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PENN, P. E., W. J. MCBRIDE, J. N. HINGTGEN AND M. H. APRISON. Differential uptake, metabolism and behavioral 
effects of the D and L isomers of 5-hydroxytryptophan. PHARMAC. BIOCHEM. BEHAV. 7(6) 515-518 ,  1977. - The 
relative contribution of the D and L isomers of 5-hydroxytryptophan (5 HTP) to the uptake and metabolism of 5 - H T P  
and their associated behavioral effects were investigated. For the metabolic study, an injection of 25 mg/kg of D or 
L - 5 - H T P  was administered IP and the rats killed 15, 30, 45 or 60 min later. Endogenous levels of 5-HTP,  serotonin 
(5 HT) and 5-hydroxyindoleacetic acid (5 HIAA) were measured in the telencephalon following D -  or L - 5 - H T P  
administration. Levels of 5 HTP, 5 - H T  and 5 -HIAA were also measured in the brain stem (including diencephalon) 
following L - 5 - H T P  administration. In the behavioral study, the effects of IP injections of D 5 HTP, L - 5 - H T P  and 
D,L-5 HTP upon operant responding on a VI 1 schedule were investigated. Compared to vehicle controls, L - 5 - H T P  
significantly increased the levels of 5-HTP,  5 - H T  and 5-HIAA in the telencephalon and brain stem at all time points 
investigated. Behaviorally, 25 mg/kg of L - 5 - H T P  and 50 mg/kg of D , L - 5 - H T P  produced similar changes. Following the 
injection of either compound there was a large decrease in response rate with a duration of about 1 hr which paralleled the 
neurochemical changes. Injections of D - 5 - H T P  produced an increase in the levels of 5-HTP and 5-HIAA in the 
telencephalon at 15 min but no change in the level of 5 HT was observed. In the operant situation, tbllowing D 5 -HTP 
injections, a brief decrease in responding occurred in some animals which did not correlate with the neurochemical data. It 
was concluded that the L isomer is mainly responsible for the neurochemical and behavioral effects seen when 
D,L- 5 - HTP is administered. 
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T H E R E  have been  n u m e r o u s  r epor t s  d e m o n s t r a t i n g  t h a t  
in jec t ions  of  D , L - 5 - H T P  p r oduce  an increase  in b ra in  
levels of  s e r o t o n i n  [ 9 - 1 2 ,  14, 19] .  Studies  f rom ou r  
l a b o r a t o r y  have ind ica ted  t h a t  in jec t ions  of  D , L - 5 - H T P  
in to  rats  and  pigeons increased the  levels of  5 - H T  in the  
CNS and  t h a t  this  increase  in 5 - H T  was t e m p o r a l l y  
cor re la ted  wi th  cer ta in  behav iora l  changes  [3 8 ] .  In all t he  
b iochemica l  and  behaviora l  s tudies ,  D , L - 5 - H T P  was used 
because it was the  on ly  fo rm of  5 - H T P  commerc ia l ly  
avai lable at  t ha t  t ime.  Recen t ly ,  b o t h  the  D and  L forms  of  
5 - H T P  (non- rad ioac t ive )  have b e c o m e  available.  There fo re ,  
we u n d e r t o o k  s tudies  to  d e t e r m i n e  the  relat ive con t r i bu -  
t ions  of  the  D and  L fo rms  of  5 - H T P  (a) to  the  f o r m a t i o n  
of  5 - H T  in the  CNS and  (b)  to the  behaviora l  ef fects  
observed w h e n  the  racemic  m i x t u r e  of  5 - H T P  is in jected.  

METHOD 

Neurochemical 

Adul t  male  Wistar  ra ts  ( 2 5 0 - 3 0 0  g) on  food  and  wa te r  
ad lib were h a n d l e d  and  a d a p t e d  to the  appa ra tu s  used for  

killing. D -  or  L - 5  HTP (25 mg/kg;  Sigma) was in jec ted  
in t r ape r i t onea l ly  (IP) 15, 30, 45, or 60  rain pr ior  to ki l l ing 
by  the  near- f reez ing m e t h o d  [ 18] .  A saline con t ro l  g roup  
received in jec t ions  15 min  pr ior  to  killing. Five rats  were 
used for  each t ime  po in t  for  each c o m p o u n d  in jec ted .  The  
t e l e n c e p h a l o n  and  the  bra in  s t em ( inc lud ing  d i e n c e p h a l o n )  
were i m m e d i a t e l y  dissected f rom the  bra in  at  - 4 ° C ;  the  
t issue was f rozen  in l iquid n i t rogen  and  t h e n  s tored  at  
- 7 0 ° C  unt i l  e x t r a c t i o n  and  assay. The  bra in  parts  were 
indiv idual ly  pulver ized in l iquid N 2 and  the  c o m p o u n d s  of  
in te res t  were ex t r ac t ed  wi th  fo rmic  ac id / ace tone  and 
assayed as previously  descr ibed  [ 17 ]. 

Behavioral 

Six adul t ,  male  Wistar  ra ts  were t r a ined  to bar  press for  
swee tened  c o n d e n s e d  mi lk  reward  on  a Var iable  In terva l  1 
(VI  1) schedule  as previously  descr ibed  [ 13 ]. The  an imals  
were also adap t ed  to saline in jec t ions  un t i l  no  ef fec t  u p o n  
r e s p o n d i n g  was f o u n d  fo l lowing in jec t ions .  Af te r  es tabl ish-  
m e n t  of  a s table  basel ine ra te  of  r e spond ing  dur ing  daily VI 

1 A portion of this study was presented to the Society for Neuroscience, Toronto, Canada, November 1976. 
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sessions (30 min duration), injections were made and 
response rates were monitored until responding returned to 
baseline levels. Half of the rats were first injected IP with 
25 mg/kg D - 5 - H T P  while the other half received 
L - 5 - H T P  in a counterbalanced design. Injections of  
D , L - 5 - H T P  (50 mg/kg) were also tested in these animals. 
At least two weeks elapsed between injections. 

R E S U L T S  

Compared to saline controls, IP injections of  L - 5 - H T P  
(25 mg/kg) significantly (p<0.05) increased the levels of 
5 -HTP ,  5 - H T  and 5 - H I A A  in both the telencephalon 
(Fig. 1) and brain stem (Fig. 2) at all time points measured. 
However, by 60 min the levels of 5 - H T  are almost back to 
normal. 

Injections of D - 5 - H T P  (25 mg/kg) caused a transient 
increase in the levels of 5 - H T P  and 5 - H I A A  in the 
telencephalon 15 min later (Fig. 3). The levels of  5 - H T  
were not changed following D - 5 - H T P  injection at any of  
the time points measured. 
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FIG. 1. Levels of 5-HTP, 5-HT and 5-HIAA in the telencephalon 
following an IP injection of 25 mg/kg L-5-HTP. 

The effect of injections of D - 5 - H T P ,  L - 5 - H T P  and 
D , L - 5 - H T P  upon operant responding of rats on a VI 1 
schedule were determined (Fig. 4; Table 1). The effects of 
L - 5 - H T P  and D , L - 5 - H T P  on the duration and response 
rates were very similar (Fig. 4; Table 1). Within 10 min of 
administration, L - 5 - H T P  (25 mg/kg) produced a large 
mean decrease in responding (17% of control) which lasted 
about 1 hr. In contrast, injections of D 5 - H T P  (25 mg/kg) 
produced a rapid decrease in responding (41% of control) in 
4 of  6 rats tested but within 10 min the response rate 
returned to normal levels. Two rats did not show any 
behavioral alterations after an injection of 25 mg/kg 
D - 5 - H T P .  

D I S C U S S I O N  

The data indicate that L 5 HTP given IP in the dose 
tested is taken up into the telencephalon and brain stem 
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FIG. 2. Levels of 5-HTP, 5-HT and 5-HIAA in the brain stem 
following an IP injection of 25 mg/kg L 5-HTP. 
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FIG. 3. Levels of 5 HTP, 5-HT and 5 HIAA in the telencephalon 
following an IP injection of 25 mg/kg of D-5-HTP. Values 
significantly (p<0.05) different than control levels are indicated by 

an asterisk. 

and is metabolized to 5 - H T  and 5 - H I A A  (Figs. 1 and 2). 
This finding is in agreement with that found following an 
injection of D ,L-5  HTP (50 mg/kg) in brain parts of rats 
and pigeons [3, 4, 8] as well as into nerve terminals isolated 
from these regions [15]. Parallel to the neurochemical 
changes, a decrease in responding on a VI 1 schedule was 
found following D,L (50 mg/kg) or k (25 mg/kg) 5 HTP 
administration (Fig. 4; Table 1). This was also previously 
o b s e r v e d  following IP injections of  D,L- 5 HTP 
(50 mg/kg) in pigeons and rats on different operant 
schedules [1 ,2 ,  4 - 7 ] .  
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T A B L E  1 

BEHAVIORAL EFFECTS FOLLOWING ADMINISTRATION OF SALINE, D-5-HTP, L-5-HTP 
OR D,L-5-HTP TO RATS RESPONDING ON A FOOD-REINFORCED VARIABLE INTERVAL 

1 (MIN) SCHEDULE* 

Treatment 
Duration (min) Responses/min after saline Latency (min) 

of decreased or during period of decreased of behavioral 
respondingt responding after 5-HTP effect 

Saline 0 16.7 -+ 2.5 - -  

D-5-HTP 
(25 mg/kg) 4.8 +- 2.25 6.8 - 1.9 1.9 _+ 1.2 

L-5-HTP 
(25 mg/kg) 59.2 +- 12.4 2.8 +- 0.9 4.3 _+ 1.2 

D,L-5-HTP 
(50 mg/kg) 60.1 +_ 10.3 0.9+_0.2 6.6+_4.1 

*Means +- S.E.M. following IP injections; N = 6. 
tDecreased responding was defined here as a response rate at least 50% less than 

baseline response rates. 
:~Two rats did not display any decreased responding after D-5-HTP. 
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FIG. 4. Effects of IP injections of D - 5 - H T P ,  L - 5 - H T P  and 
D,L-5 HTP upon the rate of operant responding on a VI 1 
schedule in a representative rat (E 612). Closed symbols indicate a 

response rate of less than 50% of control levels. 

In j ec t ion  (IP) of  D - 5 - H T P  (25 mg/kg)  did p roduce  
some  t r ans i en t  increases  in the  levels of  5 - H T P  and  
5 - H I A A  in the  t e l e n c e p h a l o n  (Fig. 3). However ,  these  
changes  were small  (3-fold increase  vs. 27-fold  increase)  in 
c o m p a r i s o n  to  those  p r o d u c e d  by  the  same dose o f  
L - 5 - H T P  (Fig. 1). F u r t h e r m o r e ,  in jec t ions  of  D - 5  HTP 
did  no t  p r o d u c e  an  increase  in the  level of  5 - H T .  There  are 
several possible  e x p l a n a t i o n s  for  these  data .  Firs t ,  some 
D 5 - H T P  could  be t a k e n  up  and  no t  m e t a b o l i z e d  to 
5 - H T  bu t  cou ld  be s h u n t e d  via 5 - h y d r o x y i n d o l e p y r u v i c  
acid to 5 - H I A A ;  the re  is ev idence  wh ich  suppor t s  the  
ex i s tence  of  such a by-pass  [ 161. Second,  D 5 HTP could  

be t a k e n  up  in l iver or  b ra in  and  conve r t ed  to L - 5 - H T P  b y  
a reversible t r a n s a m i n a t i o n  reac t ion .  The  me tabo l i sm ,  b u t  
no t  the  levels of  5 - H T ,  m a y  t h e n  be  a l te red  b y  the  small  
increase  in 5 - H T P  avai labi l i ty ,  as the  increase  in 5 - H I A A  
may  ref lect  increased  5 - H T  me tabo l i sm.  Thi rd ,  the  pur i ty  
of  the  D - 5 - H T P  used has  no t  been  tes ted  and  it is possible  
t h a t  it may  be c o n t a m i n a t e d  wi th  some L - 5 - H T P .  

The  br ief  behaviora l  e f fec ts  (Fig. 4 ;  Table  1) observed  
fo l lowing in jec t ion  of  D - 5 - H T P  were t oo  br ief  (5 min  vs. 
59 min  for  L - 5 - H T P )  and  no t  cons i s t en t  enough  (occur-  
r ing in 4 of  6 animals)  to  make  any  conclusive s t a t emen t s .  
There fore ,  if  the  n e u r o c h e m i c a l  changes  seen af te r  
D - 5 - H T P  in jec t ion  are really the  resul t  of  L - 5 - H T P  (e.g., 
f o r m e d  via a reversible  t r a n s a m i n a t i o n  r eac t ion )  t hen  the  
resu l t ing  small  increase  in 5 - H T  m e t a b o l i s m  is no t  signifi- 
can t  e n o u g h  to  a l ter  the  behav io r  tes ted .  

In conc lus ion ,  the  L i somer  of  5 - H T P  is clearly the  
ma jo r  c o n t r i b u t o r  to  the  increase  in 5 - H T P ,  5 - H T  and  
5 - H I A A  levels and  to the  associated behaviora l  effects  
previous ly  observed  fo l lowing in jec t ions  of  D , L - 5 - H T P  
[7 ] .  However ,  if D - 5 - H T P  is t a k e n  up i n to  the  CNS at 
a p p r o x i m a t e l y  16% of  the  ra te  of  L - 5 - H T P  (compare  data  
for  15 rain t ime  po in t  in Figs. 1 and  3) and  is me t abo l i z ed  
to 5 - H I A A  via 5 - h y d r o x y i n d o l e p y r u v i c  acid [16]  t h e n  
s tudies  in which  rad ioac t ive  D , L - 5 - H T P  is in jec ted  may  be  
di f f icul t  to  i n t e rp re t  since the  specific radioact iv i t ies  of  
5 - H I A A  to 5 - H T  and  of  5 - H T P  to 5 - H T  may  no t  show 
the  usual  p r o d u c t - p r e c u r s o r  re la t ionsh ip .  

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the skilled technical assis- 
tance of Mr. Terry Gaff. This investigation was supported in part by 
Grants MH 03225 and MH-10695 from the National Institute of 
Mental Health, U.S.P.H.S. 

R E F E R E N C E S  

Aprison, M. H. and C. B. Ferster. Neurochemical correlates of 2. Aprison, M. H. and C. B. Ferster. Neurochemical correlates of 
behavior. I. Quantitative measurement of the behavioral effects behavior. II. Correlation of brain monoamine oxidase activity 
of the serotonin precursor, 5-hydroxytryptophan. Z Pharmac. with behavioral changes after iproniazid and 5-hydroxytrypto- 
exp. Ther. 131: 100-107,  1961. phan administration. Z Neurochem. 6 : 3 5 0  357, 1961. 



518 PEN N E T  A L .  

3. Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of 
behavior. IV. Norepinephrine and dopamine in four brain parts 
of the pigeon during period of atypical behavior following the 
injection of 5-hydroxytryptophan. J. Neurochem.  12: 
959-968,  1965. 

4. Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of 
behavior. V. Differential effects of drugs on approach and 
avoidance behavior in rats with related changes in brain 
serotonin and norepinephrine. Recent  Adv. Biol. Psychiat. 8: 
87-100 ,  1966. 

5. Aprison, M. H. and J. N. Hingtgen. Neurochemical correlates of 
behavior. In: International Rev iew o f  Neurobiology Vol. 13, 
edited by C. L. Pfeiffer and J. R. Smythies. New York: 
Academic Press, 1970, pp. 325-341.  

6. Aprison, M. H. and J. N. Hingtgen. Serotonin and behavior: A 
brief summary. Fed n Proc. 31: 121-129,  1972. 

7. Aprison, M, H., J. N. Hingtgen and W. J. McBride. Serotonergic 
and cholinergic mechanisms during disruption of approach and 
avoidance behavior. Fedn Proe. 34 :1813 -1822 ,  1975. 

8. Aprison, M. H., M. A. Wolf, G. J. Poulos and T. L. Folkerth. 
Neurochemical correlates of behavior. Ill. Variation of sero- 
tonin content in several brain areas and peripheral tissues of 
the pigeon tbllowing 5-bydroxytryptophan administration. J. 
Neurochem.  9: 575-584,  1962. 

9. Bogdanski, D. F., H. Weissbach and S. Udenfriend. Pharmaco- 
logical studies with the serotonin precursor, 5-hydroxytrypto- 
phan. J. Phctrmac. exp. Ther. 122: 182-194,  1958. 

10. Butcher, L. L., J. Engel and K. l"uxe. Behavioral, biochemical, 
and histochemical analyses of the central effects of monoamine 
precursors after peripheral decarboxylase inhibition. Brain Res. 
41: 387-411,  1972. 

11. Corrodi, H., K. Fuxe and T. Hokfelt. Replenishment by 
5-hydroxytryptophan of the amine stores in the central 
5-hydroxytryptamine neurons after depletion induced by 
reserpine or by an inhibitor of monoamine synthesis. J. Pharm. 
Pharmac. 19: 433-438 ,  1967. 

12. Fuxe, K., L. L. Butcher and J. Engel. DL 5 Hydroxytrypto- 
phan induced changes in central monoamine neurons after 
peripheral decarboxylase inhibition, J. Pharm. Pharmac. 23: 
420--424, 1971. 

13. Hingtgen, J. N., J. E. Smith, P. A. Shea, M. tt. Aprison and T. 
M. Gaff. Cholinergic changes during conditioned suppression in 
rats. Science 193:332 334, 1976. 

14. Korf, J., K. Venema and 1,'. Postema. Decarboxylation of 
exogenous L 5 -ftydroxytryptophan after destruction of the 
cerebral raphe system. J. Neurochem.  23:249 252, 1974. 

15. McBride, W. J., M. H. Aprison and 1. N. Hingtgen. Effects of 
5-hydroxytryptophan on serotonin in nerve endings..I. Neuro- 
chem. 23:385 391, 1974. 

16. Millard, S. A. and E. M. Gal. The contribution of 5 Hydroxy- 
indolepyruvic acid to cerebral 5-hydroxyindole metabolism. 
Int. , l .  Neurosc i  1:211 218, 1971. 

17. Smith, J. E.~ J. D. Lane, P. A. Shea, W. J. McBride and M. It. 
Aprison. A method for concurrent measurement of picomole 
quantities of acetylcholine, choline, dopamine, norepinephrine, 
serotonin, 5-hydroxytryptophan, 5-hydroxyindoleacetic acid, 
tryptophan, tyrosine, glycine, aspartate, glutamate, alanine, 
and gamma-aminobutyric acid in single tissue samples from 
different areas of rat central nervous system. Analyt.  Biochem. 
64: 149-169,  1975. 

18. Takahashi, R. and M. It. Aprison. Acctylcholine contem of 
discrete areas of the brain obtained by a near-freezing method. 
J. Neuroehem. 11:887 898, 1964. 

19. Udenfriend, S., H. Weissbach and D. F. Bogdanski. An increase 
in tissue serotonin following administration of its precursor 
5-hydroxytryptophan. J. biol. (Ylem. 224:803 810, 1957. 


