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Intrapentoneal admimstratlon of 5-hydroxytryptophan (5-HTP) reduced a special form of gnawing behavlour 
and stereotyped movements of the head and forelegs when gwen to lpromazld-pretreated rats These effects have 
not been described previously. Implantation of 5-HT into the rostro-ventral part of the corpus stnatum, induced 
only gnawing behavlour, while only tremor was caused by the Implantation of 5-HT or 5-HTP into the substantia 
mgra. Accordingly, two sites of action of 5-HT were found' the rostro-ventral part of the corpus strmtum for gnaw- 
mg behavlour and the substantm mgra for tremor. To conftrm these findings, bdateral lesions were separately made 
m both these areas and 5 days later, 5-HTP was admimstered Lp. (with lproniazld pretreatment). The results 
obtained conftrmed the rostro-ventral part of the corpus striatum as the site of action for gnawing behawour, but 
they did not confirm the substantia nlgra as the only site of action for the tremor. 
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1. INTRODUCTION 

There is much evidence indicating a role for 5-hy- 

droxytryptamme (5-HT) m the brain as a neuro- 
hormone (Garattini and Valzelh, 1965). The pres- 

ence of enzymes for its synthesis and inactivation, its 

distribution, storage, and release in the brain all sug- 
gest that this amine plays an important role in the 

central nervous system. However, many of the find- 
rags concerning its function m the brain are con- 

tra&ctory. Moreover, there are several difficulties in 
assessing the central effects of serotonin, of which 
the most important are as follows. The blood-brain 
barrier is impermeable to the amine (Udenfriend et al., 
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1957); the use of the precursor, 5-HTP must be con- 

sldered critically, since there may be a difference m 
the effects of 5-HT and 5-HTP (unhke 5-HTP, exo- 

genous serotonin slowly constricts the pupils and 

does not depress the light reflex (Bogdanskl et al., 
1958); 5-HT itself prolongs the reaction time to 

painful stimulation, whereas 5-HTP is ineffective even 
in very large doses (Sigg et al., 1958); finally the slg- 

mficance of peripheral and non-specific effects (Er- 
spamer, 1954) is not clear. It was therefore con- 

sidered that direct implantation of 5-HT or 5-HTP 
into different parts of the brain of both normal rats 
and rats pretreated with MAO-inhibitors would be 
the most satisfactory way of studying their central 
effects. 

It is known that there are some similarities be- 
tween serotonm and dopamine Both have an effect 
on the emetic centres, inducing vomiting (Bogdanski 
et al., 1958; Peng, 1963); large amounts of both com- 



5-HT AND 5-HTP ON EXTRA-PYRAMIDAL FUNCTION 91 

pounds have been found m the hypothalamus and 
extrapyramidal system (Bogdanski and Udenfriend, 
1956; Bernheimer et al., 1963); there are deficiencies 
in both 5-HT (Bernheimer et al., 1961, 1963) and 
dopamine (Ehringer and Hornykiewicz, ,1960; Horny- 
kiewicz, 1963) in the extrapyramidal system of Par- 
kinsonian patients, accompanied by a low urinary 
excretion of homovanillic acid (Barb eau e t al., 1961) 
and of 5-hydroxindoleacetic acid (Barbeau et al., 
1963). 

However, in rodents which cannot vomit, dopa 
administration after pretreatment with iproniazld 
(which increases the content of dopamine in the 
brain) provokes locomotor excitement followed by 
intense gnawing behaviour (Ernst, 1965). It therefore 
seemed of interest to investigate the effect of 5-HTP 
(which rapidly penetrates the blood-brain barrier and 
increases the content of 5-HT m the brain) after pre- 
treatment with lproniazid. 

Accordingly, experiments were performed to 
study: (a) whether 5-HTP administration in rats pre- 
treated with ipronlazid would similarly provoke 
gnawing behaviour; and (b) whether direct implanta- 
tion of 5-HT or of 5-HTP into different parts of the 
extrapyramidal system would induce similar or dif- 
ferent symptoms. 

2. METHODS 

Male albino rats weighing 150 (-+ 5) g were used. 
The experiments were performed in three parts. 

(a) Twenty rats were pretreated with 10 mg/100 g 

of iproniazid, a MAO inhibitor, injected subcuta- 
neously in a concentration of 15 mg/ml about 16 hr 
before 5-HTP injection (i.p. 7.5 mg/rat in a concen- 
tration of 7.5 mg/ml). After 5-HTP injection the 
animals were placed in metal cages with a wire-mesh 
floor on which they were able to gnaw (see Ernst, 
1965). Their behaviour was observed for several hours. 

(b) Implantations were made bilaterally into the 
following areas: the caudate nucleus, globus palhdus, 
putamen, and substantia nigra. Although the putamen 
is not well defined in the rat, this term is used to 
refer to implantations in the rostro-ventral part of the 
corpus striatum, which corresponds to the putamen in 
man. The following substances were used for implan- 
tation: 5-HT, 5-HTP, apomorphine and eserine as in- 
dicated in table 1. Most animals were pretreated with 
iproniazid as described under (a). A few of them 
were not pretreated so that a possible difference m 
the effects of the implanted substances might be seen. 
The sites of the implantations were always checked 
macroscopically after the brains had been kept in 4% 
formalin solution for 24 hr. Sham implantations were 
made by introduction of the empty cannula. Implan- 
tations were made by means of a stainless steel 
cannula (Ernst and Smelik, 1966). When implanta- 
tion of a greater amount of the substance (-+ 200/ag) 
had been found to be effective, smaller amounts were 
then implanted (-+ 20/ag) m order to delineate the 
site of action. 

The substances used for implantation were in 
crystalline form. They were tamped into the cannula 
and stereotaxically introduced into the above-men- 
tioned areas of the brain under light ether anaesthe- 

Table 1 
Effect of implantation into rostro-ventral part of corpus striatum. 

Subs tances  No. of impl .  Iproniazid 
animals 

Number of rats showing: 

Gnawing 
behaviour 

Tremor Stereotyped 
movements 

5-HT 23 + 23 0 0 
5-HT 6 - 0 0 0 
5-HTP 6 + 0 0 0 
Apomorphine 6 - 0 0 0 
Eserine 6 - 0 0 0 

Sham unpl. 6 + 0 0 0 
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sla. When the tip of the cannula was in the desired 
position, the substance was delwered by pushing a 
stylet down the cannula. After the implantation, the 
animals were placed in similar cages to those used 
under (a). Their behaviour was observed for several 
hours. 

~c) Bdateral lesions were made separately in the 
"'putamen" and substantia mgra in order to see 
whether such lesions would prevent the effect of 
5-HTP admlmstration (i.p. 7.5 mg/rat) after pretreat- 
ment with ipromazld. The lesions were made stereo- 
raxlcally by h~gh frequency cauterization. Recovery 
nine from surgery was 5 days m most animals, and 
one day in 13 animals (rats). 

In addition to 5-HTP, 1-dopa (s.c. 10 mg/rat) and 
apomorphme (i.p. 1 rag/rat) were also rejected in the 
same rats with lesions in the "putamen". 

3. RESULTS 

(a) During the first 15 mm followmg intra- 
peritoneal injection of 5-HTP into 20 antmals, they 
began sniffing and moving around the cages. Tremor 
and stereotyped movements of the head and forelegs 
appeared 10 min after injection. Gnawing started 
after about 30 mm. This gnawing behavlour was not 
like dopamme- and apomorphme-gnawing which has 
been described m an earlier publlcanon (Ernst, 1965), 
because the ammals gripped the wire of the floor and 
convulswely held it, all movements around the cage 

ceasing. During this state tremor and stereotyped 
movements of the head and forelegs were also 
marked. These stereotyped movements of head and 
forelegs were reminiscent of a man playing a piano. 
Sixty_ninety mln after injection the rats gradually 
recovered. 

In the rat neither gnawing behaviour nor stereo- 
typed movements of the head and forelegs have been 
described previously. 

(b) As can be seen from table 1, and figs. 1 and 2, 
gnawing behavlour was only provoked by the implan- 
tation of 5-HT into the "putamen" of the rats which 
had been pretreated with ipromazld. The sham im- 
plantation, and the implantanon of 5-HTP, apomor- 
phme or eserlne alone into this area had no effect 
(table 1). The lmplantanon of 5-HT or 5-HTP into 
all other parts of the corpus strlatum induced neither 
gnawing behaviour nor tremor, even when implanted 
into the area where the implantation of dopa or apo- 
morphine does provoke gnawing behaviour (Ernst 
and Smelik, 1966). The gnawing behaviour induced 
by 5-HT appeared 65-120 min after implantation 
and lasted 5 0 - I  10 min. 

Tremor was induced by the implantation of 5-HT 
or 5-HTP into the substanna mgra (table 2, and fig. 3) 
of the rats both with and without ipromazid pretreat- 
ment. In all cases tremor appeared 15-100 mln after 
the implantation and lasted 30-150  mln. Sham im- 
plantation had no effect (table 2). 

It is interesting that gnawing behavlour occurred 
m two cases (table 2) after tmplantation of 5-HT into 

Fig. l. Implantation site m the rostro-ventral part of the 
corpus striatum; shown in frontal section. 

Fig. 2. Implantation site m the rostro-ventral part of the 
corpus striatum; shown m sagltal section. 
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Table 2 
Effect of implantation into substantia nigra. 

93 

Substances No. of impl. Iproniazld 
animals 

Number of rats showing: 

Gnawing Tremor 
behaviour 

Stereotyped 
movements 

5-HT 56 + 2 42 0 
5-HT 6 - 0 6 0 
5-HTP 6 + 0 6 0 
5-HTP 6 - 0 5 0 
Sham impl. 6 + 0 0 0 

Table 3 
Effect after i.p. admimstration of 5-HTP, apomorphme and dopa in rats with lesions in the rostro-ventral part of corpus striatum 

or substantia nigra. 

Injected Lesion No. of Days of Iproniazld 
substances in animals rest 

Number of animals showing: 

Gnawing Tremor 
behaviour 

Stereotyped 
movements 

5-HTP r.v.p, corp. 13 1 + 3 13 13 
striatum 

5-HTP r.v.p, corp. 21 5 + 0 21 21 
striatum 

Apomorphine r.v.p, corp. 7 5 - 7 0 0 
striatum 

Dopa r.v.p, corp. 17 5 + 17 0 0 
striatum 

5-HTP sub. nigra 16 5 ÷ 16 16 16 

Fig. 3. Implantation site m the substantia nigra; m sagltal 
section. 

the substantia nigra, but subsequent attempts to re- 

peat this result failed. This explains the large number 
of rats used. 

(c) The results obtained after mtrapentoneal ad- 

ministration of 5-HTP, 1-dopa or apomorphine to the 

rats with lesions in the "putamen" are shown in 
table 3. 5-HTP induced only tremor followed by 

stereotyped movements of the head and forelegs, 
while gnawing behaviour was only provoked after 

the administration of 1-dopa or apomorphine. 

The effect of i.p. 5-HTP administration to rats 
with lesions m the substantia nigra was surprisingly 
similar to that in normal animals, I.e. tremor and 
other symptoms appeared although the substantla 
nigra had been destroyed (table 3). 
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4. DISCUSSION 

Intraperitoneal rejection of 5-HTP evoked all the 
symptoms previously described in the literature, and 
in addition caused gnawing behaviour and stereo- 
typed movements of the head and forelegs. Although 
the effects of 5-HTP have been studied in detad by 
many authors (Bogdanskl et al., 1958; Garattim and 
Valzelli, 1965; Eichler and Farah, 1966; Lewis, 1958, 
Udenfriend et al., 1957), gnawing behaviour and 
stereotyped movements of the head and forelegs have 
never been described. It should be pointed out that 
gnawing behaviour seen after 5-HTP administration 
was different from that induced by dopa (see Results 
under (a)). 

Results with implantations and lesions clearly 
show that there are two separate sites of action of 
5-HT. The site of action for gnawing behavmur is 
located in the "putamen" and for tremor in the sub- 
stantla nigra. However, as has been mentioned, gnaw- 
ing behavlour was induced m only two rats (out of 
56) by the implantation of 5-HT into the substantia 
nigra. The reason for this finding cannot be explained 
at the present time, since the majority of the animals 
(54) did not show this symptom. The implantation of 
200 #g of 5-HT into the neostrlatum - the area 
where the implantation of dopa or apomorphine 
provokes gnawing behaviour (Ernst and Smelik, 
1966) - also caused gnawing behaviour, but m only 
12 out of 20 animals. It is possible that this large 
amount of 5-HT could spread from the site of the 
implantation to the putamen which is responsible for 
the gnawing behaviour. This may be the reason why 
gnawing behavlour appeared in only 12 out of 20 
animals. However, all further attempts to repeat this 
result with a 20/.tg implant failed. It is therefore con- 
cluded that the site of action of 5-HT for gnawing 
behavlour is the "putamen", since this symptom was 
reduced m all cases by the implantation of 5-HT into 
this area using the small amount, and implantation of 
the same substance into all other parts of the corpus 
strlatum was without any effect. Other substances, 
even 5-HTP, when implanted into the "putamen" had 
no effect. Therefore, the question arises why 5-HTP, 
unlike 5-HT, was ineffective. There are two possible 
explanations for this finding possibly there is no 
5-HTP decarboxylase in the "putamen", or, accord- 

mg to Glarman (1956), an excess of 5-HTP in the 
nervous tissue blocks its enzymatic decarboxylatlon. 

To confirm the finding that the "putamen" ~s the 
site of action of 5-HT for gnawmg behavlour, the 
area was destroyed and then 5-HTP i.p. adrmnistered. 
After this the substance caused tremor and stereo- 
typed movements, but no gnawing behavlour. The 
fact that dopa and apomorphlne administration to the 
same animals induced gnawing behavlour and that 
these substances unplanted into the "putamen" faded 
to provoke this behavlour, indicates that there is 
another mechanism for the occurrence of gnawing 
behaviour in this area. 

Tremor was induced by the lmplantahon of 5-HT 
or 5-HTP into the substantia nigra, while the implan- 
tation into the other areas did not induce the symp- 
tom. This suggests that the site of action of 5-HT for 
tremor is the substantia mgra, but the observation 
that the tremor was induced by i.p. administration of 
5-HTP to rats in which the substantla nlgra had been 
destroyed does not support th~s assumption. 

5-HTP had the same effect as 5-HT m the substan- 
tia mgra, indicating either that enzymatic decarboxy- 
latlon may occur in this area despite the findings of 
Giarman (1956) or that 5-HTP itself can induce the 
tremor. Which of these two posslbihtles is correct 
cannot be decided at present. 

Stereotyped movements are also provoked by 
5-HT; its site of action will be discussed in a following 
paper. 
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