the rat ehclts locomotor sttmulatton. 
PHARMACOL BIOCHEM BEHAV 22(1) 159-162, 1985--The behavtoural effects of bilateral m.lecUons of 
/3-phenylethylamme (PEA) into the caudate nucleus of male rats were examined PEA m doses of 200 and 300 p.g increased 
locomotion with maximal stimulation being evident 15-25 mm after rejection. In addition 300/zg PEA increased rearing 
20-25 mm post mjecuon and produced increases m stuffing This ,s the first report of a behawoural stimulant effect of 
intracranmlly administered PEA without concurrent monoamme oxldase mlubttlon The data suggest that the stimulant 
action of systemically administered PEA may be medmted, at least m part, by stnatal mechanisms 

fl-Phenylethylamme Caudate nucleus Locomotor actw~ty Reanng Rat 

/3-PHENYLETHYLAMINE (PEA) is an endogenous con- 
st,tutent of mammaimn brmn tissue which may act as a neuro- 
transmmer or neuromodulator [2] In rodents and man, the 
Mghest concentrauons of the amme are found m the caudate 
nucleus, a brain region which is ~mportant m the control of 
movement [2,5] PEA is very slmdar m structure to am- 
phetamine (a-methyl PEA) and it has been claimed that endog- 
enous PEA could play a major role m medmtmg the central 
actions of amphetamine [1] 

Recent studms m th~s laboratory have demonstrated that 
systemically admtmstered PEA can mimic the actions of am- 
phetamine on spontaneous motor acUwty m rodents [8]. 
Both compounds elicit stereotyped behawour m rats which 
is generally preceeded by a phase of locomotor sUmulatmn 
[4,9] However, m order to elicit behavioural stimulation, 
PEA must be gwen m much larger doses than amphetamine 
since PEA is rapidly metabohsed by the enzyme monoamme 
oxldase (MAO) to wMch amphetamine Is resistant [2]. 
Stnatal dopamlnergoc mechamsms have been strongly tmph- 
cated in the medmtlon of the stimulant and stereotyplc ef- 
fects of PEA and amphetamine [3,5]. Thus, tt has been 
shown that mtrastnatal apphcatlon of 100/~g amphetamine 
ehclts hyperactwity and stereotyped behaviour m rats pre- 
treated with an MAO inMbltor [6]. Surprisingly, under the 
same experimental condmons, ~t was claimed that 

mtrastnatal apphcatlon of 100/~g PEA had no effect on be- 
haviour [6] It is important to note however, that behavnoural 
assessment in the Costall study was carded out using a rating 
scheme for hyperacUve/stereotyped behavlour. The limita- 
tions and lack of sensmvity of such methods for assessing 
motor activity have been repeatedly demonstrated [12,16]. 
In addiUon, it is advantageous to examine the effects of PEA 
without MAO inhibitor pre-treatment since MAO lnhlbltors 
given alone can Induce behavioural stimulation (see [4,10] 
and references therein). In the present study, the effects of 
mtrastriatal PEA admlmstration were assessed using a novel 
photobeam system which records total horizontal activity, 
ambulatory movements and reanng [10]. In addition, indi- 
vidual elements of behaviour were recorded by direct obser- 
vation. 

METHOD 

Animals 

The subjects we.re adult male Sprague-Dawley rats ob- 
tained from Charles River, Montreal, Quebec, Canada. They 
were housed individually m a room m which temperature 
was maintained at 21°C, under a 12 hr dark-light cycle (lights 
on 6 a.m.). Tap water and standard food pellets were contm- 
ually available and the rats weighed 300-350 g at testing. 
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The rats were anaesthetized w~th sodium pentobarb~tal 
(Nembutal 40-50 mg/kg, IP), placed in a stereotax~c frame, 
and ~mplanted bilaterally with stainless steel guide cannulae 
(22 gauge, Plastic Products C o ,  Roanoke, VA) a~med at the 
caudate nucleus. The stereotax~c coordinates were AP +0 11 
cm, L + or -0 .2  cm, V -0.55 cm chosen on the bas~s of 
previous studies m th~s laboratory using the atlas of Konig 
and Khppel [14] w~th bregma and the skull surface as refer- 
ence points The cannulae were secured to the skull using 3 
stainless steel screws and dental acryhc The skin was su- 
tured around the ~mplant and the animals were returned to 
their home cages for a mlmmum one week recovery period 
before testing 

Apparatus 

Testing was conducted m 4 individual Perspex cages (40 
cm square, 23 cm high) posmoned m automatic activity re- 
cording devices (Opto Vanmex Minor, equipped with option 
VS, Columbus Instruments, Columbus, OH) These photo- 
cell devices measured total horizontal activity, ambulation 
and rearing. Total horizontal actwlty (including grooming, 
scratching, head swaying, tad movements, etc.) was deter- 
mined by the interruption of any one of 12×12 infrared 
photobeams (3 cm apart) m any order Ambulation (locomo- 
tion), on the other hand, was determined by the interruption 
of consecutive photobeams. Rearing was determined by the 
interruption of a separate series of 12 photobeams (3 cm 
apart) which were suspended (15 cm above the cage base) 
from the walls of the cage Interruption of any photobeam 
produced a 1 msec pulse which was counted by a m~cropro- 
cessor/Apple II plus m~crocomputer system (see [10] for 
further details) 

Procedure 

The rejection assembly conszsted of two 30 gauge internal 
cannulae (Plastic Products Co., Roanoke, VA) each of which 
was connected by PE-10 tubing to a 5 ~1 synnge (SGE, Mel- 
bourne, Australia) For injection each rat was removed from 
the cage and the injection cannulae lowered into the brain 
tissue on both sides to a depth of 0.5 mm below the tips of the 
guides The bdateral injection solutions of fl-phen- 
ylethylamlne hydrochlonde (Sigma Chemical C o ,  St 
Lores, MO) or the saline vehicle were administered manually 
in a volume of 1/xl per cannula over a period of 1-2 mm The 
cannulae were left m situ for an addmonal 30 sec to allow for 
diffusion of the solution away from the tip of the reJection 
cannulae The ammal was then placed in the test cage (with- 
out prior habituation) for a 30 mln test Actwlty data were 
recorded automattcally at 5 mm intervals by the microcom- 
puter and, in addition, an observer continuously observed 
the animals and at 5 rain intervals recorded the frequency of 
occurrence of grooming, sniffing and head movements on a 
five point scale. (0=absent,  1 =mild intensity or present 1-2 
t~mes dunng observation; 2=moderate intensity or present 
3-4 times dunng observation; 3=high intensity or present 5 
or more t~mes dunng observaaon; 4=severe or present for 
prolonged periods). 

Expertmental Destgn and Stattstt~ s 

There were three treatment conditions which consisted of 
saline, 200/zg PEA and 300/xg PEA and each of the seven 
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FIG 1 Time course of the effects of 200 and 300/xg PEA reJected 
bdaterally into the caudate nucleus on total horizontal act~wty m rats 
(n=7) Sigmficant differences were determmed by 2 taded correlated 
t test following a slgmficant ANOVA result *p<0 05 vs sahne 
treatment 

subjects was tested under all three conditions m a counter- 
balanced order 

Actlwty counts were analysed by two factor ANOVA 
(drug × time) w]th repeated measures on both factors [18] 
Individual group differences were located using the two 
taded t test for correlated means Observational data were 
analysed by Wflcoxon test [17] 

Htstology 

Injection loo were determined at the end of the experi- 
mental schedule by rejecting (under deep anaesthesia) 1% 
fast green dye, using the same techmque as for drug adminis- 
tration The animals were sacrificed and the brains removed 
and fixed m formaldehyde (20%, v/v) for at least 12 hours 
Subsequently, the brains were sectioned at 60 p.m on a freez- 
ing mlcrotome and the shces mounted on glass shdes and 
inspected microscopically The pos~t~ons of the tips of the 
cannulae were verified with reference to the atlas of Komg 
and Khppel [14] and only animals m which rejection tracks 
entered the caudate nucleus (and not the nucleus accum- 
bens) were used in the analysis of results 

RESULTS 

It IS apparent from Fig 1 that mtracaudate PEA apphca- 
tlon increased total horizontal activity. ANOVA confirmed a 
significant effect of PEA, F(2,18)=4 29, p < 0  05, and a signif- 
icant interaction of drug and time factors, F(10,90)=3 34, 
p<0.01 Further analysis by correlated t test revealed that 
300/~g PEA significantly increased total horizontal activity 
15-25 mm after injection (Fig 1) Simdady, ANOVA re- 
vealed a slgmficant stimulant effect of PEA on ambulation, 
F(2,18)=4.75, p<0.05,  and a significant interaction between 
drug and time factors on this mceasure, F(10,90)=2 71, 
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FIG 2 Time course of the effects of  200 and 300/xg PEA injected 
bilaterally into the caudate nucleus on ambulation in rats **p<0 01 
vs sahne treatment Other details are as m Fig 1 
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FIG 3 Time course of  the effects of 200 and 300 p.g PEA injected 
bilaterally into the caudate nucleus on reanng in rats Details are as 
m Fig 1 

p < 0  01. Drug effects on ambulation were more pronounced 
than on total horizontal act iwty and individual t test com- 
parisons revealed that 200 and 300 tzg PEA increased ambu- 
lation 15-30 min after rejection (Fig. 2). The effects of PEA 
on rearing were complex (Fig 3) ANOVA revealed no sig- 
nificant main effects of  PEA or time but a significant interac- 
tion between these two factors, F(10,90)=2.01, p<0.05.  
After sahne treatment animals exhibited high levels of  rear- 

TABLE 1 
EFFECTS OF BILATERAL INTRASTRIATAL INJECTION OF PEA ON 

VARIOUS COMPONENTS OF SPONTANEOUS MOTOR ACTIVITY 
IN RATS 

Stereotyped 
Treatment Grooming Head Movements Sniffing 

Sahne 8 0 17 
PEA 200 gg 8 0 22 
PEA 300/xg 5 0 24* 

Each score is median of 7 rats rated on a 0-4 scale during a 30 mm 
test Ratings were recorded at 5 mm intervals (maximum score is 
6×4=24)  Slgmficant differences were determined by 2 tailed Wll- 
coxon test *p<0 02 

mg at the start of the test which declined from 15-30 min 
after rejection. In contrast, rats given 300 gg  PEA reared less 
than controls 5 mm after injection but exhibited increased 
rearmg 20--25 mln after drug treatment (see Fig. 3). 

Analysis of  the observational data by Wflcoxon test re- 
vealed that 300 tzg PEA significantly increased sniffing (see 
Table 1). Sniffing was also mcreased by 200 tzg PEA but this 
effect did not acMeve statistical significance. PEA had no 
effect on grooming and d~d not ehcit s tereotyped head 
movements (see Table 1). 

DISCUSSION 

Bdateral application of  200 and 300 p~g PEA to the rat 
caudate nucleus elicited significant increases in ambulation 
Th~s is the first reported evidence of  a stimulant action of  
mtracranlally admimstered PEA, without concurrent MAO 
inhibition, and contrasts with a previous failure to observe 
locomotor stimulation in rats pre-treated with an MAO m- 
hlbltor and injected lntrastnatally with 100/~g PEA [6]. This 
discrepancy can probably be at tnbuted to differences m drug 
dosage and methodological differences m the two studies. 
Costall et al [6] used a global rating scale to assess hyperac- 
t ive/stereotyped behaviour, a method which has subse- 
quently been shown to produce misleading results [ 12,16]. In 
the present study, the use of  a photobeam system which is 
sensitive to ambulatory movements,  coupled with direct ob- 
servation of individual elements of behaviour revealed that 
mtrastriatal PEA application significantly increased ambula- 
tion and stuffing. Intrastriatal apphcation of  300 ~g PEA also 
influenced rearing and this effect was biphaslC consisting of 
an imtial depression and a subsequent elevation of  this be- 
hawoural response. The cause of  this blphasic response is 
unclear at present 

The PEA-reduced stimulant effects on ambulatmn and 
sniffing observed m the present study closely resemble those 
produced by 12 5-25 0 mg/kg PEA given IP [4,9] Therefore, 
it appears likely that the stimulant action of  systemmally 
administered PEA may be mediated, at least in part, by 
stnatal mechanisms. In this regard, it is noteworthy that 
12.5-50.0 mg/kg PEA injected IP in rats produces a thousand 
fold increase in strlatal PEA concentrations, during the first 
15 minutes following drug treatment ([11] and L. E. Dyck, 
personal communication). Although the stnatum seems to 
play an important role in medmting the PEA response, this 
involvement is by no means exclusive The nucleus accum- 
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b e n s  also appea r s  to be  i n v o l v e d  m the  e x p r e s s i o n  o f  P E A s '  
s t imulan t  e f fec ts  and  12.5-50.0/~g P E A  appl ied  b i la tera l ly  to 
the  a c c u m b e n s  o f  ra ts  p r e - t r e a t ed  w~th the  M A O  inh ib i to r  
n i ahmide  p r o d u c e s  l o c o m o t o r  s t imula t ion  m a pho toce l l  cage  
[7,13]. I t  is l ikely tha t  s imi lar  s t imulan t  effects  to t hose  ob-  
s e r v e d  m the  p r e s e n t  s tudy  could  be  ehc l t ed  by  the  
m t r a c a u d a t e  a p p h c a t i o n  of  l ower  P E A  doses  in ra ts  pre-  
t r e a t ed  w~th an  M A O  inh ib i to r ,  s ince  P E A  ~s ca t abo l i zed  
e x t r e m e l y  rap id ly  by  type  B M A O  [2] 

The  p r e s e n t  d e m o n s t r a U o n  o f  P E A - i n d u c e d  l o c o m o t o r  
s t imula t ion  af te r  m t r a c a u d a t e  in lect~on is c o n s i s t e n t  w~th the  
o b s e r v a t i o n  o f  Costa l l  et al [6] tha t  m t r a s t n a t a l  app l i ca t ion  
o f  a m p h e t a m i n e  p r o d u c e s  l o c o m o t o r  st~mulaUon m M A O  
inh lb l t o r -p r e t r ea t ed  ra ts ,  and  thus  ex t ends  the  e v i d e n c e  of  a 

s t n k m g  s imilar i ty  m the  u n c o n d i t i o n e d  b e h a w o u r a l  effects  of  
the  two  c o m p o u n d s  The  s t imu lan t  effects  of  P E A  and  am- 
p h e t a m i n e  in the  s t n a t u m  are  p robab ly  d o p a m m e - m e d m t e d  
and  this  i n t e rp re t a t ion  is s u p p o r t e d  by  the  r ecen t  o b s e r v a u o n  
t ha t  b o t h  c o m p o u n d s  faci l i ta te  the  re lease  and  b lock  the  
r e u p t a k e  o f  d o p a m i n e  m the  s t r l a tum of  f r ee ly -moving  rats  
[15] 
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