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WALLNAU, L. B., C. L. CARNRIKE, JR. AND G. I. DEWEY. Tonic immobility: Effects of dopamine receptor 
blockade and stimulation. PHARMAC. BIOCHEM. BEHAV. 10(2) 177-181, 1979.--Blockade of dopaminergic receptors 
by haloperidol enhanced the duration of tonic immobility in chickens. Apomorphine, a dopamine receptor agonist, pro- 
duced short durations. Apomorphine also produced an increase in stabilimeter activity. These data suggest dopaminergic 
involvement in tonic immobility, and support a competing response interpretation of the apomorphine effect. 
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TONIC immobility (TI) is a naturally occurring response 
which is elicited by brief physical restraint. Under laboratory 
conditions, one simply holds the animal on a flat surface. 
Initially the animal struggles and attempts to escape, but 
these responses subside and are followed by a motionless, 
catatonic-like posture which persists after the animal is re- 
leased. TI is displayed by animals from diverse groups, such 
as avians, reptiles, fish, insects, crustaceans, and mammals 
[15]. Domestic fowl are often studied because they display a 
pronounced response that is easily induced and quantified. 
In addition to inhibition of movement, the response is also 
characterized by waxy flexibility, tremors of  the extremities, 
hypertonicity of skeletal muscles, intermittent eye closure, 
decreased vocalization, and mydriasis [15,16]. Physiological 
changes during TI have also been observed and include 
changes in EEG patterns, respiration, heart rate and core 
temperature [23,29]. 

The duration of TI is directionally sensitive to manipula- 
tions which are designed to alter central serotonergic func- 
tion. Specifically, there appears to be an inverse relationship 
between a drug's effect on TI duration and its effect on the 
firing rate of central serotonergic neurons of the midbrain 
raphe nuclei [37]. For example, drugs which are known to 
inhibit raphe activity in mammals (e.g., LSD, pargyline, 
tryptophan, and centrally administered serotonin) prolong 
immobility, while drugs which activate raphe neurons (e.g., 
amphetamine, peripherally administered serotonin) at- 
tenuate the reaction [1, 2, 3, 4, 7, 14, 17, 25, 26]. Wallnau and 
Gallup [37] have proposed a midbrain-raphe model of  TI 
duration, in which the inhibition of  raphe neurons, possibly 
reflecting increased synaptic function of  serotonin (5-HT), is 

associated with enhanced immobility durations, while an in- 
crease on raphe f'lring is correlated with short reactions. 

Evidence for dopaminergic involvement in TI is scant. 
Dopamine (DA) and L-dopa fail to alter TI (unpublished 
data). While dose and time parameters, as well as route of 
administration may account for such failures, these results 
are surprising in light of the apparent role of the dopaminer- 
gic and extrapyramidal systems in psychomotor function 
[ 11,31 ]. Furthermore, the highest concentrations of  both DA 
and 5-HT in the avian brain are located in the anterior nu- 
cleus basalis, an area considered to be homologous to the 
mammalian corpus striatum [21]. It is interesting that in 
mammals, manipulation of  DA receptors (e.g., haloperidol, 
apomorphine) have been found to interact with a serotoner- 
gic mechanism. For example, 5-HT depletion by PCPA or 
raphe lesions blocks haioperidol-induced catalepsy [9, 19, 
24]. Furthermore, midbrain raphe lesions potentiate 
apomorphine-induced locomotor activity in rats [18]. 
Serotonergic modulation of  apomorphine effects has also 
been observed in avians [8]. 

Given the existing support for serotonergic involvement 
in TI and the role of  both 5-HT and DA in psychomotor 
function, the present study examined the effect of both DA 
receptor blockade and stimulation on TI duration. 

EXPERIMENT 1 

Haloperidol, a specific DA receptor antagonist [5], pro- 
duces cataleptic behavior in mammals [9,19]. In an attempt 
to examine the role of a dopaminergic system in TI, varying 
doses of haloperidol were administered to domestic fowl. 
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METHOD 

Animals 

Fifty-two, straight-run, Production Red chickens were 
obtained at two days of age from a commercial hatchery 
(Welp Inc.). The animals were group housed in commercial 
thermostatically heated brooders.  Purina chick chow and 
water were continuously available. A daily photoperiod 
consisted of artificial illumination from 8 a.m. to 10 p.m. 
Since habituation and familiarization with humans attenuate 
TI [28], the presence of humans in the colony room was 
restricted to routine daily maintenance. 

Procedure 

At eighteen days of age, thirty animals were randomly 
assigned to one of three groups. Animals were weighed and 
received either 1.0 or 2.0 mg/kg of haloperidol (Haldol, 
McNeil) intraperitoneally, or an equivalent volume (0.8 
ml/kg) of distilled water. Animals were then placed in 
cardboard holding boxes (25×30x50 cm) for the duration of 
the injection-test interval. Each box was coded by number so 
that the persons conducting the tests were kept uninformed 
of group designations. 

Thirty minutes following injection, each animal was car- 
fled to a room in the holding box where it was tested individ- 
ually. The bird was removed from the box and manually 
restrained on its right side on a table for 15 seconds. The 
duration of  TI was timed with a stopwatch from the moment 
the experimenter released the subject until it righted itself 
and rose to its feet. If the initial induction attempt did not 
elicit TI,  the animal was restrained again 60 seconds later. 
During the intertrial interval the animal was returned to the 
holding box. Induction attempts were repeated in this fash- 
ion until an animal exhibited TI, or until there had been five 
unsuccessful induction attempts. Birds that received five in- 
ductions and still showed no reaction were given a duration 
of zero seconds. All testing was conducted between 10 a.m. 
and 3 p.m., with each group equally represented across time 
of testing. 

In order to control for the possible effect of the vehicle for 
haloperidol, twenty-two additional animals were sub- 
sequently assigned to one of two groups. At 24 days of  age, 
half of the animals received 0.8 ml/kg of the lactic acid vehi- 
cle used for haloperidol or an equivalent volume of distilled 
water. The vehicle contained 0.002 ml of lactic acid (USP) 
per ml of distilled water and two preservatives,  0.4 mg/ml of 
methylparaben and 0.05 mg/ml of propylparaben.  Animals 
were tested as described above, 30 min following injection. 

RESULTS 

Figure 1 depicts the effect of haloperidol on TI duration. 
Due to skew and heterogeneity of variance, Fmax=8.48,  
p <0.05, a square root transformation was performed prior to 
data analysis [22]. Analysis of variance revealed an overall 
effect of haloperidol, F(2,27)= 7.84, p <0.003. An analysis of  
the trend components revealed significant linear, 
F(1,27)=9.74, p<0.005,  and quadratic, F(1,27)=5.93, 
p<0.03,  effects. Post hoc comparisons by a Newman-Keuls  
test revealed the nature of these trends. The control group 
was significantly lower than the 1 mg/kg (0<0.01) and 2 
mg/kg (0<0.05) groups. There was no difference between 
either group of animals that received haloperidol. Thus, both 
doses of haloperidol were equally effective in potentiating TI 
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FIG. 1. The effect of varying doses of haloperidol on the duration of 
tonic immobility. 

duration. Regarding susceptibility to TI, nearly all of the 
animals in each group displayed TI on the first induction. No 
systematic effects for number of inductions were found in 
the remaining experiments. 

The additional distilled water- and vehicle-injected con- 
trol groups displayed mean durations of 817.64 and 624.55 
sec respectively. Due to heterogeneity of  variance, 
Fmax=5.51,  p<0.05,  a square root transformation was per- 
formed. Analysis of variance did not yield a significant effect 
for groups, F < I .  Thus, the lactic acid vehicle had no 
effect on TI duration. 

EXPERIMENT 2 

The results of the previous experiment suggest that DA 
receptor blockade by haloperidol may enhance TI duration. 
As a partial replication of  this finding, and to assess its time 
course, the effect of  haloperidol was examined at several 
different post-injection intervals. 

METHOD 

Animals 

Thirty straight run Production Red chickens were ob- 
tained and cared for as described in the previous experiment. 

Procedure 

At 17 days of  age, animals were randomly assigned to one 
of three groups. All animals were weighed and received 
intraperitoneal injections of 2 mg/kg of haloperidol. Injection 
volumes were 1.6 ml/kg. Animals were then tested for TI 
either 15, 30, or 45 min following injection. The test proce- 
dures were identical to those reported in Experiment 1. 

RESULTS 

Figure 2 depicts the time course for haloperidol. To alle- 
viate skew and heterogeneity of variance, Fmax=15.43,  
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FIG. 2. The effect of haloperidol on tonic immobility duration as a 
function of injection-test interval. 

p<0.01,  a square root transformation was performed. 
Analysis of variance revealed a significant overall effect, 
F(2,27)=7.29, p<0.003. A trend analysis revealed that only 
the quadratic component was significant, F(1,27)=14.41, 
p<0.001. This effect was confirmed by a Newman-Keuls 
test. Both the 15 min and 45 rain groups differed from the 30 
min group (p<0.01 in each case), while there was no differ- 
ence between the two former groups. Thus, at the times 
tested, haloperidol had optimal effects at 30 rain following 
injection. 

Since manipulations designed to increase fear potentiate 
TI [15,16], one might interpret these data in terms of  the 
decay of  fear associated with the injection procedure. How- 
ever, this interpretation is precluded by the finding that fear 
manipulations enhance TI to the extent they are presented in 
close temporal proximity to response elicitation [27]. Fear 
effects on TI duration are greatly diminished when testing 
occurs more than 15 minutes after pretreatment with painful 
stimulation [27]. Thus if fear had been elicited by the injec- 
tion procedure and consequently altered response duration, 
the 15 min group instead should have displayed enhanced 
durations. To the contrary, the post-hoc analysis revealed 
that there was no difference between the 15 and 45 rain 
groups, but these groups in turn differed from the 30 rain 
group. 

EXPERIMENT 3 

The results of the first two experiments suggest that DA 
receptor blockade by haloperidol greatly enhances TI. If this 
effect reflects dopaminergic involvement, then apomor- 
phine, the DA receptor agonist [6], should substantially re- 
duce TI duration. The present experiment examined the ef- 
fect of varying doses of  apomorphine on TI. 

METHOD 

Animals 

Thirty-six straight run Production Red chickens were 
housed and maintained as described in Experiment One. 

Procedure 

At twenty days of  age, animals were randomly assigned to 
one of four groups. Animals were weighed and then injected 
intraperitoneally with either 0.5, 1.0, or 3.0 mg/kg of 
apomorphine HCL (Lilly). Control subjects received an 
equivalent volume (1 ml/kg) of distilled water. Since 
apomorphine has been reported to alter behavior in avians 
just minutes after injection [8, 12, 30], subjects were tested 
for TI 2 min following injection. The test procedures de- 
scribed in Experiment 1 were employed. 

RESULTS 

The means and standard errors are depicted in Table 1. A 
square root transformation was performed to reduce skew 
and heterogeneity of  variance, Fmax=296.83, p<0.01. 
Analysis of variance yielded a significant overall effect for 
apomorphine, F(3,32)=9.47, p<0.001. A trend analysis re- 
vealed significant linear, F(1,32)=5.96, p<0.025, and quad- 
ratic, F(1,32)=21.26, p<0.001, effects. A Newman-Keuls 
post hoe test revealed that the control group displayed longer 
durations than each of the apomorphine groups (p<0.01, in 
each case), while there were no differences among the re- 
maining groups. Thus, all doses of  apomorphine produced 
abbreviated durations of  tonic immobility. 

TABLE 1 
THE EFFECT OF APOMORPHINE HCL ON THE DURATION OF 

TONIC IMMOBILITY (IN SEC) 

Dose (mg/kg) 
0 0.5 1.0 3.0 

Mean 773.78 115.44 41.44 128.67 

Standard 230.93 39.29 13.40 37.72 
Error 

EXPERIMENT 4 

The first three experiments provide support for 
dopaminergic involvement in TI. These data are consistent 
with the well documented dopaminergic involvement in 
psychomotor behavior (e.g., [31]). Specifically, DA receptor 
stimulation by apomorphine has been found to enhance 
locomotor activity and stereotyped behavior in both mam- 
mals [13, 18, 32] and avians [8, 12, 30]. It is possible there- 
fore, that a competing response interpretation may account 
for the effects of DA receptor manipulations on TI. That is, 
DA receptor blockade may suppress locomotor activity and 
eliminate responses that would otherwise compete with TI. 
On the other hand, DA receptor stimulation may activate 
locomotor activity and stereotyped behavior which in turn 
competes with TI. Since a competing response interpretation 
is in part predicated on the presence of elevated locomotor 
activity following DA receptor stimulation, the effect of 
apomorphine on stabilimeter activity was examined, 

METHOD 

Animals 

Eighteen straight run Production Red chickens were ob- 
tained, housed, and fed as described in the first experiment. 
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Apparatus  

Locomotor  activity was measured with a BRS/LVE ac- 
tivity platform (Model 124-04) which provides pulses when 
the platform slides horizontally in any direction and strikes a 
plumb. A transparent plastic compartment (20x23.5×21.5 
cm) with a grid floor was placed on the activity platform for 
containing animals during the test.  The entire apparatus was 
leveled and situated in a lighted and ventilated, sound- 
attenuated chest which was equipped with a small observa- 
tion window. The activity platform was calibrated so that a 
pulse was recorded when the platform moved 3 mm in the 
horizontal plane. Activity counts were tallied with an elec- 
tromechanical counter driven by a pulse former. 

Procedure 

At 23 days of age, animals were randomly assigned to one 
of two groups. Half  of the animals received intraperitoneal 
injections of 3.0 mg/kg of apomorphine HCL,  while the re- 
maining animals received an equivalent volume (1 ml/kg) of 
distilled water. One min after injection, animals were placed 
in the activity compartment and activity was recorded for ten 
1 min blocks. During the test session, informal notes were 
taken of  the behavior of all animals. 

RESULTS 

The mean activity counts for the apomorphine and con- 
trol groups were 579.11 and 10.0 respectively. Analysis of 
variance of the raw data revealed a significant effect for the 
drug condition, F(1,16) = 13.44, p <0.003. Thus, apomorphine 
elevated locomotor activity. There was no effect for time 
blocks ( F <  1) nor was there a drug × time block interaction 
( F < I )  Informal observations indicated that hyperactivity 
was accompanied by loud chirping, intense bouts of 
stereotyped pecking, and crouching which often precedes 
flight. These behaviors were observed within minutes of in- 
jection and are in agreement with other reports [8,30]. 

DISCUSSION 

Haloperidol,  a DA receptor blocker, greatly enhanced TI 
duration. This finding is consistent with reports of  

haloperidol-induced catalepsy [9,19], and the viewpoint that 
TI may provide a laboratory model of catatonia or catalepsy 
[16]. Other cataleptigenic agents have been observed to alter 
TI. Cholinergic agonists, for example, produce a cataleptic 
state in rats [10] and enhance TI duration in avians [35,38]. 
There is, however,  a peculiar mammalian-avian reversal of 
cholinergic effects on TI ([38], see [37]). Morphine, which 
induces catalepsy in both rats [10] and chickens [33] is also a 
potent agonist of TI at sub-cataleptic doses [20]. It should be 
noted that at the doses employed in Experiments 1 and 2, no 
animal receiving haloperidol exhibited catalepsy spontane- 
ously. In Experiment 2, haloperidol had an optimal effect 30 
min following injection. It is seemingly paradoxical that at 45 
rain there was no haioperidol enhancement of TI, since the 
mean of the 30 min group (3266.7 sec) greatly overlapped the 
15 min difference in injection-test intervals between these 
two groups. It is possible that the amount of DA receptor 
blockade at test time is an important variable and that an- 
other mechanism is also involved which participates in the 
maintenance of  TI duration. 

The results of Experiment 3 bolster the interpretation of 
DA participation in tonic immobility. Apomorphine was 
found to abbreviate TI at all doses. Apomorphine was also 
found to greatly enhance locomotor activity, a result which 
confirms other findings [12, 18, 30]. Animals also exhibited 
stereotyped behavior such as pecking and loud chirping fol- 
lowing apomorphine injections. These findings indirectly 
support a competing response interpretation. That is, follow- 
ing apomorphine pretreatment,  motor behavior is activated 
which in turn produces responses which compete with TI. In 
light of these results, it is interesting that amphetamine also 
reduces TI duration [7]. Amphetamine has been reported to 
increase locomotion in chickens [34,36], however,  a compet- 
ing response interpretation of the amphetamine effect is 
clouded by the failure to find changes in stabilimeter activity 
at doses which abbreviate immobility [7]. 

The serotonergic system has been found to influence 
haloperidol-induced catalepsy [9, 19, 24] and apomorphine 
effects in both rats and avians [8,18]. In light of  the 
serotonergic involvement in TI [37] and the apparent in- 
volvement of a central dopaminergic mechanism, it would be 
interesting to assess the effects of  possible serotonergic and 
dopaminergic interactions on tonic immobility. 
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