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Effects of intraventricular injections 
of imipramine and 5-hydroxytryptamine 

on tonic immobility in chickens 
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While previous work has shown that peripherally administered serotonin and imipramine attenuate 
tonic immobility in chickens, in the present study intraventricular application of these compounds 
served to prolong the reaction. The data were discussed in terms of an inverse relationship between 
raphe electrical activity and the duration of tonic immobility in chickens. 

Tonic immobility is found in a wide variety of 
animals and is sensitive to manipulations thought to 
effect fear. Under natural conditions, tonic immobility 
appears to function as the terminal reaction in a 
sequence of distant-dependent antipredator responses 
(Gallup, 1974; Ratner, 1967). Induced by a brief period 
of physical restraint, it is characterized by a peculiar 
catatonic-like state of motor inhibition which can last 
from a few minutes to several hours. Commonly 
observed responses during tonic immobility include 
Parkinsonian-like tremors, waxy flexibility, intermittent 
eye closure, and suppressed vocalization. Changes in 
heart and respiration rate, core temperature, and altered 
electroencephalographic patterns have also been report
ed (e.g., Carli, 1974; Klemm, 1971; Nash, Gallup, & 
Czech, 1976). 

Aghajanian and his co-workers (e.g., Aghajanian, 
Foote, & Sheard, 1970; Aghajanian & Haigler, 1973) 
have found changes in the electrical activity of raphe 
neurons following treatment with a variety of pharma
cological agents which are thOUght to influence central 
serotonergic systems. Similar manipulations in chickens 
have revealed an apparent inverse relationship between 
the level of raphe electrical activity and the duration of 
tonic immobility (e.g., Maser, Gallup, & Hicks, 1975). 
Serotonergic antagonists, such as d-LSD and BOL-148, 
inhibit raphe firing (Aghajanian, Foote, & Sheard, 
1970) but increase immobility (Maser et ai., 1975). 
Tryptophan, the dietary precursor of serotonin, decreas
es raphe firing (Aghajanian, 1972) and potentiates the 
immobility reaction (Gallup, Wallnau, Boren, Gagliardi, 
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Maser, & Edson, in press). Similarly, MAO inhibitors, 
such as pargyline and iproniazid, inhibit raphe activity 
(Aghajanian, Graham, & Sheard, 1970), and prolong 
tonic immobility (Maser et al., 1975). Finally, the 
parallel is symmetrical, as illustrated by the fact that 
amphetamine increases the rate of raphe firing (Foote, 
Sheard, & Aghajanian, 1969), while attenuating the 
immobility response (Boren & Gallup, 1976). 

That tonic immobility is a reflection of raphe electri
cal activity rather than brain serotonin per se is further 
suggested by the fmding that PCP A depletes brain sero
tonin (Koe & Weissman, 1966), but has no effect on 
either raphe firing (Aghajanian, Graham, & Sheard, 
1970), or tonic immobility (Hicks, Maser, Gallup, & 
Edson, 1975; Maser et al., 1975). Ukewise, 5-hydroxy
tryptophan, the immediate precursor of serotonin, has 
no effect on raphe activity (Aghajanian, Graham, & 
Sheard, 1970) or immobility (Maser et al., 1975) when 
used in comparable doses. 

Two apparent exceptions to the inverse relation 
between raphe firing and immobility duration have been 
reported. Peripheral injections of imipramine, which 
blocks serotonin uptake, inhibit raphe activity 
(Bramwell, 1972; Sheard, Zolovick, & Aghajanian, 1972) 
and attenuate tonic immobility (Maser & Gallup, 1974). 
Furthermore, microiontophoretic administration of sero
tonin suppresses raphe firing (Aghajanian & Haigler, 
1973), and intravenous injections of serotonin also 
suppress immobility (Maser et al., 1975). However, 
peripheral injections of serotonin increase raphe electri
cal activity (Mosko & Jacobs, 1974); thus, when routes 
of administration are comparable, the inverse relation 
between raphe firing and duration of immobility appears 
to obtain. In an attempt to clarify the effect of centrally 
administered serotonin and to resolve the paradoxical 
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results of imipramine, the present study investigated the 
effects of both of these compounds on tonic immobility 
following intraventricular administration. 

EXPERIMENT I 

Method 
Fourteen straight-run Production Red chickens (Gallus 

gallus), obtained at one day of age from a local supplier and 
maintained on Purina Chick Chow, served as subjects. The birds 
were kept in a temperature-controlled room and provided with 
14 h of artificial light per day. 

When the chicks weighed about 300 g, they were anesthe
tized with ether before and during cannula implantation. Each 
bird was placed in a stereotaxic instrument, with ear bars 
centered and the top of the skull adjusted to a flat position. 
A 21-ga guide cannula and 26-ga filler wire, which extended 
beyond the guide cannula tip .5 mm, were chronically iniplanted 
into the skull with three 4.7S-mm stainless steel screws and 
surrounded by cranioplastic cement. The tip of the guide 
cannula was located 6 mm ventral to dura, in the midline, and 
1/3 of the distance from the frontal-parietal suture to the occipi
tal crest. Prior histological work showed that ink injected 
through a cannula at this location was found in the third and 
fourth ventricle. The wound was subsequently sutured dosed, 
and the birds were allowed to recover for 4 days. 

Eight birds were injected with imipramine and six birds with 
distilled water. Each injection was accomplished by removing 
the filler wire and inserting a 26-ga injector cannula through the 
guide cannula. Either 2 III of imipramine HCI (12 .5 mg/ml) or 
distilled water was injected into the brain, 6.5 mm ventral to the 
dura. A Hamilton microliter syringe was used to inject the 
solution over 15 sec, followed by another IS-sec postinjection 
period prior to the removal of the injection cannula and replace
ment of the fIller wire. Six birds injected with imipramine and 
three with water were tested for tonic immobility 30 min after 
injection, while the remaining chicks were tested 24 h later. 
To induce tonic immobility, each bird was held on its right side 
for 15 sec and then gradually released. A timer was started at 
the end of the restraint period and stopped when the bird 
righted itself and got to its feet. 

Results 
Since the mean duration of immobility 30 min after 

injection of imipramine (2,028.8 sec) was comparable 
to that obtained 24 h later (2,570 sec), the data for both 
injection test intervals were pooled. A simple between
groups analysis of variance showed that the differences 
between birds receiving imipramine, with an overall 
mean duration of immobility of 2,164.13 sec, was signif
icantly different from the water controls, which had a 
mean of 650.66 sec (F = 5.38, df = 1/12, P < .05). 
While birds became ataxic immediately after injection of 
imipramine, these motoric effects lasted only 10 to 
15 min. 

EXPERIMENT II 

Method 
Another 14 straight-run Production Red chickens (X = 400 g) 

were anesthetized with Equithesan (.3 cc/l00 g) and chronically 
implanted with cannulae, using the same procedure as in Experi
ment I. Ten birds were injected with serotonin (2.0 III of 
12.6 mg/cc), and the remaining four birds received an intra-

ventricular injection of an equal volume of distilled water. Birds 
in both groups were tested for tonic immobility 20 min after 
injection. 

Results 
Since the water controls from both experiments did 

not differ, these data were pooled for purposes of 
analysis. The mean duration of immobility for chicks 
receiving intraventricular injections of serotonin was 
1,144.5 sec, as compared to 680.2 for pooled controls. 
Although in the predicted direction, an analysis of 
variance failed to reveal significant differences between 
groups (F = 2.41, df = 1/18). While most birds receiving 
serotonin showed prolonged reactions, two showed 
discrepant response durations of less than 100 sec. 
A Fisher's exact probability test showed that, of the 
birds treated with serotonin, significantly more remained 
immobile for over 1,000 sec (7 out of 10) than did the 
water-injected controls, where only 2 out of 10 exceed
ed 1,000 sec ( p = .032). 

DISCUSSION 

These findings bolster the possibility of an inverse relation
ship between raphe electrical activity and the duration of tonic 
immobility in chickens. The increase in immobility following 
intraventricular injections of serotonin parallels the finding that 
microiontophoretic application of serotonin serves to inhibit 
raphe firing (Aghajanian & Haigler, 1973). The attenuation of 
immobility following intravenous administration of serotonin 
(Maser et ai., 1975) is also consistent with the finding th~t 
peripheral injections of serotonin augment raphe firing (Mosko 
& Jacobs, 1974). 

Striking differences between central and peripheral admin
istration of imipramine were also observed. Intramuscular 
injections of imipramine practically eradicate tonic immobility 
(Maser & Gallup, 1974). However, when imipramine was applied 
intraventricularly, tonic immobility was potentiated rather than 
attenuated. This would appear consistent with the finding that 
imipramine inhibits raphe neurons (Bramwell, 1972; Sheard , 
Zolovick, & Aghajanian, 1972), but additional work needs to 
be done on centrally administered imipramine and raphe firing. 

These fmdings highlight the fact that route of administration 
can be a potent variable, and augment the growing evidence for 
an· inverse and possibly functional relationship between raphe 
electrical activity and the duration of tonic immobility. Using 
transection techniques, Klemm (1971) has shown that tonic 
immobility is related to the integrity of as yet unidentified 
structures somewhere in the area of midbrain reticular forma
tion. That many raphe nuclei are found in roughly the same 
general area of the brain provides further support for the possi
bility of a functional relationship between the activity of raphe 
neurons and the duration of tonic immobility. 
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