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Abstract Exposure of an animal to stressful stimuli,
perceivedby the animal as a threatening,emergency
condition,elicits a transientdecreaseof pain sensitivity,
which often affectsthermoregulatorymechanismsin the
threatenedorganism.We studiedthe interactionbetween
emergencyand thermoregulatorycomponentsof swim
stress in developing swim stress-inducedanalgesia
(SSIA). The subjectsweremice selectivelybredfor high
analgesia(HA) inducedby swimmingin 20 �Cwater,and
displaying profoundswim hypothermia.The mice were
acclimatedto oneof thefollowing conditions:(1) ambient
cold (5 �C,mimicking the thermal componentof swim
stress);(2) daily 3-min swimming at 32 �C(mimicking
the emergency,emotionalin nature,componentof swim
stress),or (3) daily swimmingat 20 �C(a combinationof
both emergencyandthermalcomponentof swim stress).
Following eachof the proceduresthe analgesiainduced
by swimming in 20 �Cwater and by acuteexposureto
�2.5�C in helium/oxygen(Helox) atmospherewas mea-
sured.Analgesiawas also assessedin a group of naive
mice immersedin 20 �Cshallowwaterwith the purpose
of eliminating the emergencycondition,but assuringthe
animal•scontactwith the cold water environment.Cold
acclimationmarkedlyattenuatedHelox-inducedanalgesia
(HIA) without affecting SSIA, whereasrepeatedswims
attenuatedSSIA without affecting HIA. The results
suggestthat hypothermiais the only stimulus eliciting
HIA, while the emergencycondition of swimming is
essential for inducing SSIA. The significantly lower
magnitudeof SSIA in miceacclimatedto repeatedswims
in 20 �Cthanin 32�Cwatersuggeststhat SSIA develops

due to an interaction between the emergency and
hypothermiccomponentsof swim stress.This is further
supportedby a greaterhypothermiaandgreateranalgesia
in freely swimmingthanin immersednaivemice.
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Introduction

Animals faced with artificial or natural threatening
stimuli manifest a decreasein pain sensitivity, called
stress-inducedanalgesia(SIA) [34, 37]. SIA has been
demonstratedin a wide range of species(see [13] for
references)and can be elicited by variousemergencies,
such as restraint, intraspecific agonistic competition or
predator-prey interactions [14, 15, 16, 19, 23, 36].
Becauseof the widespreadoccurrenceof the analgesic
responseto stressorsit has been suggestedthat this
phenomenonmay havean adaptivevalue [1, 13].

A frequentlystudiedform of painsuppressionis swim
stress-inducedanalgesia(SSIA),assessedin ratsandmice
uponcompletionof forcedswimming.The magnitudeof
SSIA dependson swim durationand water temperature
[5, 25], andis relatedto swim-elicitedhypothermia[4, 24,
35]. Swim hypothermia is an inevitable outcome of
swimmingat watertemperatureslower thanthe animal•s
core temperature.It is especiallypronouncedin small
homeothermswith a relatively largebodysurface-to-mass
ratio [33]. Since the demonstrationthat rats manifest
SSIA only if the swim conditionsproducedhypothermia
[35], animportantrole in eliciting SSIAmightbeascribed
to theswim-produceddecreasein bodytemperature.This
raises a question about the nature of factors eliciting
SSIA. Is SSIA elicited by emergencyconditionof forced
swimming, or is it primarily a consequenceof swim-
producedhypothermia?

To addressthis questionwe usedmice purposefully
selectedin our laboratoryfor the magnitudeof analgesia
producedby a 3-min swim in 20 �Cwater.The outcome
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of this selectionstrategywasa high-analgesia(HA) line
with enhancedanalgesicsensitivity to swim stress,anda
low-analgesia(LA) line manifestingonly little analgesia
after swimming [26]. Along with the modification of
pain-relatedtraits, the breedingprogramalso imposeda
selectionpressureon thermoregulatoryprocessesrelated
to swimming.HA mice developmarkedhypothermiain
responseto swimming in cold water, and are therefore
lesscapableof copingwith the conditionof swim stress
than LA mice [18]. In contrast,the between-linediffer-
encein the magnitudeof hypothermiaelicited solely by
ambientcold is considerablysmallerand often variable
[18, 30].

In the presentstudy we hypothesisedthat the emo-
tional componentof swimming,perceivedby an animal
as a threatening,emergencycondition, interacts with
thermoregulatorycomponentof swimmingin developing
SSIA. To test this hypothesiswe improvedthe ability of
HA mice to cope with (1) the heat loss by acclimating
themto a low (5 �C)ambienttemperature(mimicking the
thermal componentof swim stress),(2) the emergency
component of swim stress by acclimating them to
repeatedswimming in warm (32 �C)water, or (3) two
stressfulcomponents,thermaland emergency,produced
by repeatedswimmingin 20 �Cwater.We thencompared
the changesin the magnitudeof analgesiaandhypother-
mia causedby either procedure.To evaluatefurther the
importanceof the emergencycomponentof the swim
stressfor elicitationof SSIA,we comparedthemagnitude
of analgesiacausedby free swimming with analgesia
elicited by water immersion.

Materialsand methods

Subjects

Subjectswere 7-week old Swiss-Webstermale mice of the 55th
generationselectivelybred toward high analgesia(HA) produced
by 3-min swimming in 20 �C water [26]. All animals were
maintainedon 12 h:12 h light:dark cycle andhadunlimited access
to murinechow andtap water.

Acclimation to cold andto repeatedswimming

Mice acclimatedto cold were individually housedand randomly
assignedto one of the two groups.The experimentalgroup was
acclimated for 14 days to 5 �C, and the control group was
maintainedat 23 �C.

Mice acclimatedto repeatedswimmingwerehousedin groups
of four or five percage(29�21�10 cm) at 23 �C.Theanimalswere
assignedrandomlyto threegroups.Thefirst groupwasexposedfor
14 daysto a daily 3-min swim at 32 �C,that is, at conditionsearlier
found to producelow SSIA andlow hypothermiain HA mice [24,
31]. The secondgroup was given the samedaily swims, but at
20 �C,a condition is usedunder the selectionprotocol [26] that
consistentlyelicits nearmaximumSSIA andmarkedhypothermia
in this line [24, 31]. Theanimalsof thethird (control)groupdid not
swim andremainedin their homecagesmovedto the room where
the swims were performed.The animalsswam individually in a
plasticcontainerfilled with tap water to 30 cm abovethe floor.

At theendof acclimationto cold theanimalsweresubjectedto
a swim testto assessSSIA andswim hypothermia.Thereafter,they

spentthe next 3 days in ambientcold to minimise any effect of
swimming bout on cold acclimation.Finally, they were given a
Helox (helium/oxygen)test (seebelow) to assessHelox-induced
analgesia(HIA) andHelox-producedhypothermia.Likewise,mice
acclimatedto repeatedswimming at 32 �Cand 20 �Cweregiven
theswim test.Then,theyresumeddaily swimsfor next3 days,and
finally wereexposedto the Helox test.All controlsweresubjected
to the appropriateteststogetherwith the experimentalgroups.

Protocolsof swim andHelox tests

Theswim testwascarriedout in a vertically positionedcylindrical
Plexiglas metabolic chamber (25 cm high, 11.5 cm diameter)
ventedwith atmosphericair. Thechamberwaspartially filled with
20 �Cwater, leaving the air volume of 560 ml abovethe water
level. The animal was placed just above the water level on a
movableplatformandallowed10 min for adaptation.Theplatform
was then lowered to the very bottom of the chamberforcing the
animal to swim for 3 min. Thesetemporal/temperatureparameters
of theswim testareusedfor theselectionprocedure[26] andelicit
near-to-maximumSSIA andpronouncedhypothermiain HA mice
[24, 31].

For theHelox testthemousewasplacedfor 15 min in a 350-ml
chamberventilatedwith a gas mixture of 79% helium and 21%
oxygen (Helox) and submerged in glycol-based coolant at
�2.5 0.2�C. The use of the Helox atmospherewas justified by
the fourfold higher heat conductivity of helium comparedwith
nitrogen [29] and assuresrapid removal of heat from the mouse
body. These temporal/temperatureparametersof the Helox test
elicit maximumHIA in HA mice [30].

Immersionin watervs. swimming

Themagnitudeof analgesiaandhypothermiawerealsoassessedin
naivemice immersedin water.The responseswerecomparedwith
those displayed by naive freely swimming counterparts.The
animalswere immersedor swam for 3 min in 20 �Cwater in a
vertically positionedcylindrical metabolic chamberas described
above.In thecaseof miceassignedto immersion,theplatformwas
lowered5 cm belowthewaterlevel,which partially submergedthe
mouse,leaving its headabovethe watersurface.

Measurementof pain sensitivityandcore temperature

Pain sensitivity was assessedusing the hot-plate method. Each
mousewasplacedin a 15-cm wide transparentbox on a metallic
plate heatedto 56 �C.The measurementwas terminatedimmedi-
atelyasthemouseperformeda characteristichind-pawflick or lick
response,whicheveroccurredfirst. Thelatencyof theresponsewas
measuredwith a stop-watchby anexperiencedobserver.If no such
responsewasobservedwithin 60 s, the animalwasremovedfrom
the plateto avoid skin damage.The pain sensitivitywasmeasured
twice, that is, before swimming or water immersion (baseline
latency),and2 min after removalof the mousefrom water (post-
testlatency),whencoretemperaturewasat minimum[31]. For the
samereasonpain sensitivity was measuredprior to and immedi-
ately after the cold exposurein Helox [30]. To quantify analgesia,
thehot-platelatencieswereconvertedto a percentageof maximum
possibleeffect (%MPE) accordingto the formula:

100�
post� testlatency� baselinelatency

60� baselinelatency

Colonictemperaturewasmeasuredto thenearest0.1 �Cusinga
thermocoupledigital thermometer (model BAT-12, Physitemp
Instruments,Clifton N.J., USA) beforeeachmeasurementof pain
sensitivity.Themousewasheldgentlyanda RET-3probeinserted
17 mm deep into the rectum for about 10 s until the reading
stabilised.The decreasein core temperaturefrom baselinewas
expressedasthe magnitudeof hypothermia(DT).
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Before eachexperimentalsession,mice were weighedto the
nearest0.1 g. All trials wereconductedbetween0800and1900h.

Statistics

The data were analysedusing the generallinear models (GLM)
procedure[32]. The effects of treatment (cold acclimation vs.
unacclimated controls, repeated swimming vs. non-swimming
controls, and water immersion vs. swimming) on magnitudeof
analgesiawere testedusing one-wayANOVA, whereasone-way
analysisof covariance(ANCOVA) with body massasa covariate
was used to analysethe hypothermia.Additionally, to test the
relationship between analgesia and hypothermia we analysed
analgesicdata with one-wayANCOVA taking hypothermiaas a
covariate.To improve normality, the %MPE analgesicdatawere
transformedto arcsinvaluesin all analyses.Sincewe werea priori
interestedwhetherthe effect of repeatedswimming dependedon
the temperatureof water, detailed comparisonswere madewith
planned contrasts.To check for a possible effect of animal•s
relatedness,we first includedthefamiliesasa randomfactornested
within treatmentsin the computations.As preliminary testingdid
not detectany family-relateddifferences,we omitted the family
factor in all further analyses.Eachanimalsubgroupcomprised15
mice.

Bioethics

The experimentalprotocol was approvedby the Ethics Commis-
sion. The rules of humane treatment of animals were strictly
observedaccordingto Polish law.

Results

Acclimation to cold

Helox test

HIA was considerablylower in cold acclimatedthan in
unacclimatedmice (F1,28=271.47, P<0.0001, one-way
ANOVA; Fig. 1A). In parallel to the differencein HIA,
post-Helox hypothermia (DTHelox) in cold-acclimated
mice was lower than in unacclimated controls
(F1,27=550.51,P<0.0001,one-wayANCOVA with body
massas a non-significantcovariate,F1,27=0.04, P=0.83;
Fig. 1B).

WhenHIA wascorrectedfor themagnitudeof DTHelox
in an ANCOVA model, the effect of cold acclimation
becamenon-significant(F1,27=0.86,P=0.36).DTHelox was
a significantcovariate(F1,27=7.09,P<0.01).The interac-
tion between the effect of cold acclimation and the
magnitudeof DTHelox was also non-significant (F1,26=
3.98,P=0.06).

Swimtest

SSIA was not significantly affectedby cold acclimation
(F1,28=1.20, P=0.28, one-wayANOVA; Fig. 2A). Like-
wise, the effect of cold acclimationon DTswim was not
significant(F1,27=0.48,P=0.49,one-wayANCOVA; body
masswas not significant as a covariate;Fig. 2B). Also,
DTswim did not affectSSIA in cold-acclimatedmice,since

it wasnot significant when testedasa covariatein one-
way ANCOVA (F1,27=1.09,P=0.31).

Acclimation to repeatedswimming

Helox test

Acclimation to repeatedswimming in 20 �C or 32 �C
water did not significantly modify HIA (F2,42=0.24,
P=0.79, one-way ANOVA) nor DTHelox (F2,41=1.63,

Fig. 1 Effects of cold acclimation (at 5 �C, light bars) on the
analgesiainduced by exposureto a 79% helium/21% oxygen
(Helox) atmosphereat �2.5 �C ( HIA, A) and the associated
hypothermia(decreasein bodycoretemperatureDTHelox, B) in mice
selectivelybred for high analgesia(HA). In this and subsequent
figuresthe analgesicdataarepresentedasarithmeticmeans( SE)
of the percentageof maximumpossibleeffect (%MPE, seetext),
while the hypothermicdata are presentedas least-squaresmeans
( SE) from within-line analysis of covariance, corrected for
animal•sbodymass.*P<0.05vs.unacclimatedcontrols(dark bars)

Fig. 2 Effects of cold acclimation(5 �C)on swim stress-induced
analgesia(SSIA, A) and swimming-inducedhypothermia(DTswim,
B) in HA mice. *P<0.05vs. unacclimatedcontrols
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P=0.21, one-wayANCOVA with body massnot signif-
icant asa covariate;Fig. 3).

Swimtest

Repeatedswimming causeda significant decreasein
SSIA (F2,42=34.80, P<0.0001, one-way ANOVA;
Fig. 4A), eitherwhenperformedin 20 �C( P<0.0001)or
in 32 �Cwater( P<0.0001with respectto non-swimming
controls,plannedcontrasts).Theattenuationof SSIA was
morepronouncedafterrepeatedexposureto 20 �Cthanto
32 �C swims ( P<0.006, planned contrasts).Likewise,
swim hypothermiawas lower after repeatedswimming
(F2,41=16.33,P<0.0001,one-wayANCOVA; body mass
wasa significantcovariate,F1,41=4.82,P<0.03;Fig. 4B).

This effectwassignificantlygreaterafter20 �Cthanafter
32 �Cswims( P<0.04,plannedcontrasts).

The decreasein SSIA in animals acclimated to
repeatedswimming remainedsignificant after correction
of the analgesiadata for the magnitudeof DTswim (one-
way ANCOVA, F2,41=14.09, P<0.0001). The swim
hypothermiawasa non-significantcovariate(F1,41=2.86,
P=0.10).The interactionbetweenthe two repeatedswim
temperaturesused in acclimation and DTswim was not
significant (F2,40=0.80,P=0.45).

Immersionin watervs. swimming

Analgesiain naivemice immersedin 20 �Cwaterwasfar
less than that in mice swimming at the same water
temperature(F1,28=360.34,P<0.0001,one-wayANOVA;
Fig. 5A). The immersion also elicited much lower
hypothermia than swimming did (F1,27=274.71,
P<0.0001, one-way ANCOVA with body mass as a
non-significant covariate; Fig. 5B). Immersion-elicited
analgesiaremained significantly lower than swim-in-
ducedanalgesia,alsoaftercorrectionof theanalgesicdata
for the magnitudeof hypothermia(F1,27=28.21,P<0.01,
one-wayANCOVA; DT wasa non-significantcovariate,
F1,27=0.06,P=0.80).

Interestingly, the magnitude of immersion-elicited
analgesiain naive mice did not significantly differ from
that observedin animalsacclimatedto repeatedswim-
ming in 20 �C water (ANOVA, followed by planned
contrasts,F1,42=2.34,P=0.13),eventhoughtheanimalsof
the latter experimentalgrouphadmuchhigherhypother-
mia (ANCOVA with bodymassascovariate,followed by
plannedcontrasts,F1,41=77.6,P=0.0001).

Fig. 3 Effectsof daily swimsin 32 �Cand20 �Cwateron HIA ( A)
andDTHelox (B) in HA mice. *P<0.05vs. non-swimmingcontrols

Fig. 4 Effects of daily swims in 32 �Cand 20 �Cwater on SSIA
(A) and DTswim (B) in HA mice. *P<0.05 vs. non-swimming
controls

Fig. 5 Effects of a 3-min immersionin 20 �Cwater on analgesia
(A) andhypothermia(B) in HA mice.*P<0.05vs.swimminggroup
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Discussion

An important finding of the presentstudy is that cold
acclimationmarkedlyattenuatedHIA (Fig. 1A) without
affectingSSIA (Fig. 2A) and,conversely,theexposureto
repeatedswims significantly attenuatedSSIA (Fig. 4A)
without affecting HIA (Fig. 3A). We thereforepropose
that theabruptdecreasein theanimal•sbodytemperature
is the only stimuluseliciting HIA, whereasan extrather-
mal factor relatedto the emergencycondition of swim-
ming, interacting with swim hypothermia, plays an
importantrole in inducingSSIA.

The effect of acclimationto cold

Acclimation to cold increasesmetabolicheatproduction
[6]. Accordingly,thecold-acclimatedmice,togetherwith
lower HIA (Fig. 1A), displayedlower post-Heloxhypo-
thermia(Fig. 1B) and a higher Helox-elicitedmaximum
metabolicratethanunacclimatedanimals[21]. Theeffect
of cold acclimationuponHIA was,however,not signif-
icant in the ANCOVA model,in which the magnitudeof
HIA in acclimatedandunacclimatedmicewerecorrected
for themagnitudeof hypothermia.Thisstatisticalanalysis
supportsthe claim that in the absenceof an emergency
componentthepronounceddecreasein HIA magnitudein
cold acclimated mice was solely due to enhanced
animals•resistanceto cold.

The effect of acclimationto repeatedswimming

Chronic exposureto either continuousor intermittent
cold-water swims significantly reduces the analgesic
responseof rats to swim stress[3, 10, 28]. In our study,
SSIA was more attenuatedby daily swimming in 20 �C
thanin 32 �Cwater(Fig. 4A), a differenceattributableto
repeatedboutsof markedhypothermiaproducedby the
former stressor.Indeed,mice exposedto a fortnight of
20 �C swims also displayed a significantly greater
decreasein DTswim in the final swim test,comparedwith
mice acclimatedto 32 �Cswims(Fig. 4B). Nevertheless,
unlike theattenuationof HIA following cold acclimation,
thereductionof SSIA after repeatedswimmingcannotbe
regardedmerelyasa responseto swim hypothermia.This
conclusionis justified by the lack of thesignificanteffect
of reducedhypothermiaon the attenuationof SSIA by
repeatedswimmingat 20 �Caswell asat 32 �C.Thatis, a
considerablereductionof SSIA resulting from acclima-
tion to repeatedswimmingwasby andlargeindependent
of the moderatereduction of post-swim hypothermia.
Clearly, not the reduction of hypothermia alone, but
primarily theacclimationto theeffectof anextrathermal,
emergencycomponentof swim stresswas essentialfor
theattenuationof SSIA.In accordancewith this claim the
magnitude of analgesiaassessedafter immersing HA
mice for 3 min in 20 �Cwater appearedfar lower than
after swimming, not only when analysedas raw data

(Fig. 5A), but also when correctedfor the magnitudeof
hypothermia.Furthermore,SSIA in mice acclimatedto
swimming in 20 �C water did not differ from that
observedin immersednaive animals,showing that the
acclimationprocedureeffectively attenuatedswim stress.
Indeed,the immersionof HA mice in water,comparedto
forced swimming, elicits surprisingly a greateroxygen
consumption[21]. Furthermore,the immersion-produced
hypothermiaandmetabolicratesdifferedbetweentheHA
and the concurrent LA line far less than the values
assessedin swimming mice [21]. All these findings
supportour conceptthat theemergencycomponentof the
swim stress,interactingwith the hypothermicchallenge,
is not only essentialfor induction of SSIA, but also
modulatesthe thermoregulatorymechanismsof a swim-
ming mouse.

Interactionof analgesicandthermoregulatory
mechanismsduring swimming

In contrastto the lack of theeffectof cold acclimationon
SSIA and DTswim (Fig. 2), the significant influence of
repeatedswimming on thesevariables(Fig. 4) points to
the importanceof the emergencycomponentof swim-
ming in the integratedanalgesic-hypothermicresponseof
mice to swim stress.The mechanismof the postulated
interaction of analgesicand hypothermic responsesto
swimming remains, however, unclear. Since purely
emotionalstressors,suchas witnessinga noxious treat-
ment[12] or exposureto a predator[15, 19, 20], produce
analgesia,swimming per se as an emergencycondition
might be an effective analgesic stimulus. However,
preliminary resultsfrom our laboratoryseemto suggest
that SSIA is only weak or even absent in HA mice
subjectedto non-hypothermicswimming in 38 �Cwater
(I.B. •apo, M. Konarzewski,B. Sadowski,unpublished
observations,seealso [24]). Thus, the thermoregulatory
processesalso appear essential for the activation of
analgesicmechanisms,althoughSSIA, due to the emer-
gency condition of the swim stress,may developfaster
than hypothermia. This is documentedby an earlier
finding of high SSIA in HA mice alreadyafter 1 min of
swimming,whereasthe high hypothermiaoccurredonly
after approximately3 min of swimming (cf. Fig. 4C in
[24]). Thus,we suggestthatneuralanalgesicmechanisms
underlining SSIA affect the animal•s thermoregulatory
mechanismsaswell, and this in turn increasesthe effect
of swim hypothermiain inducingSSIA.

Adaptivesignificanceof SSIA

The interaction of analgesicand thermoregulatoryre-
sponseto swim stressin mice selectedfor high SSIA
raisesthe questionwhetherthis relationshipmight be a
targetof naturalselection.Obviously,a decreasein pain
sensationduringswimmingwould beadaptiveif transient
analgesiaenhancedthermoregulatorymechanisms,there-
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by increasingorganisms•ability to cope with the cold
stress.Thus, one should expect a negative correlation
betweenthe magnitudeof SSIA andhypothermia.How-
ever,we haverepeatedlyreporteda positive relationship
betweenthesetraits in the selectedmouselines [30, 31].
An explanationfor the positive relationship might be
geneticdrift inherentin the processof artificial selection
[11], makingits relevanceto naturalpopulationsdubious.
On the otherhand,we havealsoshownthat the positive
relationship betweenSSIA and hypothermia is strong
enough to infer the existenceof a significant genetic
correlationbetweenthesetraits,which is unlikely to arise
as a result of genetic drift [31]. Furthermore,the wild
house mouse (Mus musculus) and the field mouse
(Apodemusagrarius) are characterisedby a twofold
higherSSIA afterswimmingin 20 �Candin 32 �Cwater
than outbred laboratory Swiss mice [22], while SSIA
magnitudesin both wild speciesare similar to those
observedin HA mice. There are also significant differ-
encesin the levels of stress-inducedanalgesiabetween
wild populationsof deermice (Peromyscusmaniculatus)
[16, 17]. These examples suggest that high stress
analgesiais a target of natural selection,and therefore
is likely to contributeto animal•sfitness.

The above-citedstudies,however,do not explain the
nature of the positive relationship betweenSSIA and
swim-induced hypothermia, observed in the present
study.We suggestthat this relationshipis a part of fear
responseobservedin manyanimalspeciesin responseto
environmental emergencies.It involves physiological
reactionsthat are often likely to reducemetabolicrates,
and in the caseof swimming, also inducehypothermia.
For example,Pekinducks(Anasplatyrhynchos) respond
to forceddiving by a reductionof heartrate,which is not
observedduringvoluntarydiving [7]. A reductionof heart
and respiratoryrates as well as hypothermiaare often
associatedwith freezing, a passivedefencebehaviour
commonly observedin animals confronting dangerous
situations(e.g.[8, 9]). Islandpopulationsof deermice, in
comparisonwith mainland conspecifics,display higher
opioid-mediatedanalgesiaand lower level of locomotor
activity in responseto stressors[16]. In agreementwith
theseobservations,HA mice, in contrast to LA mice,
remain immobile at the beginningof the openfield test
[2], and at certain swim parametersadopt a passive
behaviour,possiblymediatedby endogenousopioids[27].

In conclusion,the interactionbetweendecreasedpain
sensationandhypothermiaobservedduring forcedswim-
ming does not have an immediately obvious, adaptive
value, becauseit impairs the ability to cope with cold
water environment.Stress-inducedanalgesia,however,
may greatly enhancesurvival under most ecologically
relevant dangerouscircumstances,such as passivede-
fence against predatorsor interaction with dominant,
aggressiveconspecifics.In addition, the results clearly
show that the effect of stress-inducedanalgesia on
thermoregulatorymechanismsshouldbe takeninto con-
siderationwhenplanningexperimentalprotocolsthatmay
imposea strongemotionalstresson the animals.
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