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HOLE, K. AND C. A. MARSDEN. Unchanged sensitivity to electric shock in L-tryoptophan treated rats. PHARMAC. 
BIOCHEM. BEHAV. 3(2) 307-309, 1975. - Injections of L-tryptophan (50, 100 and 200 mg/kg) i.p. in rats resulted in 
dose dependent increases in brain concentrations of tryptophan, 5-hydroxytryptamine and 5-hydroxyindoleacetic acid. 
Sensitivity to electric shock as measured by flinch and jump thresholds was not changed by L-tryptophan 100 and 
200 mg/kg. The results indicate that increased 5-HT turnover does not influence sensitivity to electric shock. 
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SEVERAL previous experiments have suggested that sero- 
tonergic neurons play an important role in central control 
of pain sensitivity. Jump threshold is reduced both by 
lesions of the medial forebrain bundle [7] and by para- 
chlorophenylalanine treatment [9,16].  Since injections of 
5-hydroxytryptophan (5-HTP) normalize jump threshold in 
both these preparations, it has been proposed that a defec- 
tive function of serotonergic neurons increases pain sensitiv- 
ity [7 , t6 ] .  

It also has been proposed that electrical stimulation of 
serotonergic neurons [ 1 ] and increase in brain 5-hydroxy- 
tryptamine (5-HT) concentration [16] decrease pain sensi- 
tivity, and that the analgesic effect of morphine is due to its 
ability to increase brain 5-HT turnover [15, 19, 21].  A 
diurnal variation in jump threshold in parallel to the diurnal 
variation in brain 5-HT concentration also has been ob- 
served (J. A. Harvey, personal communication to R. J. 
Wurtman [201). 5-HTP administration to normal animals, 
however, does not decrease sensitivity to electric shock 
[7,16]. Since 5-HTP (unlike tryptophan) administration 
results in an abnormal distribution of the 5-HT formed 
[4,14],  the interpretation of these results is unclear. The 
aim of the present experiment was to investigate whether 
an increase in brain 5-HT concentration and turnover pro- 
duced by administration of L-tryptophan affects sensitivity 
to electric shock as measured by flinch and jump thresh- 
olds. 

METHOD 

Animals 

Male wistar rats (n = 46) weighing 2 4 0 - 3 6 0  g were used. 
They were injected with L-tryptophan (50, 100 and 
200 mg/kg body weight i.p.) given as a suspension in 1% 
carboxymethylcellulose dissolved in 0.9% NaC1. Controls 
were injected with the vehicle. Separate groups of rats were 
used for behavioural testing and for biochemical estima- 
tions. 

Procedure 

Flinch-jump test. Testing was started 1 hr after trypto- 
phan injection. The test has been described in detail else- 
where [9]. Briefly, electric shocks of 0.2 sec duration were 
delivered to a grid floor from a Grason-Stadler shock gener- 
ator at intervals of 15-45  sec. The rat's response to each 
shock was scored. Intensity of the first shock was 0.05 mA, 
increasing for each shock until  a flinch (crouch or startle, 
lifting one front paw) was elicited. Intensity of the shock 
was decreased by one step whenever a flinch was scored, 
and increased by one step when a flinch was not observed. 
When 8 flinches had been scored, shock intensity was in- 
creased until  a jump (both rear paws leaving the grid floor 
simultaneously, or stepping vigorously) was elicited. Testing 
was ended when a jump had been scored 8 times, shock 
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intensity being increased or decreased in a similar way as 
during flinch testing. Flinch and jump thresholds were the 
medians of the 8 values. 

Biochemical assays. Rats were killed by guillotine 1 hr 
after administration of tryptophan. The brain was rapidly 
removed, the cerebellum discarded and the rest of the brain 
frozen on dry ice and stored at -20°C.  Brain tryptophan, 
5-HT and 5-hydroxyindoleacetic acid (5-HIAA) were deter- 
mined as described by Curzon, Joseph and Knott  [3]. 

R E S U L T S  

L-Tryptophan (50, 100 and 200 mg/kg) administration 
produced a dose dependent, linear, increase in brain trypto- 
phan concentrations (r = 0.82, p<0.001 ; Fig. 1). There also 
was a linear increase in 5-HT turnover (r = 0.89), p<0.001 ; 
Fig. 1) when the concentration of total 5-hydroxyindoles 
(5-HT + 5-HIAA) is used as an index of turnover [ 14]. 

There was no significant change, however, in either the 
flinch or jump threshold after either 100 or 200 mg/kg 
L-tryptophan (Mann-Whitney U-test) (Table 1). 
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FIG. 1. Brain concentrations of tryptophan and total 5-hydroxy- 
indoles (5-HT + 5-H1AA), mean ± SD. L-Tryptophan (0, 50,100 or 
200 mg/kg) injected i.p. 1 hr before killing, n = 6 for each dose 

level. *p<0.05, **p<0.001 compared with controls (t test). 

D I S C U S S I O N  

L-tryptophan administration clearly increased brain 
5-HT turnover. Since 5-HT formation from tryptophan 
takes place within serotonergic neurons [14],  release of 
transmitter and stimulation of serotonergic receptors proba- 
bly were increased, although at least part of the 5-HT 
formed may not reach the functional pool [5 ]. 

The increase in 5-HT formation above normal levels did 
not change the sensitivity to electric shock as the flinch and 

TABLE 1 

M E A N  F L I N C H  A N D  J U M P  T H R E S H O L D S  I N  I - T R Y P T O P H A N  
T R E A T E D  R A T S  

Tryptophan Flinch Jump 

dose, mg/kg* mA -+ SD mA ± SD 

0 (8) 0.11 ± 0.04 0.39 ± 0.10 
100 (6) 0.12 ± 0.03 0.43 -+ 0.10 
200 (8) 0.11 ± 0.02 0.41 + 0.09 

*Injected i.p. l hr before testing started. No. of rats in paren- 
theses. 

jump thresholds were unchanged. This indicates that in- 
creases in turnover only are not sufficient to produce anal- 
gesia. The results therefore do not support the hypothesis 
that the analgesic effect of morphine may be due to an 
increase in brain 5-HT turnover (12, 15, 21 ], but agree with 
studies showing no relationship between morphine's anal- 
gesic effect and serotonergic function [2,11 ]. 

Possibly an increase in 5-HT formation can reduce pain 
sensitivity only when this sensitivity is abnormally high, as 
in the medial forebrain bundle lesioned or parachloro- 
phenylalanine treated animals [8]. Strain differences may 
account for some of the discrepancies in the literature 
[17]. However, it also seems possible that serotonergic 
neurons have no particular function in the control of pain 
sensitivity. When serotonergic neurons are destroyed by 
selective electrolytic lesions in the dorsal and median raphe 
nuclei, or chemically by injection of 5,7-dihydroxytrypt- 
amine in the raphe nuclei [9] or 5,6-dihydroxytryptamine 
intraventricularly [2,18], no increase in pain sensitivity is 
observed. The suggestion that serotonergic neurons are 
important for control of pain sensitivity is based on experi- 
ments where the function of serotonergic neurons has been 
manipulated by methods that are not specific for these 
neurons. Thus, electrolytic lesions in the medial forebrain 
bundle [7] and in the midbrain raphe region [2] also de- 
stroy non-serotonergic neurons. Parachlorophenylalanine 
treatment [9,16] reduces brain 5-HT concentrations but 
also brain catecholamines to some extent [ 10], and inhibits 
transport into the brain of amino acids [6]. Electrical stim- 
ulation in the midbrain raphe region [1,13] stimulates not 
only 5-HT neurons, but also non-serotonergic neurons. 
Similarly 5-HTP treatment increases 5-HT formation within 
5-HT neurons, but also leads to the formation of 5-HT 
within catecholamine neurons [4]. Harvey and Yunger [8] 
recently suggested that the reversal of hyperalgesia in lesion 
animals produced by 5-HTP may be due to accumulation of 
5-HT in catecholaminergic terminals. 

Thus at present there seems to be no clear evidence for a 
relationship between decreased activity in serotonergic 
neurons and increased pain sensitivity, or from the present 
experiment, increased brain 5-HT turnover and decreased 
sensitivity to electric shock. It is important, however, to 
determine to what extent the L-tryptophan induced in- 
crease in 5-HT influences the function of 5-HT neurons and 
receptors. 
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