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CARTER, R. B., L. A. DYKSTRA, J. D. LEANDER AND J. B. APPEL. Role of peripheral mechanisms in the behav- 
ioral effects of 5-hydroxytryptophan. PHARMAC. BIOCHEM. BEHAV. 9(2) 249-253, 1978.--The effects of 
5-hydroxytryptophan (5-HTP) were studied in rats trained to press a lever under a fixed-ratio (FR-32) schedule of water 
presentation, d-, l- and d,/-5-HTP all decreased responding in a dose-related manner. The levo isomer (12.5-25 mg/kg) was 
twice as potent as the racemic form (25-50 mg/kg) in this respect. Moderate doses of d-5-HTP (< 100 mg/kg) did not affect 
responding, whereas 200 mg/kg produced almost complete suppression. The response decrement produced by 25 mg/kg 
I-5-HTP was completely antagonized by pretreatment with either 50 mg/kg or 400 mg/kg of the decarboxylase inhibitor, 
benserazide (Ro4-4602). The specific peripheral decarboxylase inhibitor, carbidopa (MK-486) (50 mg/kg) and the peripheral 
serotonergic antagonist, xylamidine tosylate (1 mg/kg) also antagonized the effects of 25 mg/kg I-5-HTP. These results 
suggest that at least some of the behavioral effects of 5-HTP are due to increases in levels or turnover of 5-HTP in 
peripheral serotonergic neuronal systems. 
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RESEARCHERS investigating behavioral changes resulting 
from alterations in the functional activity of  the neuro- 
transmitter,  serotonin (5-HT), have often utilized its im- 
mediate amino acid precursor,  d , l -5-hydroxytryptophan 
(d,I-5-HTP) to increase the concentration of  5-HT in brain. 
Aprison and Fers ter  were the first to observe a quantitative 
relationship between the dose of d, I-5-HTP and the extent  of 
disruption of  responding maintained under a multiple FR 50, 
F I  10 min schedule of  food presentation in pigeons [1,2]. In 
subsequent studies, this disruption was found to be corre- 
lated most closely with changes in 5-HT concentrations in 
the brain, more specifically the telencephalon and di- 
encephalon [5], and was not correlated with changes in 
norepinephrine or dopamine [3]. Similar results were ob- 
tained in studies with rats [4]. Thus, it was hypothesized that 
the behavioral effects of  d,/-5-HTP were the result of 
changes in concentrations of 5-HT in central neuronal sys- 
tems [1-6]. Furthermore,  it was assumed that since only the l 
isomer of  d,I-5-HTP readily crosses the blood-brain barrier,  
it alone was responsible for the behavioral changes observed 
and that the d isomer, isolated outside the blood-brain bar- 
rier, was not behaviorally active [5]. 

Recent data, however,  have suggested that serotonergic 
mechanisms which lie outside the blood-brain barrier 
(hereafter referred to as peripheral systems) may play an 
important role in the mediation of  the behavioral effects of  
d,I-5-HTP. It has been found that xylamidine tosylate, a 
peripheral serotonergic antagonist [9], partially blocks the 
disruption in responding produced by d,I-5-HTP in rats 
under a FR 20 schedule of  milk presentation, whereas 
cinanserin, a potent serotonergic antagonist both centrally 
and peripherally, almost entirely blocks such effects [16]. 
Similarly, it has been shown that d,/-5-HTP-induced disrup- 
tion of  responding is antagonized when rats are pretreated 
with both low and high doses of the decarboxylase inhibitor, 
benserazide (Ro4-4602) [8]. Low doses (e.g. 50 mg/kg) of 
benserazide inhibit peripheral but not central /-aromatic 
amino decarboxylase,  whereas high doses (e.g. 400 mg/kg) 
inhibit both central and peripheral decarboxylase [7,13]. 

These f'mdings suggest that peripheral mechanisms may 
be involved in the behavioral effects of  d,/-5-HTP. For  
example,  the d isomer might be behaviorally active or the ! 
isomer might be exerting effects in the periphery as well as in 
central neuronal systems. If  peripheral mechanisms are in- 

~A preliminary account of this work was presented at the 62nd Annual Meeting of the Federation of American Societies for Experimental 
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volved in the behavioral effects of d,I-5-HTP, then they 
should be blocked by a peripherally acting decarboxylase 
inhibitor and/or a peripheral  serotonergic antagonist. 

The present experiments were performed to determine 
whether the behavioral effects of  I-5-HTP could be an- 
tagonized peripherally. Responding in rats was maintained 
under a FR 32 schedule of water  presentation and the effects 
of d-, l- and d,I-5-HTP were compared. Then, the ability to 
antagonize the disruption in responding produced by 
I-5-HTP was examined with two doses of  the central and 
peripheral decarboxylase inhibitor, benserazide,  the 
peripheral decarboxylase inhibitor, carbidopa (MK-486) 
[14], and the peripheral serotonergic antagonist xylamidine 
tosylate [9]. 

METHOD 

Animals 

Seven experimentally naive male rats weighing between 
290-300 g, were obtained from ARS Sprague-Dawley, Madi- 
son, WI. They were housed in a room of  constant tempera- 
ture (75°F) with a 12 hr (600-1800 hr) day-night cycle. Food 
was freely available but water was given only in the experi- 
mental situation and for approximately 40 hr on weekends. 
Experiments were conducted at approximately the same 
time every day,  usually 5 days per week. 

Apparatus 

A commercially available experimental  chamber 
(BRS/LVE, Model No. 143-24) contained in a sound and 
light attenuating, ventilated enclosure was used for training 
and testing. The chamber contained one lever on the left side 
of the front panel with a liquid dipper in the center of that 
panel. The liquid dipper  was electrically programmed to de- 
liver 0.01 ml of  tap water. Sessions were 30 min in duration 
and were conducted in the presence of  a house light. Elec- 
tromechanicai programming and recording equipment were 
located in an adjacent room. 

Procedure 

After a week of  adaptation to their home cages, all ani- 
mals were deprived of  water for a period of  36 hr. They were 
then placed into the experimental  chamber and a shaping 
procedure was instituted to establish the lever-pressing re- 
sponse. On succeeding days,  the schedule of water presen- 
tation was gradually raised from a fixed-ratio of  1 to a fixed- 
ratio of 32 (FR 32), under which the rat was required to make 
32 responses in order to obtain water. When a stable rate of 
bar-pressing was obtained (<  _+ 5% change in rate), daily 
intraperitoneal (IP) injections of 1.0 ml/kg of isotonic saline 
solution (NaCI) were begun. 

Pharmacological Procedure 

Doses of  d-, l- and d,I-5-HTP were administered in ran- 
dom order. Each dose of each drug was given to at least 
three rats. No rat received the same dosage more than once. 
Drugs were generally given on Thursdays or Fr idays with the 
previous 2 days serving as NaC1 injection control days. Fol- 
lowing the completion of  the d-, l- and d,I-5-HTP dose-effect 
curves,  the effects of  pretreatment with benserazide,  
xylamidine tosylate or carbidopa when combined with 25 
mg/kg o f / -5 -HTP were determined. Doses of  these drugs 

were also given in a random order. Each dose of each drug 
was given to at least three rats. No rat received the same 
dosage more than once. 

Control and drug injections were administered IP. Injec- 
tions of  5-HTP were given 15 min prior to the start of the 
experimental session. Pretreatments with benserazide,  
xylamidine tosylate and,appropria te  vehicle controls were 
administered 4 hr prior to the start of  the experimental ses- 
sions. Pretreatments with carbidopa and appropriate vehicle 
controls were administered 1 hr prior to the beginning of  the 
session. 

Benserazide (Ro4-4602) was dissolved to concentrations 
such that injections were administered in a volume of  2 ml/kg 
in 0.9% NaC1 solution acidified in 0.001 N HC1. Carbidopa 
(MK-486) (50 mg/kg) was administered as a volume of 2 
ml/kg in distilled-deionized water adjusted to a pH of 2.0 
with d i lu te  HC1 and N a O H .  Xy lamid ine  to sy la t e  (N- 
(2-m-methoxyphenoxypropyl)-m-methylphenylacetamidine 
p-toluenesulfonate monohydrate) (1 mg/kg) was dissolved to 
a concentration of  I mg/ml in 0.9% NaCI solution, d-, 1-, and 
d, l -5-Hydroxytryptophan were dissolved in distilled de- 
ionized water adjusted to a pH of  2.0 with dilute HCI and 
NaOH. All doses of 5-HTP were administered at volumes of 
1.0 ml/kg body wt. except for the 100.0 and 200.0 mg/kg 
doses ofd-5-HTP which were administered at volumes of 2.0 
ml/kg of body wt. 

Benserazide,  carbidopa, and xylamidine tosylate were 
gifts of Hoffmann-LaRoche Co., Nutley, N.J. ;  Merck, Sharp 
and Dohme Co., West  Point, PA; and the Wellcome Re- 
search Laboratories,  Beckenham, Kent,  England, respec- 
tively. The d-, l- and d,I-5-HTP were purchased from Sigma 
Chemical Co.,  St. Louis, MO. 

Data Analysis 

Total number of  responses for each session was recorded 
on digital counters. The data from the 2 days immediately 
preceding a drug day (NaCI) were used as controls. The total 
number of responses on test days was divided by the average 
number of responses during the 2 control days and multiplied 
by 100. This percent of  control responses was determined for 
each rat and a group mean percent control responses was 
determined. Tests for contrast [ 15] (MANOVA) were used to 
determine the significance of the data. 

RESULTS 

Figure 1 shows dose-response curves for the effects of  d-, 
I-, and d,I-5-HTP on responding maintained by a FR 32 
schedule of  water presentation. All compounds decreased 
the total number of  responses per session in a dose-related 
fashion. The / isomer was twice as potent  as the racemic 
form in its ability to disrupt bar-pressing. No effect was seen 
at moderate doses (25--50 mg/kg) ofd-5-HTP. The 100 mg/kg 
dose produced a marked behavioral disruption, whereas the 
200 mg/kg dose almost completely suppressed responding. 
Animals which received 200 mg/kg of d-5-HTP exhibited 
piloerection, tremors and ataxia. One of these animals sub- 
sequently died. 

The pattern of  disruption following the high doses of  l-and 
d,I-5-HTP generally consisted of  a single period of  non- 
responding followed by almost complete recovery within 
several fixed-ratio performances. At lower doses decreases 
in responding were due largely to decreases in overall re- 
sponse rates. Following the 200 mg/kg dose of d-5-HTP, re- 
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FIG. 1. Dose effect of d- (,t, l- (0) and d,I-5-HTP ( I )  on mean 
percent control responding under a FR 32 schedule. Abscissa: dose 
of 5-HTP, log scale. Each point is the mean of at least three animals. 
The standard error never exceeded 14% for any point. Standard 
errors have been omitted for clarity. Absolute rates of responding 
for all animals under control conditions in all experiments ranged 
from 1.21-2.94 responses/second with a mean of 1.97 ± 0.32 re- 

sponses/second. 
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FIG. 3. Effects of pretreatment with carbidopa on /-5-HTP (25 
mg/kg) induced decrement of responding under a FR 32 schedule. 
Abscissa: pretreatment conditions. Each bar represents the 

mean ± SEM of three animals. 

sponding consisted of a few responses distributed through- 
out the session. 

Figure 2 shows the effects of pretreatment with ben- 
serazide upon response suppression by 5-HTP. Responding 
was not altered (97% of control) in animals receiving 400 
mg/kg of benserazide. On the other hand, responding was 
decreased markedly (15% of control) in animals receiving 25 
mg/kg of/-5-HTP plus vehicle for benserazide. Pretreatment 
with either a small (50 mg/kg) or a large (400 mg/kg) dose of 
benserazide completely blocked the rate-decreasing effect of 
25 mg/kg of I-5-HTP (93 and 95% of control, respectively). 
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FIG. 2. Effects of pretreatment with benserazide on /-5-HTP (25 
mg/kg) induced decrement of responding under a FR 32 schedule. 
Abscissa: pretreatment and treatment conditions. Each bar repre- 

sents the mean _ SEM of three animals. 
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FIG. 4. Effects of pretreatment with xylamidine tosylate on I-5-HTP 
(25 mg/kg) induced decrement of responding under a FR 32 
schedule. Abscissa: pretreatment and treatment conditions. Each 

bar represents the mean _+ SEM of three animals. 

Tests for contrast showed that there were no significant 
differences between animals that received 400 mg/kg of ben- 
serazide plus 5-HTP vehicle, 50 mg/kg of benserazide plus 25 
mg/kg of I-5-HTP or 400 mg/kg of benserazide plus 25 mg/kg 
of/-5-HTP; however, differences between these animals and 
those which received benserazide vehicle plus 25 mg/kg 
I-5-HTP (p<0.001) were significant. 

The effects of pretreatment with 50 mg/kg of carbidopa 
are shown in Fig. 3. Responding was only slightly decreased 
in animals that received 50 mg/kg of carbidopa plus 5-HTP 
vehicle (91% of control), whereas responding was decreased 
markedly (9% of control) in animals which received the ve- 
hicle for carbidopa plus 25 mg/kg of I-5-HTP. Animals that 
received 50 mg/kg of carbidopa in combination with 25 mg/kg 
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of / -5-HTP showed some (76% of control) decrease in re- 
sponding, but it was not statistically different from the ani- 
mals which received the carbidopa plus 5-HTP vehicle. The 
responding of  both of these groups were significantly differ- 
ent from those animals which received the vehicle for car- 
bidopa plus 25 mg/kg of  I-5-HTP (p<0.001). 

The effects of  xylamidine tosylate pretreatment are 
shown in Fig. 4. Responding was increased slightly in ani- 
mals given 1 mg/kg of  xylamidine tosylate plus 5-HTP vehi- 
cle (107% of control), whereas responding was decreased 
markedly (12% of control) in animals who received 
xylamidine tosylate vehicle plus 25 mg/kg ofl-5-HTP. A dose 
of 1 mg/kg of xylamidine tosylate partially blocked the de- 
creases in responding produced by I-5-HTP (63% of control). 
Animals which received xylamidine tosylate vehicle plus 25 
mg/kg of I-5-HTP had significantly decreased responding 
compared to those animals which received 1 mg/kg of 
xylamidine tosylate plus 5-HTP vehicle (p<0.001) and to 
those which received 1 mg/kg of xylamidine tosylate plus 25 
mg/kg ofl-5-HTP (p<0.01). The responding of animals which 
received 1 mg/kg of xylamidine tosylate plus 25 mg/kg of  
I-5-HTP were decreased significantly compared to the re- 
sponding of  those animals that received 1 mg/kg of  
xylamidine tosylate plus 5-HTP vehicle (p<0.01). 

DISCUSSION 

The results show that d-, l- and d,I-5-HTP decrease re- 
sponding maintained under an FR schedule of  water presen- 
tation in the rat in a dose-related manner. The l isomer is 
approximately twice as potent as the racemic form in this 
respect. Doses ofd-5-HTP up to 50 mg/kg (twice the amount 
of the d isomer contained in a 50 mg/kg dose ofd,/-5-HTP) do 
not produce decreases in responding. Decreases in respond- 
ing following administration of d,I-5-HTP, therefore, are 
completely explicable in terms of  the I isomer. This finding is 
in basic agreement with the data of Penn, et al. [12]. High 
doses of the d isomer do produce dose-related decreases in 
responding although the manner in which such an effect oc- 
curs is not at all clear. It has been demonstrated that at 
moderate doses (25 mg/kg), d-5-HTP does not cross the 
blood-brain barrier or lead to increases in 5-HT in the CNS 
to any appreciable degree [12]. It is not known whether 
d-5-HTP leads to increases in 5-HT outside the CNS. It ap- 
pears, however, that the behavioral disruption observed at 
200 mg/kg of  d-5-HTP might be due to nonspecific toxic ef- 
fects, since this dose of d-5-HTP produced piloerection, 
tremors, ataxia and death which did not occur after any dose 
of / -5-HTP.  Further studies of  the biochemical effects of  
d-5-HTP would be necessary in order to hypothesize a 
mechanism for its behavioral effects. 

Antagonism of the I-5-HTP induced decreases in respond- 
ing by both high and low doses of the decarboxylase in- 
hibitor, benserazide agrees with data we previously reported 
for d,I-5-HTP [8]. Taken together, these data suggest that the 
decreases in responding produced by both I-5-HTP and d,l- 
5-HTP are a function of  increased levels or turnover of 
5-HT or metabolites in the periphery. This viewpoint is 
strengthened by the fact that the peripheral decarboxylase 
inhibitor, carbidopa, and the peripheral serotonergic an- 

tagonist, xylamidine tosylate also antagonize the decreases 
in responding produced by/-5-HTP. Neither carbidopa nor 
xylamidine tosylate produced complete antagonism as did 
benserazide, but lack of  complete dose-effect curves pre- 
clude any statement as to the relative efficacy of these drugs 
or to the relative involvement of 5-HT neuronal systems. For 
example, catecholaminergic neuronal systems have been 
implicated in the behavioral effects of  5-HTP [10,17]. 5-HTP 
may be taken up and decarboxylated in dopamine and 
norepinephrine containing neurons producing effects even at 
moderate (behaviorally active) doses [17]. If  this is the case, 
a decarboxylase inhibitor would be expected to produce a 
more complete blockade than a serotonergic antagonist. 

Central and peripheral mechanisms have been implicated 
in a variety of  behavioral effects produced by 5-HTP. 
Yunger and Harvey [17] report that 50 mg/kg of  benserazide 
did not diminish the ability of 37.5 mg/kg I-5-HTP to restore 
the jump threshold of medial forebrain bundle lesioned rats 
to normal levels. This would indicate that such an effect was 
mediated centrally. Conversely, Modigh [11] has observed 
that decreases in motor activity which occur in mice given 
large doses (100-800 mg/kg) of d,I-5-HTP are not only 
blocked by 75 mg/kg of  carbidopa, but that the activity is 
actually increased markedly above control values. These re- 
sults suggest that decreases in motor activity following large 
doses of  5-HTP are mediated peripherally. In contrast, it has 
been assumed on the basis of correlational data that de- 
creases in responding maintained by food presentation in 
pigeons and rats following administration of  5-HTP are the 
result of increases in levels of  5-HT in the telencephalon and 
diencephalon [6]. 

The data presented in this paper suggest that the rate- 
decreasing effects of 5-HTP on operant responding are not 
due to central serotonergic mechanisms. The administration 
of  a peripheral decarboxylase inhibitor in combination with 
5-HTP would seem to be a necessary control in studies that 
utilize 5-HTP as a pharmacologic tool in order to elucidate 
the central/peripheral locus of  effect. These results also em- 
phasize the need for detailed neurochemical analyses of  the 
effects of  5-HTP on 5-HT metabolism both centrally and 
peripherally following decarboxylase inhibition. 

In conclusion, we find that d-, l- and d,/-5-HTP produces 
dose-related decreases in FR responding in the rat. The levo 
isomer would appear to be largely responsible for the behav- 
ioral effects observed following administration of the 
racemic form, although specific serotonergic effects by the 
dextro isomer have not been ruled out. These rate decreasing 
effects would appear to be largely, if not entirely, the result 
of the activation of serotonergic neuronal systems outside 
the blood-brain barrier. 
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