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Abstract

PaulMacLean€conceptof epistemicSthe neuroscientificstudy of subjectiveexperienceNrequiresinimalbrain researchhat canbe
relatedto predictionsconcerningthe internalexperience®f humans Especiallyrobustrelationshipscomefrom studiesof the emotional/
affectiveprocessethatarisefrom subcorticabrain systemssharedby all mammalsRecentaffectiveneuroscienceesearcthasyieldedthe
discoveryof play-andtickle-inducedultrasonicvocalizationpatterng ! 50-kHzchirps)in ratsmayhavemorethana passingesemblance
primitive humanlaughterIn this paperwe summarizedozenreasongor theworking hypothesighatsuchratvocalizationseflecta type of
positiveaffectthatmayhaveevolutionaryrelationsto thejoyfulnessof humanchildhoodlaughtercommonlyaccompanyingocialplay. The
neurobiologicahatureof humanlaughteris discussedandtherelevancef suchludic processefor understandinglinical disordersuchas

attentiondeficit hyperactivitydisorderg ADHD), addictiveurgesand moodimbalancesrediscussed.
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1. Introduction

One of Paul MacLean§lastinginsightswas the recog-
nition that subcortical regions of the mammalian brain
contain a variety of evolved emational systens for the
governace of behavior He acceped the likelihood that
subjective emotional experiences arise from specifiable
neural systems, and he encapsulated his interest in the
fundanental natue of such psycholological functionsin
the concepiof episemicfthe studyof @thesubjectie self
andits relationsto the internal and extenal ervironmen@®
[48, p. 6]. Furthemore,he suggeted thatthe brainregians
which governbasicemotionalurgesexhibit an impressive
functional and anatonical coherege that deseres specal
recognition. Thereby, his concept of the limbic system
emergedas one of the greatmemesf functonal neurosi-
ence.Recently, an increasingnumbe of neurobéavioriss
havechdlengedthe utility of this concept(e.g., Ref. [45])
albeit no neurosientist has had adequat reasonto chal-
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lenge the existence of a variety of evolved emotional
sysemsthatwe still sharewith othermanmals.

Tha creatiresaslowly as crayfish and planara exhibit
placeprefeencesfor drugsthat humandesie [42,71] also
coaxesus to considerthe utility of subte conceps suchas
affect-psycholoigal procesesthat are creaed by anciert
valueencodng, neuralsysemsof the brain To our way of
thinking, affectsarethecurrercy of the braifmind econony
thatsignd the survival value of object and ways of acting
in the world. Thus,thereare naturalcategoies of affective
procesesNsomelinkedto sensimg the fruits and dangersf
the world, some related to anticipation of positive and
negatve events somerelaed to actionsin the world, and
somerelaked to postonsummatry reactons. All may re-
quire sometype of primitive neual structurethat can be
conceptialized asthe @coreeli@®[20,55,5]. Our working
premse is that affects are intringc aspect of emotional
operating systems in the brain, and thereby constitute
centes of gravity aroundwhich the decigon making and
operaional/instrumeral featues of the surroundingcogni-
tive procesesrevolve. In the presehpaperwe will focuson
our recentdiscovery of a vocal paternin rats which may
haveevoluionaryrelatonshipsto laugher, and hence fun-
damemally to joyful socid procesesthatarecarriedout by
the mammaliarbrain.
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2. The brain systemsfor affective experien@

During the past three deca@s, enormois progress has
beenmadein characteding the brain systemghat promote
reprodiction (sexu& and maernalnurturancesystemy and
relatedsocid procesesthathelp newbornanimalsto signad
socid distressandsocialexcitemen(i.e., separatioristress
andplayfulnes) both of which pronote socid bonding the
develgpmentof socialskills, andtherebythe competencéo
sustaingenerativecycle of life [55,70] Such evolvel neu-
robehavoral tools, honedexquisiely and at timesidiosyn-
craticaly by individual learningexperienceshelp establish
comnunicativeurgesthatsuppot ourhumanneurosymboic
capadies for refined forms of intersubgctivity (reflected
mostclealy in our abidinginterestin the conterts of other
minds) [87]. Among the basic social signaling systems,
audiowcal andpresenantic forms of socialcommuncation
[48] may be the antecéentsto the socid urgesthatcharac-
terizehumanlife. However the linkagesbetweenwhat we
know about the human mind and what we know about
animal brain functons remain a difficult and conterious
topic, ard the neededemprical bridges remainto be con-
structedwith disciplinaryconvidion.

Thosewho do not work on thesebrain systemsypically
reman skepical of the relevanceof this knowedge for
undersandingthe humancondiion, eventhougha careful
analyss of the datacollectedduring the era of psychosir-
gery provided someimpressivedata concering the simi-
larity of humanandanimalsubcoticad emotionalfuncions
[33]. still, evenwith modernbrain imaging, the detailsof
the neuralcircuits that governhumanemotons and moti-
vatiors reman largely outsidethe realmof neurosientific
inquiry. The existing imaging techniques only identify
regians of interestfor further analysesWhenit comesto
the cardinalissueof idenifying causalprocesesfor mam
malianemotionalfeelings,thesetechniquesare susceptible
to abundantfalse negativesas well as an indeternnate
numbe of false posiives since they highlight correhted
rathe than causalaspedt of core emotons. Indeed such
techndogiesarenot espeally robustfor visualizing brain
stemfunctions. For instancethe widespeaduseof sensory
stimui to evokeemotiongypicdly leavesopen thequesion
of how muchthe resultirg brain arousés reflect nonaffec-
tive perceptualprocesesas oppaedto brain functionsthat
actively generateaffective experence.Indeed,thereis no
unambguousway to ascertainvhether the activationsthat
areobtainedarediredly reflective of the active procesing
of emotionalfeelings, asopposedo the active inhibition of
mindbbrain processeghat acconpany such experieces.
Also, fMRI appeardo be moresensitve to gradeddentritic
potentals (inputs to an area)rathe than outputsfrom an
areal47].

Thedynanicsof bloodflow in the braincanfluctuateso
rapidy that short-tem @eventelatedOmeasires (as typi-
cally obsered with fMRI) and longer term @stat&eas
ures(ascanbe monitoredbetterwith PETimaging)oftendo

not math up, andmany of the neuroctemistresthatare of
interest (e.g., cateclolamine$ can have dired effects on
blood flow dynamics that may be independent of neural
dynamics. Still, whenwe look atthe bestbrainimaging that
hasbeendoneof humanemotonal experiencg21], thereis
a striking correspondence to what we know about the
localizaion of emctiond circuits in the brains of other
manmals[55,59,].

Despite massive eviderce suggesting consewvation of
prindplesacrossall mammalianspeciesamongthe subcor-
tica sysemsthat governbasicemotons and motivations
the detaled study of neual circuits that contrd animal
emotions remans to be generally accepted as beng of
fundanentalimportarcefor understandindgiumanemotions
Partly, this simply reflectsthe fact that deep evolutiorary
consteratons do not yet guide thinking in the field [68],
and partly, the naturaltendemy of scholarsto resistassim-
ilation of the typesof findingsin which they havenot been
active participants.Thus,we areleft with the dilemma that
somebasicneurosienistsagoniz overthe extentto which
ther empiricd victoriesin studying the brairs of animals
relevantfor the understandingour own speciesThe evolu-
tionary perspetive providesa clearansverNat a subcoti-
cal level, whereanatomichand neuroclkemicalhomologes
abound,thereareboundto be remakable functional simi-
larities [68], unless,of course theselower functionshave
becone vestgial for humanbehavie. Although there has
continuedto be consderableevolutiorary divergencen the
detals of emotonal brainmechaismsacrossspeciesthere
is presetly no empiricad reasorto believesuchfundamentha
brain operating systems have become vestigial in any
manmalian species,eventhoughit is likely they can be
decisively inhibited and regulated by the emergerce of
various higher brain functions, most dramatially the im-
pressve cogniive capadies of humars.

PaulMacLeanwasoneof thefewwho hadtheintellectual
courage to deal directy with the implications of ancient
limbic brain sysems for undergandng human emdions.
Ultimately such neuroevolutionary perspectives must be
evalugedby thenewpredctionstheycangenerag, especial-
ly for the humanspeces. For instance the neuroclemical
issteshave becaneespedilly tractabllthere areexampes
of how effectively our understanding of biogenic amine
sysemsin animalmodek hasguidedan undersanding of
their functions in humanbrairs (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 animalmodeswill soonbecapdle of guiding
predctionsatthe humanpsychobgicallevel [55,56,38].

In the restof this paper we will sumnarizeanddisciss
one of our most recentlines of reseacthNa vocalizaton
patern in rats that we have interpreed as a laughterike
resposeNwhich can be usedas an exempar of a radicl
type of theorizirg along theselines. Although we are not
unreasnably commited to the @laulgter@interpreation of
the 50-kHz vocalization patern we shall highlight here, it
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providesan especlly provocdive andusefulcasestudy of
the typesof testableand falsifiable neuroewlutionary psy-
chobidogical hypotheseghatthe increasinglyabunantbe-
haviorl neurosciencdatanow offersfor our consteration.

Our discwssionwill be two pronged First, we constder
the possbility, now suppoted by a greatdeal of data,that
suchvocalizations(i.e.,50-kHz chirps) doreflectalaugher-
typeresponseregardessof evolutiorary relationsto human
laugher. Secondwe entertairthe possbility, which remans
largely in the conceptual realm but may eventualy be
evaluded using neuropgcholagical and molecuar biologi-
cal approabes,namely that the animal datawill highlight
someof thehomologouscontiols thatexistin humanbrairs.
Thus,we will alsoconsier the possibilty that rat @lauly-
ter®and infartile humanlaugher do shareenowgh evolu-
tionaryrelationsfor the former to be usefulin decodng one
of the greatmysteriesof humanlifeNthe deepnatureof a
form of joy within the brainBmind.

3. The discowery of rat @laugher@®

While evaluatingthe sensorysystemshatcontmol rough-
and-umble play in juvenie rats, we notedthat deafening
had a modes effectin reducingplay [89]. This suggeted
the possibilty thatsometype of sociovzocal communcation
may facilitate playfulnes. This problemwas picked up by
Brian Knutsonin our lab, who first monitoredthe ultrasonic
vocalizations of young rats in the midst of play. He
promptly discovered a grea abundarce of 50-kHz type
chirps during this type of socid interaction[38]. This type
of vocalizaton had alreag beenstudiedextensvely in the
contex of sex[1] anda much lower level of this type of
vocalization had also beenseenin the context aggresion
(Ref.[96] andvideinfraNsection 4.4, i.e., thefourthamong
the dozenreasos in the next section). However in the
context of play thesevocalzationswere much higherthan
ever obsened in the other socid contexs. Indeed,these
vocaliationswere espeally frequentwhen animalswere
anticipating the opportunity to play, and we came to
recognke that such vocal measires could be usedas to
measire positive affectiveexpecancies[14,40,6].

One prong of our subsegentwork on this vocalization
patternwas premsed on the possibility that such sounds
may be used as a genea index of affectively positive
incentive motivaion [14,39,4)], perhapseven a measire
of craving of various rewards, including pharmacolgical
onegs[66]. We havenow extensvely develgpedthatideaand
feel thatit hasopenedup a new avenueof inquiry into the
studyof the positiveaffectiveexperencef anothe speces
[40,66] It is importantto emphaizethatthe levelsof this
vocalizationwere by far the highestin the context of playful
interactons. This suggeted to us thatit might alsoindexa
speciic typeof socioemdbnalrespoiserelaedto aspecfic
type of affectively positive social proces. Thus, the other
prong of our work was devota to analying the specal

socidPemotionalaspect®f this vocalzation.We will focus
on that possibilty in this paper

After we had studiedplay- and reward-indged 50-kHz
chirping for aboutthreeyears,it occured to us that this
response might reflect some type of a @aughter@type
respose.During the spring of 1997,the senia authorcame
to the lab, and suggeted to the junior author @Le&go
tickle some rats.@ This was promptly done with some
juvenie ratsthat had just finished a play experiment We
immedatel discoseredthatthe emissionof 50-kHz vocal-
izations more than doubled over the levels we had seen
during their own self-initiatedplay activities.To all appear-
ances,the animals enjoyedthis tickling which simulatd
therr own playful actiities. We pronmptly shifted our re-
searchpriorities to an intensive analyss of this resporse.
Acrossthe subsegentyeas we becane increasindy con-
vinced that we had discovered a true laughter-type of
respoises. As a matter of prindple (of the evolutiorary
variety), we decidel to reman opento the possibility there
was sometype of ancestal relaionship betweenthis re-
sponseandthe primitive laughterthatmostmemberof the
humanspecesexhibitin rudimenary form by thetime they
are three monts old. This intriguing behavioral respoise
intensifies marwelously during the next few yearsand is
exquistely expressedwhen children begin to vigorously
play with eachother (beirg espeally evideri when they
eagely chaseeachotherin gamessuchastag).

Of courseit washardto publishthis kind of work, andit
wasironic thatthe publicaton of our initial manuscripwas
impededby prominentemotionresearchersomeof whom
takepainsto denythatwe caneverknow whetheranimals
have any emotionalfeelings. That initial manusript (with
someaddifional comnentary is, however, now availablein
the proceethgs of the first major scientific conferene in
which this work was dissemnated[61]. We parenhetically
note that before any of this work was published in a
sciertific journal, it was sharedwith the public in severa
animal behavor docurnentaries(e.g.,a BBC show entitled
Beyond a Joke and a Discovey Chainel show on Why
Dogs Smileand Chimpanzee€ry). As a result,the senio
authorreceved aburdantmail from rat-fancerswho sought
to replicatethe phenomaon, mostwith considerald suc-
cess(espedlly if theywerenot carriersof predatoryodors,
asfrom pet cats).We would shareonelettersfrom afanin
California who, becauseof her experencetickling a rat,
decidel to retun to college to pursuegradua¢ work in
animal behavor:

After seeinghe Discovey specal, | decidel to do alittle
expermentingof my own with my son@petrat, Pinky, a
young male. Within one week Pinky was completey
condiionedto playingwith meandeveay oncein awhile
evenemitsa high pitchedsqueakhatl canhear It been
about4 weeksthatl havebeentickling him everydg and
now, the second walk into the room, he startsgnawving
on the bars of his cage and bounchg around like a
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kangare until | tickle him. He wonOeveneatwhen |
feedhim unles | give him a goodtickle first. | had no
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 [that® his favorite],
and doesbunny kicks when| wrestle with him. It®3 the
funniest thing 1Oveever seen,even though my family
thought | hadlost my mind until I showedthem.

In short therewas greatpopula interestin this discov-
ery, although there remainssome profound and Zeitgeist
appropiate skepticismabou the pheromenonamongmany
sciertists. Of course onecritical worry we all tendto hawe
aboutsuchinterpreaitionsof animalbehavor is committing
the @sirof anthopomorphsm.OHowever we would sim:
ply note that the emergenceof a @critich anthopoma-
phismOmay be esseritl 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
suggetions, which cameto be known as @Morgas@an
on,O(i.e., the scientificaly esteened goal of parsimany)
would becamea rationde to dogmaticlly deny the exis-
tenceof mentallife in otheranimals[18].

Because of the rather well-entrenched, and by now
almostreflexive,antianthopomaphismstane in theneuro-
behavorist comrunity, we hadalrealy encounéredsimilar
reactons whenwe first statedto study separtion-induced
distressvocalizdionsin puppies, guineapigs and domesic
chicks which we hypottesizel could be usedas animal
homobgsof a form of humanchildhood®crying®67,70]
Reades interestedin an exampe of ongoirg skepicism
with regard to existing work on separation distress in
animals,as well as relaed scientifc issues,can find that
topic debatedn a seriesof recentarticles[8,59]. We feelthe
neurosience community does needto try to ded more
forthrightly with the critically importart affectivefunctons
of the brain. A properneuron& conceptializaton of affec-
tive procesesmay be essentialfor making senseout of
many brain functions.Althoughall scienists canagreethat
affectivestatescannotbe measuredlirealyNthat hasbeen
obvious for a long timeNthere area variety of compelling
indirect theoetical strateges that offer credble sciertific
approabesfor penetating into the natureof suchmentl
experences[55]. Although positive affects, such as joy,
may be moredifficult thanthe varidies of fearandanxiey,
we proceeded to provisionally hypothesize that 50-kHz
chirping couldbe usedasa measire of positivesocid affect
in rodens, and perhapsother appetitve anticipatory pro-
cesseaswell [40,66]

Of couse,sciertifically therearetwo critical issuesi(1)
Are the empiricd phenonenawe havereportedreplicable
(andsofar we haveheardof no majorproblems),and(2) Do
our interpretationsof the phenomea standup to critical
analysis (and so far, no one has shared an aternative

perspetive thatis basedeitheron eviderce or clearreason
ing thatconsdersall the eviderce)?Sowhy arewe willing
to go out on this risky concepual limb? Our first reasonis
that if our theoretical interpretation is basicaly correct,
namey thatthesearethe soundsof socid joy, thenwe have
anexcellentanimal modelto helpdecipler scierifically one
of the great mysteries of human emotionsN the primal
joyful natue of laugher and posiive socid interchange
[58]. Anotherreasoris simply agenerabntologial position
that we share with Paul MacLean and other sensitive
obserers of animatelife: The exisenceof affective pro-
cessesdn the brainsof othermammas makesevolutiorary
senseNt could be a heuristiccodeof value On the other
hand, the assumptin that the other animalsare unfeeing
behavoral zombis seens evoluionarily improbable,espe-
cially if many human affects emerge from subcortical
circuts we sharehomogenougl with other animals[60].
In makingthis lastassetion, we explicitly recognzethatthe
expansin of the humanneocortexhasprovidedthe oppor-
tunity for alevelof symholic procesingthatis evidentin no
otherspeciesOf course if it were to turn out that expert
encedaffed is morecritically depenénton corticobcogni-
tive symtolic activitiesratherthanthearouséof subcotical
of emotonalbinstinctualaction circuits aswe hypothesize
[55], thenour posiion would be serbusly flawed.However
thereare aburdant datathat evolutiorarily conseved sub-
cortical systemsare major @lociof contol@for emotional
affective procesesin the mammailan brain [33,55,®8,79]
In claiming this we do notdenythatmanyperceptal affects
(e.g.,the qualia of sensoryexperences)are heavily depen-
dentontheability of corticalprocesesto discriminaé many
fine differencesof the world.

4. The weight of evidencefor rat @laugher@®

Before proceethg to somedetails,let us again affirm
that our ontologial posiion is that other mammals, and
perhapsmany other animals,do have affective emotional
and motivational experenceswhich are generatd by com-
plex neurodynamics that are important for scientists to
conceptalize to makeprogress on how the brainbmind is
actualy organized.This is a contetious isste, since sub-
jective experiencecamot be directly measwved in either
animals or humars, and must be inferred from outwardy
evidert signs This, of coursejs notan unconmon problem
in science, where unseen processes mugs be adequately
conceptalized before they can be measired. In such cir-
cumgancesit is the weight of eviderce 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 summarze a
dozen lines of evidence that coax us to consider the
O@laugtei@interpretatin of the 50-kHz chirping thatis so
readly evokedin young rats by providing them playful,
tickling-type somaosensorystimulation (seeTable 1). Be-
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Tablel

Evidencethat 50-kHz calls reflecta positive emotion stateanalogougo
laughter

1. 50-kHzchirpingis evokedmost
robustlyduring play andtickling
2. Existenceof @tickleskin®

[11,13,38,7,80,88,90]

([61,69,70,89 Fig. 2)

3. Age relateddeclinesin tickling ([54], Fig. 2)

4. Negativelyvalencedstimuli [55,61,94,97]
reducethe tickle response

5. Positiverelationshipbetween [38,63]

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

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

7. Socialisolationis animportant [61,62]
ingredientfor evocationof the
tickling response
8. Classicalconditioring of tickling [61,62]
9. Tickle inducedapproactbehavior ([12], Fig. 4)
is stronglycorrelatd with rate
of 50-kHz calls
10. Socialpreferencegvokedby tickling ([12], Fig. 5)
11. Low or high levelsof ticklishness [46,63]

canbe readily breedfor experimetal

12. The alternative motor artifact
explanatios of the response,
arenot supported

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

fore proceethg, let us emphasizethat the two major sono-
grapht patternsof ultrasonicvocalzationsNthe 22- andthe
50-kHz chirps (Fig. 1)N do convey different emotional

messages. The former is primarily seen in affectively

negatie situatians, while the latteris much more evidert

in posiive ones(for a compehensivereview of the back-
groundevidercefor thisandotherpoints madein this paper
seeRef.[40]). In our experence thereis no situgion where
the 50-kHz chirpsare more frequent thanwhenyoungrats
arebeing tickled by a humanexpermenter

4.1.50-kHz chirping is evokedmostrobusty by the positive
socid interchangeof roughand-tunile play, andevenmore
S0 by human tickling

Sustainedbouts of humanlaugher are evident in chil-
drenduring tickling and roughand-tumbé play, espeally
whentheyarechasng eachother[80,90] A similartype of
vocal activity (chirping at abouta frequancy of 50 kHz,
which humars cannothearwithout specal equipnent, of
coursg is also evidentwhen young rats play [38]. To our
knowledge, play and tickling are by far the most robust
initiators of the short50-kHz chirpsthatarealsocommonat
much lower levels in other positive socid situation[13].
This sccially induced vocdlization is highly stereotyped
[11], as is humanlaughter[77], but thereis also sufficient
variability in the rodentchirps thatit remans concevable
thatthereareseverafunctonally distinctsoundsn thistype
of vocalization.

Whetter there are homobgousplay- and affect-related
ultrasong chirps in otherrodentssuchasmiceandhamsters
awaitssuchfunctional analy®sin thosespeces[40]. It has

alsorecenly beenclaimedthatotherspecis including pri-

mates and canidsexhibit a laugher type responsd77,88]

Whetter theseare homologos vocalizations,and to what
extentthereareancestratelaionsto humarnaugherawaitsa
morecomprelensiveneuralandgeneticundersandingof the
underpnningsof this behavior than presetly exists.Only

when we know enaigh about the basic neurobology of

humanlaugherwill we ableto haveanadequat databaeto

evalude the isste of homobgy in otherspeces. The slow
paceof reseachin thisareagespeally in thehumanspeces
makesneededcrossspeciecompaisonsalmostimpossible
currently, especially as far as neurological issues are

concered [13,29,B]. Indeed,it seens likely thatthe neu-
robidogy of suchrespomsesin labomtory speciescan lead
the analysis.The existenceof homolodes will haveto be
judgedby the extentto which the animaldatayield testable
predctions in humars (e.g., identificaton of new neuro-
chemestriesthatfacilitate laughter).

4.2. On the exisenceof tickle skin

Tickling various areas of a rat@ body is remarkably
effectivein generang maximal levels of this @laulgtei®
respose.Justlike humars who are moreticklish on certan
areasof the body (e.g.,ribs), youngratshave @tkle skin®
concentatedat the napeof the neckwhere they directther
own play activities[61,89] A developmenal study of the
tickling response, as a function of body area tickled, is
sumnarizedin Fig. 2 (the detailedmethodsaredescribedn
the legend of this and subsegentfigures).Tickling at the
napeof the neckconsstently producel more chirping than
tickling the posteior dorsalsurfaceof the animal, but full
body tickle was most effective of all. The responsewas
significantly higherin the malesduring the first two test
agesputfemdesresponédsignificantlymorethanmalesat
the oldestage. In this context,it is noteworhy that after
puberty femdes tend to reman more playful than males
([69,70], and unpublisheddata)

50-kHz Call 20-kHz Call
kHz kHz
10 = 10 =
[
8 8 = W
6= 6 =
o ) a # -
2 - L] W '&‘.M
l:LI‘.hA.Il s ke ‘-u...bir:i -
05s

Fig. 1. Sonographicanalysisof a sample50- and 20-kHz ultrasoric
vocalizatiorrecordedduringthethird testday of theexperimendepictedn
Fig. 2. Ultrasonicvocalizationsvererecordedonto the audiochannelof a
VCR tapevia a Pettersse®980ultrasoniadetecto(UppsalaSwedenwith
a 1/10frequeng division.
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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) the napeof the neck(Anterior), (iii) alternatingoetweerstimulationprimarily of the napeandventralsurfaceof the animalwhenplacedin a
supineposture(Full Tickle) or (iv) no stimulation(Baseline)for 15-sepochsfor eachstimulationor baselineperiod. Subjectswere testedusing a within-
subjectdesignat 44, 71 and 148 daysof age.Methodsusedwereidenticalto thosepreviouslydescribed61,62] Sexdifferencesvereanalyzedusingtwo-

tailed between-subjeést test.P<.05, ** P<.01,** P<.001.

4.3. Age-elated declinesin tickling-inducedchirping

Rough and tumble play declinesas a function of age
[54], andso doestickling (Fig. 2, but the declinein play is
much more predpitous than the decline in the tickling
respoise. The tickling respomse remaned stablewell past
pubery (at leastuntil ! 70 days of age), declining sub-
stantialy only whenthe animals were well into full adult
hood. This suggests tha the reductions in natua play
following pubery is probaby due more to the fact that
older anmals do not initiate play as much as younge
animalsand that they (espedlly males) are more likely
to getinto intenselyaggresive interactions.Although there
is littl e datato suggesthatthereis a precipitas declinein
positiverewardfrom playful bodily stimulatbn, asanimals
grow older, as highlighted in section4.6, older animalsthat
are not accustomedto being tickled do show diminished
tickle-induced place-preference as compared to younger
animals.

4.4. Negatiely valened stimuli reducethe tickle response

All fearful and negatve affectivestimul we havetested
(catsmell,foot shock,new places being held by the scruff
of the neck, and being tesed in bright light) reducethis
respose[61]. Oneof the potentialy incongstentfindingsis
the existence of some 50-kHz chirps during aggressive
encouners[51,83,%]. Indeed,Berridge[4] hasquesioned
our @laulgte@interpretaton of 50-kHz chirps on the basis
of this finding. However we note that it is the intruder
animal that exhibit the vast majority of the aggression-e-
lated50-kHz vocalizatons[97], andthelevek aresosparse

asto be of dubiots significarce whencortrastedo the high
levek evider during play andtickling.

In a recentunpublshedexpermentwe examinedultra-
sonic calls in the residentbintruder aggression protocol
(e.g., Ref. [24]). Dorsal cortacts, bites, freezing, as well
as ultrasont vocalizatons were analyzd during eitherthe
fourth or fifth residenBintruderencoungr. The 30-mintest
sessin wasdivided into 5-min blocksfor analysis.During
the first trial bock (0B5 min) animalsexhibitedthe lowest
levek of freezingbehavior(Meant S.E.M; 41.9+34.3 s)
andthe fifth trial block (20B25 min) exhibitedthe highe$
level of freezng behavor (191.5+ 64.3 s). Assumirg that
freezing behavor reliably indexes a negativeaffectivestae,
we infer thatanimals exhibiting morenegatve affectduring
thefifth trial block ascompaed to the first. Male ratsalso
exhibited more dorsal contacts, which index a positive
affective stateduring play behavie [55], during the first
trial block (5.1+1.2 s) ascompaed to the fifth trial block
(1.4 0.9 s). Male ratsexhibited significantly more 50-kHz
during thefirst trial block (41.9+ 34.3s) ascompaedto the
fifth trial block (17.7+ 8.6 s), and significantly less20-kHz
calls during thefirst trial block (0.9+ 0.9 s) ascompaedto
thefifth trial block (128.6+27.4s). In contrast,femalerats
exhibited similar levelsof 50-kHz andvirtually no 20-kHz
calls duringthefirst andfift h trial blocks andtheyexhibited
very little freezingbehavior Thus, it appearghat the most
emotonally positive segnentsof aggresion were associat-
ed with higherlevels of 50-kHz vocalizatons as compaed
to the more negatively valenced test periods. Just the
opposte was seenfor the 22-kHz calls, with more 22 kHz
associated with the negatively valenced test periods as
compaed to the posiively valencedestperiads.
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Even though aggresion generdly seens aversive,we
alsonotethatthereis, in fact, an ambvalentsocialmotiva-
tion in animals following severe social competition as
measiredby socid choicetess. Submgsiveanimals,given
a choiceto retuin to their homecagein a T-mazeor to the
homeof the dominantanimals,exhibited surpisingly many
choices for thelatter[94], while of coursedominantanimals
would beexpecedto beeageifor moresocid contact. Thus,
aggresive situationsstill contan abundantposiive socid
motivaional featureswhich may help explan the modes
levelsof 50-kHz vocalzationsevidentin residenbintruder
paradgms.

4.5. Positiverelationsbetweerplaying and tickling

Individuals that chirp the mostin respose to tickling,
also play the most. We have obsened this in two separte
situations. First, in sequential daily play sessions, the
amourn of chirping thatoccursduringa sessbnis correhted
with the number of dorsal contacts (play solicitations)
emitted during play testing [38]. Second,when we bred
animalsfor high chirping, we alsofound thattheseanimals
exhibited significantly moreplay solicitationsthanrandom
ly seleted andlow-chirp lines [63].

4.6. Tickling appears to produce a positive affective
responss

Justlike youngchildren,juvenileratsfind tickling to be
rewarding as indicated by various approach and place
prefeencetess [61,62] Indeed,we havefound thatyoung
ratswill seekthe proximity of handsthattickled themto a
greater extent than they seek contact with anesthetized
conspeifics [12]. Animalsalsoexhibit a heightenedattrac-
tion to otherstimuli thathavebeenassociatedavith tickling.
A replicationandextensiorof our original placepreference
finding [12] is sumnarizedin Fig. 3. Adolescen ratsthat
exhibited abundant50-kHz tickle-inducedchirps exhibited
significantlymore placepreferenceompaedto adultswho
resporled muchlessto the tickling.

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

One may wonder why young rats,who might be thred-
ened by large humars, exhibit a desie for the types of
playful interactonswe haveemployed. Clearl, this type of
recepivity is primed by prior socid isolation. Young ani-
mals taken immediatey from their family groupsdo not
exhibit a robustchirping respoiseto beingtickled. It takes
abouttwo daysof prior social isolation to obtain the full
respoise [62]. The fact that socid isolationis so potentin
openirg a @doorwad@b this type of interacton suggets
that the response is regulated by social-need processes
within the brain In cortrag, food depivation does not
significantly elevatethe respose[61]. In this contex, it is
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Fig. 3. LongbEvansratssingly housedfrom weaningat either21 or 40D

41 daysof agewereusedin this study Adolescenanimals(n=29) began
testingat 41942 daysof ageandadultanimals(n=19) werebetweer? and
9 monthsof ageat the startof testing.Subjectseceived2 min of tickling

stimulationconsistingof four successivélocksof 15 s of no stimulation
followedby 15-speriodof full bodytickle [62] for threeconsecutivelaysin

the white side of a whitebblack conditiored place preferece box [14].

Ultrasonicvocalizationsvereanalyzedor the2-mintickling sessioron the
third testday Subjectswere also placedin the black side of the place
preferencédox without tickling stimulatio for eachof the threetestdays.
On the fourth day subjectsvereallowedfree accesgo both the white and
black side of the place preferencebox for 5 min. Conditioned place
preferencevasanalyzedvith atwo-tailedwithin-subectt test.50-kHzcalls
were analyzedwith a two-tailed between-sbjectt test,and 20-kHz calls
with a MannBWhitney U. P<.05, ** P<.01,*** P<.001.

also noteworhy that it is rathe difficult for strangersto
provoke young childreninto tickle gamesuntil they have
beenadequatly familiarized with the adult and perceve
them to be friendly (Pankspp and Reddy 2002, unpub-
lished obsenations).

4.8. Classica conditioring of tickling

It is well known that in humanchildren one can very
rapidy cordition a laugher responself one has succes-
fully tickled a young child, then one can evoke peals of
laugher simply by thredenirg with a @Cochi-coochicooO
type of @I-will-gt-you@provocdion. A very similar con-
ditioned resporse can be seenin juvenile rats, by waving
one®handas a conditional stimulusprior to eachtickling
bout[61,62] Not only does thetickling resposeclasscally
condifons rapidy to cuesthat predct tickling, but during
extinction, socid solicitations [play-bites] actualy go up
during successivaestdays (seeFig. 5 and Ref. [62]), as
opposedto down as might be expeced from classicalex-
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Fig. 4. LongbEvansrats (n=4) age 32 daysof agewere singly housed
fromweaningat21 daysof agewereusedin thisstudy Subjectsveregiven
15 s of full tickle stimulationwhich was madecontingenton the animals
approachingand touching the experimentexr hand or after 30 s without
contactA total of 45 trialsweregivenperanimal.50-kHz callswhile the
animalswere approachng the experimeters handwas usedfor analysis
Methodswerevirtually identicalto experimen?2 of Burgdaf andPanksepp
[12]. PearsorCorrelationr =.80, P<.001.

tinction proceses.lt is faschating that the play biting is

furtherelevaedin theseanimalsacrossuccesiveextinctinn

days(seeFig. 5 andRef [62]). Ourinterpretationis thatthe
animalsarein a centralstateof @playdesireGandthattheir

behavor reflects an instrurrental attemptto elicit playful

engagerant from their only availablepartrer (the expert

mentefd hand). This solicitation respose may have more
thanapassing resenblanceto the pesteing thatchildrenard

petscommony exhibit whentheywantmoresocid attentian

from individuals to whom they are attached. Thus, we
believethe varioussocial appetitiverespoisesobsened in

thesestudiesmay also be usedas measuref degreeof
socid attachmenin rats For instancejndividually housed
young rats readly learnto follow a handthat hastickled
themarounda large testarena.

4.9. Instrurrental conditioring with tickling as reward

Animals will run mazesand pressleversto get tickled
[12]. This indicatesthat the experenceis a positive rein-
forcement from a behaviori$ perspetive, and a positive
affective experiencefrom a psycholiological perspetive.
Indeed,in a simple @appiach-b-hand@paradgm, animals
thatchirp the mostin resposeto tickling exhibit the fastest
approab speedg12]. Vocalization rate while aninals are
approabing the experimente®® handis also highly corre-
lated with approab latency as depictedin Fig. 4. Indeed,
play and tickling are highly rewarding interactions, and
animalsthat emit high numbes of 50-kHz vocalizatons

can geneally be classifed as being more gregaious, and
more desirablesocid companions thanthoseemitting low
numbes of 50-kHz vocalizations.

4.10. Social prefeencesevokedby tickling

Young animalsmore readly approab a handthat has
tickled them, yielding many chirps, thanto a handthat has
only petted them which yields compaatively few chips
[12]. Also, young animalslike to spendmore time with
older animalsthat chirp a lot ratherthan with thosethat
chirpinfrequenty. As summaizedin Fig. 5, whenjuvenile
rats were placedindividually into a modified T-maz that
gave them accessto two adults, one that still exhibited
abundant50-kHz vocalzationsand one that did not, the
young animals overwhelmingly selectedto spendmost of
therr time with adultsthat still chirped a lot. These data
could be interpretedto meanthat animals preferto spend
time with other animalsthat expres positive affect.

If we are willing to assune that such @laugter@®re-
sponse andpreferenceseflectthebasicneurondinfrastiuc-
ture of joy within the mammailan brain thesedatasugget
thata positive form of socialaffectmay be fundanentalto
manmalianbrain organizationAlthoughthe socid facilita-
tion andsocid bondirg assocatedwith joint laughtereman
to be empiricdly evaluded, laugher certainlyis infectious
[49], and may trangnit moodsof posiive socid solidaity,
therdoy promotig cooperéve forms of socid engagerant.
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Fig. 5. LongbEvansrats(n=7) which were 30 daysof ageat testinghad
beensingly housedrom weaningat 21 daysof agewereusedin this study
On the testday, they were given the opportunityto shuttlebetweenthree
compartmentsia two 4 cm in diametettunnelsduringa 30-minsessionin
one compartmat a youngadultrat (56 daysof age)thathad shownhigh
levelsof 50-kHz ultrasonicvocalizatios in responséo manualtickling by
the experimenter(high tickle group). In a secondcompartmentanother
youngadultwho hadshownlow levelsof 50-kHz ultrasonicvocalizations
in responséo manualtickling by the experimente(low tickle group).The
third middle compartmat wasleft empty Due to the smalldiameterof the
tunnels,only the adolescentats could shuttlebetweenthe threecompart-
ments.Data were analyzedwith a two-way repeatedneasure ANOVA.
Adolescentrats spentsignificantly more time with the high tickle animal
that exhibitedabundantchirpsin responseo tickling then with the low
tickle animal[ F(1,12)=26.6,P <.0005].
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Presumably oneultimate evolutiorary functionof suchstats
is to help organizesocid dynanics in suppot of reprodic-
tive fitness. Thus, it will be very importantto detemine
empiricdly whethersharedaugherin humars andchirping
in rats are potent fadors in estallishing friendships and
socid bonds.Likewise, we havenot formally evalugedthe
infectiousness of rat 50-kHz calls yet, but preliminary
obsenationssuggesthatanimalsthatcanhearotheranimal
playing also become playful as indicated by increased
activity and jumpiness (personal observations and Kelly
Lambert, personal communication, 2002). Of course, in
making theseassetions,we recognzethatexceswe tickling
and too much roughand-umble can becone aversve. In
unpublshedwork we oftenobsene 22-kHz callsattheerd
of prolongedtestsessions.

4.11. Breedingfor tickling

The chirping resposeis a tenperanental charactristic
of anmals, for it can be successfuly sdected for and
agains within four generabns of selectivebreedng [63].
Sincetherehasto be brain circuitry for this respoise,there
haveto be genesthat areinvolved in the constuction ard
neurockemicl suppot of such circuits. Accordingly, we
believe that the searchfor the genesthat contol the rat
®@laugter/chiping@respose with moden molecularbiol-
ogy approabes may be one relevant way to analyz the
natue of the underlying neurobiological systems Such
work may eventudly provideeviderceto allow usto judge
whethercross-speeis homologes in sucha joy respomse
do, in fact, existacrossvariousspeces, including humars.
Clearly, different individuds and speciesdiffer grealy in
their capadiy for fun and laughey but we presetly know
essentidy nothing aboutthe underying psycholiological
causesParenthetially, we would note thereare somedata
for the existenceof heritable factas in human laugher
[46].

4.12. The alternative, motor artifact explarations of the
respons, are not suppoted

50-kHz calls havebeenhypottesizedto be an artifact of
thoracic compressin causedby forepav impact normally
exhibited during loconmotor activity [7] basedprimarily on
eviderce of a loconotor-dependentocalizatonsin gerbls
[95]. In aseries of studies we haveshown that50-kHz calls
can be disassociated from locomotor behavior, with
increasesof 50-kHz calls being associatedvith a decrease
[38] aswell asno change[13] in locomotor behavor. As
summarzedin Fig. 6, we found that only 9% of a total of
two hunded two 50-kHz calls recaded ocaurred either
coincicent or within 0.5 s after the autormrated detection of
a movement. In fact, there was a nonsignificant trend
(P=.06) for a greaer rate of 50-kHz calls 0.5 s before
abruptloconmotor actionsthenrateswithin 0.5 s after such
events
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Fig. 6. LongbEvansrats (n=4) were singly housedfrom weaningat 21

daysof agewereusedin this study At 54 daysof age subjectavereplaced
on a magneticstabilimeter which convertedmovementinto an audible
signal.Animalsreceived min of testingconsistingof successivélocksof

15 s of full tickling followed by 15 s no stimulation in which the

experimentemovedtheir finger abovethe animalto elicit 50-kHz calls
[61]. The soundproducedby the stabilimeer did not mask50-kHz calls.

Sonographi@nalysiswas performedcomparingthe temporalrelationship
between50-kHz calls and sonic artifacts producedby the stabilimeer

(indicatinga movementhad occurred) Pairedt tests(two-tailed)revealed
that subjectsexhibit significantly (P <.001) more 50-kHz calls at time

pointsthatwerenot clearlyrelatedto the soundshatwerecoincidentwith

theindicesof locomotoractivity. Therewasalsoa nonsignifican{ P=.06)

trend for more vocalizatims to occur during the half secondbefore
movementas comparedo the half secondafterthe movement.

In sum, eventhoughthereis a greatdeal of datathat
coaxesus to posit a positive affective dimensons of this
respoetendermy in rats,we mustwonderwhy manyother
mammals do not seem to exhibit this type of a vocal
respose. Perhapyocal componentsof this emotionalstae
only survivedin speceswhos lives were not threatenedby
suchsoundsalertingpredatrs.Ultrasoniccalls of ratsdo not
carryfar andarehardto detect Accordindy, the survival of
young rats may not havebeencompromsedby the joyful
emissionsof ultrasonc chirps duringtheir playful activities.
Of coursegevenif therearerelationsdbetweerhumanaugher
andrat @laugter@thereare also bound to be many differ-
ences simply becausef the long (! 70590 million year)
divergencesincethey shareda comnon ancestor

5. On the nature of human laughter

Are any of the abovedatarelevantfor undersanding the
myseryof humanlaughterAs discissecelsewhee [58], the
steeotypal vocalpatternof humanaugherthatfirst appears
in rudimenary form at 23 monthsof age[80,92] suggets
anancientheritage.Of couse,the subtktiesof humanadult
laughter, so abundantly expressed during the cognitive
delightsof humor may highlight how certan anciett emo-
tional processes interact with refined cognitions within
higher reachesof the brainbmind [25]. Since laugher is
bestundersoodin our own speces,thehumanphenonenon
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mustremainthe criterionagainstwhich work on the @laulg-
ter®of otheranimals mustbe judged.Unfortunatey, there
hasbeenremakably little breakthroughempiricd work on
humanlaughtersincethe insightful obsenationsof Joubet
in 1579[36]. Accordindy, muchof whatcanbe saidabout
humanlaugher mustcomefrom the realmof folk knowl-
edge, with all its potential flaws, rather than from the
archivesof well-edablishedscieriific facts.

Here,aftera summaryof the phenomenologyof human
laugher, we sumnarizewhatlittle that we know aboutthe
evoluionaryard psycholiologicalsourcsandconsequaces
of humanlaughterBecauseof thedearthof basicreseachin
the area,we will alsohighlight somekey quesionsthatre-
mainto be empiricdly evaluated.

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

Humanlaugher is fundanentally a socid phenomenon,
andin young children, it is mosteasily evokedby playful
tickling. Indeed,if one seeksto becomefriends with a
young child, thereis no beter way to negotiatethe socid
terrain than mutually joyous escalatingtickle games(an
obvious fact that remans to be experimentally well docu-
mented althoughit is easilyobsened by any sensfive adult
who wishesto do so). The perennal childhood puzzle of
why one cannottickle thenselves, may be due to the fact
that the underlyingneuralsysemsare controlled by socid
cues and interactionsN the perception of being wanted/
chasedas well as the predictablity/unpredictablity of the
resuting social interactions. These are fadors that help
wea\we individuds into the socid fabric in whichtheyreside
reflectng various huesof position and dominance.Being
tickled by another arouses the brain more than being
Otickledby onesdl [6]. This fact highlights how subtly
our brains have beenhoned in part by evolution to be
mindful of socid priorities.

During infancy and early childhood,the mostabundant
laughter occurs in the midst of self-movements during
roughand-tumble play and as a resultof friendly tickling
by others[80,92] The resporse conditions so rapidy that
after only a few tickles; one can evoke laugher simdy
through hand and verbal gestures that imply threats of
tickling (e.g., @coochtoochicooO).The fact that certan
parts of the body are more ticklish than othes, both in
humars [32] and animels (Fig. 2), highlights the potential
existence of specialized receptor organsin the skin and
pathwaysn the brainto specificaly medide this respoise.

Infant® engagerantswith joyful tickling seens to pave
the way for peek-a-bo gameswher the anticipation of
certan socid dynamicscanrivet their delightedattentios
[72]. Theseantecedntsgradualy leadto children®enjoy-
mentof themanyformsof unpredictabity in thegamesthe
mischiewus pranksand practcal jokesthey cherish.How-
ever mostlaugher eventally occursin the midst of every-

day interactions. Throughout childhood, laughter occurs
mostcommony andmostintenselyin the midstof vigorous
socid engagerants,suchasthe chashg andrunning adiv-
ities of rough-and4mbleplay [90].

It is areasomablebut nota sciertifically establishediiew
thatthehumantastefor humoris basedin somefundamenth
way, on the existace of infantile and childhood joy and
laugher [27,28,8]. According to this view, the intrinsc
ability of the nervoussystemto laughandexperiencesocid
joy is anesserial precondtion for theemergencef thetype
of mentl sophistcationthatis ableto find joy andlaugher
amongtheslapsick inconguenceof life andtheinterplay of
unpredictable cognitive events. How far back play, joy,
laughter and smiling go in brain evolution is presently
anyone€guess Sane key questionsareasfollows:

What we needto detemine now is when doeslaugher
occur preciselyin the midst of rough-anddmble play
and other socid interactions?What behaviors does it
predct? What behavors does it follow? How does
tickling laugher becone condiionedin a child andother
young organismsHow doeslaughtercometo be used
for subsdiary socid goals?Is sharedlaugher a potent
facta in estaltishing friendshpsandsocialbonds?What
is the preciserelation$ip betweennatual laugher and
feelings of mirth? Can laugher and feelings of mirth
realy change bodily functions and pronote healh?
Whereare the neuralcircuits for laugher and what are
ther cardnal neuroclemistries20)58, pp. 1850186].

7. The neural substrates of laughter in humans

Sincesmiling and laughterarethe quintessentialndica-
tors of joyful affectacrosshumancultures[84], a study of
the underlying neurobiological substrates may help us
decodethe fundanental natue of joy within the brain As
alrealy noted, laboratoryrats also exhibit a laugher type
respose[61], raigng the possibilty thatsomeaspeds of the
neural substrates that control human laughter may be
clarified throughthis animalmodel.

At presen the neuroaatomy neuroplysiology andneu-
rochemstry of laughter reman poorly defined Althoudh
certan neuropé#hologies(including certan epilepsis) are
acconpaniedby uncntrollabe boutsof laughter oftenwith
no acconpanyingfeelingsof mirth, they provide only mar-
ginalcluesto theunderying brainsubstratsof joy [5]. It has
long beenknownthatthe progressie diseasein which the
insulationaroundnervecells(i.e., myelin) beginsto degen-
erate, such as multiple sclerosis and amyotrophic lateral
scleosis,are comnonly acconpaniedby fits of crying and
laugher [23]. Oftenthecrying boutssetin first, followedby
laugher, buttypically, neitheris accomaniedby the appro-
priateaffect[74]. They areoftenmotordisplayswhichreflect
releae from inhibition of deepsubcortich motar circuits
situatedin the brairstem[73].
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It is generdly believedthatfeelingsof mirth mayrequre
higher brain systems Reant eviderte suggets that the
frontal lobes help instigatelaughter, and the right frontal
lobes may be espeally important for the appreciatdn of
humor[85]. A remarkal# recentdiscoveryis theinducion
of hearty laughter, accompanied by true mirth, during
presurgicalstimulation of a frontal cortical area(i.e., the
suppementarymotor cortex), thathaslong beenrecognize
asimportart in theinitiation of movenent. One16-year-old
girl undergoingbrain stimulation for locaization of intrac-
table seizures exhibited bouts of vigorous laughter that
intensifed as brain stimulationintensityincreased.A strik-
ing featue was that this type of brain arousa led to the
projection of mirthful feelings onto @vhatever external
stimulus was preset@[26, p. 650]. A recentPET study of
laugher andsmiling resposeto humoousvideo clips also
found activation of the suppementarymotor cortex as well
as other cortical and subcotical structurs during hedonic
laugher and smiling [35]. Thesestudiesdranatically con-
firmed thatarousalof frontal areasof the brain,which hawe
long been recognized as being more important in the
generabn of emotons than posteriorsensoybperceptal
area,areableto triggerfeelings of mirth.

What a brain analysiscanyield are crediblehypotteses
aboutthe specificmechaismsthrowgh which laugher may
operage. At the lowestlevel of organizatiorthereappearso
be aresposeintegraton sysemfor laugher, the arousé of
whichmayestalish anessentiaprecondion for mirth. This
system is evolutionarily prepared to respond to certain
envimnmentalevents suchastickle andfriendly surprising
stimul, soasto facilitatesocid interactionsandto takethem
in positive diredions in ways that promote bondirg and
cooperéve activities.If onetriesto envisionsuchproceses
in dynamc terms,one might imagine laughterand mirth to
be global attractorprocesesthat captivatewidely reverker-
ating enserblesof neuralnetworkswithin the brain of one
individud that can spreadinfediously among interacting
individuds. Perhapssuchactivities releasegrowth pronot-
ing moleculesof thebrainsuchasneurotophins,which may
help condiion the brain in positive and lasting ways that
havebarelystatedto be evaluaed[30].

8. And the dark side of laughter

Of cousethereis a dark side to laughterthat has not
beenemphasizedthere:the @suddeglory@hat philosopher
ThomasHobbes saw as the heartof laugher that emerged
from a @concejn of someeminencyin oursevesO(see
Ref. [31]). Usually the children thatpreval in play tendto
laugh the most [9,98], suggesting that to some extent
laugher may reflect a socid dominane-seekingrespose,
which may pave the way for laughterto stigmaize and
degradeothes through suchbehavior All too often, espe-
cially in children,laughtertendsto becone a psychobgical
tool for teasingand tauntngNthe establimentof exclu-

sionay group idenities that can set the stagefor finding
mirth in the misfortunesof othes. These tendemies may
arie rathe natually from the fact that within-grow laugh-
ter pronmotes group solidarty, which can then be usedto
ostracizeand exhibit scorntoward thoseoutsidethe group.
We doubtif mostother animals are capableof exhibiting
such psychobgical tendermies, but such possibilties cer-
tainly needto be corsideredn futureresearh, especlly on
otherprimatesLikewise,therole of suchvocalizationin the
emergencef friendlinessand socid bondirg deserveour
attention.

In adults, most laughteroccursin the midst of simple
friendly social interactons while greeing and @ribbing®
eachotherrathe thanin respose to explicit verbal jokes
[75D77]. Thetwo arebroughttogeterin our institution of
©@roamgOthosewe love and admire: The more dominant
thetargetsof the roast,the moremirth thereis to be hadat
thar good-humored expense.Surely our apprecation of
such subtle types of humor arises from fully matured
comicobcognitive devdopmentsof the brain. Thereis no
eviderce that other speces part&ke of such high shenani
gans.Indeed,only gradualy do children apprecate those
foolish social dynamics(e.g., often highlighting self-othe
dispaities andsimilarities)thatwe chershasthe essene of
jokesandhumor but which canalsoserveasthe basisfor
socid ridicule.

Although it is to be expeced that socid prefeencesin
humars would be strongly relatedto amountsof laugher
experencedin socid encoungrs, we mustleaveconsder-
able leeway for perceved reciprocity issuesand cultural
display rulesin such predctions. Cettain culturesdo not
encourge laughterand smiing amongstrangers[84], and
well-enculturatedadultsare probably sensitzedto maintan
a balane of laugher amongsocid participants.One-sicéd
laugher cancertanly becomeanirritant, perhap$ecausdt
signds high dominanceseekng. At a depthpsychologtal
level perhgs we shoull also suspet exceswe selfin-
volvenent in those who laugh persistetly at their own
remaks.

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

It is notewathy that Joubet [36] discussedh varigty of
still unresdved medicaltopics in various chaptersof his
magnficent monogaph, such as: @Whylt Is That Great
LaughersEasly BecomeFat,O(Third Book, ChapterXIIl)
and @WhaGood Accompanes Laughter and Whetter a
Sick Pason Can Be HealedBy Dint of Laughindg®(Third
Book, ChapterXIV). A relation$ip betweerthe amour of
posiive affectandhealh benefts hasalsobeensuggetedby
more recent pioneers like Cousins [19] who made @he
joyousdiscoverythatten minutesof genuire belly laugher
had an aneshetic effectOthat allowed him hoursof relief
from chront pain (p. 39). Sincethen,someeviderce indi-
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cateshatlaughtercanameloratecertan typesof pain(e.g.,
Ref.[99]), may promoteimmunefunctions [43] andreduce
some physiological and psychological stress responses

[3,100] while enhanaig feelingsof well-being, in part by

counteactingnegatve affects[41,93] Someof theseeffects
could be due to the release of endogenous opioids and

oxytodnbneuropetidesthat are known to be importantin

mediathg socid affect[16,34,%], but manyotherbrainand
body chemistriesarelikely to beinvolved[3].

It is hardto imaginethatmirth wouldfully elaboatein the
brainwithouttheacconpanyirg expresiveactof laugher. It
will be mostinteresing to know how thereadnessto laugh
and play are relatedto the develgpmentof psychobgical
resilierceaswell asto manyotherdimensionof personality
A more thorough scientific understanding of these psy-
chologcal 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
econony of everydy life. Work on suchproblemsmayalso
shed some new light on a vairiety of classic psychiatric
problems.

10. Attention deficit hyperactivity disorders (ADHD)

We have suggeted that the preceding dataon animal
play and laughter may be of consderablerelevance for
understanding certain psychiatric syndromes, especially
attention deficit hyperactivity disorders (ADHD). Psy-
chosimulant like methylptenidae (e.g., Ritalin) are re-
markably poweful play-reduang drugsin animal modek
[2]. It is certainly possiblethat many children are given
suchdrugspartly becaus¢hey reducedisordery behavors,
andattime bladde control problemsthatarise from playful
urges[58,86] but we must be concered whether such
long-term drug treatments have deleteriais consequenes
on brain develgment[52]. One major concernis the issue
of psychosimulant sensiteation, which can lead to long-
term behavoral changesin animals which might not be
deemd desirablg53,91] including increaseddrug seeking
tendencies [10,44]. Indeed, using our 50-kHz laughter
measire,we havefound evidencdor sensitzation.Namely,
animalsthathadbeentreatedwvith methyphenidateatlevels
that dramatically reducedplay, led to heightened50-kHz
vocalizationsin responseto subsegent exposues to the
play chambe [64]. The potental benefts of play theray in
the treatmeh of ADHD are suppoted by preclinial data
[30,65]

Although young animalstypically do not sensiize as
readly as older animals,it doesemergeas a functon of
chronic psychoimulant use. This work also suggets that
the neural systemsthat regukte play and 50-kHz vocal-
izationscan also be disciated:Namely psychosimulants
reducerough and tumbe play, but if anything, they mild-
ly increasethe 50-kHz chirps [13,39] This allows us to
use these vocalizatons to potentialy monitor drug cra-

ving, using a @self-ramt@measureof appetiive eager-
ness[40,66]

11. Chirping as a craving measurein drug addiction
studies

Briefly, we have foundthatthe 50-kHz chirping measire
can be used effectively to study drugs of abuse which
presunably susain intake partly by the positive affective
resposesthey generad [12,66] The measire may be a
usefulsuppkmentto condiionedplaceprefeenceanddrug
selfadminigration procedues[39], andsinceit is respoise
thatcouldbeeasilyinterfacedwith neuroetholgical studies,
it providesanpotentally usefulentrypointfor analying the
neuralsubstatesof desireand craving.We will not elabo-
rateonthisisste here,sincerecentlyit has been extensivey
discissedelsewhee [40].

12. Laughter, joy and depression

Clearly, furtherwork onthejoy evokedby laughtercould
have implications for the treatmen of various psychiatrt
disoders, especialf depresion. Indeed,it has beenpro-
posedthatmerdy simulatng the motorrhythms of laugher
can promotepositive feelings[17], and laugher hasbeen
clinically utilized to pronote relaxation and acceptace of
one® circumstnes [93]. Cettain sccieties already have
®@lauling clubs®which assune thatlaughtr, even without
any explicit humowous stimuli, is a pleasnt way to spend
time with othersand to obtainapparentemotonal benefits.

Our hopeis thatif we everidentify specfic chemstries
that reguhbte the tickle-induced50-kHz chirping resporse,
we may havenew ideasfor develgpmentof new classeof
antidepresantsthat can elevaé positive socid moodsas
opposedto simply dampaing the influence of negatve
moods Tha, of courseis all thatmostexistingantidepres
santsdo. Now thatthe potenial healthbenefitsof positive
emotons are being increasinty recognzed [81], we can
only hopethatsolid empirica studieswill follow. In sum,it
will be mostinteresing to estaltish the relation$ips be-
tween the tendery to laugh and mentalhealth outcones,
espeally in children.Canthetendery for mirth and laugh
be estaltished asan emotionaltrait varieble earlyin child-
hood, and will this trait have some predictive validity in
reflecting the develgomental progression of a child? We
anticipatethatthe utilization of animal modelsfor this may
be espedilly instructive.

The mindbbody dichotony that has charactrizedmuch
of moden psychologtal though is erodingaswe increas-
ingly appreciatéhepowaful relationsipsbetweeremotion-
al statesandbodily functions[50]. Although neurobological
work on laughtr andjoy remainsin its preliminary stags,
we can anticipae that future work along such lines will
haveimportantimplications for mentaland perhapsbodily
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healthissies, both at diagnostt andthergeutc levelks [30,
64,65,82]

13. Summary

Whetter thereare fundanentalneuralhomologesto be
found betweenthe @laughin@®espose of rodens andthe
playful laugher of humanchildrenremans to be assesed
using neurological and genetic tools. Such issues may
eventally be capabé of beingevaluatedhrough the cross
speces contrasting of pharmacolgical manipulaions. For
instance,f we find a brain chemicalthat provokes rodent
chirping, we will be mostinterestedto seeif it pronotes
humanmirth. At prese we only havepreliminary dataon
that issue which suggests a role for glutamatergic and
dopaninergic stimulatbn 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 basicneuralsubstrate
for socid joy are,in fact, similarin ratsandhumars, animal
experimentaton shoul help us elucidateof the underying
neuraldetals morereadily thanany concevable studiesin
humars. Until datato the contiary emergesywe planto keep
anopenmindto the possbility thata detaled analyss of the
underying neurobiologcal controls may highlight impor-
tant commonalties between tickle-induced chirping in
youngrodentsandyouthful laugher in the humanspeces.
In any event,we anticipae thatthe furtherstudyof this ard
relatedemotionalmeasiresoffer poweaful new approabes
for understandng some of the geneal principles which
mediatepositive socialaffectsandmotivationswithin mam
malian brains. Through such pursuts, the neurosienceof
epistencs, as first coneptualizedby Paul MacLean,may
be substantlly advanced

References

[1] Barfield RJ, ThomasDA. The role of ultrason¢ vocalizatims in
the regulationof reproductionin rats.Ann NY Acad Sci 1986;474:
33D43.

[2] BeattyWW, DodgeAM, DodgelJ, White K, Panksepg. Psycho-
motor stimulants socialdeprivationandplay in juvenilerats. Phar
macolBiochemBehav1982;16:41B22.

[3] BerkLsS, Tan SA, Fry WF, NapierBJ, Lee JW, HubbardRW, et al.
Neurendocrinandstresshormonechangesiuring mirthful laughter
Am J Med Sci 1989;298:39®6.

[4] BerridgeKC. Pleasurem thebrain.Brain Cogn2003;52:10®1208.

[5] Black D. Pathologicallaughter:a review of the literature.J Nerv
Ment Dis 1982;17067D71.

[6] BlakemoreSJ, WolpertDM, Frith CD. Centralcancellatiorof self-
producedtickle sensationNat Neurosci1998;1:65D40.

[7] Blumberg MS. Rocdert ultrasonic short cals: locomotion, biome-
chanics,and communicatin. J Comp Psychol1992;106360D5.

[8] Blumbeg MS, Sokolof G. Do infant ratscry? PsycholRev 2001;
108:83D95.

[9] Blurton JN. Categorie®f childBbchild interaction In: Blurton Jones
N, editor Ethologicalstudiesof child behavior New York: Cam-
bridgeUniv Press;1992.p. 97D127.

[10] BrandonCL, Marinelli M, BakerLK, White FJ.Enhancedeactivity
andvulnerabilityto cocainefollowing methylpherdatetreatmenin
adolescenrats.Neuropharmasogy 2001;25:61D61.

[11] BrudzynskiSM, PniakA. Socialcontactsandproductionof 50-kHz
shortultrasoniccallsin adultrats.JCompPsychoR002;116:782D98.

[12] BurgdorfJ, Panksepp. Tickling inducesrewardin adolesceirats.
PhysiolBehav2001;72:16B73.

[13] BurgdorfJ, KnutsonB, Panksepd, lkemotoS. Nucleusaccumbens
ampheaminemicroinjedionsuncondiionally elicit 50-kHzultrason-
ic vocalizatimsin rats.BehavNeurosci.2001;115:94004.

[14] Burgdorf J, KnutsonB, Pankseppl, Shippenbeg T. Ultrasonicvo-
calizationdndexpharmactogical aversiorin adultrats.Psychophar
macolgy 2001;155:3542.

[15] Burghardt GM. Amending Tinbegen: a fifth aim for ethology
In: Mitchell S, ThompsonNS, Miles HL, editors. Anthropomor
phism, anecdotesand animals.Albany (NY): SUNY Press;1997.
p. 254D76.

[16] CarterCS. Neuroendocrie perspecties on social attacimentand
love. Psychoneuraelocrinoloy 1998;23:77®818.

[17] ClynesM. Senticsthe touchof emotions.GardenCity (NY): Dou-
bleday;1978.

[18] CostallA. How Lloyd Morgan®Canonbackfired.J Hist BehavSci
1993;29:13b22.

[19] CousinsN. Anatomy of an ilinessas perceivedby the patient:re-
flectionson healingandregenerationNew York: Bantam;1979.

[20] DamasioAR. Thefeelingof whathappensbody andemotionin the
makingof consciousnes®New York: HarcourtBrace;1999.

[21] Damasio AR, Grabowsk TJ, Bechaa A, Damasio H, Ponto LL,
Pawizi J, et al. Suboortical and cortical brain activity during the
feeling of self-generged emotions Nat Neurosc 2000;10:049D56.

[22] DepueRA, Collins PE Neurobiologyof the structureof personality:
dopamire, facilitation of incentive motivation,andextraversionBe-
hav Brain Sci 1999;22:251B3.

[23] FeinsteimA, Feinsteirk, Gray T, OOConnd?. Prevalencandneuro-
behavioracorrelate®f pathologicalaughingandcryingin multiple
sclerosisArch Neurol 1997;54:116©921.

[24] FlannellyKJ, MuraokaMY, BlanchardDC, BlanchardRJ. Specific
anti-aggrssive effects of fluprazinehydrochloide. Psychopharar
cology 1985;87:8@9.

[25] FreudS. Jokesand their relationsto the unconscios. New York:
W.W. Norton; 1905/1960. Translated by James Strachey for the
StandarcEdition of the CompletePsychologial Works of Sigmund
Freud.

[26] Fried I, Wilson CL, MacDonaldKA, BehnkeEJ. Electric current
stimulate laughter Nature1998;391650.

[27] FriedlundA. Humanfacial expressionan evolutionaryview. San
Diego (CA): AcademicPress;1994.

[28] Fridlund AJ, Loftis JM. Relationsbetweentickling and humorous
laughter. preiminary suppart for the DawinBHecker hypothess.
Biol Psychol1990;30:#1850.

[29] Fu X, BrudzynskiSM. High-frequeng ultrasonicvocalizatio in-
ducedby intracerebragjlutamaten rats.PharmacoBiochemBehav
1994;49:85D41.

[30] GordonNS, Burke S, Akil H, WatsonJ, Pankseppl. Socially in-
ducedbrain fertilization: play promotesbrain derivedneurotroplc
factor expressionNeurosciLett 2003;341:1520 .

[31] Gregory JC. The nature of laughter. New York: Harcourt Brace
1924.

[32] HarrisPL. Individual differencesn understandingmotion:the role
of attachmenstatusand psychologicaldiscourse Attach Hum Dev
1999;3:30D24.

[33] Heath RG. Exploring the mindBbrain relationship. Baton Rouge
(LA): Moran Printing 1996.

[34] Insel T. The neuobiology of atachrmert. Am J Psydiatry 1997;
154:726D35.

[35] lwaseM, OuchiY, OkadaH, YokoyamaC, Nobezawa S, Yoshikawa
E, et al. Neural substrateof humanfacial expressiorof pleasant



546 J. Panksep, J. Burgdorf/ Physiology& Behavior79 (2003)533D547

emotioninducedby comic films: a PET study Neurolmag 2002;
17:758068.

[36] Joubert.. Treatiseon laughterBirmingham(AL): Univ. of Alabama
Press,1579/1980.Translatedand annotatedby GregoryDavid de
Racher

[37] Knutson B, Adams CM, Fong GW, Hommer D. Anticipation of
increasingmonetary reward selectively recruits nucleus accum-
bens.J Neurosci2001;15:R@59.

[38] KnutsonB, BurgdorfJ, Panksepd. Anticipation of play elicitshigh-
frequencyultrasonicvocalizationsin young rats.J Comp Psychol
1998;112:65D73.

[39] KnutsonB, Burgdaf J, Pankseppl. High-frequecy ultrasonicvo-
calizationsindex conditionedpharmacologial rewardin rats.Phys-
iol Behav1999;66:63®43.

[40] KnutsonB, Burgdaf J, Panksepp. Ultrasonicvocalizatios asin-
dicesof affectivestatesin rat. PsycholBull 2002;128:96D77.

[41] Kuiper N, Martin RA. Laughterandstressin daily life: relationsto
positiveaffectandself-regulatia. Motiv Emot 1998;22: B3D53.

[42] Kusayamal, WatanabeS. Reinforcingeffeds of methamphetaime
in planariansNeuroReprt 2000;11:251 B3.

[43] LabottSM, AhlemanS, WoleverME, Martin RB. The physiological
and psychologial effeds of the expressiorand inhibition of emo-
tion. BehavMed 1990;16:82D09.

[44] Laviola G, Adriani W, TerranovaML, GerraG. Psychobiolgical
risk factors for vulnerability to psychomulantsin human ado-
lescents and animal models. Neurosci Biobehav Rev 1999;23:
993D1010.

[45] LeDoux J. The emotbnal brain the myserious underpimings of
emotionallife. New York: Simon& Schuster;1996.

[46] LeubaC. Tickling andlaughte: two geneticstudies.J GenetPsychol
1941;58:2099.

[47] LogothetisNK. The neuralbasisof the blood-oxgen-level-depad-
ent functional magneticresonancemaging signal. Philos TransR
SoclLond, B Biol Sci2002;357:108D37.

[48] MacLeanPD. The triune brain in evolution: role in paleocerelad
functions.New York: Plenum;1990.

[49] Martin GN, GrayCD. Theeffeds of audiencdaughteron men®and
women@response$o humor J SocPsychol1996;136:22831.

[50] Mayer EA, SaperCB, editors.The biological basisfor mind body
interactionsAmsterdan: Elsevier;1999.

[51] MiczekKA, WeertsEM, Vivian JA, BarrosHM. Aggressionanxiety
and vocalizatims in animals:GABAA and 5-HT anxiolytics. Psy-
chopharmadogy 1995;121:38®56.

[52] Moll GH, HauseS, RutherE, Rothenbeager A, HuetherG. Early
methylphenidate administration to young rats causes a persistent
reductionin the density of striatal dopaminetransportersJd Child
AdolescPsychophanacol2001;11:15D24.

[53] Nocjar C, Pankseppl. Chronic intermittentamphetamingretreat-
ment enhanceduture appetitivebehaviorfor drug- and natural-re-
ward: interaction with ervironmertal variables. Behav Brain Res
2002;128:18®203.

[54] Pankseppl. The ontogenyof play in rats. Dev Psychobiol1980;
14:2320327.

[55] Pankseppl. Affective neurosciencethe foundationsof humanand
animalemotions New York: Oxford Univ Press;1998.

[56] Panksepp. Attentiondeficit disorderspsychostimulats, andintol-
eranceof childhoodplayfulnessa tragedyin the making?Curr Dir
PsycholSci 1998;7:91B8.

[57] Panksep. The periconsdus substratesf consciousnessiffedive
statesand the evolutiorary origins of the SELF J ConsciousStud
1998;5:56682.

[58] Pankseppl. The riddle of laughter:neuraland psychoevolutioary
underpinnigs of joy. Curr Dir PsycholSci 2000;9:1836.

[59] Panksepd. Cananthropommphic analyseof @separatiarriesGin
otheranimalsinform us aboutthe emotionalnatureof sociallossin
humansPsychRev 2003;110:376D88.

[60] Pankseppl. At the interfaceof affective, behaviora and cognitive

neurosciaces.Decodingthe emotionalfeelingsof the brain. Brain
Cog 2003;52:414.

[61] Panksepg@, Burgdaf J. Laughingrats?Playfultickling arousesigh
frequency ultrasonic chirping in young rodents. In: Hameroff S,
Chalmer®, KazniakA, editors.Towarda scienceof consciousness,
vol. Ill. Cambridge(MA): MIT Press1999.p. 124D36.

[62] Panksep, Burgdaf J.50 k-Hz chirping (laughter?)n responséo
conditiored andunconditiond tickle-inducedrewardin rats:effects
of socialhousingandgeneticvariables BehavBrain Res2000;115:
25D38.

[63] Panksepg,Burgdaf J,GordonN. Towardsa geneticof joy: breed-
ing ratsfor @laughté®In: KaszniakA, editor Emotions qualia,and
consciasnessSingaporeWorld Scientific 2001.p. 124D36.

[64] Panksepg, Burgdorf J, GordonN, TurnerC. Treatmenof ADHD
with methylpheniate may sensitizebrain substrags of desire.Im-
plicatiors for changesn drugabusepotentialfrom ananimalmodel.
ConsciousEmot2002;3:19.

[65] Panksepg, BurgdorfJ, TurnerC, GordonN. Modeling ADHD-type
arousalwith unilateralfrontal cortexdamagein rats and beneficial
effectsof play therapy Brain Cogn2003;52:9D105.

[66] Panlsep J, Knutson B, Burgdorf J. The role of brain emotbnal
systems in addictions: a neuro-evolutionary perspective and new
Oself-repordhimalmodel. Addiction 2002;97:49D69.

[67] Panksep@, NewmanJdD, Insel TR. Critical conceptubissuesn the
analysisof separation-disesssystemsof the brain. In: Strongman
KT, editor Internationalreview of studieson emotion,vol. 2. Chi-
chester(UK): Wiley; 1992.p. 51B72.

[68] Pankseppl, PankseppB. The sevensinsof evolutionarypsychol-
ogy. Evol Cog 2000;6:10831.

[69] Panksepp J, Siviy S, Normensell L. The psychobiology of play:
theoretical and methodological perspectives. Neurosci Biobehav
Rev1984;8:46D92.

[70] Panksepp J, Siviy SM, Normansell LA. Brain opioids and sccial
emotionsin: ReiteM, FieldsT, editors Thepsychobiolog of attach-
mentandseparationNew York: Acadenic Press;1985.p. 3D49.

[71] PankseppB, HuberR. The neuropharmeology of crayfishreward:
placeconditioningwith ampheamineandcocaine Abstr SocNeuro-
sci; Abstrad no. 189.4,2002.

[72] Parptt WG, Gleitman H. Infart@® expecation of play: the joy of
peek-a-booCogn Emot1989;3:29P311.

[73] Parvizi J, Anderson SW, Martin CO, Damasio H, Damasio AR.
Pahologicd laughter and crying: a link to the cerddlum. Brain
2001;124:178D19.

[74] Poeck K. Pattophysology of emotonal disorders as®dated with
braindamageln: VinkenPJ,Bruyn GW, editors.Handbod of clin-
ical neurologyvol. 3. Amsterdan: North Holland;1969.p. 343D67.

[75] ProvineRR. Laughter Am Sci 1996;84:3®45.

[76] ProvineRR. Contagiougawningandlaughte: significane for sen-
sory featuredetection,motor patterngenerationjmitation, and the
evolutionof socialbehavior In: HeyesCM, GalefBG, editors.So-
cial learningin animals:the roots of culture.New York: Acadenic
Press;1997.p. 179D208.

[77] ProvineRR. Laughter a scientificinvestigaion. New York: Viking;
2000.

[78] RamachadranVs. The neurol@y and evolutionof humot laugh-
ter, and smiling: the false alarmtheory Med Hypotheses 998;51.:
351p4.

[79] RinnWE. Theneuropsycholgy of facial expressionareviewof the
neurolgical andpsychologial mechanismfor producingfacial ex-
pressios. PsycholBull 1984;95:2D77.

[80] RothbartMK. Laughterin young children. PsycholBull 1973;80:
247D56.

[81] Ryff CD, SingerB. The contoursof positivehumanhealth.Psychol
Ing 1998;9:1928.

[82] Sakamoto S, Nameta K, Kawasaki T, Yamashita K, Shimizu A.
Pdygraphic evaluaton of laughing and smiling in schizophrenic
anddepressiveatients PerceptMot Skills 1997;85:291D302.



J. Panksep, J. Burgdorf/ Physiology& Behavior79 (2003)533D547 547

[83] SalesGD. Ultrasoundand aggressive behavour in rats and other
smallmammals Anim Behav1972;20:88100.

[84] SchereKR, WallbottHG, Summerféld AB. Experiencig emotiona
cross-culturastudy CambridggUK): CambridgeUniv Press;1986.

[85] ShammiP, StussDT. Humourappreciationarole of theright frontal
lobe. Brain 1999;122657D66.

[86] SherPK, Reinbeg Y. Successfutreatmentof giggle incontinene
with methylpherdate.J Urol 1996;56:65®8.

[87] SiegelM, Varley R. Neural systemsinvolved in Otheorpf mindO.

Nat Neurosci2002;3:4@D71.

[88] SimonetO, Murphy M, LanceA. Laughingdog: vocalizationsof
domestic dogs during play encounters. Animal Behavior Society
conference2001.

[89] Siviy SM, Panksepg. Sensorymodulation of juvenileplay in rats.
Dev Psychobiol1987;20:3®55.

[90] SmithPK, LewisK. Rough-and-tmbleplay, fighting, andchasingn
nurseryschoolchildren.Ethol Sociobiol 1985;6:17%81.

[91] StrakowskiSM, SaxKW, Rosenbeay HL, DelBello MP, Adler CM.
Humanresponseo repeatedow-dosed-amphetaminesvidencefor
behavioralenhancemenand tolerance Neuropsychpharmacolog
2001;25:54854.

[92] StroufeLA, WatersE. The ontogenesi®f smiling and laughter:a
perspectiveon the organiation of developmat in infancy Psychol
Rev1976;83:17®89.

[93] Sutoriws D. Thetransformingorce of laughey with thefocuson the
laughingmeditation.PatientEduc Couns1995;26:36 B71.

[94] Taylor GT. Affiliation and aggressiorin rats. Anim Learn Behav
1976;4:13®44.

[95] ThiesserDD, Kittrell EM, GrahamJM. Biomechanis of ultrasound
emissionsin the Mongolian gerbil, Merionesunguiculatus Behav
NeuralBiol 1980;29:41829.

[96] TakahashLK, ThomasDA, Barfield RJ. Analysisof ultrasotic vo-
calizationsemittedby residentsiuringaggressivencountes among
rats(Rattusnorvegicuy J Comp Psychol1983;97:27D12.

[97] ThomasDA, TakahashLK, Barfield RJ. Analysisof ultrasoric vo-
calizationseemittedby intrudersduringaggressivencountes among
rats(Rattusnorvegicuy J CompPsychol1983;97:D1D6.

[98] Van Hooff JARAM. A comparatie approachto the phylogewy of
laughte andsmiling. In: Hinde RA, editor Non-verbalcommunica-
tion. Cambridgg(UK): CambridgeUniv Press;1972.p. 209D46.

[99] Weisenberg M, Tepper |, Schwarzwald J. Humor as a cognitive
techniquefor increasingpaintolerancePain1995;63:20P12.

[100] White S, Winzelbeg A. LaughterandstressHumor:Int HumorRes
1992;5:34%55.

[101] Wintink AJ, Brudzynski SM. The relaed roles of dopamine ard
glutamatein the initiation of 50-kHz ultrasoniccalls in adult rats.
PharmacoBiochemBehav2001;70:31B23.



