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Serotonin and the aversive threshold in rats*

VINCENT P. HOUSER and DALE A. VAN HARTt
Psy chotropic Drug Laboratory , VA Hospital, Perry Point , Maryland 21902

The present study explored the effects of p-chlorophenylalaline (p·CPA-300, 200, 100, 50 mg/kg )
and 5-hydroxytryptophan (5·HTP-15, 40 , 60, 70 , 95 ,125,175 mg/kg) upon the avers ive threshold of
the rat using the spatial preference technique. p-CPA had no reliable effects on the aversive threshold or
upon motor activity as measured by this technique. 5-HTP, on the other hand, sign ificantly raised the
aversive threshold to moderate levels under the 95- and 125·mg/kg dosages, while motor activity was
reduced under the 60-, 70' ,95- and 125-mg/kg dosages. p·CPA (200 mg/kg) was able to block both the
increased thresholds and reduced motor activity noted after 125 mg/kg of 5-HTP. These resul ts were
interpreted to suggest that modulation of serotonergic activity has little effect upon the aversive
threshold of the rat.

Serotonin ha s been implicated as one brain amine that
may play a significant role in altering pain sensitivity in a
number of animal species. For example, Tenen (I 967)
h a s r ep ort ed th at the a d mi n is t r a t ion of
p-chlorophenylalanine, a serotonin depleting agent, to
rats leads to a redu ction in the pain threshold as
measured by the flinch-jump method. Other evidence
(Lee & Fennessy , 1970) has suggested that th ere is a
corre lat ion bet ween mor ph ine-induced analgesia and
redu ced levels of sero to nin in the mou se brain
F ur th e rm o re , i t h a s be en repor ted t h at
p-chlorophenylalanine (p·CPA) antagonizes the ana lgesic
effects of mo rphine (Fen nessy & Lee, 1970 ; Tenen ,
1968). These findings have led Tenen (I968) to suggest
that morphine ana lgesia is me diated by th e release of
sero to nin.

All the above data is consisten t with the hyp othesis
that reduc tio ns in seroton ergic activity, via th e
adm inistra tion of p·CPA , leads to a redu cti on in the pain
threshold , while elevations in sero to nergic activ ity may
produ ce analgesia. Although th is simplistic model is
att ractive, other evidence suggest s th at serotonergic
systems may have contrasting effec ts upon behavior
acqu ired in the presence of elect ric shock. Ste in, Wise,
and Berger (I973) have presen ted dat a whi ch suggest
th at a sero tonergic system may media te th e behaviorally
supp ressive effe cts of punishment (i.e., usually elec tric
shoc k). Support for this concep t is found in a report by
Geller and Blum (I 970) who note th at p·CPA attenua ted
the suppression of ba rpressing behavior normally noted
when each response was paired with a bri ef electric
shock . These results are difficult t o interpret if one
assumes that p-CPA lowers the pain thresho ld for
electric shoc k.

Th e above contrasti ng evidence suggest s th at th e
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effects of manipulating serotonergic tone upon pain
sensitivity are far from clear. The present report is an
attempt t o explore the effects of p·CPA and
5-hydroxytryptophan , a precursor of serot on in , upon the
aversive threshold of rat s u sing the spatial preference
techn iqu e. Th is tec hnique has proven to be an ex tremely
sensitive and reliable mea sure of dru g-induced analgesia
reacting to a host of agents kn own to be clinica lly active in
man [e.g., mor phine (Houser & Pare, 1972) , pentazocine ,
cyclazocine (Houser & Pare, I973a), and sodium salicyla te
(Houser & Pare, 197 3b)]. Thu s, by utilizing thi s
tec hnique, the present report may supply more definitive
evidence as to whe the r sero ton in plays a role in mediating
th e aversive quali ties of elec tric shock.

METHOD

Subjects
Twelve male Sprague-Dawley derived rats obtaine d from

ARS/Sprague·Dawley, Madi son, Wisconsin, were used in the
present study. They weighed 286-321 g at the beginning of the
experim ent.

Apparatus
The test chamber and apparatu s have been described in detail

elsewhere (Houser & Pare , 1972). Briefly, the chamber consisted
of a rectangular Plexiglas shutt lebox which was pivoted in the
middle, allowing the box to tilt from side to side as the animal
crossed from one end to th e other. Thi s tiltin g movement
activated a light-action Aero leverswitch locate d at one end of
the cage which contro lled the presentation of shock. The
sta inless steel rods which formed the floor of the cage could be
electr ified by various intensit ies of shock. The shock stimulus
was provided by a de generator which produced a 60-Hz square
wave au tpu t (Reus, Houser, & Pare, 1971).

Procedure
Each animal was subjected to a 50·min expe rimental session,

the same time each day, 6 days a week. An experimental session
consisted of five I fl-min periods in which five separate curre nt
intensit ies (i.e., 30, 60 , 90, 120 , 150, microA) were presented in
an ascending order. The shoc k was presented conti nuously on
one side of the cage for 5 min and the n switched to the o ther
side for the remaining 5 min of each current intensity. The
animal could escape the shock side of the cage by merely
crossing to the opposit e or nonshock portio n of the tilt cage.
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Fig. I. Mean aversive threshold in microamperes with corresponding standard error of the means for those six animals
subjected to various doses of 5-HTP. Each bar represents the mean of three consecutive saline (S) or drug sessions. Probability
levels are given for individual F tests comparing the various drug dosages with the preceding saline series. All dosages are given
in mg/kg.

The shock was autom atically switched from one side to the
other every 5 min to insure that each animal samp led all shock
intensities even if it failed to make a crossing response during th e
10-min period that each intensity was pre sent ed.

The dependent measure consisted of the amount of time in
seconds spent on the shock side of the cage for each shock
intensity. The aversive threshold was calculated daily for each
animal by determining the intensity of shock which an animal
avoided 75% of the time. At subt hreshold intensities, the anim al,
by chance, would spend 50% of the time on the shock side of
the cage. Since time spent on the shock side diminished as the
shock intensity increased, the 75% threshold crite ria required a
simple interp olation process. The numb er of crossing responses
made during each shock intensity was also record ed for each
animal.

After 10 sessions, all animals demonstrated stable thre shold
values. Animals were then randomly assigned to two separate
six-animal dru g groups. Each drug was given in several separate
doses in consecutive weekly series. No drug was administered for
the first 3 days of each weekly series (i.e., Monda y-Wednesday)
followed by 3 days of a particular drug dosage (i.e.,
Thursday-Saturd ay). Animals were not tested on the seventh day
of these weekly series. '

The two drugs administered in the present study consisted of
5-hydroxytryptophan (15,60,40,70,95 , 125 , 175 mg/kg) and
p-chloroph enylalanine (300 , 200 , 100, 50 mg/kg). The 5-HTP
was dissolved in .9% saline and admini stered in a volume of
1.0 ml/kg Yz h before threshold testing. Since 5-HTP does not
completely dissolve in saline, a small amount of tween 80 was
added to make a uniform suspension. P-CPA was prepared in
12.0-ml stock solutions as follows: 1800 mg of p-CPA was
dissolved in 4.0 ml of NaOH(5N); the pH was then adjusted to
2.4 by adding 2.0 ml of HCL(5N) ; then this final solution was
diluted with .9% saline to obt ain the prop er drug concentrations
for the various drug dosages. Each dosage of p-CPA was
admini stered in a volume of 2.0 ml/kg ,in one injection, 24 h
before the first drug testing session. Thu s, p-CPA was given on
Wednesdays in one injection immed iately after the third control
session of each weekly series. Drug sessions then followed on

Thu rsday, Friday, and Saturd ay. The p-CPA animals received
one inject ion of the contro l (i.e., no drug) solution (pH 2.4) on
Sunda ys before t he thr ee co n tr ol sessions (i.e.,
Mond ay-Wedn esday). All inject ions were given intraperitoneally,

RESULTS

An analysis of variance (Myers, 1966) performed on
the daily threshold s for all doses of p-CPA indicated that
no significant differences occurred between control and
drug sessions. A similar lack of effect was noted when
the number of crossings data were analyzed. Thus,
p·CPA in all the doses teste d (i.e., 300 , 200 , 100,
50 mg/kg) had no significan teffects on the aversive
threshold or the number of crossings made in the spatial
preference techn ique.

The mean aversive thre shold data for the six animals
subjected to the various dosages of 5-HTP are presented
in Fig. 1. As Fig. 1 indicates, only the 95- and
125-mg/kg dosages reliably raised the aversive threshold
to moderate levels. The effects noted in this figure were
not dose related in that higher doses did not lead to
greater increments in the aversive thre shold .

Figure 2 presents the mean number of crossing data
for those animals subjected to the various dosages of
5-HTP. These data indicated that the middle range of
doses (i.e., 60, 70, 95, 125 mg/kg) were all able to
reliably reduce the number of crossings made, while the
extreme doses (i.e., 15, 40, 175 mg/kg) had no effect.
Again, the results in Fig. 2 did not appear to reflect a
clear dose-respon se relat ionship. In addit ion to the data
in Fig. 1, the six animals who received 5-HTP were given
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Fig. 2. Mean number of crossing responses with corresponding standard error of the means for those six animals subjected
to 5-HTP. Each bar represents the mean of the three consecutive saline (8) or drug sessions. Probability levels are given for
individual F tests comparing the various drug dosages with the preceding saline series. All dosages are given in mg/kg.

a final test in which they were pretreated with
200 mg/kg of p-CPA 24 h before the start of a 3-day
drug series, in which they received 125 mg/kg of 5-HTP
Yz h before threshold testing: This dosage of p-CPA was
able to block the increase in the aversive threshold and
the reduction in motor activity noted when 5-HTP
(125 mg/kg) was administered alone.

DISCUSSION

It is appare nt from the above results that reductions in
serotonergic activity via the administration of p-CPA do not
affect the aversive threshold to electric shock in the rat .
Fur thermore, the fact that 5-HTP was only able to raise the
aversive threshold to moderate levels in a manner that was not
dose related , suggests that elevations in sero tonergic tone
probably do not directly affect pain sensitivity in the rat. The
elevation s in the aversive threshold noted under 95 and
125 mg/kg of 5-HTP were in all likelihood due to the redu ctions
in motor activity noted under these dosages (e.g., see Fig. 2).
These reductions in motor activity , in turn , could have been
produced by one or more of the nonspecific effect s of the drug.
Intravenous injection of serotonin in man has been reported to
produce various sensations including nausea and cramps
(Hollander , Michelson, & Wilkins, 1957) . Animals subjected to
these effects of the drug could have been sufficiently debilitated
to cause enhanced escape latencies and thus produce higher
aversive thresholds. To conclude, it would appear that variations
in behavior exhibited in the rat in response to alterations in
serotonergic tone in aversive test situations are probably not a
reflection of a change in the aversive threshold to electric shock.
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