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Abstract

PaulMacLeanÕs conceptof epistemicsÑthe neuroscientificstudyof subjectiveexperienceÑrequiresanimalbrain researchthat canbe
relatedto predictionsconcerningthe internalexperiencesof humans.Especiallyrobustrelationshipscomefrom studiesof the emotional/
affectiveprocessesthatarisefrom subcorticalbrainsystemssharedby all mammals.Recentaffectiveneuroscienceresearchhasyieldedthe
discoveryof play-andtickle-inducedultrasonicvocalizationpatterns( ! 50-kHzchirps)in ratsmayhavemorethanapassingresemblanceto
primitivehumanlaughter. In thispaper, wesummarizeadozenreasonsfor theworkinghypothesisthatsuchratvocalizationsreflecta typeof
positiveaffectthatmayhaveevolutionaryrelationsto thejoyfulnessof humanchildhoodlaughtercommonlyaccompanyingsocialplay. The
neurobiologicalnatureof humanlaughteris discussed,andtherelevanceof suchludic processesfor understandingclinical disorderssuchas
attentiondeficit hyperactivitydisorders(ADHD), addictiveurgesandmoodimbalancesarediscussed.
D 2003Publishedby ElsevierInc.
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1. Introduction

One of Paul MacLeanÕs lasting insightswas the recog-
nition that subcortical regions of the mammalian brain
contain a variety of evolved emotional systems for the
governance of behavior. He accepted the likelihood that
subjective emotional experiences arise from specifiable
neural systems, and he encapsulated his interest in the
fundamental nature of such psychobiological functions in
theconceptof epistemicsÑthe studyof ÔÔthesubjective self
and its relationsto the internal and external environmentÕÕ
[48, p. 6]. Furthermore,he suggested that the brain regions
which governbasicemotionalurgesexhibit an impressive
functional and anatomical coherence that deserves special
recognition. Thereby, his concept of the limbic system
emergedasoneof the greatmemesof functional neurosci-
ence.Recently, an increasingnumber of neurobehaviorists
havechallengedthe utility of this concept(e.g.,Ref. [45])
albeit no neuroscientist has had adequate reasonto chal-

lenge the existence of a variety of evolved emotional
systemsthat we still sharewith othermammals.

That creaturesas lowly ascrayfish andplanaria exhibit
placepreferencesfor drugsthat humandesire [42,71] also
coaxesus to considerthe utility of subtle concepts suchas
affect-psychological processesthat are created by ancient
value-encoding, neuralsystemsof thebrain. To our way of
thinking, affectsarethecurrency of thebrain/mindeconomy
that signal the survival valueof objects and waysof acting
in the world. Thus,therearenaturalcategories of affective
processesÑsomelinkedto sensing thefruits and dangersof
the world, some related to anticipation of positive and
negative events, somerelated to actions in the world, and
somerelated to postconsummatory reactions. All may re-
quire sometype of primitive neural structurethat can be
conceptualizedasthe ÔÔcoreselfÕÕ[20,55,57]. Our working
premise is that affects are intrinsic aspects of emotional
operating systems in the brain, and thereby constitute
centers of gravity aroundwhich the decision making and
operational/instrumental featuresof the surroundingcogni-
tive processesrevolve.In thepresent paper, wewill focuson
our recentdiscovery of a vocal pattern in rats which may
haveevolutionaryrelationshipsto laughter, andhence,fun-
damentally to joyful social processesthatarecarriedout by
the mammalianbrain.
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2. The brain systemsfor affective experience

During the past three decades, enormous progress has
beenmadein characterizing thebrainsystemsthatpromote
reproduction (sexual andmaternalnurturancesystems) and
relatedsocial processesthathelpnewbornanimalsto signal
social distressandsocialexcitement (i.e.,separationdistress
andplayfulness) bothof which promotesocial bonding, the
developmentof socialskills, andtherebythecompetenceto
sustaingenerativecycle of lif e [55,70]. Such evolved neu-
robehavioral tools, honedexquisitely andat timesidiosyn-
cratically by individual learningexperiences,help establish
communicativeurgesthatsupport ourhumanneurosymbolic
capacities for refined forms of intersubjectivity (reflected
mostclearly in our abidinginterestin the contents of other
minds) [87]. Among the basic social signaling systems,
audiovocalandpresemantic formsof socialcommunication
[48] maybe theantecedentsto thesocial urgesthatcharac-
terizehumanlife. However, the linkagesbetweenwhat we
know about the human mind and what we know about
animal brain functions remain a difficult and contentious
topic, and the neededempirical bridges remainto be con-
structedwith disciplinaryconviction.

Thosewho do not work on thesebrainsystemstypically
remain skeptical of the relevanceof this knowledge for
understandingthe humancondition, eventhougha careful
analysis of the datacollectedduring the eraof psychosur-
gery providedsomeimpressivedataconcerning the simi-
larity of humanandanimalsubcortical emotionalfunctions
[33]. Still, evenwith modernbrain imaging, the detailsof
the neuralcircuits that governhumanemotions and moti-
vations remain largely outsidethe realmof neuroscientific
inquiry. The existing imaging techniques only identify
regions of interest for further analyses.When it comesto
the cardinalissueof identifying causalprocessesfor mam-
malianemotionalfeelings,thesetechniquesaresusceptible
to abundantfalse negativesas well as an indeterminate
number of false positives since they highlight correlated
rather than causalaspects of core emotions. Indeed, such
technologiesarenot especially robustfor visualizing brain-
stemfunctions.For instance,thewidespreaduseof sensory
stimuli to evokeemotionstypically leavesopen thequestion
of how much the resulting brain arousals reflect nonaffec-
tive perceptualprocessesas opposedto brain functionsthat
actively generateaffective experience.Indeed,there is no
unambiguousway to ascertainwhether the activationsthat
areobtainedaredirectly reflective of the activeprocessing
of emotionalfeelings, asopposedto theactive inhibition of
mindÐbrain processesthat accompany such experiences.
Also, fMRI appearsto bemoresensitive to gradeddentritic
potentials (inputs to an area)rather than outputsfrom an
area[47].

Thedynamicsof bloodflow in thebraincanfluctuateso
rapidly that short-term ÔÔevent-relatedÕÕmeasures (as typi-
cally observed with fMRI) and longer term ÔÔstateÕÕmeas-
ures(ascanbemonitoredbetterwith PETimaging)oftendo

not match up, andmanyof theneurochemistriesthatareof
interest (e.g., catecholamines) can have direct effects on
blood flow dynamics that may be independent of neural
dynamics.Still, whenwe look at thebestbrainimaging that
hasbeendoneof humanemotional experience[21], thereis
a striking correspondence to what we know about the
localization of emotional circuits in the brains of other
mammals[55,59,60].

Despite massive evidence suggesting conservation of
principlesacrossall mammalianspeciesamongthe subcor-
tical systemsthat governbasicemotions and motivations,
the detailed study of neural circuits that control animal
emotions remains to be generally accepted as being of
fundamentalimportancefor understandinghumanemotions.
Partly, this simply reflectsthe fact that deepevolutionary
considerations do not yet guide thinking in the field [68],
andpartly, the naturaltendency of scholarsto resistassim-
ilation of the typesof findings in which theyhavenot been
active participants.Thus,we areleft with the dilemma that
somebasicneuroscientistsagonize overtheextentto which
their empirical victories in studying the brains of animals
relevant for the understandingour own species.The evolu-
tionary perspective providesa clearanswerÑat a subcorti-
cal level, whereanatomical andneurochemicalhomologies
abound,thereareboundto be remarkable functionalsimi-
larities [68], unless,of course, theselower functionshave
become vestigial for humanbehavior. Although therehas
continuedto be considerableevolutionary divergencein the
details of emotional brainmechanismsacrossspecies,there
is presently no empirical reasonto believesuchfundamental
brain operating systems have become vestigial in any
mammalian species,even though it is likely they can be
decisively inhibited and regulated by the emergence of
various higher brain functions,most dramatically the im-
pressive cognitive capacities of humans.

PaulMacLeanwasoneof thefewwhohadtheintellectual
courage to deal directly with the implications of ancient
limbic brain systems for understanding human emotions.
Ultimately such neuroevolutionary perspectives must be
evaluatedby thenewpredictionstheycangenerate,especial-
ly for the humanspecies.For instance,the neurochemical
issueshavebecomeespecially tractableÑthereareexamples
of how effectively our understanding of biogenic amine
systemsin animalmodels hasguidedan understandingof
their functions in humanbrains (e.g.,Refs.[22,37]). Like-
wise, it is to be expected that advances in the study of
neuropeptide systems in the regulation of emotions and
motivationsin animalmodelswill soonbecapableof guiding
predictionsat thehumanpsychologicallevel [55,56,58].

In the restof this paper, we will summarizeanddiscuss
one of our most recent lines of researchÑa vocalization
pattern in rats that we have interpreted as a laughterlike
responseÑwhich can be usedas an exemplar of a radical
type of theorizing along theselines. Although we are not
unreasonablycommitted to theÔÔlaughterÕÕinterpretationof
the 50-kHz vocalization pattern we shall highlight here,it
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providesanespecially provocative andusefulcasestudyof
the typesof testableand falsifiableneuroevolutionary psy-
chobiological hypothesesthat theincreasinglyabundantbe-
havioral neurosciencedatanowoffersfor ourconsideration.

Our discussionwill be two pronged. First, we consider
the possibility, now supported by a greatdealof data,that
suchvocalizations(i.e.,50-kHz chirps)do reflecta laughter-
typeresponse,regardlessof evolutionary relationsto human
laughter. Second,weentertainthepossibility, whichremains
largely in the conceptual realm but may eventually be
evaluated usingneuropsychological andmolecular biologi-
cal approaches,namely, that the animal datawill highlight
someof thehomologouscontrols thatexistin humanbrains.
Thus,we will alsoconsider the possibility that rat ÔÔlaugh-
terÕÕand infantile humanlaughter do shareenough evolu-
tionaryrelationsfor theformer to beusefulin decoding one
of the greatmysteriesof humanlif eÑthe deepnatureof a
form of joy within the brainÐmind.

3. The discovery of rat ÔÔlaughterÕÕ

While evaluatingthesensorysystemsthatcontrol rough-
and-tumble play in juvenile rats, we noted that deafening
had a modest effect in reducingplay [89]. This suggested
thepossibility thatsometypeof sociovocalcommunication
may facilitateplayfulness. This problemwaspickedup by
BrianKnutsonin our lab,who first monitoredtheultrasonic
vocalizations of young rats in the midst of play. He
promptly discovered a great abundance of 50-kHz type
chirps during this type of social interaction[38]. This type
of vocalization hadalready beenstudiedextensively in the
context of sex [1] and a much lower level of this type of
vocalization had also beenseenin the context aggression
(Ref.[96] andvideinfraÑsection 4.4, i.e., thefourthamong
the dozen reasons in the next section).However, in the
context of play thesevocalizationsweremuchhigher than
ever observed in the other social contexts. Indeed,these
vocalizationswere especially frequentwhen animalswere
anticipating the opportunity to play, and we came to
recognize that such vocal measures could be used as to
measure positiveaffectiveexpectancies[14,40,66].

Oneprongof our subsequentwork on this vocalization
patternwas premised on the possibility that such sounds
may be used as a general index of affectively positive
incentive motivation [14,39,40], perhapseven a measure
of craving of various rewards, including pharmacological
ones[66]. Wehavenowextensively developedthatideaand
feel that it hasopenedup a new avenueof inquiry into the
studyof thepositiveaffectiveexperiencesof another species
[40,66]. It is importantto emphasizethat the levelsof this
vocalizationwereby far thehighestin thecontext of playful
interactions.This suggested to us that it might alsoindex a
specific typeof socioemotional responserelatedto aspecific
type of affectively positivesocial process. Thus, the other
prong of our work was devoted to analyzing the special

social Ðemotionalaspectsof thisvocalization.We will focus
on that possibility in this paper.

After we had studiedplay- and reward-induced50-kHz
chirping for about three years,it occurred to us that this
response might reflect some type of a ÔÔlaughterÕÕtype
response.During thespring of 1997,thesenior authorcame
to the lab, and suggested to the junior author ÔÔLetÕs go
tickle some rats.ÕÕThis was promptly done with some
juvenile rats that had just finished a play experiment. We
immediately discoveredthat the emissionof 50-kHz vocal-
izations more than doubledover the levels we had seen
during their own self-initiatedplay activities.To all appear-
ances,the animals enjoyed this tickling which simulated
their own playful activities. We promptly shifted our re-
searchpriorities to an intensive analysis of this response.
Acrossthe subsequent years we became increasingly con-
vinced that we had discovered a true laughter-type of
responses. As a matter of principle (of the evolutionary
variety), we decided to remain opento the possibility there
was sometype of ancestral relationship betweenthis re-
sponse, andtheprimitive laughterthatmostmembersof the
humanspeciesexhibit in rudimentary form by thetime they
are threemonths old. This intriguing behavioral response
intensifies marvelously during the next few yearsand is
exquisitely expressedwhen children begin to vigorously
play with eachother (being especially evident when they
eagerly chaseeachotherin gamessuchastag).

Of course, it washardto publishthiskind of work, andit
wasironic that thepublication of our initial manuscript was
impededby prominentemotionresearchers, someof whom
takepainsto denythat we caneverknow whetheranimals
haveany emotionalfeelings.That initial manuscript (with
someadditional commentary) is, however, now availablein
the proceedings of the first major scientific conference in
which this work wasdisseminated[61]. We parenthetically
note that before any of this work was published in a
scientific journal, it was sharedwith the public in several
animal behavior documentaries(e.g.,a BBC showentitled
Beyond a Joke, and a Discovery Channel show on Why
DogsSmileand ChimpanzeesCry). As a result,the senior
authorreceivedabundantmail from rat-fancierswho sought
to replicatethe phenomenon, most with considerable suc-
cess(especially if theywerenot carriersof predatoryodors,
asfrom pet cats).We would shareonelettersfrom a fan in
California who, becauseof her experiencetickling a rat,
decided to return to college to pursuegraduate work in
animal behavior:

After seeingtheDiscovery special, I decided to do a littl e
experimentingof my own with my sonÕs petrat,Pinky, a
young male. Within one week, Pinky was completely
conditionedto playingwith meandevery oncein awhile
evenemitsahighpitchedsqueakthatI canhear. ItÕsbeen
about4 weeksthatI havebeentickling him everyday and
now, thesecondI walk into the room,hestartsgnawing
on the bars of his cage and bouncing around like a
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kangaroo until I tickle him. He wonÕteveneat when I
feedhim unless I give him a good tickle first. I hadno
idea that a rat could play with a personlike that! He
tacklesmy hand,nibbles,licks, rolls over onto his back
to exposehis tummy to be tickled [thatÕs his favorite],
anddoesbunnykicks when I wrestle with him. ItÕs the
funniest thing IÕveever seen,even though my family
thought I hadlost my mind until I showedthem.

In short, therewasgreatpopular interest in this discov-
ery, although there remainssomeprofound and Zeitgeist
appropriateskepticismabout thephenomenonamongmany
scientists.Of course, onecritical worry we all tendto have
aboutsuchinterpretationsof animalbehavior is committing
the ÔÔsinof anthropomorphism.ÕÕHowever, we would sim-
ply note that the emergenceof a ÔÔcritical anthropomor-
phismÕÕmay be essential for dealingwith certaintypesof
primitive psychobiological processes we share with the
otheranimals[15,59]. Indeed,it may be worth noting that
Morgan himself did not intend that his epistemological
suggestions, which cameto be known as ÔÔMorganÕs Can-
on,ÕÕ(i.e., the scientifically esteemed goal of parsimony)
would becamea rationale to dogmatically deny the exis-
tenceof mentallife in otheranimals[18].

Because of the rather well-entrenched, and by now
almostreflexive,antianthropomorphismstance in theneuro-
behaviorist community, we hadalready encounteredsimilar
reactions whenwe first started to studyseparation-induced
distressvocalizations in puppies, guineapigs anddomestic
chicks, which we hypothesized could be used as animal
homologsof a form of humanchildhoodÔÔcryingÕÕ[67,70].
Readers interestedin an example of ongoing skepticism
with regard to existing work on separation distress in
animals,as well as related scientific issues,can find that
topicdebatedin aseriesof recentarticles[8,59]. We feel the
neuroscience community does need to try to deal more
forthrightly with the critically important affectivefunctions
of the brain.A properneuronal conceptualization of affec-
tive processesmay be essentialfor making senseout of
manybrain functions.Al thoughall scientistscanagreethat
affectivestatescannotbe measureddirectlyÑthat hasbeen
obvious for a long timeÑthere area variety of compelling
indirect theoretical strategies that offer credible scientific
approaches for penetrating into the natureof suchmental
experiences[55]. Although positive affects, such as joy,
maybemoredifficult thanthevarietiesof fearandanxiety,
we proceeded to provisionally hypothesize that 50-kHz
chirping couldbeusedasa measureof positivesocial affect
in rodents, and perhapsother appetitive anticipatory pro-
cessesaswell [40,66].

Of course,scientifically therearetwo critical issues:(1)
Are the empirical phenomenawe havereportedreplicable
(andsofar wehaveheardof nomajorproblems),and(2) Do
our interpretationsof the phenomena standup to critical
analysis (and so far, no one has shared an alternative

perspective that is basedeitheron evidenceor clearreason-
ing thatconsidersall theevidence)?Sowhy arewe willing
to go out on this risky conceptual limb? Our first reasonis
that if our theoretical interpretation is basically correct,
namely thatthesearethesoundsof social joy, thenwe have
anexcellentanimal modelto helpdecipherscientifically one
of the great mysteries of human emotionsÑ the primal
joyful nature of laughter and positive social interchange
[58]. Anotherreasonis simply ageneralontological position
that we share with Paul MacLean and other sensitive
observers of animatelife: The existenceof affective pro-
cessesin the brainsof othermammals makesevolutionary
senseÑit could be a heuristiccodeof value. On the other
hand, the assumption that the other animalsare unfeeling
behavioral zombiesseems evolutionarily improbable,espe-
cially if many human affects emerge from subcortical
circuits we sharehomogenously with other animals[60].
In makingthis lastassertion, weexplicitly recognizethatthe
expansion of the humanneocortexhasprovidedthe oppor-
tunity for a levelof symbolic processingthatis evidentin no
otherspecies.Of course, if it were to turn out that experi-
encedaffect is morecritically dependenton corticoÐcogni-
tive symbolic activitiesratherthanthearousal of subcortical
of emotionalÐinstinctualaction circuits as we hypothesize
[55], thenourposition wouldbeseriouslyflawed.However,
thereare abundant datathat evolutionarily conserved sub-
cortical systemsaremajor ÔÔlociof controlÕÕfor emotional
affectiveprocessesin the mammalian brain [33,55,60,79].
In claiming thiswedo notdenythatmanyperceptualaffects
(e.g.,the qualia of sensoryexperiences)areheavily depen-
denton theability of corticalprocessesto discriminatemany
fine differencesof the world.

4. The weight of evidencefor rat ÔÔlaughterÕÕ

Before proceeding to somedetails, let us again affirm
that our ontological position is that other mammals, and
perhapsmany other animals,do have affective emotional
andmotivationalexperienceswhich aregenerated by com-
plex neurodynamics that are important for scientists to
conceptualize to makeprogresson how the brainÐmind is
actually organized.This is a contentious issue, sincesub-
jective experiencescannot be directly measured in either
animals or humans, and must be inferred from outwardly
evident signs. This,of course,is not an uncommonproblem
in science, where unseen processes must be adequately
conceptualized before they can be measured. In such cir-
cumstances, it is the weight of evidence and the power of
new predictions, rather than the logical air-tightness of
arguments that must be the basis for adjudicating the
adequacyof a concept. Accordingly, we will summarize a
dozen lines of evidence that coax us to consider the
ÔÔlaughterÕÕinterpretation of the 50-kHz chirping that is so
readily evoked in young rats by providing them playful,
tickling-type somatosensorystimulation (seeTable1). Be-
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fore proceeding, let us emphasizethat the two major sono-
graphic patternsof ultrasonicvocalizationsÑthe22-andthe
50-kHz chirps (Fig. 1)Ñ do convey different emotional
messages. The former is primarily seen in affectively
negative situations, while the latter is much more evident
in positive ones(for a comprehensivereview of the back-
groundevidencefor thisandotherpointsmadein thispaper,
seeRef. [40]). In our experience,thereis no situation where
the 50-kHz chirpsaremorefrequent thanwhenyoungrats
arebeing tickled by a humanexperimenter.

4.1.50-kHz chirping is evokedmostrobustly by thepositive
social interchangeof rough-and-tumbleplay, andevenmore
so by human tickling

Sustainedboutsof humanlaughter are evident in chil-
drenduring tickling andrough-and-tumble play, especially
whentheyarechasing eachother[80,90]. A similar typeof
vocal activity (chirping at about a frequency of 50 kHz,
which humans cannothearwithout special equipment, of
course) is also evidentwhen young ratsplay [38]. To our
knowledge, play and tickling are by far the most robust
initiatorsof theshort50-kHzchirpsthatarealsocommonat
much lower levels in other positive social situation [13].
This socially induced vocalization is highly stereotyped
[11], as is humanlaughter[77], but thereis alsosufficient
variability in the rodentchirps that it remains conceivable
thatthereareseveral functionally distinctsoundsin this type
of vocalization.

Whether thereare homologousplay- and affect-related
ultrasonic chirps in otherrodentssuchasmiceandhamsters
awaitssuchfunctional analysesin thosespecies[40]. It has

alsorecently beenclaimedthat otherspecies including pri-
matesand canidsexhibit a laughter type response[77,88].
Whether theseare homologous vocalizations,and to what
extentthereareancestralrelationsto humanlaughterawaitsa
morecomprehensiveneuralandgeneticunderstandingof the
underpinningsof this behavior than presently exists.Only
when we know enough about the basic neurobiology of
humanlaughterwill weableto haveanadequatedatabaseto
evaluate the issue of homology in otherspecies.The slow
paceof research in thisarea,especially in thehumanspecies
makesneededcross-speciescomparisonsalmostimpossible
currently, especially as far as neurological issues are
concerned [13,29,73]. Indeed,it seems likely that the neu-
robiology of suchresponsesin laboratory speciescan lead
the analysis.The existenceof homologies will haveto be
judgedby theextentto which theanimaldatayield testable
predictions in humans (e.g., identification of new neuro-
chemistriesthat facilitatelaughter).

4.2. On the existenceof tickle skin

Tickling various areas of a ratÕs body is remarkably
effective in generating maximal levels of this ÔÔlaughterÕÕ
response.Justlike humans who are moreticklish on certain
areasof thebody (e.g.,ribs), youngratshave ÔÔtickle skinÕÕ
concentratedat thenapeof theneckwhere theydirect their
own play activities[61,89]. A developmental study of the
tickling response, as a function of body area tickled, is
summarizedin Fig. 2 (thedetailedmethodsaredescribedin
the legends of this andsubsequent figures).Tickling at the
napeof the neckconsistentlyproduced morechirping than
tickling the posterior dorsalsurfaceof the animal, but full
body tickle was most effective of all. The responsewas
significantly higher in the malesduring the first two test
ages,but femalesrespondedsignificantlymorethanmalesat
the oldestage. In this context, it is noteworthy that after
puberty females tend to remain more playful than males
([69,70], and unpublisheddata).

Fig. 1. Sonographicanalysis of a sample 50- and 20-kHz ultrasonic
vocalizationrecordedduringthethird testdayof theexperiment depictedin
Fig. 2. Ultrasonicvocalizationswererecordedonto the audiochannelof a
VCR tapevia aPetterssenD980ultrasonicdetector(Uppsala, Sweden)with
a 1/10 frequency division.

Table1

Evidencethat 50-kHz calls reflecta positiveemotional stateanalogousto
laughter

1. 50-kHz chirping is evokedmost
robustlyduringplay andtickling

[11,13,38,77,80,88,90]

2. Existenceof ÔÔtickleskinÕÕ ([61,69,70,89], Fig. 2)
3. Age relateddeclinesin tickling ([54], Fig. 2)
4. Negativelyvalencedstimuli

reducethe tickle response
[55,61,94,97]

5. Positiverelationshipbetween
playing andtickling

[38,63]

6. Tickling is rewardingfor ratswhich
exhibit high levelsof 50-kHz calls

([12,61,62],Fig. 3)

7. Socialisolationis an important
ingredientfor evocationof the
tickling response

[61,62]

8. Classicalconditioning of tickling [61,62]
9. Tickle inducedapproachbehavior

is stronglycorrelated with rate
of 50-kHz calls

([12], Fig. 4)

10. Socialpreferencesevokedby tickling ([12], Fig. 5)
11. Low or high levelsof ticklishness

canbe readilybreedfor experimental
[46,63]

12. The alternative,motorartifact
explanations of the response,
arenot supported

([7,13,38,95], Fig. 6)

J. Panksepp, J. Burgdorf / Physiology& Behavior79 (2003)533Ð547 537



4.3. Age-related declinesin tickling-inducedchirping

Rough and tumble play declinesas a function of age
[54], andso doestickling (Fig. 2, but thedeclinein play is
much more precipitous than the decline in the tickling
response. The tickling response remained stablewell past
puberty (at least until ! 70 days of age), declining sub-
stantially only when the animals were well into full adult-
hood. This suggests that the reductions in natural play
following puberty is probably due more to the fact that
older animals do not initiate play as much as younger
animalsand that they (especially males) are more likely
to get into intenselyaggressive interactions.Although there
is littl e datato suggestthat thereis a precipitous declinein
positiverewardfrom playful bodily stimulation, asanimals
grow older, as highlighted in section4.6,olderanimalsthat
are not accustomedto being tickled do show diminished
tickle-induced place-preference as compared to younger
animals.

4.4. Negatively valenced stimuli reducethe tickle response

All fearful andnegative affectivestimuli we havetested
(catsmell, foot shock,new places, beingheldby thescruff
of the neck, and being tested in bright light) reducethis
response[61]. Oneof thepotentially inconsistentfindingsis
the existence of some 50-kHz chirps during aggressive
encounters[51,83,96]. Indeed,Berridge[4] hasquestioned
our ÔÔlaughterÕÕinterpretation of 50-kHzchirps on thebasis
of this finding. However, we note that it is the intruder
animal that exhibit the vast majority of the aggression-re-
lated50-kHz vocalizations[97], andthelevels aresosparse

asto beof dubious significancewhencontrastedto thehigh
levels evident during play andtickling.

In a recentunpublishedexperimentwe examinedultra-
sonic calls in the residentÐintruder aggression protocol
(e.g., Ref. [24]). Dorsal contacts, bites, freezing,as well
asultrasonic vocalizationswere analyzed during either the
fourth or fift h residentÐintruderencounter. The30-min test
session wasdivided into 5-min blocksfor analysis.During
the first trial bock (0Ð5 min) animalsexhibitedthe lowest
levels of freezingbehavior (Mean±S.E.M.; 41.9±34.3 s)
and the fifth trial block (20Ð25 min) exhibitedthe highest
level of freezing behavior (191.5±64.3 s). Assuming that
freezing behavior reliably indexes a negativeaffectivestate,
we infer thatanimalsexhibiting morenegative affectduring
the fifth trial block ascompared to the first. Male ratsalso
exhibited more dorsal contacts, which index a positive
affective stateduring play behavior [55], during the first
trial block (5.1±1.2 s) ascompared to the fifth trial block
(1.4±0.9 s). Male ratsexhibitedsignificantlymore50-kHz
during thefirst trial block (41.9±34.3s) ascomparedto the
fifth trial block (17.7±8.6 s), andsignificantly less20-kHz
calls during the first trial block (0.9±0.9 s) ascompared to
the fifth trial block (128.6±27.4s). In contrast,femalerats
exhibited similar levelsof 50-kHz andvirtually no 20-kHz
callsduringthefirst andfift h trial blocks, andtheyexhibited
very little freezingbehavior. Thus,it appearsthat the most
emotionally positivesegmentsof aggression were associat-
ed with higherlevels of 50-kHz vocalizationsascompared
to the more negatively valenced test periods. Just the
opposite wasseenfor the 22-kHz calls,with more22 kHz
associated with the negatively valenced test periods as
compared to the positively valencedtestperiods.

Fig. 2. Long Evansrats(13 male,18 female)singly housedfrom weaningat 21 daysof ageweregiven (i) tickling stimulation of the rump of the animal
(Posterior),(ii) thenapeof theneck(Anterior),(iii) alternatingbetweenstimulationprimarily of thenapeandventralsurfaceof theanimalwhenplacedin a
supineposture(Full Tickle) or (iv) no stimulation(Baseline)for 15-sepochsfor eachstimulationor baselineperiod.Subjectsweretestedusinga within-
subjectsdesignat 44, 71 and148daysof age.Methodsusedwereidenticalto thosepreviouslydescribed[61,62]. Sexdifferenceswereanalyzedusingtwo-
tailedbetween-subjects t test.P< .05, ** P< .01, *** P< .001.
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Even though aggression generally seems aversive,we
alsonotethat thereis, in fact, an ambivalentsocialmotiva-
tion in animals following severe social competition as
measuredby social choicetests. Submissiveanimals,given
a choiceto return to their homecagein a T-mazeor to the
homeof thedominantanimals,exhibitedsurprisingly many
choices for thelatter[94], while of coursedominantanimals
wouldbeexpectedto beeagerfor moresocial contact.Thus,
aggressive situationsstill contain abundantpositive social
motivational features,which may help explain the modest
levelsof 50-kHz vocalizationsevidentin residentÐintruder
paradigms.

4.5. Positiverelationsbetweenplaying and tickling

Individuals that chirp the most in response to tickling,
alsoplay the most.We haveobserved this in two separate
situations. First, in sequential daily play sessions, the
amount of chirping thatoccursduringasession is correlated
with the number of dorsal contacts (play solicitations)
emitted during play testing [38]. Second,when we bred
animalsfor high chirping, we alsofound that theseanimals
exhibitedsignificantlymoreplay solicitationsthanrandom-
ly selected andlow-chirp lines [63].

4.6. Tickling appears to produce a positive affective
responses

Justlike youngchildren,juvenile ratsfind tickling to be
rewarding as indicated by various approach and place
preferencetests [61,62]. Indeed,we havefound that young
ratswill seekthe proximity of handsthat tickled themto a
greater extent than they seek contact with anesthetized
conspecifics [12]. Animalsalsoexhibit a heightenedattrac-
tion to otherstimuli thathavebeenassociatedwith tickling.
A replicationandextensionof our original placepreference
finding [12] is summarizedin Fig. 3. Adolescent rats that
exhibited abundant50-kHz tickle-inducedchirpsexhibited
significantlymoreplacepreferencecomparedto adultswho
respondedmuchlessto the tickling.

4.7. Social isolation as an important ingredient for
evocation of the tickling response

Onemay wonder why youngrats,who might be threat-
ened by large humans, exhibit a desire for the types of
playful interactionswe haveemployed.Clearly, this typeof
receptivity is primed by prior social isolation. Young ani-
mals taken immediately from their family groupsdo not
exhibit a robustchirping responseto beingtickled. It takes
about two daysof prior social isolation to obtain the full
response [62]. The fact that social isolationis so potentin
opening a ÔÔdoorwayÕÕto this type of interaction suggests
that the response is regulated by social-need processes
within the brain. In contrast, food deprivation does not
significantly elevatethe response[61]. In this context, it is

also noteworthy that it is rather difficult for strangersto
provokeyoung children into tickle gamesuntil they have
beenadequately familiarized with the adult and perceive
them to be friendly (Panksepp and Reddy, 2002, unpub-
lished observations).

4.8. Classical conditioning of tickling

It is well known that in humanchildren one can very
rapidly condition a laughter response.If one has success-
fully tickled a young child, then one can evoke pealsof
laughter simply by threatening with a ÔÔCoochi-coochi-cooÕÕ
type of ÔÔI-will-get-youÕÕprovocation. A very similar con-
ditioned response can be seenin juvenile rats,by waving
oneÕs handas a conditional stimulusprior to eachtickling
bout[61,62]. Not only does thetickling responseclassically
conditions rapidly to cuesthat predict tickling, but during
extinction, social solicitations [play-bites] actually go up
during successivetest days (seeFig. 5 and Ref. [62]), as
opposedto down as might be expected from classicalex-

Fig. 3. LongÐEvansratssingly housedfrom weaningat either21 or 40Ð
41 daysof agewereusedin this study. Adolescentanimals(n= 29) began
testingat41Ð42 daysof ageandadultanimals(n= 19)werebetween2 and
9 monthsof ageat the startof testing.Subjectsreceived2 min of tickling
stimulationconsistingof four successiveblocksof 15 s of no stimulation
followedby 15-speriodof full bodytickle [62] for threeconsecutivedaysin
the white side of a whiteÐblack conditioned placepreference box [14].
Ultrasonicvocalizationswereanalyzedfor the2-mintickling sessionon the
third test day. Subjectswere also placedin the black side of the place
preferencebox without tickling stimulation for eachof the threetestdays.
On the fourth daysubjectswereallowedfreeaccessto both thewhite and
black side of the place preferencebox for 5 min. Conditionedplace
preferencewasanalyzedwith atwo-tailedwithin-subjectt test.50-kHzcalls
wereanalyzedwith a two-tailedbetween-subject t test,and 20-kHz calls
with a MannÐWhitney U. P< .05, ** P<.01,*** P< .001.
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tinction processes.It is fascinating that the play biting is
furtherelevatedin theseanimalsacrosssuccessiveextinction
days(seeFig. 5 andRef. [62]). Our interpretationis thatthe
animalsarein a centralstateof ÔÔplaydesireÕÕandthat their
behavior reflects an instrumental attemptto elicit playful
engagement from their only availablepartner (the experi-
menterÕs hand).This solicitation response may havemore
thanapassingresemblanceto thepestering thatchildrenand
petscommonly exhibit whentheywantmoresocial attention
from individuals to whom they are attached. Thus, we
believethe varioussocialappetitiveresponsesobserved in
thesestudiesmay also be usedas measuresof degreeof
social attachment in rats. For instance,individually housed
young rats readily learn to follow a hand that has tickled
themarounda large testarena.

4.9. Instrumental conditioning with tickling as reward

Animals will run mazesand pressleversto get tickled
[12]. This indicatesthat the experienceis a positive rein-
forcement from a behaviorist perspective, and a positive
affective experiencefrom a psychobiological perspective.
Indeed,in a simpleÔÔapproach-to-handÕÕparadigm, animals
thatchirp themostin responseto tickling exhibit thefastest
approach speeds[12]. Vocalization rate while animals are
approaching the experimenterÕs hand is also highly corre-
latedwith approach latency, as depictedin Fig. 4. Indeed,
play and tickling are highly rewarding interactions,and
animals that emit high numbers of 50-kHz vocalizations

can generally be classified as being more gregarious, and
moredesirablesocial companions, thanthoseemitting low
numbers of 50-kHz vocalizations.

4.10.Socialpreferencesevokedby tickling

Young animalsmore readily approach a hand that has
tickled them,yielding manychirps, thanto a handthat has
only petted them, which yields comparatively few chips
[12]. Also, young animals like to spendmore time with
older animalsthat chirp a lot rather than with thosethat
chirp infrequently. As summarized in Fig. 5, whenjuvenile
rats were placedindividually into a modified T-maze that
gave them accessto two adults, one that still exhibited
abundant50-kHz vocalizationsand one that did not, the
young animals overwhelmingly selectedto spendmost of
their time with adults that still chirped a lot. These data
could be interpretedto meanthat animals prefer to spend
time with other animalsthat express positiveaffect.

If we are willing to assume that such ÔÔlaughterÕÕre-
sponsesandpreferencesreflectthebasicneuronal infrastruc-
ture of joy within the mammalian brain, thesedatasuggest
that a positiveform of socialaffectmay be fundamentalto
mammalianbrainorganization.Al thoughthesocial facilita-
tion andsocial bonding associatedwith joint laughterremain
to be empirically evaluated, laughter certainlyis infectious
[49], andmay transmit moodsof positive social solidarity,
thereby promoting cooperative forms of social engagement.

Fig. 4. LongÐEvansrats (n= 4) age32 daysof agewere singly housed
from weaningat21daysof agewereusedin thisstudy. Subjectsweregiven
15 s of full tickle stimulationwhich wasmadecontingenton the animals
approachingand touching the experimenters hand or after 30 s without
contact.A totalof 4Ð5 trialsweregivenperanimal.50-kHzcallswhile the
animalswereapproaching the experimenters handwas usedfor analysis.
Methodswerevirtually identicalto experiment 2 of Burgdorf andPanksepp
[12]. PearsonCorrelationr = .80, P< .001.

Fig. 5. LongÐEvansrats(n= 7) which were30 daysof ageat testinghad
beensinglyhousedfrom weaningat21 daysof agewereusedin thisstudy.
On the testday, they weregiven the opportunityto shuttlebetweenthree
compartmentsvia two 4 cm in diametertunnelsduringa 30-minsession.In
onecompartment a youngadult rat (56 daysof age)that hadshownhigh
levelsof 50-kHzultrasonicvocalizations in responseto manualtickling by
the experimenter(high tickle group). In a secondcompartment,another
youngadultwho hadshownlow levelsof 50-kHzultrasonicvocalizations
in responseto manualtickling by theexperimenter(low tickle group).The
third middlecompartment wasleft empty. Dueto thesmalldiameterof the
tunnels,only the adolescentratscould shuttlebetweenthe threecompart-
ments.Data were analyzedwith a two-way repeatedmeasuresANOVA.
Adolescentratsspentsignificantlymore time with the high tickle animal
that exhibitedabundantchirps in responseto tickling then with the low
tickle animal[ F(1,12)= 26.6,P< .0005].
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Presumablyoneultimateevolutionaryfunctionof suchstates
is to help organizesocial dynamics in support of reproduc-
tive fitness. Thus, it will be very important to determine
empirically whethersharedlaughter in humans andchirping
in rats are potent factors in establishing friendships and
social bonds.Likewise,we havenot formally evaluated the
infectiousness of rat 50-kHz calls yet, but preliminary
observationssuggest thatanimalsthatcanhearotheranimal
playing also become playful as indicated by increased
activity and jumpiness (personal observations and Kelly
Lambert, personal communication, 2002). Of course, in
making theseassertions,werecognizethatexcessive tickling
and too much rough-and-tumble can become aversive. In
unpublishedwork we oftenobserve 22-kHz callsat theend
of prolongedtestsessions.

4.11. Breedingfor tickling

The chirping response is a temperamentalcharacteristic
of animals, for it can be successfully selected for and
against within four generations of selectivebreeding [63].
Sincetherehasto be braincircuitry for this response,there
haveto be genesthat are involved in the construction and
neurochemical support of such circuits. Accordingly, we
believe that the searchfor the genes that control the rat
ÔÔlaughter/chirpingÕÕresponse with modern molecularbiol-
ogy approaches may be one relevant way to analyze the
nature of the underlying neurobiological systems. Such
work mayeventually provideevidenceto allow us to judge
whethercross-species homologies in such a joy response
do, in fact, exist acrossvariousspecies,including humans.
Clearly, different individuals and speciesdiffer greatly in
their capacity for fun and laugher, but we presently know
essentially nothing about the underlying psychobiological
causes. Parenthetically, we would note therearesomedata
for the existenceof heritable factors in human laughter
[46].

4.12. The alternative, motor artifact explanations of the
response, are not supported

50-kHzcalls havebeenhypothesizedto beanartifactof
thoracic compression causedby forepaw impact normally
exhibited during locomotor activity [7] basedprimarily on
evidence of a locomotor-dependentvocalizations in gerbils
[95]. In a series of studies we haveshown that50-kHz calls
can be disassociated from locomotor behavior, with
increasesof 50-kHz calls beingassociatedwith a decrease
[38] as well as no change[13] in locomotor behavior. As
summarized in Fig. 6, we found that only 9% of a total of
two hundred two 50-kHz calls recorded occurred either
coincident or within 0.5 s after the automateddetectionof
a movement. In fact, there was a nonsignificant trend
( P= .06) for a greater rate of 50-kHz calls 0.5 s before
abruptlocomotor actions thenrateswithin 0.5 s after such
events.

In sum, even though there is a greatdeal of data that
coaxesus to posit a positive affective dimensions of this
responsetendency in rats,we mustwonderwhy manyother
mammals do not seem to exhibit this type of a vocal
response.Perhapsvocalcomponentsof this emotionalstate
only survivedin specieswhose lives were not threatenedby
suchsoundsalertingpredators.Ultrasoniccallsof ratsdonot
carryfar andarehardto detect. Accordingly, thesurvivalof
young ratsmay not havebeencompromisedby the joyful
emissionsof ultrasonic chirps duringtheirplayful activities.
Of course, evenif therearerelationsbetweenhumanlaughter
andrat ÔÔlaughterÕÕtherearealsobound to be manydiffer-
ences,simply becauseof the long ( ! 70Ð90 milli on year)
divergencesincetheyshareda common ancestor.

5. On the nature of human laughter

Are anyof theabovedatarelevant for understanding the
mysteryof humanlaughter?As discussedelsewhere[58], the
stereotyped vocalpatternof humanlaughterthatfirst appears
in rudimentary form at 2Ð3 monthsof age[80,92]suggests
anancientheritage.Of course,thesubtletiesof humanadult
laughter, so abundantly expressed during the cognitive
delightsof humor, may highlight how certain ancient emo-
tional processes interact with refined cognitions within
higher reachesof the brainÐmind [25]. Since laughter is
bestunderstoodin ourownspecies,thehumanphenomenon

Fig. 6. LongÐEvansrats (n= 4) weresingly housedfrom weaningat 21
daysof agewereusedin thisstudy. At 54 daysof age,subjectswereplaced
on a magneticstabilimeter, which convertedmovementinto an audible
signal.Animalsreceived5 min of testingconsistingof successiveblocksof
15 s of full tickling followed by 15 s no stimulation in which the
experimentermovedtheir finger abovethe animal to elicit 50-kHz calls
[61]. The soundproducedby the stabilimeter did not mask50-kHz calls.
Sonographicanalysiswasperformedcomparingthe temporalrelationship
between50-kHz calls and sonic artifacts producedby the stabilimeter
(indicatinga movementhadoccurred).Pairedt tests(two-tailed)revealed
that subjectsexhibit significantly ( P< .001) more 50-kHz calls at time
pointsthatwerenot clearlyrelatedto thesoundsthatwerecoincidentwith
the indicesof locomotoractivity. Therewasalsoa nonsignificant( P= .06)
trend for more vocalizations to occur during the half secondbefore
movementascomparedto the half secondafter the movement.
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mustremainthecriterionagainstwhichwork on theÔÔlaugh-
terÕÕof otheranimals mustbe judged.Unfortunately, there
hasbeenremarkably littl e breakthroughempirical work on
humanlaughtersincethe insightful observationsof Joubert
in 1579[36]. Accordingly, muchof whatcanbesaidabout
humanlaughter must comefrom the realmof folk knowl-
edge, with all its potential flaws, rather than from the
archivesof well-establishedscientific facts.

Here,aftera summaryof the phenomenologyof human
laughter, we summarizewhat little that we know aboutthe
evolutionaryandpsychobiologicalsourcesandconsequences
of humanlaughter. Becauseof thedearthof basicresearch in
thearea,we will alsohighlight somekey questions that re-
mainto beempirically evaluated.

6. Laughter in infancy and adulthood: from tickling to
humor?

Humanlaughter is fundamentally a social phenomenon,
and in young children,it is mosteasilyevokedby playful
tickling. Indeed, if one seeksto becomefriends with a
young child, thereis no better way to negotiatethe social
terrain than mutually joyous, escalatingtickle games(an
obvious fact that remains to be experimentally well docu-
mented, althoughit is easilyobservedby anysensitive adult
who wishesto do so). The perennial childhoodpuzzleof
why one cannottickle themselves, may be due to the fact
that the underlyingneuralsystemsarecontrolled by social
cues and interactionsÑ the perception of being wanted/
chasedas well as the predictability/unpredictability of the
resulting social interactions. These are factors that help
weave individuals into thesocial fabric in which theyreside,
reflecting varioushuesof position and dominance.Being
tickled by another arouses the brain more than being
ÔÔtickledÕÕby oneself [6]. This fact highlights how subtly
our brains have beenhoned, in part by evolution, to be
mindful of social priorities.

During infancy and early childhood,the mostabundant
laughter occurs in the midst of self-movements during
rough-and-tumble play and as a result of friendly tickling
by others[80,92]. The response conditions so rapidly that
after only a few tickles; one can evoke laughter simply
through hand and verbal gestures that imply threats of
tickling (e.g., ÔÔcoochi-coochi-cooÕÕ).The fact that certain
parts of the body are more ticklish than others, both in
humans [32] and animals (Fig. 2), highlights the potential
existence of specialized receptor organs in the skin and
pathwaysin thebrainto specifically mediate this response.

InfantÕs engagementswith joyful tickling seems to pave
the way for peek-a-boo gameswhere the anticipation of
certain social dynamicscan rivet their delightedattentions
[72]. Theseantecedentsgradually leadto childrenÕs enjoy-
mentof themanyformsof unpredictability in thegames, the
mischievouspranksandpractical jokesthey cherish.How-
ever, mostlaughter eventually occursin themidst of every-

day interactions. Throughout childhood, laughter occurs
mostcommonly andmostintenselyin themidstof vigorous
social engagements,suchasthe chasing andrunning activ-
ities of rough-and-tumbleplay [90].

It is a reasonablebut not a scientifically establishedview
thatthehumantastefor humoris based,in somefundamental
way, on the existence of infantile and childhood joy and
laughter [27,28,78]. According to this view, the intrinsic
ability of thenervoussystemto laughandexperiencesocial
joy is anessential precondition for theemergenceof thetype
of mental sophisticationthat is ableto find joy andlaughter
amongtheslapstick incongruenceof life andtheinterplayof
unpredictable cognitive events. How far back play, joy,
laughter and smiling go in brain evolution is presently
anyoneÕs guess.Somekey questionsareasfollows:

What we needto determine now is whendoeslaughter
occur preciselyin the midst of rough-and-tumble play
and other social interactions?What behaviors does it
predict? What behaviors does it follow? How does
tickling laughterbecomeconditionedin achild andother
young organisms?How doeslaughtercometo be used
for subsidiary social goals?Is sharedlaughter a potent
factor in establishing friendshipsandsocialbonds?What
is the preciserelationship betweennatural laughter and
feelings of mirth? Can laughter and feelings of mirth
really change bodily functions and promote health?
Whereare the neuralcircuits for laughter and what are
their cardinal neurochemistries?ÕÕ[58, pp. 185Ð186].

7. The neural substrates of laughter in humans

Sincesmiling andlaughterarethe quintessentialindica-
tors of joyful affectacrosshumancultures[84], a studyof
the underlying neurobiological substrates may help us
decodethe fundamentalnature of joy within the brain. As
already noted, laboratoryrats also exhibit a laughter type
response[61], raising thepossibility thatsomeaspectsof the
neural substrates that control human laughter may be
clarified throughthis animalmodel.

At present, theneuroanatomy, neurophysiology andneu-
rochemistry of laughter remain poorly defined. Although
certain neuropathologies(including certain epilepsies) are
accompaniedby uncontrollable boutsof laughter, oftenwith
no accompanyingfeelingsof mirth, theyprovideonly mar-
ginalcluesto theunderlying brainsubstratesof joy [5]. It has
long beenknown that theprogressive diseasesin which the
insulationaroundnervecells(i.e.,myelin) beginsto degen-
erate, such as multiple sclerosis and amyotrophic lateral
sclerosis,arecommonly accompaniedby fits of crying and
laughter [23]. Oftenthecrying boutssetin first, followedby
laughter, but typically, neitheris accompaniedby theappro-
priateaffect[74]. They areoftenmotordisplays,whichreflect
release from inhibition of deepsubcortical motor circuits
situatedin thebrainstem[73].
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It is generally believedthatfeelingsof mirth mayrequire
higher brain systems. Recent evidence suggests that the
frontal lobes help instigatelaughter, and the right frontal
lobesmay be especially important for the appreciation of
humor[85]. A remarkable recentdiscoveryis the induction
of hearty laughter, accompanied by true mirth, during
presurgicalstimulation of a frontal cortical area(i.e., the
supplementarymotor cortex), thathaslong beenrecognized
asimportant in theinitiation of movement.One16-year-old
girl undergoingbrain stimulation for localization of intrac-
table seizures exhibited bouts of vigorous laughter that
intensified asbrainstimulationintensityincreased.A strik-
ing feature was that this type of brain arousal led to the
projection of mirthful feelings onto ÔÔwhatever external
stimulus waspresentÕÕ[26, p. 650]. A recentPETstudyof
laughter andsmiling responseto humorousvideoclips also
foundactivationof thesupplementarymotorcortex as well
as other cortical and subcortical structures during hedonic
laughter and smiling [35]. Thesestudiesdramatically con-
firmed thatarousalof frontal areasof thebrain,which have
long been recognized as being more important in the
generation of emotions than posteriorsensoryÐperceptual
area,areableto trigger feelingsof mirth.

What a brain analysiscanyield arecrediblehypotheses
aboutthespecificmechanismsthrough which laughter may
operate. At thelowestlevel of organizationthereappearsto
bea responseintegration systemfor laughter, thearousal of
whichmayestablish anessentialprecondition for mirth.This
system is evolutionarily prepared to respond to certain
environmentalevents,suchastickle andfriendly surprising
stimuli, soasto facilitatesocial interactionsandto takethem
in positive directions in ways that promotebonding and
cooperative activities.If onetriesto envisionsuchprocesses
in dynamic terms,onemight imagine laughterandmirth to
beglobalattractorprocessesthatcaptivatewidely reverber-
atingensemblesof neuralnetworkswithin the brainof one
individual that can spreadinfectiously among interacting
individuals. Perhapssuchactivitiesreleasegrowth promot-
ing moleculesof thebrainsuchasneurotrophins,whichmay
help condition the brain in positive and lasting ways that
havebarelystarted to beevaluated [30].

8. And the dark side of laughter

Of course there is a dark side to laughterthat hasnot
beenemphasizedhere:theÔÔsudden gloryÕÕthatphilosopher
ThomasHobbessawas the heartof laughter that emerged
from a ÔÔconception of someeminencyin ourselvesÕÕ(see
Ref. [31]). Usually the children that prevail in play tendto
laugh the most [9,98], suggesting that to some extent
laughter may reflect a social dominance-seekingresponse,
which may pave the way for laughter to stigmatize and
degradeothers through suchbehavior. All too often, espe-
cially in children,laughtertendsto become a psychological
tool for teasingand tauntingÑthe establishmentof exclu-

sionary group identities that can set the stagefor finding
mirth in the misfortunesof others. These tendencies may
arise rather naturally from the fact thatwithin-group laugh-
ter promotes group solidarity, which can then be usedto
ostracizeandexhibit scorntoward thoseoutsidethe group.
We doubt if most other animals are capableof exhibiting
such psychological tendencies, but such possibilities cer-
tainly needto beconsideredin futureresearch, especially on
otherprimates. Likewise,theroleof suchvocalizationin the
emergenceof friendlinessandsocial bonding deservesour
attention.

In adults,most laughteroccursin the midst of simple
friendly social interactions while greeting and ÔÔribbingÕÕ
eachother rather than in response to explicit verbal jokes
[75Ð77]. The two arebroughttogether in our institution of
ÔÔroastingÕÕthosewe love andadmire:The moredominant
the targetsof the roast,themoremirth thereis to be hadat
their good-humored expense.Surely our appreciation of
such subtle types of humor arises from fully matured
comicoÐcognitive developmentsof the brain. Thereis no
evidence that other species partake of such high shenani-
gans.Indeed,only gradually do children appreciate those
foolish social dynamics(e.g., often highlighting self-other
disparitiesandsimilarities)thatwe cherishastheessence of
jokesandhumor, but which canalsoserveasthe basisfor
social ridicule.

Although it is to be expected that social preferencesin
humans would be strongly relatedto amountsof laughter
experiencedin social encounters,we must leaveconsider-
able leeway for perceived reciprocity issuesand cultural
display rules in such predictions. Certain culturesdo not
encourage laughterand smiling amongstrangers[84], and
well-enculturatedadultsareprobablysensitizedto maintain
a balance of laughter amongsocial participants.One-sided
laughter cancertainly becomeanirritant, perhapsbecauseit
signals high dominanceseeking. At a depthpsychological
level, perhaps we should also suspect excessive self-in-
volvement in those who laugh persistently at their own
remarks.

9. Clinical implications of this work with a focus on
ADHD, addictions and mood disorders

It is noteworthy that Joubert [36] discusseda variety of
still unresolved medical topics in various chaptersof his
magnificent monograph, such as: ÔÔWhyIt Is That Great
LaughersEasily BecomeFat,ÕÕ(Third Book, ChapterXIII)
and ÔÔWhatGood Accompanies Laughter, and Whether a
Sick PersonCan Be HealedBy Dint of LaughingÕÕ(Third
Book, ChapterXIV). A relationship betweentheamount of
positive affectandhealth benefitshasalsobeensuggestedby
more recent pioneers like Cousins [19] who made ÔÔthe
joyousdiscoverythat tenminutesof genuine belly laughter
had an anesthetic effectÕÕthat allowed him hoursof relief
from chronic pain (p. 39). Sincethen,someevidence indi-
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catesthatlaughtercanamelioratecertain typesof pain(e.g.,
Ref. [99]), maypromoteimmunefunctions [43] andreduce
some physiological and psychological stress responses
[3,100], while enhancing feelingsof well-being, in part by
counteractingnegativeaffects[41,93]. Someof theseeffects
could be due to the release of endogenous opioids and
oxytocinÐneuropeptidesthat areknown to be important in
mediating social affect[16,34,55], but manyotherbrainand
bodychemistriesarelikely to beinvolved[3].

It ishardto imaginethatmirthwouldfully elaboratein the
brainwithouttheaccompanying expressiveactof laughter. It
will bemostinteresting to know how thereadinessto laugh
and play are relatedto the development of psychological
resilienceaswell asto manyotherdimensionsof personality.
A more thorough scientific understanding of these psy-
chological birthrights of the humanbrain may give us new
insights on how to better treat various psychiatric and
medical problems, and to better regulate the emotional
economy of everyday life. Work on suchproblemsmayalso
shed some new light on a variety of classic psychiatric
problems.

10. Attention deficit hyperactivity disorders (ADHD)

We have suggested that the preceding data on animal
play and laughter may be of considerablerelevance for
understanding certain psychiatric syndromes, especially
attention deficit hyperactivity disorders (ADHD). Psy-
chostimulants like methylphenidate (e.g., Ritalin) are re-
markably powerful play-reducing drugs in animal models
[2]. It is certainly possiblethat many children are given
suchdrugspartly becausetheyreducedisorderly behaviors,
andat timebladder control problems,thatarise from playful
urges [58,86], but we must be concerned whether such
long-term drug treatments have deleterious consequences
on brain development[52]. Onemajor concernis the issue
of psychostimulant sensitization, which can lead to long-
term behavioral changesin animals which might not be
deemed desirable[53,91], including increaseddrugseeking
tendencies [10,44]. Indeed, using our 50-kHz laughter
measure,we havefoundevidencefor sensitization.Namely,
animalsthathadbeentreatedwith methylphenidateat levels
that dramatically reducedplay, led to heightened50-kHz
vocalizations in responseto subsequent exposures to the
play chamber [64]. Thepotential benefits of play therapy in
the treatment of ADHD are supported by preclinical data
[30,65].

Although young animals typically do not sensitize as
readily as older animals,it doesemergeas a function of
chronic psychostimulant use.This work also suggests that
the neural systemsthat regulate play and 50-kHz vocal-
izationscanalsobe dissociated:Namely, psychostimulants
reducerough and tumble play, but if anything, they mild-
ly increasethe 50-kHz chirps [13,39]. This allows us to
use these vocalizations to potentially monitor drug cra-

ving, using a ÔÔself-reportÕÕmeasureof appetitive eager-
ness [40,66].

11. Chirping as a craving measure in drug addiction
studies

Briefly, we have foundthatthe50-kHz chirping measure
can be used effectively to study drugs of abuse which
presumably sustain intake partly by the positive affective
responses they generate [12,66]. The measure may be a
usefulsupplementto conditionedplacepreferenceanddrug
self-administrationprocedures[39], andsinceit is response
thatcouldbeeasilyinterfacedwith neuroethologicalstudies,
it providesanpotentially usefulentrypoint for analyzing the
neuralsubstratesof desireandcraving.We will not elabo-
rateon this issue here,sincerecentlyit has been extensively
discussedelsewhere [40].

12. Laughter, joy and depression

Clearly, furtherwork on thejoy evokedby laughtercould
have implications for the treatment of variouspsychiatric
disorders, especially depression. Indeed,it has beenpro-
posedthatmerely simulating themotorrhythmsof laughter
can promotepositive feelings[17], and laughter hasbeen
clinically utilized to promote relaxation and acceptance of
oneÕs circumstances [93]. Certain societies already have
ÔÔlaughing clubsÕÕwhich assume that laughter, even without
any explicit humorous stimuli, is a pleasant way to spend
time with othersand to obtainapparentemotional benefits.

Our hopeis that if we everidentify specific chemistries
that regulate the tickle-induced50-kHz chirping response,
we may havenew ideasfor developmentof new classesof
antidepressantsthat can elevate positive social moods as
opposedto simply dampening the influence of negative
moods. That, of course, is all thatmostexistingantidepres-
santsdo. Now that the potential healthbenefitsof positive
emotions are being increasingly recognized [81], we can
only hopethatsolid empirical studieswill follow. In sum,it
will be most interesting to establish the relationships be-
tween the tendency to laugh and mentalhealthoutcomes,
especially in children.Canthetendency for mirth and laugh
be establishedasan emotionaltrait variable early in child-
hood, and will this trait have somepredictive validity in
reflecting the developmental progression of a child? We
anticipatethat theutilization of animal modelsfor this may
be especially instructive.

The mindÐbody dichotomy that has characterizedmuch
of modern psychological thought is erodingaswe increas-
ingly appreciatethepowerful relationshipsbetweenemotion-
al statesandbodily functions[50]. Although neurobiological
work on laughter andjoy remainsin its preliminarystages,
we can anticipate that future work along such lines will
haveimportant implications for mentalandperhapsbodily
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healthissues,both at diagnostic andtherapeutic levels [30,
64,65,82].

13. Summary

Whether therearefundamentalneuralhomologies to be
found betweenthe ÔÔlaughingÕÕresponseof rodents andthe
playful laughter of humanchildrenremains to be assessed
using neurological and genetic tools. Such issues may
eventually be capable of beingevaluatedthrough the cross
species contrasting of pharmacological manipulations. For
instance,if we find a brain chemicalthat provokes rodent
chirping, we will be most interestedto seeif it promotes
humanmirth. At present, we only havepreliminarydataon
that issue which suggests a role for glutamatergic and
dopaminergic stimulation in the control of the 50-kHz re-
sponse [13,29,62,101], but no comparable data is yet
available at the humanlevel. If the basicneuralsubstrates
for social joy are,in fact,similar in ratsandhumans,animal
experimentation should help us elucidateof the underlying
neuraldetails morereadily thanany conceivablestudiesin
humans.Until datato thecontraryemerges,we planto keep
anopenmindto thepossibility thatadetailedanalysis of the
underlying neurobiological controls may highlight impor-
tant commonalties between tickle-induced chirping in
youngrodentsandyouthful laughter in the humanspecies.
In anyevent,we anticipate thatthefurtherstudyof this and
relatedemotionalmeasuresoffer powerful new approaches
for understanding some of the general principles which
mediatepositivesocialaffectsandmotivationswithin mam-
malian brains.Throughsuchpursuits, the neuroscienceof
epistemics, as first conceptualizedby Paul MacLean,may
be substantially advanced.
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