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JACOBS, B. L. AND E. E. EUBANKS. A comparison o f  the locomotor effects of  5-hydroxytryptamine and 5-hydroxy- 
tryptophan administered via two systemic routes. PHARMAC. BIOCHEM. BEHAV. 2(1) 137-139, 1974. This study 
compared the effects of systemically administered 5-hydroxytryptamine (5-HT) and 5-hydroxytryptophan (5-HTP) on 
tilt cage locomotor activity in rats. 5-HT was a more potent inhibitor of activity than 5-HTP via both the s.c. and i.p. 
routes. The effect of 5-HT itself was greater when administered i.p., whereas the effects of 5-HTP were independent of 
the route of administration. These results indicate that behavioral changes following 5-HTP injection may be attribut- 
able to the peripheral effects of 5-HT. 
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5 - H Y D R O X Y T R Y P T O P H A N  (5-HTP), the immedia te  pre- 
cursor  of  se ro ton in  ( 5 - h y d r o x y t r y p t a m i n e ,  5-HT), has been  
used in a large n u m b e r  of  neuropharmacolog ica l  s tudies 
instead of  5-HT because of  its greater  pene t rab i l i ty  of  the 
b lood-bra in  barrier.  Since 5-HT and 5-HTP decarboxylase  
are widely localized in areas outs ide of  the central  nervous 
sys tem [10] ,  any behavioral  or physiological  e f fec ts  ob- 
served fol lowing the sys temic  adminis t ra t ion  of  5-HTP 
might  be a t t r ibutable  to per ipheral  e f fec ts  o f  se ro tonin .  

For  this reason,  we compared  the effects  of  5-HTP and 
5-HT in a gross behavioral  s i tuat ion and using a quant i f iable  
activity measure.  Because 5-HT is so heavily concen t r a t ed  
in various parts of  the gastrointes t inal  t ract  [10] ,  we also 
decided to compare  the effects  of  5-HT injected via the 
typical  in t raper i tonea l  (i.p.) route  wi th  the  ef fec ts  follow- 
ing subcu taneous  (s.c.) inject ion.  

METHOD 

Adult  male Sprague-Dawley rats weighing approx ima te ly  
400 g were used in these exper iments .  They were housed  
individually and main ta ined  on an ad lib food and water  
schedule.  Activi ty was measured by means  of  center-  
balanced wire mesh s tabi l imeter  cages (17.5 cm x 20.0 cm 
x 37.5 cm) which  t i l ted back and fo r th  in the longi tudinal  

d i rec t ion  as the rat crossed the fulcrum. Crossings were 
recorded by means of  a microswi tch  at one end of  the cage 
which  was connec t ed  to  an e lect ronic  counte r  in an adja- 
cent  room.  The cages were housed  in a well-venti lated 
t empera tu re  control led  room (22°C) wi th  a 70 db masking 
noise and l ighted by a 200 W incandescen t  bulb on a 12 hr 
L - D  schedule  wi th  lights on at 2100 hr. Animals were 
hab i tua ted  to the cages for one day pr ior  to the beginning 
of  all exper iments .  On the exper imenta l  day,  hourly activ- 
i ty measures were begun at 1000 hr, 1 hr af ter  lights of f  
and were con t inued  for 3 hr. The activity during this 3 hr  
per iod served as the baseline and as a basis for the semi- 
r andom ass ignment  of  animals to groups of  approx imate ly  
equal  mean activity. At 1300 hr the counters  were turned  
off  and all in ject ions  were given b e t w een  1315 and 1330 hr. 
Fol lowing the i.p. inject ions,  activity measures  were begun 
again at 1400 hr  and were con t inued  on an hour ly  basis for 
the next  3 hr;  however ,  due to  the slower onset  o f  act ion 
fol lowing s.c. inject ions,  the 3 hr post -drug activity per iod 
was not  begun until 1430 hr. 

The DL form of  5-HTP was used, bu t  doses are stated in 
te rms of  the L fo rm in order  to  equate  the doses of  the 
non-s te reo isomer ic  se ro ton in  which was injected as the 
creat inine sulfate complex  (doses are expressed as mg/kg of  
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FIG. 1. Effect of serotonin or 5-HTP (i.p., top; s.c., bottom) on locomotor activity in 
the rat. Data are plotted as a % of the 3 hr baseline activity. The horizontal shaded 
bars at the top of each panel represents the mean activity ± S.E.M. for the vehicle 
injected control group (n = 36 & 48 for top and bottom respectively). The means for 
both were normalized to equal 100%. The vertical lines at the top of each bar 
represent S.E.M.'s. An asterisk above a bar indicates that the activity in this group 
was significantly different from control, while an asterisk within a serotonin bar 
indicates a significantly lower activity than the corresponding 5-HTP group (p<0.05, 
Newman-Keuls test). None of the 5-HTP groups were significantly less active than the 
corresponding serotonin group. Number of subejcts used at each dose is indicated by 
n = at the bottom of the bars. Doses refer to the L form of 5-HTP, although the DL 
form was injected, and the dose of serotonin is expressed as mg/kg of the base, 

although it was injected as serotonin creatinine sulfate. 

the base). 5-HTP was dissolved in saline plus a few drops  o f f  
5N HC1, and the same vehicle was used for 5-HT. The vol- 
ume of  all in ject ions  was 1.6 ml. Tile s.c. in ject ions  were 
given on the loose skin of  the back. 

RESULTS 

Several things are obvious f rom the data  p resen ted  in 
Fig. 1. Sero tonin  was a signif icantly more  p o t e n t  inh ib i to r  
of  l o c o m o t o r  activity than  5-HTP at mos t  doses tes ted via 
the s.c. route  (F = 4.76;  1,116 dr; p < 0 . 0 5 )  and especially 

via the i.p. route  (F = 16.83; 1,96 d r ; P < 0 . 0 1 ) .  5-HTP never 
p roduced  a significantly greater  inhib i t ion  of  l o c o m o t o r  
activity than sero tonin .  The dose of  se ro ton in  required to 
inhibit  l o c o m o t o r  behavior  to  a specific degree was approx-  
imately  1/8 the dose of  5-HTP required.  Sero tonin  i tself  
was more  effect ive when  given i.p.,  whereas the effect  of  
5-HTP was i n d e p e n d e n t  o f  the route  o f  adminis t ra t ion .  
Compar isons  of  se ro ton in  and 5-HTP i.p. were d i scon t inued  
at 40 mg/kg because this dose cons t i tu ted  the LD 50 for 
se ro tonin ,  whereas the LD 50 for se ro ton in  s.c. was no t  
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reached  un t i l  doses of  160 mg/kg  were given. N o n e  of  the  
doses  were l e tha l  for  5-HTP i.p. or s.c. 

Behaviora l ly ,  s e r o t o n i n  was m u c h  more  p o t e n t  t h a n  
5-HTP via b o t h  rou tes  of  adm i n i s t r a t i on .  The  ED 50 for  
p roduc ing  a tax ia  wi th  s e r o t o n i n  was 10 mg /kg  i.p. and  40  
mg/kg  s.c. These  doses  also s lowed the  r igh t ing  reflex.  Maxi- 
m u m  doses of  5-HTP never  p r o d u c e d  a taxia  or  a f fec ted  the  
r ight ing  ref lex,  b u t  did p r o d u c e  m a r k e d  seda t ion .  

DISCUSSION 

These da ta  ind ica te  t h a t  pe r iphera l ly  admin i s t e r ed  sero- 
t o n i n  has a p o t e n t  e f fec t  on  b e h a v i o r  even at low doses  and  
t ha t  the  ef fec ts  o f  s e r o t o n i n  were grea te r  t h a n  those  of  
equ iva len t  doses  of  5-HTP. F u r t h e r m o r e ,  s e r o t o n i n  adminis -  
te red  i.p. had  a larger e f fec t  t h a n  w h e n  given s.c., whereas  
the  ef fec ts  of  5-HTP were  i n d e p e n d e n t  of  the  rou t e  of  
admin i s t r a t i on .  If  these  effects  of  s e r o t o n i n  are due to peri- 
phera l  ac t ions ,  t hen  we mus t  s imilar ly assume tha t  the  

effects  of  5-HTP m ay  be  a t t r i b u t a b l e  to  its pe r iphe ra l  
act ions .  These  results  shou ld  t he r e fo re  cau t ion  us against  
conc lud ing  t ha t  behav io ra l  changes  fo l lowing admin is t ra -  
t ion  of  per iphera l ly  appl ied 5-HTP are due  to its d i rec t  
cent ra l  ac t ion .  There  is also cons iderab le  evidence  t h a t  
5-HTP may  act ind i rec t ly  by  displacing bra in  ca techola-  
mines  [ 6,9 ] .  

It is in te res t ing  to  com pa r e  these  results  to  previous  da ta  
f rom our  l a b o r a t o r y  [12]  wh ich  ind ica te  t h a t  doses of  
L - t r y p t o p h a n ,  wh ich  p r e s u m a b l y  elevate cen t ra l  and  peri-  

phera l  levels o f  s e r o t o n i n  [ 1 4 ] ,  have no  e f fec t  on  loco- 
m o t o r  act ivi ty.  It has  been  h y p o t h e s i z e d  t ha t  L - t r y p t o p h a n  
does no t  af fec t  b e h a v i o r  because  it on ly  elevates  in t ra-  
n e u r o n a l  s e ro ton in  which  is t h e n  ca tabol ized  by  m o n o a -  
mine  oxidase  [ 1 1 ,14] .  We have no  clear  e x p l a n a t i o n  of  w h y  
ou r  results  w i th  5-HT, 5-HTP, and L - t r y p t o p h a n  di f fer  f rom 
the  resul ts  of  B r o w n  [ 4 ] ,  who  found  L - t r y p t o p h a n  a more  
p o t e n t  i n h i b i t o r  of  mouse  l o c o m o t o r  ac t iv i ty  t han  e i the r  
5-HT or  5-HTP. 

There  are o t h e r  plausible  exp l ana t i ons  of  the  p resen t  
results .  Even t h o u g h  5-HT less ef fec t ively  crosses the  b lood-  
b ra in  barr ier ,  i t  may  be  more  effect ive  t h a n  5-HTP in 
ac t iva t ing  cent ra l  se ro tonerg ic  r ecep to r  sites. This  is sup- 
p o r t e d  by  ev idence  ind ica t ing  t h a t  sys temic  in jec t ions  of  
5-HTP may  p roduce  large increases in b ra in  s e r o t o n i n  
c o n t e n t ,  b u t  t ha t  m u c h  of  it may  be  in non- se ro tone rg i c  
sites such  as endo the l i a l  cells and  c a t e c h o l a m i n e  n e u r o n s  
[8, 9, 13] .  This  is also s u p p o r t e d  by  repor t s  t h a t  unl ike  
i o n t o p h o r e t i c a l l y  appl ied 5-HT and sys temica l ly  appl ied 
L - t r y p t o p h a n ,  which  inh ib i t  t he  ac t iv i ty  of  r aphe  n e u r o n s  
[ 1 ,3] ,  sys temica l ly  admin i s t e r ed  5-HTP had  no  ef fec t  on  
raphe  n e u r o n a l  ac t iv i ty  [2 ] .  

Final ly ,  i f  as some inves t igators  have repor ted ,  5-HT 
does  cross the  b lood-b ra in  bar r ie r  in s igni f icant  quan t i t i e s  
[ 5 , 7 ] ,  th is  migh t  a c c o u n t  for  the  behav iora l  effects  of  
5-HT. We are cu r ren t ly  tes t ing  this  n o t i o n  d i rec t ly  by  
admin i s t e r ing  5-HT per iphera l ly  whi le  record ing  the  act iv i ty  
of  raphe  neurons .  If  5-HT is act ing on  cent ra l  s e r o t o n i n  
receptors ,  we would  expec t  it to  inh ib i t  raphe  un i t  act ivi ty .  
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