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HOWARD, J. L., G. T. POLLARD, K. W. ROHRBACH, N. E. HARTO. Effect of#-phenylethylamine and d~mphetamine 
on electrical self-stimulation of brain. PHARMAC. BIOCHEM. BEHAV. 5(6)661-664, 1976. - t3-phenylethylamine (PEA) 
has been viewed as amphetamine-like in its effects on behavior. Support for this putative similarity of action has been 
derived primarily from observations that both of these structually related compounds increase locomotor activity in a 
dose-related manner and at higher doses evoke stereotypies. Since d-amphetamine (d-A) produces a dose-related increase in 
the rate of bar pressing for electrical stimulation of the medial forebrain bundle, the effect of PEA on this behavioral 
paradigm was examined. Male Long-Evans rats implanted with bipolar electrodes self-administered 250 msec 60 Hz 
constant current sine wave trains over a 30-70 #A range of intensities in daily 20-rain tests. Over a range of 1-40 mg/kg IP 
of PEA, a dose-related decrease in self-stimulation rate was observed; pretreatment with para-chlorophenylalanine or 
alpha-methyl-para-tyrosine did not alter the response to 2.5 or 30 mg/kg IP of PEA. Since within the dose range of PEA 
used in this study a dose-related increase in locomotor activity was observed, and since d-A increases self-stimulation rate at 
doses that increase locomotor activity, it would seem that there are qualitative differences in the actions of d-A and PEA 
on behavior. 

¢-phenylethylamine d-Amphetamine Self-stimulation 

/3-PHENYLETHYLAMINE (PEA), a close structural  ana- 
logue of  amphe t amine ,  has been shown to be a s t imulant  
with amphetamine- l ike  effects  on l o c o m o t o r  activity [4, 8, 
11].  PEA also resembles amphe t amine  in its effects  on 
o ther  behaviors,  its e lectrophysiological  act ions and its 
e lec t ro tonic  proper t ies  [15] ; it blocks reuptake of  cate- 
cholamines [3] and releases ca techolamines  [5,10] as does 
amphe tamine .  

PEA appears  to be an endogenous  substance,  having 
been found  in brains of  a number  of  species [16] .  In light 
of this, and because of  its similarity of  act ion to amphe ta -  
mine, PEA has been character ized as an endogenous  
amphetamine .  

There are, however ,  differences in act ion be tween  
amphe tamine  and PEA. PEA does not  induce the full 
s t e reo typed  behavior  pa t te rn  that  can be evoked by 
amphe tamine  [12] and does no t  by itself p roduce  an 
amphetamine- l ike  cue in drug discr iminat ion work [7; C. 
Jones and J. Howard,  unpubl i shed  observa t ions ] .  PEA 
alone also did not  produce  an amphetamine- l ike  increase in 
intracranial  self-s t imulat ion (ICSS) [18] .  The narrow dose 
range and l imited amoun t  of  quant i ta t ive  repor t ing  of  
results in the work of  Stein [18] p r o m p t e d  the more  
coraplete  evaluation of  the effect  of  PEA on ICSS in the 

present  s tudy.  The effect  of PEA over a wide dose range is 
compared  to the effect  of  d -amphe tamine  (d-A) on electri- 
cal self-s t imulat ion of brain and on l o c o m o t o r  activity. 

METHOD 

Animals 

Male Long-Evans rats ob ta ined  f rom Blue Spruce Farms 
were used in all studies.  Animals were mainta ined on a 
12-hr l ight /12-hr  dark reversed cycle and had ad lib access 
to food and water.  

Apparatus 

Self-st imulat ion de te rmina t ions  were carried out  in two 
identical operan t  chambers  and enclosures (Coulbourn  
Ins t rument  Co.), each equipped  with a single mani- 
pulandum,  six cue lights, a housel ight  and a mercury  
c o m m u t a t o r  through which brain s t imula t ion  was delivered. 
St imulat ion consis ted of  250 msec 60 Hz sine waves of  
d i f ferent  intensi t ies  p roduced  f rom two channels  of  a 
Microtronics cons tan t  current  s t imulator .  In tensi ty  of  
s t imulat ion for each channel  was de te rmined  by a resistor 
network.  Exper imenta l  cont ro l  and data acquisi t ion were 
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provided via an In te rac t  in te r face  (Lehigh Valley Elec- 
t ronics)  and  a Nova 2 /10  c o m p u t e r  (Data  Genera l  Corp.).  

L o c o m o t o r  act ivi ty data was ga thered  in 12 ident ical  
circular pho toce l l  cages (Woodard) ,  and  data  acquis i t ion  
and t iming  were provided by the  In te rac t  System. 

Procedure 

Animals  to be used for se l f -s t imula t ion  expe r imen t s  were 
implan ted  at 3 5 0 - 4 0 0  g wi th  a b ipolar  e lec t rode  (Plastic 
Produc ts )  in the  left medial  fo rebra in  bund le  according  to 
coord ina tes  derived f rom Pellegrino and C us hm an  [13] 
0.5 m m  pos te r ior  to  Bregma, 1.6 m m  lateral  to the  sagittal  
suture ,  9.1 mm f rom skull surface using conven t iona l  
s tereotaxic  t echn iques  under  50 mg/kg IP sodium pen to -  
barbi ta l  anes thes ia .  Fo l lowing  at least one week of recovery 
f rom surgery,  animals  were al lowed to shape themselves  for  
se l f -s t imulat ion dur ing  a 12-hr session [14]  and then  to 
stabilize on daily 20-min sessions (6 days per week)  
identical  to the  sessions later  emp loyed  for test ing.  Five 
d i f ferent  ICSS intensi t ies  were used in every session: 30, 
40, 50, 60, and  70 #A. Fou r  min  af ter  the an imal  was 
placed in the  operan t  cham be r  for  test ing,  the  housel ight  
came on,  10 p r iming  s t imul i  at the  middle  in t ens i ty  were 
given, and  the  first 10-min se l f -s t imula t ion per iod occur red ;  
then fol lowed a 2-min t ime-ou t  and a second 10-min 
se l f -s t imulat ion period.  With in  each 10-min period,  each of  
the 5 in tens i t ies  was p resen ted  for a b lock  of  2 min ;  dur ing  
the first per iod the  order  of p r e sen t a t i on  was 50, 70,  40,  
60, and  30 uA, and dur ing  the  second per iod it was 30, 70,  
40, 60, and  50 pA. Each in tens i ty  was signalled by  a un ique  
c o m b i n a t i o n  of cue lights, and a pr iming  s t imulus  at tha t  
in tens i ty  s tar ted  each block.  After  response  rates  stabil ized 
wi th in  20% from day to day,  the  effect  of drugs was 
de te rmined .  In general,  drugs were admin i s t e red  on Tues- 
day and Fr iday,  and the  o the r  4 days of  the  week were used 
to de t e rmine  basel ine response  rates.  Fo l lowing  the s tudy,  
animals were sacrificed and  e lect rode p l acemen t  was con-  
f i rmed by histological  evaluat ion.  

Animals  used in l o c o m o t o r  act ivi ty data  expe r imen t s  
were acc l imated  to the  l abora to ry  for 2 to  3 weeks and 
weighed 180 210 g when  run. They were placed in the 
act ivi ty cages for a 1-hour h a b i t u a t i o n  per iod before  being 
in jec ted  and immedia t e ly  replaced in the  cages. Fol lowing 
inject ion,  act ivi ty  coun t s  were accumula t ed  in to  2 min  t ime 
bins. 

Drugs used. All drugs were in jected in t r ape r i tonea l ly  and  
admin is te red  in app rox ima te ly  equal  volumes.  Doses are 
specified in t e rms  of the  salt. 5 -pheny le thy l amine  (PEA) 
was crystal ized as a HC1 salt f rom the  free base (Eastman)•  
d - A m p h e t a m i n e  SO~ (d-A) was purchased  f rom Etkins- 
Sinn. Para -ch lo rophenyla lan ine  (PCPA) was a gift of Pfizer 
and a lpha-methy l -para - ty ros ine  (c~MT) of Merck, Sharp and 
Dhome.  

Statistics. Differences be tween  t r e a t m e n t s  wi th in  groups 
were analyzed wi th  the Wilcoxon m a t ched  pairs signed 
ranks tes t  [ 1 7 ] ,  and dif ferences  be tween  groups were 
assessed by the  Mann-Whi tney  Test [ 1 7 ] .  A p<O.05 was 
cons idered  signif icant .  

R E S U L T S  

Figure 1 shows the results  of in jec t ion  of  a wide range of 
doses of  PEA on electrical  se l f -s t imula t ion of brain.  No 
dose -dependen t  increase in se l f -s t imulat ion rate was found  
at any in tens i ty  dur ing e i ther  the first or second 10-min 
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FIG. I. Sell-stimulation rate following various doses of ~-phenyl- 
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panel) after injection. Each point is the mean of six animals, and the 
shaded portion represents tire area of plus and minus one standard 
error of the mean following saline injection. Filled symbols denote 

points significantly different from control by a Wilcoxon Test. 
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FIG. 2. Self-stimulation rates following ~-phenylethylamine 
( c , - - ~ ,  1, [] [] 10, :~ .~'. 40 mg/kg IP left panels) or 
d-amphetamine (> ~ :  0.5, u - ~ J  1, ~a---~.  2 mg/kg IP right 
panels) over a range of current intensities during the periods 4 14 
min (top panels) and 16 26 rain (bottom panels) after injection. 

Other information in Fig. I. 

b lock  of t ime.  During the  first 10 min,  30 mg/kg  decreased 
se l f -s t imula t ion rates at all in tensi t ies ,  and  doses of 10 and 
20 mg/kg decreased se l f -s t imula t ion rates at the  40  and  50 
~A intensit ies•  During the  second  10 min,  se l f -s t imula t ion 
rates were s ignif icant ly  decreased at the  40 # A  in tens i ty  by  
10 and 20 mg/kg,  at the  50 , ,A in tens i ty  by  10 mg/kg, and 
at the highest  in tens i ty  by the  20 and 30 mg/kg  doses. 

Figure 2 shows a direct  compar i son  of  three  dose levels 
of PEA and d-A in ano the r  group of rats. During the  first 
10 min of  se l f -s t imulat ion,  PEA at 40 mg/kg  showed 
significant  ra te-decreasing effects  at all intensi t ies ,  and  10 
mg/kg decreased the  ra te  at the  40 #A in tens i ty ;  dur ing  the 
same t ime  period,  d-A was w i thou t  effect .  The only 
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control by a Wilcoxon Test. 

s ignif icant  change in the  second 10 min  fo l lowing PEA 
inject ions  was af te r  40 mg/kg  and was a rate decrease at the  

highest  in tens i ty .  Over the  same t ime  per iod,  d-A at 0.5, 1.0 
and 2.0 mg/kg  re l iably increased se l f -s t imula t ion  rates at 30 
and 40 #A intensi t ies ,  and  0.5 and 1.0 mg /kg  also increased 
rates at the 50 #A in tens i ty .  

Figure 3 shows the  effects  of the  same three  dose levels 
for each drug on l o c o m o t o r  act ivi ty  dur ing the  same per iod 
of t ime  af te r  in jec t ion  as the  data  in Fig. 2 on  self- 
s t imula t ion .  Dur ing the  first 10 min,  PEA at 40  mg/kg  and  
d-A at 2.0 mg /kg  s t imula ted  l o c o m o t o r  act ivi ty.  Dur ing the  
second 10 min ,  dose-rela ted increases in l o c o m o t o r  act ivi ty  
were observed fo l lowing b o t h  PEA and d-A. Tha t  is, PEA 
and d-A p roduced  very similar effects  u p o n  l o c o m o t o r  
act ivi ty ,  whereas  they  p roduced  very dissimilar effects  in 
the  se l f -s t imula t ion  paradigm.  

The effect  in the  se l f -s t imula t ion  paradigm of  b locking  
ca t echo lamine  and se ro ton in  synthes is  before  adminis -  
t r a t ion  of PEA was also tes ted  (Fig. 4). Fo l lowing  e i ther  
c~MT or PCPA, PEA at 2.5 mg/kg  still did no t  alter response  
rates. The rate decreas ing effect  of 30 mg/kg  PEA appeared  
to be sl ightly greater  fo l lowing a M T  and appeared  to be 
a t t e n u a t e d  at  higher  in tens i t ies  fo l lowing PCPA. However,  
ne i the r  t r end  was s ignif icant ly  d i f fe rent  f rom the  ef fec t  
p roduced  by 30 mg/kg  PEA w i t h o u t  p r e t r e a t m e n t .  

DISCUSSION 

PEA did no t  exer t  an amphe t amine - l i ke  effect  on  ICSS 
over the  dose range in which  it did exer t  an a m p h e t a m i n e -  
like ef fec t  on  l o c o m o t o r  act ivi ty.  Whereas d-A rel iably 
increased se l f -s t imula t ion  rates at low cu r ren t  intensi t ies ,  
the on ly  s ignif icant  effects  of  PEA at any  dose or any  
cur ren t  in t ens i ty  were ra te-decreas ing ones.  These results  
repl icate  and  ex t end  observa t ions  r epo r t ed  previously [ 18 ]. 

In spite of  the  lack of  effect  of  PEA alone on  ICSS, 
Stein [ 18] conc luded  tha t  PEA was amphe tamine - l i ke  in its 
effect  on ICSS because ,  fo l lowing m o n o a m i n e  oxidase 
inh ib i t i on ,  PEA did increase se l f -s t imula t ion  rates.  A similar 
convers ion  of  the  effects  of  PEA to amphe tamine - l i ke  ones  
fol lowing m o n o a m i n e  oxidase i nh ib i t i on  was f o u n d  in the  
drug d i sc r imina t ion  paradigm [ 7 ] .  In b o t h  of  the  above  
studies,  the  ra t iona le  for PEA becoming  like a m p h e t a m i n e  
fol lowing m o n o a m i n e  oxidase i nh ib i t i on  was tha t  the  
p revent ion  of  des t ruc t ion  of PEA by m o n o a m i n e  oxidase,  
the rou te  by  which  90% of PEA is me tabo l i zed  [ 2 ] ,  
al lowed PEA to remain  in the  bra in  long enough  to exer t  its 
ac t ion.  A n u m b e r  of  p rob lems  exist  wi th  this  inter-  
p re ta t ion .  The  first is t ha t  PEA is able to increase 
l o c o m o t o r  act ivi ty w i t h o u t  p r e t r e a t m e n t  wi th  a mono-  
amine  oxidase  inh ib i to r .  The second is tha t  t r e a t m e n t  wi th  
a m o n o a m i n e  oxidase  inh ib i to r  does more  than  prevent  the  
b r e a k d o w n  of PEA;  m o n o a m i n e  oxidase inh ib i t i on  in- 
creases the  levels of all amines  in brain  and  alters the  
me tabo l i sm of all amines ,  inc luding  PEA. 

The a l te ra t ion  of me tabo l i sm of  PEA may  be more  
i m p o r t a n t  in conver t ing  its effects  to amphe tamine - l i ke  
ones t han  the  increased avai labi l i ty  of  the  o the r  amines.  In 
the present  s tudy  it  was s h o w n  tha t  PEA still exer ted  a 
ra te-decreasing effect  on  se l f -s t imula t ion fo l lowing inh ib i -  
t ion of synthes is  of ca techo lamines  and  se ro ton in .  In 
addi t ion ,  the  deamina t ed  metabo l i t e s  of  PEA, the  forma-  
t ion of which would  be p reven ted  by  m o n o a m i n e  oxidase 
inh ib i t ion ,  have been  shown  to be behaviora l  depressants  
[6 ,9 ] .  

Thus  the  role of  endogenous  PEA in behav io r  remains  to  
be clarified. Nevertheless ,  the  qual i ta t ive  di f ference be- 
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t w e e n  t he  a c t i o n s  o f  a m p h e t a m i n e  a n d  P E A  on  self-  
s t i m u l a t i o n  l im i t  s o m e w h a t  t he  c o n c l u s i o n  t h a t  e n d o -  

g e n o u s  P E A  is t h e  i m p o r t a n t  m e d i a t o r  o f  a m p h e t a m i n e ' s  
a c t i o n s  [ 1 ] - 
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