
activity (16). In the liver of diabetic rats, 
insulin causes a sixfold increase in glyco- 
gen phosphatase activity (17), a twofold 
increase in glycogen synthase activity 
(17), and a fivefold increase in albumin 
synthesis (18). The latter effect is accom- 
panied by a threefold increase in albumin 
mRNA (18). Our data therefore demon- 
strate the most pronounced inductive 
effect by insulin on a specific gene prod- 
uct. It is not known, however, whether 
insulin changes pancreatic amylase 
mRNA by stimulating its synthesis o r  
inhibiting its degradation. The apparent- 
ly long lag period required for this induc- 
tive effect raises the question whether 
insulin acts directly o r  indirectly an amy- 
lase gene transcription. Studies on cellu- 
lar systems, in vitro, may provide con- 
clusive answers to these questions. Be- 
cause of the dramatic effects on a major 
gene product, the pancreatic acinar cell 
may be a useful model system for study- 
ing the molecular actions of insulin. 
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Tonic Immobility Produces Hyperalgesia and 

Antagonizes Morphine Analgesia 

Abstract. Hyperalgesia was detnonstrated d~rring and immediittely after termina- 
tion of tonic immobility in the lizard Anolis carolinensis. Additioniilly, tonic 
immobility antagonized morphine-induced anulgesiii. In conjunction btqith other 
research, these data suggest that the response is acwmpanied by ii reduced 
availability oj'serotonin, possibly at postsyniiptic receptors of raphe neurons. 

T o n ~ c  immobility (TI) is a catatonic- 
like state of behavioral inhibition elicited 
by brief physical restraint exhibited in a 
wide variety of species including some 
mammals, fowl, reptiles. fish, and in- 
sects ( I) .  In a typical laboratory setting, 
an animal restrained on its side or back 
will cease struggling after a few seconds. 
After restraint is removed, the animal 
will remain immobile for periods varying 
from a few seconds to well over an hour. 
The response is characterized by inhibi- 
tion of movement, waxy flexibility, in- 
termittent eye closures, and Parkinson- 
ian-like tremors. Tonlc immobility is very 
sensitive to manipulations involving 
fear, and it has been proposed as  a 
predator defense mechanism of last re- 
sort ( I ) .  Gallup and Maser (2) have sug- 
gested a possible connection between TI 
and human catalepsy and catatonia. 

Of primary interest to researchers are 
the neural mechanisms underlying TI. 
The model most strongly supported has 
been the serotonergic-midbrain raphe 
model proposed by Wallnau and Gallup 
(3). The focus of this model is the inverse 
relationship between drug-induced ef- 
fects on TI durations and their effects on 
activity of the raphe nuclei. Presumably, 
administration of serotonin (5HT) or  its 
agonists results in excess 5HT at post- 
synaptic receptors producing inhibitory 
feedback to the raphe, which in turn 
produces concomitant increases in TI  
durations. In light of this model, the 
apparent relationship between 5HT, the 
raphe, and nociception (4, 5) makes the 
nature of pain sensitivity during TI an 
interesting (yet essentially unanswered) 
question. Enhancing the significance of 
this question is the possibility that en- 
dogenous release of opiate peptides (en- 
dorphins and enkephalins) may be in- 
volved in TI mechanisms (6). Despite the 

theoretical appeal of such information, 
researchers have previously found quan- 
tification of nociception difficult in ani- 
mals that exhibit the TI  response. 

We now report the lizard Anolis caro- 
linensis to be an excellent preparation 
for the objective study of pain sensitivity 
accompanying TI. We found the anole 
lizard, which has previously been used in 
TI research (7,  8), well suited for tests in 
a tail-flick apparatus. Tail-flick latencies 
for lizards tested 15 seconds after induc- 
tion of TI  with their tails positioned in 
the apparatus were compared with those 
tested after comparable handling. The 
TI-treated lizards demonstrated in- 
creased sensitivity to  noxious stimuli as 
evidenced by significantly shorter tail- 
flick latencies [1.667 and 2.212 sec- 
onds, respectively; F(1, 28) = 11.38, 
P < .005]. Control lizards were also 
compared with those tested immediately 
after either 15 or  30 seconds of TI, which 
was terminated by the experimenter. 
Again, TI-treated lizards exhibited 
shorter tail-flick latencies [F(2, 57) = 
4.686, P < .02]. Thus, lizards were more 
sensitive (9) to noxious stimuli during 
and immediately after TI was externally 
terminated. An earlier, subjective report 
of analgesia during TI  in rabbits (10) 
suggests that these effects may not gen- 
eralize to that species. The subjective 
nature of this report leaves the question 
of generalization of TI effects to rabbits 
relatively unresolved (11). 

The TI-induced changes in nocicep- 
tion reported here are quite similar to 
effects produced by depletion of 5HT (7). 
para-Chlorophenylalanine depletion of 
5HT or  lesions of the 5HT-rich raphe 
nuclei produce hyperalgesia as  well as  
antagonism of morphine analgesia (5). 
The similarities between these indepen- 
dent findings and our data suggest that 
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TI may be accompanied by reduced 
availability of SHT at the raphe. To  
further test this hypothesis. we tested 
the effects of TI induction on morphine 
analgesia. 

Lizards treated with morphine (5 mg 
per kilogram of body weight. injected 
intraperitoneally) or saline were tested in 
the tail-flick apparatus 10 minutes after 
injection. either during TI or after com- 
parable handling. The induction of TI 
blocked the analgesic etfect of morphine. 
as did SHT depletion (Fig. 1 ) .  In addi- 
tion, both TI groups were hyperalgesic 
relative to the non-TI groups. 

This final test further demonstrates 
that TI produces changes in nocicep- 
tion identical to those produced by de- 
pletion of SHT. Evidence suggests that 
an inhibitory serotonergic pathway be- 
tween the raphe and other brain loca- 
tions is involved in morphine analgesia 
(12). Apparently, increased activity of 
raphe neurons (either by electrical stimu- 
lation or  systemic administration of mor- 
phine) inhibits pain-evoked spike4 in the 
spinal cord and locus coeruleus, e fec t s  
that are reversed by SHT depletion. 
Such data support further the connection 
between the proposed serotonergic 
mechanisms and the mechanisms of mor- 
phine analgesia. Synthesis of our data. in 
conjunction with an earlier report that 
repeated induction of TI reduces brain 
SHT (13). suggests that reduced postsyn- 
aptic availability of SHT at the raphe 
accompanies TI. This view is inconsist- 
ent with the original serotonergic model 
of Wallnau and Gallup. Within that mod- 
el, reduced raphe activity resulting from 
feedback from excess postsynaptic SHT 
facilitated TI duration\. 

The notion of decreased postsynaptic 
SHT availability during TI is consistent 
with a recent revision of the serotonergic 
model proposed by Boren rt  trl. (14). 
This revised model links drug-induced 
changes in 'TI not to their effects on 
raphe activity. but to  their effects on 
postsynaptic serotonergic receptors. 
Treatments decreasing stimulation of 
these receptors result in increased TI 
durations, whereas increased stimulation 
shortens TI durations, These eft'ects can 
be independent of raphe activity. The 
basis for this modification is the dernon- 
stration that very large increases of SHT 
actually shorten '1'1 durations, even 
though raphe activity is reduced. For 
example. combined administration of 
two SHT agonists (tryptophan and par- 
gyline) greatly shorten TI durations. al- 
though when administered separately 
each has the opposite effect (14). The 
administration of SHT also has biphasic 
effects on TI ( 1 . 5 ) :  whereas relatively low 
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lI#Il Saline Morphine Saline 

Control TI-induced 

Fig. I .  Mean tail-flick latencies for lizards 
treated with morphine (5 mglkg, intraperito- 
neally) or saline and tested normally for 15 
beconds after induction of TI. Ke\ults indicate 
that morphine produced reliable analgesia rel- 
ative to the saline control ( P  < .05) when 
tested normally but that there was no jignifi- 
cant difference between lizards in.jected with 
morphine and saline when tested after TI. 
Further. both groups tested after TI exhibited 
reliably shorter latencies than the saline 
( P  <: ,051 and morphine ( P  < . O l )  groups test- 
ed normally. 

doses lengthen 1'1. larger doses have no 
effect, and very large doses actually 
shorten TI durations (16). Recent phys- 
iological evidence suggests that 5H'I' in- 
hibits the raphe by direct action on the 
neuronal membrane rather than by nega- 
tive feedback from postsynaptic recep- 
tors (17). Thus, drugs that reduce raphe 
activity also reduce SHT output to post- 
synaptic receptors by this direct inhibi- 
tion and thereby increase TI durations. If 
these drugs produce enough excess 5HT 
to directly stimulate postsynaptic recep- 
tors, however, the eft'ect of reduced ra- 
phe activity is counteracted and short- 
ened TI durations are produced. 

The notion of opiate peptide involve- 
ment in TI gained much support from the 
demonstrations of opiate-induced in- 
creases in TI durations (6). Depletion of 
SHT eliminates morphine enhancement 
of TI (18). suggesting that these opiate 
effects are mediated by serotonin-con- 
taining systems. Opiate peptide analogs 
essentially without direct opiate activity 
also increase TI durations (19), further 
implicating nonnarcotic action. Our 
demon5tration of hyperalgesia during 1'1 
supports serotoner~ic systems rather 
than direct opiate involvement as the 
source of the effects. 

The Boren cJt (11. proposal that etfects 
on postsynaptic serotonergic receptors 
are the critical focus of drug-induced 
changes in 'TI durations (14) appears to 
be the best account for the 'TI literature 
to date. The synthesis of our demonstra- 
tion of changes in pain sensitivity with 
independent work concerning 5HT. the 
raphe. and nociception suggests mecha- 

nisms consistent with this model. The 
postsynaptic 5HT model, like other mod- 
els, is based on measurement of TI dura- 
tions (and often number of trials required 
to induce the response). Our data repre- 
sent indirect evidence, independent of 
duration measurement. supporting what 
appears to be the most accurate of these 
models. Although direct evidence has 
yet to be produced. support from two 
different approaches adds credence to 
the hypothesis that decreased excitation 
of postsynaptic serotonergic receptors to 
raphe neurons is an i n t e g d  part of the 
neural mechanisms of tonic immobility. 
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