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HENNIG, C. W., W. C. STEINHOFF AND J. V. BOOTH. Central and peripheral effects ofserotonin on the immobility 
response in chickens. PHARMACOL BIOCHEM BEHAV 24(6) 1623-1627, 1986.--The effects of low and high doses of 
serotonin on tonic immobility (TI) duration and susceptibility in 10- and 45-day-old chickens were examined. High doses of 
serotonin reduced the number of inductions required to produce TI, regardless of the subject's age. In contrast, low and 
high doses of serotonin produced biphasic increases and decreases in TI duration in 10-day-old birds, but there were no 
apparent effects on immobility duration by either dose of this drug in older chickens. These results are discussed in terms of 
the formation of the blood-brain barrier in domestic fowl and the differential peripheral versus central actions by serotonin 
on TI susceptibility and response duration. 
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TONIC immobility (TI), or animal hypnosis,  is a catatonic- 
like state of  extreme behavioral inhibition that is elicited in 
many animals by a brief period of  physical restraint. After an 
initial struggle, animals assume a frozen posture which per- 
sists in the absence of further restraint [ 10]. Tonic immobility 
occurs in a wide variety of  species ranging from inverte- 
brates [36] to primates [20]. However ,  the duration of TI can 
be highly variable, even within species, and may last from a 
few seconds to several hours. Domestic fowl are often used 
in the study of TI because of  the ease with which the re- 
sponse can be induced and quantified in such subjects 
[10,13]. 

Under natural conditions, tonic immobility appears to 
function as a terminal defensive response to predation 
[35,37] and has been shown to be especially sensitive to ex- 
perimental manipulations designed to affect fear [ l l ] .  
Similarities have also been noted between TI and forms of  
behavioral inhibition found in humans such as catalepsy, 
catatonic schizophrenia, and rape-induced paralysis [12,41]. 

A number of  studies have examined the psychopharma- 
cology of the TI response, especially the identification of  
critical neurotransmitters underlying this behavior, and they 
have shown the involvement of  cholinergic [28, 42, 47], ad- 
renergic [22, 24, 25], dopaminergic [8, 27, 45], and 
serotonergic [3, 14, 18, 21, 26, 33, 44, 46] systems with the 
duration of immobility episodes. However,  the strongest 
evidence seems to favor serotonin (5-hydroxytryptamine, 
5-HT) as the most important neurochemical mediator for 
tonic immobility. Prolonged durations of  immobility during 
repeated testing for TI produced decreases in brain levels of 

1Portions of this paper were presented at the meeting of the West 

5-HT in guinea pigs [31] and rabbits [9]; whereas dietary 
deprivation of tryptophan, a 5-HT precursor,  or injections of 
very large doses of p-chlorophenylalanine, a relatively spe- 
cific depletor of  5-HT, significantly reduced TI durations in 
chickens [14,29]. In addition, numerous studies have shown 
that TI duration can be potentiated by drugs thought to in- 
crease the synaptic concentrations of  serotonin via such 
processes as precursor loading with tryptophan, monoamine 
oxidase inhibition (pargyline, iproniazid), reuptake blockade 
by intraventricular administration of  imipramine, and injec- 
tions of 5-HT receptor agonists (d-LSD, BOL-148) and 
metabolites (melatonin, 5-hydroxyindole acetic acid) [14, 18, 
26, 33]. Moreover,  both intraventricular and intravenous 
administration of low doses of 5-HT increased TI durations 
in chickens [18,21]. Therefore, a certain level of  serotonin 
seems critical to the occurrence of the immobility response. 

Wallnau and Gallup [46] proposed a serotonergic, 
midbrain-raphe model of tonic immobility in which TI dura- 
tion was inversely related to the rate of  firing by 5-HT 
neurons in the raphe area. However ,  recent work has 
suggested a revision of  this model, with a shift in emphasis to 
the postsynaptic consequences of 5-HT manipulations [3, 43, 
44]. Enhancement of  5-HT release (fenfluramine, combined 
administration of  tryptophan and pargyline, amphetamine 
[38], p-chloroamphetamine [48]), and injections of  the 5-HT 
agonist quipazine both greatly increase serotonin levels and 
also reduce TI duration [2-4, 43, 44]. In addition, intraven- 
tricular administration in rabbits and intravenous injections 
in chickens of high doses of  5-HT decreased TI duration in 
both species [19,33]. These results were very similar to those 
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found after dramatic increases in synaptic serotonin or in- 
tense stimulation of postsynaptic 5-HT receptors in rats 
which produced a serotonergic behavioral syndrome consist- 
ing of  hyperactivity,  tremor, rigidity, head weaving, and 
hindlimb abduction [16,30]. Therefore, the end result of 
5-HT manipulations on inhibitory motor  behavior such as TI 
seems to depend on the level of 5-HT involved. Small in- 
creases in 5-HT appear to increase TI duration, while larger 
doses attenuate the response. This interpretation is sup- 
ported by the finding that low doses of  5-HT in chickens 
increased TI duration, but high doses decreased the duration 
of the repsonse [21]. 

Injections of  5-hydroxytryptophan,  serotonin, or 
melatonin also increased susceptibility to TI in chickens and 
anoles by reducing the number of inductions required to 
elicit the response [21, 23, 26]. In contrast,  
p-chloroamphetamine, amphetamine,  fenfluramine and 
quipazine all decreased susceptibility by increasing the 
number of  inductions needed to produce TI in chickens [2, 4, 
43, 44]. These findings further support the involvement of 
serotonin with the immobility response,  but the exact nature 
of the relationship between 5-HT and TI is as yet unclear. 

One of  the unanswered questions about this relationship 
deals with the extent to which serotonergic effects on tonic 
immobility reflect peripheral versus central drug actions. 
Past research has shown that peripheral injections of 5-HT in 
young chickens produced a decrease in duration of immobil- 
ity [21,33], whereas they had no effect on TI duration in 
rabbits [19] or anoles [23]. On the other hand, central admin- 
istration of  5-HT in chickens produced an increase in TI 
duration [18], but a similar procedure attenuated duration of 
immobility in rabbits [19]. These discrepant findings may 
reflect differences in peripheral  and central effects of  5-HT 
on tonic immobility, since serotonin does not readily cross 
the blood-brain barrier  in many species of animals [1, 5, 7]. 
In order to test for this possibility, very young and somewhat 
older chickens were chosen as subjects. The blood-brain 
barrier in chickens only attains adult-like status after about 3 
to 4 weeks of  age [40]. Thus, any peripheral effect by 5-HT 
on TI should be apparent  in all the experimental birds, 
whereas central effects should only be found in the younger 
chickens whose blood-brain barrier  has not yet fully formed. 

METHOD 

Subjects 

The subjects were 54 straight run Production Red chick- 
ens (Gallus gallus) obtained from Welp, Inc. (Bancroft, IA) 
at one day posthatch. They were group-reared in commercial 
brooders under normal daylight (approximately 10 hr light/14 
hr dark). Water  and food (Purina chick starter) were contin- 
ually available. The drug treatments and testing occurred 
when the birds were either 10 or 45 days old. 

Drugs 

Serotonin creatinine sulfate (Sigma) was dissolved in dis- 
tilled water and injected intraperitoneally (IP) into experi- 
mental subjects in volumes of  1 ml/kg body weight. Control 
animals received equivalent volumes of  distilled water. The 
low (0.5 mg/kg) and high (15.0 mg/kg) doses of  serotonin 
used in this experiment were chosen because they were simi- 
lar to doses previously employed to produce biphasic effects 
on TI duration in chickens [21]. All the drug solutions were 
made fresh on the day of testing and coded prior to using. 

Procedure 

The experiment was divided into two parts. In the first 
part,  27 chicks were individually removed from their brooder  
at 10 days posthatch and were randomly assigned to one of 
three groups (n=9 chickens per group). These birds were 
weighed and given IP injections of either distilled water,  0.5 
mg/kg of serotonin or 15.0 mg/kg of  serotonin. In the second 
part, another 27 chicks were injected in the same manner at 
45 days of age. 

Immediately after injection, each bird was placed in a 
cardboard box and transported to a testing room. Ten min- 
utes after the injection, the subject was removed from the 
box, placed on a flat table, and quickly inverted on its right 
side. Gentle restraint was maintained by the experimenter  
with both hands for 15 sec. Then the hands were withdrawn 
and a standard stopwatch was activated. Any subject failing 
to remain immobile for at least 5 sec was given up to five 
successive 15-sec inductions in an attempt to elicit tonic im- 
mobility, with a 30-sec intertrial interval between each at- 
tempt. The number of  inductions required to meet this crite- 
rion was recorded. If the subject did not show immobility for 
any of the five at tempted inductions, then a duration score of 
zero was recorded. For  those birds that did become im- 
mobile, the duration of TI was measured from the time of 
release until either the chicken showed a spontaneous right- 
ing response and returned to its feet, or a maximum duration 
of 3600 sec elapsed. Then the subject was returned to a 
brooder maintained for used animals. Testing was performed 
by experimenters who were unaware of the drug treatments 
that each bird received. To preclude any confounding effects 
of periodicity, testing was staggered over the day (1000 hr to 
1600 hr) with a comparable number of birds from each group 
tested at different times throughout the day. 

Statistics 

Two-way factorial analyses of variance involving two 
levels of age (10 and 45 days posthatch) and three drug con- 
ditions (water, 0.5 mg/kg serotonin, and 15.0 mg/kg seroto- 
nin) were used to analyze TI susceptibility and duration data. 
Analyses of simple effects and orthogonal comparisons were 
used to test the significance of any differences between age 
levels and individua ! drug groups. Due to extreme skewness 
and variability in the TI duration data, a square-root trans- 
formation was performed on all duration scores prior to 
statistical analysis. 

RESULTS 

Susceptibility to TI, as measured by the number of induc- 
tions required to produce the immobility response, increased 
after injections of serotonin. As shown in Table 1, serotonin 
decreased the mean number of inductions needed to elicit the 
response in all the experimental groups, regardless of the 
subject 's  age. This was supported by a significant main effect 
of  drug condition, F(2,48)=6.68, p<0.01,  and no significant 
differences in susceptibility due to age. Subsequent ortho- 
gonal contrasts revealed that the pooled mean for the water 
and 0.5 mg/kg serotonin groups was significantly higher than 
the mean number of inductions required for the 15.0 mg/kg 
serotonin group, F(1,48)=11.82, p<0.01,  but that the two 
former groups did not differ from each other. 

Mean TI durations for each treatment and age group are 
shown in Fig. 1. As can be seen, low doses of  serotonin 
potentiated TI duration in 10-day-old chicks, whereas large 



SEROTONIN AND IMMOBILITY 1625 

TABLE 1 

MEAN NUMBER OF INDUCTIONS REQUIRED TO PRODUCE 
IMMOBILITY IN 10- OR 45-DAY-OLD CHICKENS AFrER INJECTIONS 

OF LOW OR HIOH DOSES OF SEROTONIN (5-HT) 

Age of Subjects 

Drug Group* 10 Days 45 Days 

Water 2.67 2.56 
0.5 mg/kg 5-HT 1.89 2.33 

15.0 mg/kg 5-HT 1.22 1.11 

Maximum number of inductions= 5. 
*n=18 for each group, with 9 subjects per cell. 
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FIG. 1. Mean durations of tonic immobility (sec) in 10- or 45-day-old 
chickens after injections of low or high doses of serotonin (5-HT). 

doses of  this drug attenuated duration of  the response. In 
contrast,  neither dose of  5-HT produced much of  a change in 
the duration of  TI in older birds. These findings are sup- 
ported by a significant main effect of drug condition, 
F(2,48)=3.67, p<0.05,  and a significant age × drug interac- 
tion, F(2,48)=4.98, p<0.025. Analysis of simple effects for 
each age level revealed a significant difference between drug 
conditions in 10-day-old birds, F(2,48)=8.03, p<0.001,  but 
found no such difference in 45-day-old chickens. Subsequent 
orthogonal comparisons on the data from the younger birds 
revealed that the pooled mean duration for the water and 0.5 
mg/kg serotonin groups was significantly greater than the 
mean of  the 15.0 mg/kg serotonin group, F(1,48)=7.60, 
p<0.01,  while the mean duration of the low dosage serotonin 
group was significantly higher than that of the water control 
group, F(1,48)=8.46, p<0.01.  Durations of tonic immobility 
were somewhat longer in 45-day-old chickens than in the 
younger birds, but this difference was not significant. 

DISCUSSION 

The present study demonstrated that serotonin affected 
both susceptibility to TI and duration of  the immobility re- 
sponse in chickens, but the 5-HT seemed to act independ- 
ently on each of these two measures of immobilization. 
Serotonin reduced the number of inductions required to elicit 
tonic immobility. This finding replicated previous results 
[21]. A new development was that serotonin produced the 
same effect on TI susceptibility in both 10- and 45-day-old 
chicks, despite the fact that the blood-brain barrier has been 
shown to restrict the access of  5-HT to the central nervous 
system in chickens older than 3 to 4 weeks of age [40]. This 
latter finding suggests that any serotonergic effect on immo- 
bility responses in the 45-day-old birds would probably be 
peripheral. Therefore, the increase in TI susceptibility in the 
present study, which seems to be similar in chickens of 
either age, is most likely due to peripheral actions of seroto- 
nin. In addition, such an explanation would also be consis- 
tent with past research which showed that peripheral injec- 
tions of  5-HT increased TI susceptibility in anoles [23], even 
though this drug should not penetrate their blood-brain 
barrier [39]. 

Serotonin also produced changes in the duration of tonic 
immobility in chickens. The present study found that low 
doses of 5-HT potentiated TI duration, while high doses at- 

tenuated the response. However ,  serotonin only affected TI 
duration in the 10-day-old chicks. This drug had no apparent  
influence on duration of immobility in the older birds, prob- 
ably because not enough 5-HT could penetrate the blood- 
brain barrier to have a central effect on their behavior. This 
possibility suggests that serotonin 's  biphasic effect on TI 
duration is most likely due to the central action of serotonin. 

The present findings replicated previous research with T i  
duration in young chickens that were given peripheral injec- 
tions of various dosages of serotonin [21], but went one step 
further. They also helped to explain some past inconsisten- 
cies in the effects of  serotonin on TI duration when the test 
species, routes of drug administration, and drug dosages dif- 
fered across studies. For  example, intraventricular adminis- 
tration of low doses of 5-HT potentiated TI duration in chick- 
ens [18], whereas central administration of high doses of 
5-HT in rabbits decreased immobility durations [19]. These 
results can be explained by findings in the present study 
which suggest that biphasic effects on TI duration are 
produced by central actions of low and high doses of 5-HT in 
subjects. Peripheral injections of high doses of 5-HT in 
young chicks also attenuated TI duration [33], but similar 
injections of 5-HT in adult rabbits and anoles had no appar- 
ent effect on duration of immobility [19,23]. The former re- 
sult can be explained by the fact that the blood-brain barrier 
in chickens is not formed completely until 3 or 4 weeks of 
age, so that large doses of  5-HT can still reach the central 
nervous system in young birds [40] and attenuate TI dura- 
tion. In contrast, the lack of effect by large doses of 5-HT on 
immobility duration in anoles and rabbits can be explained 
by the fact that peripheral serotonin should not be able to 
penetrate the blood-brain barrier and reach the central nerv- 
ous system in these adult animals [7,39]. The findings of the 
present study suggest that TI duration should only be influ- 
enced by central actions of serotonin. 

Although the involvement of central serotonergic action 
alone was not evaluated in the current experiment,  the find- 
ings presented in this study support the inference that 
serotonin 's  biphasic effect on TI duration acts through some 
central control mechanism since peripheral serotonin alone 
had no effect on immobility duration. However,  none of 
these results explain the cause of the differential duration 
effects with low and high doses of serotonin. Wallnau and 
Gallup [46] suggested that TI duration depended on the ex- 
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tent  to which 5-HT levels  inhibited midbrain-raphe 
serotonergic  neurons,  but  this hypothesis  could not  explain 
why  some  5-HT drugs a t tenuated  TI  durat ion [2-4, 43, 44], 
while others  potent ia ted durat ions o f  immobil i ty  [14, 18, 21, 
26, 33]. This led to a revis ion o f  the previous  hypothesis .  It 
was suggested that TI  durat ion was control led  by the 
pos tsynapt ic  consequences  of  serotonin manipulat ions such 
as receptor  st imulation [3,44]. H o w e v e r ,  this a l ternat ive 
does  not  explain how low doses  o f  5-HT increase TI  dura- 
tion, whereas  high doses  a t tenuate  the response.  One possi- 
ble explanat ion for these biphasic effects  is that  there are two 
types of  serotonin receptors ,  which react  in opposi te  ways  to 
this neurotransmit ter .  Ev idence  for two different types  of  
serotonin receptors  was repor ted  by Peroutka  and Snyder  
[34]. They labeled these receptors  as 5-HT1 and 5-HT2. The 
5-HT1 receptors  seem inhibitory in nature and are highly 
sensi t ive to even  small amounts  o f  serotonin,  whereas  the 
5-HT2 receptors  act  in an exci ta tory  manner  and are stimu- 
lated only by very  large amounts  of  serotonin.  L o w  doses  of  
5-HT may act  on the former  type of  receptor  to inhibit motor  
behav ior  and prolong TI  durat ion,  while large doses  of  5-HT 
may act  on the lat ter  form o f  receptor  to exci te  motor  re- 
sponses  and at tenuate  durat ion of  immobil i ty.  Such a 
d icho tomy may explain the differential  effects  o f  serotoner-  

gic drugs on TI  durat ion [3, 21,44] and may even  permit  us to 
be t ter  unders tand some of  the more  complex  interactions 
be tween  different neurochemica l  systems that influence TI 
duration.  Adrenergic  influences on response  durat ion [22, 
24, 25] may also work  through 5-HT2 receptors ,  since these 
receptors  have  been shown to exci te  adrenergic  neurons in 
the ret icular  formation [17]. In addit ion,  dopaminergic  
antagonists  such as spiroperidol  and haloperidol  are known 
to affect both TI  durat ion [27,45] and 5-HTz receptors  [34]. 

The present  study demonst ra ted  that serotonin affected 
both TI  susceptibil i ty and duration.  H o w e v e r ,  susceptibil i ty 
appeared to depend on the peripheral  action of  serotonin,  
whereas  the durat ion of  immobil i ty  seemed  to be influenced 
by the type o f  postsynapt ic  5-HT receptor  that was stimu- 
lated in the central  nervous  system. In addition, there is 
some ev idence  that behaviors  o ther  than TI are also differ- 
entially affected by various dosages of  serotonin.  L o w  doses  
of  5-HT are known to facilitate sleep and motor  inhibition, 
whereas  high doses  of  5-HT can cause arousal  and other  
forms of  exci ta t ion such as the serotonin behavioral  syn- 
d rome [6, 15, 30, 32]. These  similarities should permit  some 
interest ing general izat ions about  possible biphasic effects  by 
serotonin on o ther  behaviors  that are also inf luenced by the 
same neurochemica l  system. 
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