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SMITH, T. M. [:+H]-Fhmitrazepam binding in the presence +~1" [J-phenylethylamine and its metabolites. PHARMACOL 
BIOCHEM BEHAV 23(6) 965-967, 1985. --It has recently been reported that the concentration of/3-phenylethylamine 
(PEAl was elevated in the plasma of an individual experiencing convulsions because of an overdose of tranylcypromine. 
Also, high concentrations of PEA. injected into mice. were reported to induce convulsions. This convulsive effect was 
prevented by pretreatment with the benzodiazepines diazepam and chlordiazepoxide. In this study, PEA in concentrations 
fiom 0.5 to 100/zM failed to alter the binding of [:~Hl-flunitrazepam {[:~HI-FLU) in membrane preparations from mouse 
roslral forebrain. The metabolites of PEA: phenylacetic acid, phenylethanolamine, octopamine and tyramine, also failed to 
affect I:~H]-FLU binding. This suggests that although there are substances that act as convulsants by interacting with the 
benzodiazepine receptor sites, the convulsant effect of PEA and its metabolites is mediated elsewhere. 

]:~HI-Flunitrazepam binding /3-Phenylethylamine Phenylacetic acid Phenylethanolamine Tyramine 
Octopamine 

/3 -PHENYLETHYLAMINE (PEA) is found in low concen- 
trations in mammalian brain [ 1 I, 24, 27]. Within the brain, its 
distribution varies, with the striatum and hypothalamus con- 
taining the highest levels [16,271. This trace amine is a sub- 
strate tot type B monoamine oxidase [29J, has a rapid turn- 
over rate [281 and has a variety of pharmacological actions. It 
possesses sympathomimetic activity [2,17], causes the re- 
lease of serotonin [18], norepinephrine [15], dopamine [121 
and increases the level of homovanillic acid [ I ]. Several be- 
havioral characteristics are observed after the administration 
of this trace amine. It possesses anorectic properties [9], 
produces stereotyped behavior [23] and gives rise to a con- 
spicuous hyperactivity syndrome [211. 

One of the effects of an overdose of a monoamine oxidase 
inhibitor is the production of convulsions [31. This effect may 
occur after a delay of 6 to 12 hours, due to the time it takes 
for metabolites such as PEA to accumulate [30]. High doses 
of PEA injected into mice result in the production of  convul- 
sions which are prevented by pretreatment with diazepam or 
chlordiazepoxide [8]. There are compounds which have an 
affinity for the benzodiazepine receptor complex and lower 
the seizure threshold and may cause convulsions which are 
reversed by benzodiazepines such as diazepam. Examples 
are methyl /3-carboline-3-carboxylate (/3-CCM) [5], ethyl-/3- 
carboline-3-carboxylate (/3-CCE) [22] and 6,7-dimethoxy- 
4-ethyl-/3-carboline-3-carboxylate (DMCM) [6]. Thus it was 
of interest to determine if the convulsive effect of acute high 
levels of PEA is due to a direct action on the benzodiazepine 
receptor. Because of the rapid metabolism of PEA, its avail- 
able metabolites were also tested. 

M E T H O D  

The experimental procedure has been described in detail 
previously [25]. Briefly, the rostral forebrain of female Swiss 
Webster mice (35 to 40 g) was separated from the rest of the 
brain, on ice, after decapitating the animals. The tissue was 
homogenized in 9 volumes of ice-cold deionized water (Mil- 
lipore Corp.) with a glass-teflon homogenizer. Centrifuga- 
tion of the homogenate was at 2000 g for 5 minutes at 4°C. 
After discarding the pellet the supernatant was centrifuged at 
30,000 g for 30 minutes at 4°C. The resulting crude P., pellet 
was resuspended in ice-cold deionized water at five times the 
original wet weight of the tissue and frozen in 1.0 ml aliquots 
at -70°C for future use. 

Substances making up the incubation mixture were added 
while the tubes were in an ice bath. The thawed crude P., 
preparation was diluted 50 fold in ice-cold deionized water 
and dispersed with a glass-teflon homogenizer. One milliliter 
aliquots of the diluted P~ suspension were added to the incu- 
bation tubes along with, in final concentrations, 50 mM Tris 
HC1, pH 7.5, 0.2 nM [3HI-FLU and 0.5 to 100 ~M of the test 
compound to a final volume of 2.0 ml. Each determination 
was done in triplicate. Non-specific binding was determined 
in the presence of  1 /xM clonazepam. The specific binding 
represented about 95% of the total binding. Upon completion 
of the additions, the tubes were shaken and then placed in a 
37°C water bath for 30 minutes, then in an ice bath for one 
hour. Incubation was terminated by filtration through 
Whatman GF/A glass fiber filters on a Millipore 12 sample 
filtration manifold followed by three washes with 5.0 ml of 50 
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T A B L E  I 

EFFECT OF PEA AND ITS METABOLITES ON [aHI-FLU BINDING IN CRUDE Pe PREPARATIONS FROM MOUSE FOREBRAINS* 

Concentrations (/zM) 

Compound n 0.5 1 2 5 10 20 50 100 

fl-Phenylethylamine 5 102 _+ 0.2 102 ± 0.2 102 ± 0.3 100 ± 0.4 100 _ 0.2 100 ± 0.2 100 ± 0.3 100 ± 0.2 
Phenylacetic acid 4 100 ± 0.2 99 ± 0.2 97 ± 0.8 98 _+ 1.0 96 ± 0.2 96 _+ 0.6 95 + 0.7 95 _+ 0.2 
Phenylethanolamine 4 99 _+ 0.2 96 ± 0.6 95 ± 0.2 95 _+ 0.2 94 ± 0.6 94 _+ 0.2 94 ± 0.9 94 _+ 0.2 
Octopamine 4 98 _+ 0.5 96 ± 0.6 96 ± 0.2 96 _+ 0.2 95 ± 0.8 95 ± 0.2 95 ± 0.9 94 + 1.0 
Tryamine 4 101 + 0.9 100 ± 1.1 101 ± 1.2 100 _+ 0.9 100 ± 1.2 97 _+ 0.4 97 + 1.2 96 ± 1.4 

Values are the mean (% of control) _+standard error of the mean. 
Control value, utilizing 0.2 nM of the ligand in the standard assay containing 3 mg wet weight of tissue, is 2100 cpm at a counting efficiency 

of 45%. 
*None of the values in the table were significantly different from control using the Wilcoxon Rank Sum Test. 

m M  Tris  HCl  pH 7.5 buffer .  The  fil ters were  then  placed into 
plast ic  scint i l la t ion vials  (Wal te r  Sars ted t )  wi th  5.0 
ml Liquisc int  (Nat ional  Diagnost ic)  and  coun ted  for  t r i t ium in 
a Packard  300C Tr ica rb  liquid scint i l la t ion coun te r .  

[ aH] -FLU was p u r c h a s e d  f rom N ew  Eng land  N u c l e a r  
(specif ic  ac t iv i ty  79 to 83 Ci per  millimol).  PEA,  
p h e n y l e t h a n o l a m i n e ,  o c t o p a m i n e ,  ty ramine ,  pargyl ine  and  
Tris  HCI (Tr izma Base)  were  p u r c h a s e d  from Sigma while  
pheny lace t i c  acid was  ob ta ined  f rom Aldr ich.  

RESULTS AND DISCUSSION 

It is k n o w n  that  the cl inically used b e n z o d i a z e p i n e s  exer t  
the i r  a n t i c o n v u l s a n t  and  ant iconf l ic t  ac t ions  by in te rac t ing  
wi th  the  b e n z o d i a z e p i n e  r ecep to r  complex  [26]. H o w e v e r ,  
t he re  are r ecen t  repor t s  s ta t ing  that  severa l  non-  
b e n z o d i a z e p i n e s  have  the  abil i ty to in te rac t  wi th  the ben-  
zod iazep ine  b inding si tes wi thou t  resul t ing  in an an t i convu l -  
sant  or  ant iconf l ic t  ac t ion .  For  example ,  the 
p razo loqu ino l ine  CGS-8216 is a po ten t  b e n z o d i a z e p i n e  and  
ba rb i tu r a t e  an tagon is t  [7], the  imidazod iazep ine  RO 15-1788 
is a b e n z o d i a z e p i n e  an tagon i s t  [14], e thyl  ,/3- 
ca rbo l ine -3 -ca rboxy la t e  (f l-CCE) is a p r o c o n v u l s a n t  [4], 
D M C M  is a c o n v u l s a n t  in mice and  rats  [6], and  me thy l  
]3-carbol ine-3-carboxyla te  (/3-CCM) p r o d u c e s  c o n v u l s i o n s  in 
mice [5]. 

The  in jec t ion  of  high doses  ( 150 to 200 mg/kg) of  P E A  into 
mice p roduced  convu l s i ons  which  were  an t agon i zed  by pre- 
t r e a t m e n t  wi th  e i the r  ch lo rd i azepox ide  or  d i a z e p a m  [8] or by 
inc reas ing  G A B A  levels  in bra in  via G A B A  t r a n s a m i n a s e  
inh ib i to rs  [16]. P r e t r e a t m e n t  wi th  the b e n z o d i a z e p i n e s  would 
in effect  occupy  the b e n z o d i a z e p i n e  r ecep to r  sites,  leading to 
an e n h a n c e m e n t  o f  G A B A - m e d i a t e d  chlor ide  channe l  con-  
d u c t a n c e  [13]. The  occupa t ion  of  the b e n z o d i a z e p i n e  recep-  
tor  site by a c o n v u l s a n t  such  as D M C M  is p roposed  to resul t  
in a r educ t ion  in the  G A B A - m e d i a t e d  chlor ide  channe l  con-  
duc t ance ,  wh ich  would  resul t  in the p roduc t ion  of  se izures  
[6]. 

To de t e rmine  if the m e c h a n i s m  of  ac t ion of  the  PEA-  
induced  c o n v u l s i o n s  invo lves  the benzod i azep i ne  binding 
site, this  s u b s t a n c e  was tes ted ,  in vitro, for  its abili ty to 
d isplace  [aH]-FLU f rom its r e cep to r  sites in a m e m b r a n e  
p repa ra t i on  f rom the fo rebra in  of  mice.  

Tab le  1 shows  tha t  P E A  in c o n c e n t r a t i o n s  ranging f rom 
0.5 to 100 hiM did not  d isp lace  [aHJ-FLU from its b inding 

T A B L E  2 

EFFECT OF PEA AND ITS METABOLITES ON [a]H-FLU BINDING IN 
CRUDE P: PREPARATIONS FROM MICE UNDERGOING 

PEA-INDUCED SEIZURES* 

% Control [aH]-FLU binding 

Compound Saline (n=4) PEA 200 mg/kg (n-4)  

/3-Phenylethylamine 100 ± 0.2 100 + 0.2 
Phenylacetic acid 97 ± 0.2 100 + 0.2 
Phenylethanolamine 97 ± 0.2 101 _+ 0.2 
Octopamine 98 + 0.4 99 ± 0.2 
Tyramine 99 ± 0.4 100 + 0.4 

Values are the mean (% control) +S.E.M. of 4 mice in each treat- 
ment group. All compounds were assayed at a final concentration of 
lOO/.tM. 

All assay conditions are as in Table 1. 
*None of the values in the table were significantly different from 

control using the Wilcoxon Rank Sum Test. 

si tes in this  p repa ra t ion .  If  the t i ssue  p repara t ion  con ta ined  
m o n o a m i n e  ox idase  ac t iv i ty ,  the tes t  s u b s t a n c e s  would be 
me tabo l i zed  before  they had a chance  to in teract  with the 
r ecep to r  sites. The re fo re ,  in initial expe r imen t s ,  the crude  P., 
p repa ra t ion  was  p r e i n c u b a t e d  for  15 minu tes  at 37°C with 
pargyl ine  (10 /zM final concen t ra t ion ) .  There  was no differ- 
ence  (data  not shown)  be tween  those  assays  p re t r ea ted  with 
pargyl ine  and  those  with no  pargyl ine  p r e t r ea tmen t .  

The  me tabo l i sm of  PEA resul ts  in the  fo rmat ion  of  
pheny lace t i c  acid,  p h e n y l e t h a n o l a m i n e ,  t ryamine  and  oc- 
t opamine  [28l. 

Table  1 shows  that  none  of  the four me tabo l i t e s  tes ted  
inhib i ted  the b inding  of  [aH]-FLU by more  than  6 ~  at the 
h ighes t  c o n c e n t r a t i o n s  used.  Thus  the metabo l i t e s  of  PEA,  
like the parent  c o m p o u n d ,  do not have  much  of  a direct  
effect  on the F L U  binding  site. 

Dur ing the t ime requi red  for convu l s ions  to appea r  in 
mice af te r  the  admin i s t r a t i on  of  PEA ( < 2 0  minutes) ,  it is 
poss ib le  tha t  changes  in the  [aH]-FLU binding site may have 
occu red  that  would effect  the  affinity of  PEA or its metabo-  
lites for the binding site. Thus  mice were  injected (IP) with 
P E A  at a dose  of  200 mg/kg which  was repor ted  to induce  
se izures  95% of  the t ime [10]. Dur ing the seizure episode,  
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the mice were  decap i ta ted  and p roces sed  as desc r ibed  
above.  Control  mice were  injected with the saline vehicle 
and sacrif iced at the same time the t rea ted  mice were .  

Table 2 shows  that  there  is no significant d i f ference  in the 
affinity of  PEA or  its metabol i tes  for the [3H]-FLU binding 
site in m e m b r a n e s  p repared  f rom saline t reated mice or those 
f rom mice which were  undergoing PEA- induced  seizures .  

In conc lus ion ,  al though there  are c o m p o u n d s  that  are 
non -benzod iazep ines  which are capable of  interact ing with 
the benzod iazep ine  binding sites to produce  convuls ions ,  
this is not the case  for PEA or its metabol i tes .  Thus  the 
mechan i sm of  act ion of  convuls ions  p roduced  by the acute 

adminis t ra t ion  of  large doses  of  P E A  in mice and by high 
p lasma P E A  concen t ra t ions  due to t r any lcypromine  over-  
dose  in humans  is not a direct  interact ion at the ben- 
zodiazepine  binding site. 
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