
ACTA NEUROBIOL. EXP. 1988, 48: 1-7 

DIFFERENCE IN ESCAPING ELECTRIC FOOTSHOCK 
BY GENETIC MOUSE LINES SELECTIVELY BRED 

FOR DIVERGENT LEVELS OF SWIM-INDUCED ANALGESIA 

Bogdan SADOWSKI 

Department of Behavioural Physiology, Institute of Genetics and Animal Breeding 
05-551 Jastrzebiec, Poland 

Key words: analgesia, escape, genetic mouse lines, pain, stress 

Abstract. Inbred mouse lines selectively bred for divergent levels of swim in- 
duced analgesia were differed in the ability to escape electric footshock. Mice 
displaying a high analgesia on a hot plate, after swimming for 3 min at 20°C ter- 
minated electric current applied at ascending intensity to the grid floor at a higher 
value compared to the low analgesia line. The difference was particularly pronoun- 
ced after swim stress, when mice of the former line manifested a serious escape 
deficit by failing to terminate electric current eliciting apparently aversive pheno- 
mena, such as vocalization, runing and jumping. This escape deficit was reserved 
by naloxone, an opioid antagonist. Results are interpreted in terms of an assumed 
amnesic effect of endogenous peptides released under the conditions of swim stress. 
Such interpretation is justified by the data indicating a greater opioid involvement 
in the swim analgesia in the high analgesia line, compared to low analgesia mice, 
in which non-opioid mechanisms prevail. 

INTRODUCTION 

Several years ago it was suggested that the variability of animals' responsiveness 
to aversive,stimuli is genetically determined (8, 9, 16, 19). Among various inbred 
strains the CXBK mice were found to respond with shorter latencies in the hot- 
plate test compared to the Ob/Ob strain, the former being also less susceptible 
to the analgesic action of D-aminoacids (4). Since the CXBK strain is deficient 
in opioid receptors (1). and the Ob/Ob mice have abnormally high J-endorphin 
level in the pituitary (14), the difference in nociception may depend on the low and 
high activity of the endorphin system(s) in the respective strain. 



More recently strain comparisons were made with respkct to the so-called stress- 
induced analgesia, which is a decrease in pain sensation following the admini- 
stration of experimental stressors. Different strains of mice appeared differentially 
sensitive to this procedure. Since opioid antagonists (naloxone or naltrexone) di- 
fferentially attenuate analgesia following electric footshock applied to mouse strains 
known as opioid abundant and opioid deficient, it was conceived that the magni- 
tude of opioid involvement in the stress-induced analgesia or perhaps also in the 
pain sensation in general is heritable, hence genetically controlled (9, 17). 

The gknetic determinants of defence behavior are not restricted to pain sensa- 
tion only, but evidently influence such processes as motivation, memory, learning 
and coping abilities. Thus, the anxiolytic action of diazepam differs between mouse 
strains as estimated from a frequency of passages between the open field and dark 
compartments (5). Also, spontaneously hypertensive rats displaiyng longer laten- 
cies in routine pain tests compared to normotensive controls showed less 'freezing' 
upon a conditioned fear stimulus (10). Finally, strains of rats were bred toward 
divergent ability to acquire avoidance of electric footshock (3, 18). 

In our laboratory we have been breeding mice toward divergent levels of post- 
swim analgesia. The high analgesia line (HA) displays longer response latencies, 
compared to the low analgesia line (LA), in the hot-plate and tail-flick tests after 
swimming and electric footshock. Although the selection was not focused on ba- 
seline nociception thresholds, the former line also appears less sensitive to no- 
xious heat when tested before the stressing procedure. Naloxone reverses the post- 
stress analgesia in the HA line, but is little effective in the LA mice, and does not 
affect baseline latencies. Finally, HA mice display analgesia to about 100 times 
lower doses of morphine compared to those which a equally effective in LA mice. 
This high post-stress and post-mbrphine analgesia AT' as less pronounced if HA mice 
were repetitively swum for 3 min each 2 h during 48  h to develop a tolerance and 
cross-tolerance effect (to be published). All these data claim that the selection caused 
a differentiation of the neurochemical basis of pain .sensation between the two 
lines of mice, the HA line having more pronbunced endorphin system activity com- 
pared to the LA line. 

The purpose of the present study was to compare the performance by the se- 
lected mouse lines of a learned response in order to terminate electric footshock 
ap$lied to the grid floor of the experimental cage at increasing current intensity. 
The escape thresholds were also measured after swim stress adequate to produce 
opioid-mediated analgesia (1 1). 

METHODS 

The subjects were 6 weeks old (at the onset of the experiments) male Swiss mice 
selectively bred for 11 generations toward high and low post-swim analgesia. De- 
tails of the procedure are described elswhere (12). Briefly, starting from an issue 
outbred stock, mice were forced to swim for 3 min, and then were placed on a hot- 



plate to measure the latency of a hind-paw flick response. Males displaying long 
(at least 50 s) and short (equal to 10 s or less) post-swim latencies were mated with 
females falling into the same range of pain sensitivity to produce two inbred mouse 
lines with divergent magnitude of post-stress analgesia (HA and LA, respectively). 
Random matings were concurrently made to obtain a control inbred line (C). 
Mice were maintained at natural day-light cycle, fed and watered ad libitum. 

For escape training the animals were put into a 25 x28 cm box equipped with 
a grid floor. First they were shaped to put the head a into.2 cm diam. hole in one 
of the walls of the cage deep enough to interrupt a photobeam, which caused the 
terminatidn of 0.5 - 1 mA currcnt. The training was continued until the animals 
escaped a 0.5 mA current within 5 s in 100% of trials. During experiments proper 
the grid was electrified with 50 Hz 10 ms square pulses delivered 1 s on11 s off 
through a scrambler and a constant current unit. The initial 50yA current was 
raised automatically each 5 s by 50pA until it was switched off by the animal. 
The value of the current at the moment of its termination was noted in the 
protocol. Five trials spaced by 15 s intervals were made to determine the escape 
threshold which was a mean of these five measurements. Before each escape trial 
the animal was placed always in the same portion of the cage. 

The testing of escape thresholds was made before and after swimming for 3 min 
at 20°C. Prior to the pre-swim test the animal's abdomen and feet were moistened 
and wiped with a piece of cotton to assure identical conditions of elecuic conduc- 
tivity as after swimming when wet animals were allowed to dry off for 2 min in 
a box linen with gauze, and were gently wiped beforc the post-swim escape test. 

Naloxone hydrochloride was dissolved in 0.4 ml of 0.9% NaCl solution and 
injected in a dose of 10 mg/kg i.p. 30 min berofe the preswim test. The vehicle alone 
was administered for comparisons where appropriate. 

After completion of the escape measurements, the animals' pain sensitivity 
was'checked by measuring the hind-paw flick latency on a hot-plate (56°C) before 
and after 3 min swimming. Sixty as cut-off time was accepted in the case of no res- 
ponding. 

The data were processed using an Amstrad-Schneider CPC6128 computer 
equipped with statistical programs for multiway analysis of variance (ANOVA) 
followed by an analysis of simple effects and a priori and post-hoc comparisons, 
according to the models proposed by Winer (20). 

RESULTS 

As seen in Fig. 1, pre-swim (baseline) escape thresholds differed between the 
three lines of mice [F(2.48) = 9.22, P<0.001, one-way ANOVA for independent 
measures]. Post-hoc (Newman-Keuls) comparisons revealed a significant difference 
between LA and the two other lines, but not between HA nad the randomly bred 
group. Swim stress significantly elevated escape thresholds [1"(1.48) = 94.931, which 



differed between mouse lines LF(2.48) = 36.521 and exhibited a significant linesx 
swim interaction [ F  2.48) = 32.6, all Ps<0.001, two way ANOVA for repeated 
measures]. This elev & ion of post-swim latencies differed between the HA and the 
two other lines (P<0.001), but not between LA and the controls. Behaviorally, 

H A  C LA 
Fig. 1. Mean escape thresholds f SEM in genetic mouse lines selectively bred for high (HA) and 
low (LA) swim-induced analgesia, and in randomly mated inbred control line (C). White columns 
indicate the current at which the animals terminated electric footshock before swimming, dashed 
columns, the current switched off after 3 min swim at 20°C. NIX, escape thresholds after preinjec- 
tion with 10 mg/kg of naloxone hydrochloride. I and 11, testing of escape 3 days before and after 

the administration of naloxone, respectively. 

the HA mice reacted to the increasing current, prior to terminating it,,by vocali- 
zation, running or jumping. This indicates that the stimulus intensity was supra- 
threshold for pain sensation at a far lower level than when the animals performed 
the learned escape response. This was not the case with the LA and C mice, which 
terminated the current at the value not sufficient to elicit the above phenomena. 

Naloxone administered to HA mice reversed the post-swim increase in escape 
thresholds as evidenced by significant naloxone x swim interaction [F(2.30) = 16.19, 
P ~ 0 . 0 0 1 ,  two way ANOVA for repeated measures]. but did not affect baseline 
thresholds [F(2.60) = 0.07, analysis of simple effects]. Post-swim thresholds in 
naloxone-treated HA mice differed from pre-swim ones ( t  = 2.55, df = 45, P<0.02, 
individual comparison based on two-way ANOVA parameters). The swim pro- 
duced increase in escape threshold did not differ between naloxone preinjected 
HA mice and the other non-treated lines as shown by a non-signiffcant mouse 
lines x swim interaction [F(2.48) = 0.24, two way ANOVA for repeated measures]. 

If the mice did so t  swim, but remained for an equivalent period in the drying 
box, the escape threshold did not differ between the first and the second measure- 
ments, 



Figure 2 shows that swimming differentially influenced pain sensitivity as 
seen in the hot-plate test. The effects of selective breeding [F(2.48) = 69.371, swim 
stress [F(1.48) = 183.031, and the mouse lines x swim interaction iF(2.48) = 31.521. 

Fig. 2. Mean hind paw flick latencies ?IZ SEM on 20 
a hot-plate (56°C) in mice selectively bred for high 
(HA) and low (LA) swim-induced analgesia, and in 
unselected controls (C). White columns preswim 
latencies, dashed columns, latencies after 3 min 

swim at 20°C. 

were highly significant. Preswim latencies differed between HA and the other 
lines (all Ps<0.001), but not between the LA line and the unselected controls (C). 

DISCUSSION 

Mice belonging to the HA inbred line (assumed to have enhanced opioid acti- 
vity) displayed higher escape thresholds than the LA mice (with poor opioid acti- 
vlty). These higher baseline thresholds (i.e. under non-stress conditions) were not 
altered by a fairly large dose of naloxone. The difference in responding by the two 
lines to electric footshock is comparable to the difference in baseline latencies to 
noxious heat (Fig. 2 and (1 I)), except that the C mice are closer to LA mice in hot- 
plate latencies, and to HA mice when escaping electric footshock. This can be inter- 
preted as follows : the selection, though focused on the magnitude of stress-induced 
analgesia, caused some more general differentiation of aversive behaviour mecha- 
nisms, probably non-opioid in nature, leading to an improvement of escape in 
one genetic line rather than to an impairment in the other. 

When discussing the elevation of escape thresholds after acute stress, it is di- 
fficult to di~tinguish between two possible mechanisms which may account for this 
phenomenon : a decrease in pain sensitivity as a consequence of stress and an im- 
pairment of performance of the learned response due to a motivational or memo- 
ry deficit. The rather moderate impairment of escape in C and LA mice can be 
interpreted as a result of decreased ability to perceive nociceptive stimuli. Such 
explanation is consistent with a finding by Bodnar et al. (2) of decreased sensiti- 
vity of rats to electric footshock after swimming in cold water, both when testing 
relatively simple unconditioned reflexes or a complex escape behavior. Also, Grilly 
and Dugovits (6) described that rats subjected to immobilization stress did not 
discriminate between two intensities of electric current, one being subaversive and 
the other suprathreshold for aversive behavior. 



This interpretation is not applicable to HA mice which, when exposed to swi- 
mming, manifested a serious impairment of escaping apparently aversive current, 
which could-non be linked solely to a decrease in nociception. Since this escape 
deficit was attenuated by naloxone so that the increase in response thresholds fell 
into the range observed in C and LA mice, one can conceive that the deterioration 
of escape might depend on a stress-produced impairment of learning process through 
the release of endogenous opioids. Such assumption is in agreement with a proposal 
than /I-endorphin released during stress mediates an amnestic syndrome responsible 
for temporary loss of some earlier acquired behaviors (7). Besides, a facilitatory 
effect of opioid antagonists on various forms of aversive behavior was described 
by several investigators. Messing et al. (15) reported that naltrexone given to mice 
subjected to repetitive hot-plate tests facilitated the acquisition of jumping, which 
was an escape from noxious heat. Naloxone was also found to enhance condi- 
tioned emotional responses, and this action is interpreted as mediated through an 
antagonism to endogenous peptides with opioid activity (21). 

In conclusion, genetic inbred lines of mice with divergent magnitude of un- 
conditioned reflexes to noxious heat after acute stress, and differing as to the in- 
volvement of the endorphin system(s) in the stress-induced analgesia, differ in the 
performance of escape responses to electric footshock. Post-stress escape deficit 
in the mouse line manifesting a pronounced opioid-mediated swim-induced anal- 
gesia may depend, in addition to lowered pain sensitivity, on an amnestic effect 
of endorphis released in response to the stressful stimulus. 

The selective breeding of mice toward divergent levels of swim induced analgesia was guided 
by Izabella Panocka. Naloxone hydrochloride was generously supplied by Bndo Laboratories. 
This investigation was financially supported by Project CPBP-04.06/0.13 of the Polish Academy 
of Sciences. 
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