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PETERS, R. H. AND R. A. HUGHES. Naloxone interactions with morphine- and shock-potentiated tonic immobility in 
chickens. PHARMAC. BIOCHEM. BEHAV. 9(2) 153-156, 1978.--Opiate receptor involvement in tonic immobility was 
examined by administering various doses of the opiate antagonist naloxone before measuring morphine-potentiated, 
shock-potentiated or unpotentiated tonic immobility in chickens. Naloxone attenuated morphine-potentiated, but not 
shock-potentiated or unpotentiated tonic immobility. Morphine-potentiated tonic immobility appears to be opiate specific. 
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THE RECENT discovery of endogenous peptides with 
morphine-like propert ies (endorphins) has triggered a wide 
variety of neuropsychopharmacological  research activities. 
Two simultaneous reports [1,12] demonstrated that central 
(cerebrospinal fluid or  periaqueductal  gray) injections of  
/3-endorphin induced prolonged catatonic-like states in rats. 
These states were characterized by periods of  muscular 
rigidity and immobility of often an hour or more duration. 
The animals would resume normal postures after the presen- 
tation of  a sudden stimulus like a noise or a light. Further,  
intraperitoneal administration of  naloxone, a morphine an- 
tagonist, fully reversed all of the behavioral effects induced 
by fl-endorphin. Since these behavioral  abnormalities were 
strikingly similar to the behavior sometimes displayed by 
schizophrenic patients,  both research groups suggested that 
dysfunctions within brain endorphin systems may be an 
etiological factor in this behavioral disorder. Although the 
recent reports [5,16] that naloxone administration does not 
improve psychotic symptomatology are not consistent with 
this suggestion, the notion that disruption of  endorphin 
homeostatic mechanisms may produce symptoms of  mental 
illness remains viable. 

We were impressed by at least the superficial similarity of  
these apparently abnormal states induced in rats by 
fl-endorphin to the interesting phenomena termed tonic im- 
mobility (TI) that can be induced in a variety of species by 
physical  restraint [4, 7, 14]. When restraint is terminated, 
animals often remain physically immobile for an hour or 
more and will resume normal postures following the presen- 
tation of sudden stimuli. Although various theories have 
been developed to account for this unusual animal behavior 
pattern, Gallup [8] views these catatonic-like states as fear- 

potentiated reactions and further suggests that TI may pro- 
vide a useful laboratory model of catatonic schizophrenia 
[9]. 

Although the similarities between the immobility reac- 
tions induced by fl-endorphin and physical  restraint may in- 
deed be only superficial, their neural substrates may also be 
at least partially overlapping. This speculation is enhanced 
by observations that morphine prolongs TI duration in 
chickens [11]. Since naloxone fully reversed the behavioral 
effects of  central administration of/3-endorphin in rats, Ex- 
periment 1 examined the possibility that TI duration in 
chickens may be attenuated or its induction blocked by sys- 
temic administration of naloxone. 

EXPERIMENT 1 

Method 

Animals. White Rock cockerels were obtained from a 
local supplier (Welp, Inc. ,  Bancroft, Iowa) at 1 day posthatch 
and were maintained in the same fashion for all experiments.  
They were housed in a commercial  brooder  with free access 
to food and water under artificial light on from 0600 to 1800 
hr. Behavioral testing in all experiments occurred at 11 days 
of  age. 

Apparatus. Eight identical plywood chambers,  each lined 
with 4.6 cm white polystyrene to form a cube of  approx- 
imately 30 cm along each inside wall, were used. Access to 
the interior was provided by a 15 cm dia. hole in one wall 
which was covered with a white cloth flap. The chamber was 
diffusely illuminated by a 7 W white light bulb which ex- 
tended through the ceiling and was covered by a white trans- 
lucent Plexiglas panel. The chamber was vented by 6 holes (2 

1portions of this paper were presented at the annual meeting of the Midwestern Psychological Association, Chicago, May 1978. We thank 
Endo Laboratories for their contribution of naloxone hydrochloride. 
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cm) in the ceiling. An oval depression (18x 10 cm) in the 
center  of the floor was about 1 cm deep along the circumfer- 
ence and gradually sloped to a depth of 2.5 cm at the center. 
A photobeam was directed at a photosensor across the short 
axis of  the oval approximately 4 cm from one end of  the long 
axis. An automatic timer (1 sec increments), started by a 
silent manual switch located outside the chamber,  stopped 
when the photobeam activated the photosensor  as the 
chicken resumed an upright posture.  Each test chamber was 
placed in a larger fan-ventilated polystyrene-l ined (2.3 cm) 
plywood enclosure (inside dimensions 98x46×58 cm) to 
provide additional acoustic isolation during testing. 

Procedure. A chicken was removed from the brooder  and 
handcarried to an adjacent room where it was weighed and 
assigned by random block design to receive an IP injection of 
either a 0.0, 0.1, 0.5, 1.0, 5.0 or 10.0 mg/kg/2 ml naloxone in 
isotonic saline (N=16 per treatment). These doses extend 
both above and below those typically used in mammalian 
research. Since at least 8 hr were required to complete each 
experiment,  the random block design was used in all experi- 
ments to minimize confounding of  treatments with circadian 
influences on TI duration [15]. 

Following the injection each bird was placed in a wire- 
covered white plastic enclosure (inside dimensions 
33 x 28 x 16 cm) containing wood shavings. The time between 
injection and TI induction was approximately 15 min. Near  
the end of this interval the bird was carried in the container 
from the treatment room to a test room where TI was in- 
duced. The bird was held in an upright posit ion over the oval 
depression for 5 sec and was then inverted. It was held firmly 
on its back for 15 sec and was then released. At release the 
t imer was started, the cloth flap was lowered over  the open- 
ing, and the door of  the large plywood enclosure was quietly 
closed. The t imer continued until the photobeam activated 
the photosensor  as TI terminated or until a criterion of  1800 
see elapsed. Birds that either turned over  or stood up at 
release were given zero duration scores. This test  procedure 
was used in all experiments.  Further,  immobility was in- 
duced by the same experimenter  without t reatment knowl- 
edge in all experiments.  

Data analysis. Since treatment variances for raw score 
data were heterogeneous and some durations were zero, 
analysis of variance in this and all other experiments was 
performed on data transformed by log10 (X+ 1). One-tailed t 
tests were used to test  the significance of the difference be- 
tween treatment means because a priori directional predic- 
tions were made in each experiment.  

Results 

Systemic injections of  naloxone at doses ranging between 
0.1 and 10.0 mg/kg neither blocked the induction of TI nor 
attenuated its duration, F(5,90)=1.34, p=0.25.  The only 
suggested effect of naloxone was a slight potentiation of  TI 
duration, apparent  in both raw and transformed scores, at 
the two lowest doses. Clearly, our initial expectations were 
not confirmed. 

EXPERIMENT 2 

Although naloxone failed to influence TI in Experiment 1, 
Hicks et al. [11] demonstrated that morphine substantially 
increased TI duration. If  morphine potentiation is opiate 
specific, then naloxone should attenuate this morphine ef- 
fect. 

TABLE 1 
NALOXONE REVERSAL OF MORPHINE-POTENTIATED TI 

See X log (Sec+ 1) 

Sal-Sal 125.3 1.94 
M-Sal 785.6 2.69* 
M-0.1N 582.4 2.21t 
M-I.0N 416.6 2.07t 
M-10.0N 339.9 2.09t 

* significantly different from Sal-Sal treatment. 
t significantly different from M-Sal treatment. 

Method 

Thirty min before TI induction, each bird was weighed 
and received an IM injection of either 2.5 mg/kg/ml morphine 
sulfate (M) or saline (Sal) followed 15 min later by an IP 
injection of either saline or naloxone (N) at doses of either 
0.1, 1.0, or 10.0 mg/kg/2 ml. The birds were placed in the 
white holding containers after each injection. Five treat- 
ments (N = 19 per treatment) were formed by the following 
combinations of  injections: Sal-Sal ,  M-Sal ,  M-0.1N, 
M-1.0N, and M-10.0N. 

Results 

Morphine injected 30 min prior to TI induction signifi- 
cantly increased TI duration (Table 1). Naloxone at concen- 
trations of  0.1, 1.0 and 10.0 mg/kg significantly attenuated 
morphine potentiation when injected after morphine admin- 
istration and before TI induction. These results suggest that 
morphine potentiation of TI duration is mediated by opiate 
receptor  activity. The critical differences at the 0.05 and 0.01 
levels of significance were 0.42 and 0.60, respectively. 

EXPERIMENT 3 

The results of Experiment 2 suggest that opiate receptor  
mechanisms are involved in the morphine potentiation ef- 
fect. Interestingly, painful electric shock administered be- 
fore physical restraint also potentiates TI [10,13]. Although 
superficially paradoxical,  TI enhancement by morphine, an 
analgesic, and by shock, a painful stimulus, may have a 
common neural substrate. Shock stimulation may induce the 
release of endogenous opiate-like substances with behavioral 
effects similar to those produced by morphine administra- 
tion. If shock potentiation is mediated by opiate receptor  
activity, then naloxone should attenuate this shock effect. 

Method 

Each bird was weighed and handcarried to an adjacent 
room where it received either shock or sham shock treat- 
ment. The shock apparatus was a constant  current AC 
source set to deliver 3.0 mA through flattened miniature alli- 
gator clips. The alligator clips were at tached to the bird 's  
legs and three brief shocks were administered (3 sec duration 
separated by 1 sec intervals) while the bird was gently held 
by the experimenter.  The alligator clips were not attached 
for the sham shock treatment.  Each bird was then handcar- 
ried to a room acoustically isolated from the shock treatment 
where it immediately received an IP injection of either saline 



N A L O X O N E  AND TONIC IMMOBILITY 155 

T A B L E  2 
NALOXONE FAILURE TO REVERSE SHOCK-POTENTIATED TI 

Sec X log (Sec + 1) 

Sham-Sal 119.5 1.64 
Shock-Sal 379.6 2.09* 
Shock-0.1N 634.9 2.64 
Shock-1 .ON 412.4 2.13 
Shock- 10.0N 566.7 2.45 

* significantly different from Sham-Sal treatment. 

TABLE 3 
NALOXONE INTERACTIONS WITH SHAM, MORPHINE, AND 

SHOCK TREATMENTS 

Saline 10.0 Naloxone 
)( Sec I~ log (Sec + 1) )( Sec )( log (Sec+ 1) 

Sham 155.2 1.45 131.5 1.60 
Morphine 625.9 2.58* 288.2 2.04t 
Shock 886.3 2.81" 1028.5 2.90 

* significantly different from Sham-Sal treatment. 
t significantly different from M-Sal treatment. 

or 0.1, 1.0, or 10.0 mg/kg/2 ml naloxone. The birds were 
placed in the white holding containers after the injection and 
TI was induced 15 min later. Five treatments (N=20 per 
treatment) were formed by the following treatment combi- 
nations: Sham-Sal ,  Shock-Sal ,  Shock-0.1N, Shock- l .0N,  
and Shock-10.0N. 

Results 

Shock administered before TI induction significantly in- 
creased TI duration (Table 2). The critical difference at the 
0.05 level of significance was 0.39. These data also clearly 
indicate that naloxone administered immediately after shock 
treatment and 15 min before TI induction did not attenuate 
the TI potentiating effects of shock. Mean TI durations for 
the three naloxone groups exceeded that of the group receiv- 
ing saline after shock treatment.  These observations suggest 
that shock potentiation of TI duration is not mediated by 
opiate receptor  activity. 

EXPERIMENT 4 

Failure to obtain a drug effect may occur for various rea- 
sons. Obviously,  the drug in question may not affect the 
mechanisms that mediate the particular behavior of  interest. 
Naloxone,  in Experiments 1 and 3, did not attenuate the 
duration of  either unpotentiated or shock-potentiated TI. 
Thus we tentatively concluded, within the treatment param- 
eters used in these experiments,  that opiate receptor  activity 
does not play a substantial role in the expression of these 
particular behaviors.  

The absence of  a drug effect may also occur because the 
specific drug sample was, for some unknown reason, biolog- 
ically inactive. The pattern of  results obtained in the present  
series of experiments argues against this interpretation be- 
cause the naloxone which attenuated morphine-potentiated 
TI in Experiment 2 was prepared from the same naloxone 
stock used for the other two experiments.  Experiment 4 was 
performed: a) to further discount the possibility that 
naloxone as prepared in Experiment 1 and 3 was biologically 
inactive, and b) to replicate the basic observations of  the first 
three experiments.  

Method 

The procedures were factorial combinations of  those used 
in the first three experiments except that only one dose of  
naloxone, 10.0 mg/kg/2 ml in isotonic saline, was used. After 
weighing, each bird received an IM injection of  either 2.5 
mg/kg/ml morphine sulfate or saline followed 15 min later by 
an IP injection of  either naloxone or saline. Immediately 

before the second injection, each bird was handcarried to an 
adjacent room where it received either shock or sham shock 
treatment. TI was induced 15 min after the second injection. 
Six treatments (N= 17 per treatment) were performed by the 
following treatment combinations: Sham-Sal ,  Sham-10.0N, 
M-Sal ,  M-10.0N, Shock-Sal ,  and Shock-10.0N. 

Results 

The data presented in Table 3 clearly replicate the pattern 
established in the first three experiments.  The critical differ- 
ences at the 0.05 and 0.005 levels of  significance were 0.40 
and 0.64, respectively.  Both morphine and shock signifi- 
cantly increased TI duration. Naloxone significantly at- 
tenuated morphine- but not shock-potentiated TI. Finally, 
naloxone did not influence unpotentiated TI. 

GENERAL DISCUSSION 

Several factors contribute to our confidence in the relia- 
bility of the data reported here. Mean raw score TI durations 
were relatively stable for the control condition in the four 
experiments ranging between 119.5 and 166.9 sec. Further,  
blind TI induction and automated TI measurement proce- 
dures were used. Finally, the outcome pattern established in 
the first three experiments was fully replicated in Experi- 
ment 4. 

Although behaviorally similar, the immobility reactions 
induced by/3-endorphin in rats and by physical  restraint in 
chickens are apparently mediated by neural substrates with 
little common overlap. The opiate antagonist naloxone, 
which reversed endorphin-induced catalepsy [1,12], did not 
influence TI or attenuate shock-potentiated TI. The only 
consistently observed effect of naloxone, obtained at all 
three doses used in Experiment 2 and replicated at the high- 
est dose in Experiment 4, was attenuation of morphine- 
potentiated TI. Wallnau and Gallup [17] have also recently 
reported that naloxone does not affect TI in chickens. In 
contrast  to the data reported here, however,  naloxone did 
not attenuate morphine potentiation. While the basis for this 
discrepancy is not known, statistical power may be a rele- 
vant consideration since these researchers used only nine 
birds in each treatment condition. 

Carli [2,3] has reported that morphine prolongs TI in rab- 
bits. This potentiation was abolished by naloxone, an obser- 
vation consistent with our data. Further,  naloxone abolished 
the potentiation elicited by painful stimulation, an observa- 
tion inconsistent with our data. While many procedural  vari- 
ables may account for this discrepancy, naloxone reversal in 
this instance occurred during a state of  continuous nocicep- 
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tive stimulation induced by subcutaneous injection of For- 
malin. 

An extremely wide variety of behavioral and phar- 
macological manipulations have been shown to affect TI. 
Although the present data provide no support for the hy- 
pothesis that restraint-induced TI is mediated by a neural 
system involving opiate receptor mechanisms, the data 
clearly demonstrate that TI potentiation induced by shock 
and morphine can be dissociated pharmacologically. Mor- 
phine potentiation appears to involve opiate receptor activity 
since such potentiation was attenuated by naloxone. The 
present data do not permit a characterization of the neural 
system mediating shock-potentiated TI. This system does 
not appear to involve opiate receptor mechanisms since 
naloxone did not attenuate shock-induced potentiation. 

Although naloxone did attenuate morphine-potentiated 
TI, naloxone clearly did not attenuate either shock- 
potentiated or unpotentiated TI. In fact, naloxone at low 
doses appeared to increase both unpotentiated (Experiment 
1) and shock-potentiated TI (Experiment 3). Considerable 
caution should be used in evaluating these potentially inter- 
esting latter observations. Since no a priori predictions were 
made with respect to these effects, two-tailed t tests were 
used to evaluate the significance of these differences. In Ex- 
periment 1, none of the differences between group means 

was significant at the 0.05 level (as suggested by the non- 
significant F value obtained using analysis of variance). With 
a critical difference of 0.47 at the 0.05 level of significance, 
naloxone at a concentration of 0.1 mg/kg was the only treat- 
ment that significantly increased TI duration above the mean 
of the Shock-Sal treatment (Experiment 3). Further, the 
mean of the Shock-Sal treatment (2.09) may have been un- 
usually low (for unknown reasons) since the mean for this 
group (2.81) in the replication in Experiment 4 was substan- 
tially higher. Although there is some evidence that naloxone 
induces a hyperalgesic effect [6], naloxone in the present 
study was administered following shock treatment. Addi- 
tional research is required to determine if the suggestive 
potentiation effects of naloxone represent substantive 
phenomena in opiate-naive animals. 

Finally, Hicks et al. [11] demonstrated that morphine- 
induced enhancement of TI does not occur in chickens pre- 
treated with p-chlorophenylalanine, an inhibitor of tryp- 
tophan hydroxylase. Although serotonergic systems may 
participate in the morphine potentiation effect, this outcome 
does not necessarily imply that the morphine effect is non- 
narcotic. Since morphine-potentiated TI is naloxone revers- 
ible, serotonergic participation may be induced by opiate 
receptor activation. 
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