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ehThefpufpese’ijthisftheSis,wasfto'determine'Whethert@FopiOid-

iVand az noradrenerglc systems 1nteract when medlatlng the :ﬂ‘
'fult:asdnlc‘Vocallzatlons;(USV) and locomotor act1v1ty of

i.preWeanling'ratsﬂ_*In:order;towdetermine whethervtheSej]; o

"'hmneurotransmitter’syStens interaet:frats,were tfeaﬁed§Withd:'

‘uafieuseOmbinationsvOfeKFopidid;andhdé—neradteneréic;fﬁf
agenistaand‘antageniSt;dfugs{t(itywas,predicted:that;gf
‘uepioid:and dzenétadrenergie‘systeﬁs‘Weuld:intefact"to;a
medlate‘USV productien but not the lecomoterbact1v1ty,vof
E 11- day old rats | In the flrst'experlment.'USVs and;llne—‘;
‘stcrosses wefe measuredﬁfof 20 mln‘aftef rat pupsvwere glven
'anvlnjectlon of‘sallne or the Oz~ neradrenerglc.agonlst i
‘;clenidine'(O;OS ;o};, d!za[lor O 5 mg/kg, 1p);JClon1d1neh~\
vcaused a dose dependent tncrease in USV productlon andbh f
",redueedbloCenotor aet1V1ty,vvin the.secend expetlmentid:‘,&
1interaetien;eﬁ:thedu;epieidjand;thevdé{noradtenergieisystems:
bwanexaminedth'injeetingtratshwi;hhthe K—opieidianﬁagenistf'
"_ner;éﬁlu(b WS;_or 10 mg/kg,,hp5;€folieued by:anhinjeetieneh'
;erSaiiné,the K- OplOld agonast U50 488v(2;5'ng/kg;tip),h0rx‘n

'QtCionidine (0 25 mg/kg,_{p) nor BNI reduced U50 488-» but
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1nqt.cl§nidihé?;vinduced;ﬁsv #roaucfion. nér—BNi also
dééreééed U50;4Sé%induced 1iné}é£ossés;; In the third
eXpefiment,tﬁe intéréction of’K—opibid and‘dg—noradrenergi¢
sysﬁeﬁé was fUrthé; ex$minedby:Co—adﬁinistéring the os-
ﬁéﬁédrenergic ahtégonistkyohimbinek(0;0,50!5,vor‘1.0 mg/kg;
. ip) and saliﬂe;:U50,488 (2.5 ﬁg/kg), or clonidine (6.25_
mg/kg). 'Intereéﬁiﬁgly; yohimbine‘débréaééd'bdﬁh‘U50,488-:'
~and cloﬁiainéFiﬁaﬁced USV:proaUCtion. Yohiﬁbiﬁe also
 reduced USO,4884iﬁdﬁced:1ine—¢r083es; ‘These findingé
confirm thét K—opioid and.az—noradfenergidsystems_interéct
to médiate USV.prbductiQn) however the pattern of‘thé |
interaction'was more éomplex thaﬁ originally predicted.
Mqre speéifically, K-opioid and dz—hofadrenergic systems

‘ interact in a unidirectional manner when mediating usv
pronction, with thé K—opioid’receptors located “up-stream”

- from the noradrenergic neurons.
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Introduction

Animal models of distress and anxiety

Distress and anxiety havé been extensively
investigated using a variety of.animglvadels. For
instance,‘behavioral?studieé have sﬂo@n.that_adult rats
oftgn ufiﬁate;‘defecate; and exhibit increased-eXpioratory
behaviors;’all Qf‘wﬁiéh-aré measures of anxiety in rats
(Archer,fi973;‘éfaW1ey, 1985;‘Russell, 1973; Walsh &
Cummins, 1976). Ih:addition, anxigtyreducesvthé'locomotor
actiyity‘of‘rats in the épeﬁ arms. of anweiévéted ?lus—maze-
 (Pei1ow, Cthing Fiie, & Briléy, 1985f;' There are many
physiélogical.dorreiates with anx;¢;y'and'distfess, as
anxioﬁs féﬁs aﬁd mice_havekénhéncéd-1e§els”of plasma
'éorticdstefone and o£herﬁéﬁressfreigﬁédHhérmoﬁés’(Henﬁeséyv_
| & Le&ine;'1979; Misslin &Jcigféﬁg; 19865; {Therefore,'it -
vvapbéars thétfanxiety‘énd.distresé cén_be assessed in adult
,ratSvuéiﬁg’both behévioral”énd thsioiogical measures.

.iﬁ cdnfrast.tb:adult-ﬁodel;, developménﬁél anihél
‘modei$ oﬁ diStress;aﬁd anxiety‘are limited due to size of
,vthebyoﬁﬁg rat,]phyéicldgical‘imﬁaturity; and inability to
, ;péfform-feduired taéks.- Thérefo?é,fmoré sﬁitable'behéviors
';must:be uéed ﬁo accﬁrately asSééé'distfe§s aﬁxiety in.young

rats. One commonly used measure of distress anxiety is

1



_uitrasonlc vocallzatlonST(USV) *'USVs?are_often_oonsidereddff
.to belan emotionally;mediated‘behayior that“mayirefiect ih”
'5d1stress 1n young rodents (Wlnslow &‘Insel 1991a).. Nearly
'45 yearsvago,v21ppe11us and Schleldt”kas crted in Hofer & f
vshairﬁh197é)’found’that,young»mlce emltiUSVs,when‘isoiated o
;fronvthe:damgfféinoefthen.varioué:iﬁVééﬁigat¢fsrhay?i.,‘w'
eXahined:the.behavioraldand”neuroohemical{oharacteristios.'

“of ultrasound-production'iﬁfratsﬁand,ﬁioeifgﬂff

aCharaoterfsticsFoquS§éLin\y0uﬁ§:andaduit;ratsh
sinée" theiir'.diseovery 45 yearsago Usv;e,zhavé been
"‘rlgorously studled in neonatal and breweanllng rats USVs f.
.~produced by young rats range from 30 50 kHz, Wthh 1s
'1beyond the range of human hearlng (N01rot 1968 Sewell
h'1970)-v Young rats begln emlttlng USVs shortly after b1rthfhﬂ
:vw1th the frequency of vocallzatlons 1ncreas1ng untll they“
'reach a peak at 10 to 13 days of age UéVs deollnevsoonidf;
-dafter thlS tlme,‘and are almost completely absent after 20 ]
‘hhdays of age (Hofer & Shalr, 1978 Kehoe & Harrls,‘1989 |

N01rot; 1968) Adult rats also emlt USVs, but these'callsid

”typlcally range between 20 24 kHz (Thomas, Takahashl, & 'fij» |

5’”Barf1eld 1983) These vocallzatlons are produced as rats :
engage ‘in copulatlon and aggre881ve behav1ors (Cagiano et h'

'a_l'., 19‘89 Thomas et al. 1983) Altogether, 1t,_=appea‘fs



?_that ultrasound productlon undergoes a number of
“vgfontogenetlc changes Flrst the total number of USVS
gproduced by rats decllnes across ontogeny and secondrf"

st1tuatlons resultlng 1n the productlon of USVs show age—jlff

dependent dlfferences k

f;; Dlstress and cardlovascular models of USVs ~iﬁ-receﬁtg5i’

,f‘years,vcontroversy has developed about the role of USVs ln ;pﬂ_

Vﬂiyoung rodents Spec1flcally, USVs were orlglnally

fslnterpreted to be an emotlon lly medfatedybehav1or

*7'»exh1blted by young rats (N ;however, Blumberg

'Q.Qand colleagues have challenged thlS v1ew by prov1d1ng

jev1dence that USVs are by products of changes that occur 1nh o

yhgthe cardlovascularhsystemf(Blumberg, Sokoloff & Kent

: fg1999)

The dlstress modelf

”ﬂf‘pUSVs are emltted,when_theﬁpup 1s5'eparated from 1ts |

u*Smlth ; Smotherman.et:alm,f1974) ’ Thus, séparatioﬁ:*“'»"

o gfrom the dam and llttermates 1s presumed to be dlstress1ng

_pin neonatal and preweanllng rats, S

Q;thermoregul'tlon (Bell 1979 Hofer & Shalr, 1978; Saiégcéff;[r'



to the Young pup and the'resulting'nocalizations are
‘interpretedlto be,avproduet of theirveﬁotionai.state.'
Freduency of isolationfinduced USvVs cen be4altered by-
various‘factors,.such aS’tedvtemperatufe, presentation of
the dam, and’presentation of an unfamiliar'adnlt male. For
,inStance,‘ratvpups emit USVS when isOlated.in:a cold
environmentr(Allin‘& Benks, 1971; Biumberg et al., 1998).
USVs emitted dUring cold exposure provoke maternai»
retrieval for assistance inthermofeguietidn fnllin &
Banks; l§7i);‘ Hence, Usveiméy bedenitted'to feeoine
‘physiological discomfort experienced in a ColdkenVironment.
| Besidesbbeing temperature dependent, USVs can be
altered in Varions social situetions. For‘example, an
isolated pup will decreasevitsbvoealizations when an
anesthetized dam is presented to the pup (Carden & Hofer,
1992). The decrease in roalizations is independent of the
dam’s ability to assistnin the‘thermoregulation of the pup,
because pups will decrease their vocalizations even when
the dam’s body temperatute is significantly below normal
1evels'(Carden & Hofer, 1992; ﬂofer, Brunelli, & Shair,
1993);> Upon removal of the dam, the rat pup emits
vocalizations at an even greater rate than it did initially

(known as potentiation; Hofer, Masmela, Brunelli, & Shair,



1998) . However, suppreséionvéf'USVS‘and motor'movement 
(i.e., freezing) is obsérved whenaniunfamiliér adult malev
is placed in"thé séﬁe~én?ifohment-withvthe fat>pup
(Takahashi; 1992),: Iﬁteféétingly, thé1isolated rat pup
continﬁes to remain quiet aftér thevuﬁfamiliar male is
removed (knowﬁ.as inhibitiqn;Shair, Mgsméia, & Hofer,
1999). HThe potentiatidn and inhibi£ionvovaSVs'appears to
be:emoﬁiénally—mediated?,béééuSe‘young féts exposed to ”
extreme cold temperatufesnalsé inéreése théir USVs or
remaiﬁ quiﬁt{ﬁpon remQVai of ﬁﬁe‘damadr énvaduit male
(Shair/ﬂMaSmélé, Bruﬁeili;jéfHofér; 19975. vinlsﬁmmary, it
is‘evidént that'isolation—iﬁduéed‘USV ?roduction can b¢
modulated by7variOus siﬁﬁatioﬁal factors.
Psychéphafm;cblogidél ménipuiétions éréféapable of
modulating'separatiénrinduced USVs. Drugsvthat are known

:to be-rewarding‘(e;g,,_morphine and,cocaine)’Or anxiety

reducing (e;g.}xdiazepam):décreaSe QéVé (Carden & Hofer,

1990; Ihéel,'ﬂill,»& Mayér, 1986; Kéhoe & Blass, 1986;

s kehoe & prlan, 1992;'ﬁazarian, Rodarte—Freemaﬁ, &
,McDbugali; 1999; Wipslqw“& Insél,vl991b). However, drugs
‘that ehhancé USVs may dQ so by‘haviﬁg'either: | |

anxiogenic/aversivé pr§perties'(Hanéeh?f199g;:Muqha & Herz,

1985) or by directly activating neural pathways that

5



‘5?},med;atebﬁSVﬂproduCtion*(Goodw1n &‘Barr 1997 Jﬁrgens,g

‘ 3_K1rby, & Kent"

>7‘19§4f:';For;eiaﬁple,_thetkfopioidfagop pt,U50/488;and¥the'j}’~

"_az noradrenerglc agonlst clonldlne 1ncrease the USVs of

,;,young rats (Barr, Wang,*

'fzooo;‘Hard Engel & Llndh 1988' Kehoe &
”Boylan, 1994 Kehoe & Harrls,.1989 Nazarlan et al ' I999)gfﬁff
aClonldlne— and U50 488 1nduced Vocallzatlons are not

‘1~suppressed when the rat pup 1s placed back 1n the home cagef“

“ft(Carden, Davachl,_& Hofer 1994,mHansen, 1993)f suggestlng

Uthat these drugs may enhance USVs by stlmulatlng pathways
"1hmed1at1ng USV productlon;(l e. these actlons may be

'dlndependent ofgthe‘drug”sbaversrve,or,anxrogenicﬁv”f o

' propertles).

Varlous braln reglons are 1nvolved 1n the productlon

v"~ﬂof USVs Receptor locallzatlon studles have shown the

preSenceQOfgboth;Keopioid_and noradrenergic~receptdrs~inftheq;‘
Striatumfandhamygdalq,pét@éS'knownktopbe,importantfforfft'd

~ affective behaviors. Furthermore, USV production is:

& Carden, 1994 Blumberg, Sokoloff\'bx'"' )

' correlated with Fos-like immunoreactivity in the amygdala,

,prefrontaidcortex,fand,periaqueductal grayh(PAG) offadultf‘”

Trats (Fos is a qulck developlng proteln that can be used asifs%i

a reglonal marker of neuronal actlvatlon) (Duncan, Knapp, &



Brsese,”1996). Additional evidence'suggests that the‘PAG
may be of special importance, as’misrsihjesting U50,488
into the PAG enhances USV prsdustioniin young rats (doodwin’
&véarf,v1997). Fiﬁally, thévamygdala and'PAG are
extensively interconnected[ suggesting‘that‘thése two brain
regions may jointly'médiate some behaﬁiors, perhaps
inqludiﬁg USVs (Rizvi, Ennis, Behbehsni, & Shipléy; 1991).

. Taken,together, these results suggest_thath50;488 and
cloﬁidine may affect USfooducfisnbb? Stimhlatisg K-opioid
~and nofadrenergic receptors in the amygaala‘and/or PAG.

The cardiovascular model;‘_in the ﬁast decade,
‘traditional views about USVs have béen challenged by
studies questioning‘the validity of the distress model.
More specifically, Blumberg and colleagues‘argue that USVs
are by-products of'a cardiovascular‘process known as the
vabdominal compression reaction (ACR; Blumberg et al.,
1999). The ACR is a ﬁechanism that helps move venous blood
back to the heart by_the‘sontraction‘of abdominal muscles
during expiratisn (Youmans, Tjioce, & Tong, 1974). The
mechanisms involﬁed in ACR—indused USVs are as'fsllows. An
isolated rat pup has difficulty thermoregulating, thus its

body temperature decreases when isolated. This decrease



1,-ceuses;heart.ﬁueeies,to cooi,downvand, coﬁsequently, both’
hea?trrateiandebiooa‘pfessureere reduced‘(Blumberg,
SOkOlOfff}& Kibef 19975}“>The‘decrease in heart rate
causes a reduetioneof Venous'flow, Therefore,; the ACR
aséisfs ih>propellingethevenous bleed back to the heert
KBlumberg et-al,,‘199§5?,»Uitrasoﬁieeveealizetioﬁs ere,
:therefore,'a bY—product Qf air released by the larynx
auringeexpiratieﬁ. |

The youngvratvhae'aephysiOlogical meehanism that‘can
combat'the deerease iﬁlbody;;emperetﬁre. Rateeas well as
otherﬂmammals have bfowéiedipese Eiséueb(BATf eﬁrreﬁnaing
CritiCal‘organs in’the;beay, ‘The ;eie‘df BAT ie‘to assist
_in'thermbreggletion when body tempefature'decreases (Smith,
1964) . Thermoreguletion eccurs by‘increasing the |
metaboliem ef BAT, resﬁiting in:an iﬁcrease in temperature,
~which then.warms up the eriticelvorgansvtﬁat it sUrﬁounds‘
' (“e‘.‘g,-u,: ‘the hea‘rt;.' Smitkh, 1964) . Theﬂ_bhea‘ting of BAT :
preVenﬁs'heert musclee:frem cooling downk‘thueepreventing‘a
'-‘dec?ease in heért»rate;(Blﬁmberg.et al.; 1997).‘.The
ability of‘BAT to assiet,in thermefegulation is limited,
becaQSe extreme cold teﬁpefatufee}eén‘QverWhelﬁ the
capacity of BAT to maintain the necegsary temperatﬁre to

prevent the heart from leWing down (Blumberg et al., 1997;

8



?7Blumberg.&vstolbé, 1996) ‘fhhrihg»éuéhiéitﬁétiAﬁé}féﬁéfﬁ
;h:anlmal 1nvoluntar11y enéages 1n”ACRs to marntaln blood fh;f
‘dbreéSUfé and prevent further decreases of heartvrate lﬂff
';xf(Youmans,et.al ‘ 1974)' Due to thellnablllty of BAT to; )
thermoregulate, USVs are emltted as by products of the ACR
o As noted earller; psychopharmacologlcal manlpulations
_lcan alter USvilevelS; therefore 1t 1s p0381ble that these ;;

‘vcardlovascular mechanlsms can be actlvated u81ng varlous L

‘j.drugs Interestlngly, drugs that enhance USVs often affectfu o

H;thedcardioVascular_systemléjForjlnstance,'both,théineoplold
'agonist uéo,4sskaﬁa‘thérd;eﬁééaaféhéfgicfééghgéé*&ionidine
,aeéféagefbbdy-tempéraﬁﬁfe; heart rate, and_blood_pressure,

B ofhrats (Gautret & Schmltt 1985 Ledda, Mantelli;t&Corti;’
:31955fiSzabo[ Bock Nordhelm & Nlederhoffer 1999);.‘
lInterestlngly,'K oplo1d and Oz~ noradrenerglCISYStems
‘@1nteract when modulatlng rabbltaand gulnea plg heart
hfunctionlng. For example, stlmulation of,K—opi01d
f”receptors; located on perlnheral noradrenerglc nerve:
_ternrnals,:lnhlblts the release of noreplnephrlne at the
iheart1(Fuder[>Buder, Rlers; &_Rothacher, 1986 Ledda:etg-
al., 1985; starke, sChoffel,i&:illes,>1985). »siﬁilar1y;fr'"

| stimulation of presynaptic7ag-adrenOCeptors»in'the_peripheryx



f’also 1nh1b1ts the release of noreplnephrlne at the heart

;(Kornereet,alj 1983 Van Zwreteniyl986) Inhlbltlng

norepinephrine ,~releéfSeTfbY’fk%opioid .:-orf uoczf-adrenoceﬁptor' R

:fstimulation decreasesuheart rate (bradycardla) (?uder et;»pfﬁ“:'

”.‘éi 1986 Van Zw1eten, 1986) entrally medlated

:m‘cardlovascular responses can decrease heart rate and blood; o

presSurefaSZwell;. Forfinstance}"activation‘offKropioid'”

e;*receptors in hlppocampal and hypothalamlc reglons produces

».“;bradycardla and hypoten81on (Wang &‘I genlt,-ﬂ

'1994) d Basedflﬂi

Yon'the‘ev1dence'preSented ltle‘pOSSlble that U50 488 and '}ff,'

clonldlne 1ncrease USVs through e1ther perlpherally— or'?:f”'

2 ,centrally—medlated2cardlovascular mechanlsm85ﬁ'

-summa'ry’ ‘aﬁd ,p'ropoéal . At ’pfes‘eht‘f " USV’ p,rodué‘t'i,dh can -

?be explalned u51ng e1ther the dlstress model or theﬁ

‘5hcardlovaSCular;modelf The dlstress model states that USVs d.ww

«fare an emotlonally medlated behav1or produced by rat pups
:f;when separated from the1r mother and llttermates ‘Theseupar~‘

]vocallzatlpnsVarelthereforevemlttedv~e1theryintentlonally-"bv‘

,ftor unlntentlonally, to attract the mother for nurturance,_d?,v,:

sprotectlon, and a881stance in thermoregulatlon ‘The
dfcardlovascular model however argues that USVs are 81mp1y

'fby products of ACRs Thus, ultrasound productlon ig f



.;COnsiaéréd'to‘ﬁé.éfrééiduéiféffect as the Young rat -
‘flnvolnntarlly engages 1nvACRs-to’dr1ve venous blood back tO»g
;the_heart. ' | | |
Lbothfrhe:aiShresekand:cardiovasoﬁlar models{'Thanris:‘f“;
'HﬁSO 488 and clonldlne may 1ncrease USVs by: a) directiyrr”r'
‘affectlngvneuronal mechanlsms medlatlng dletress,;or b)
:?alterlng‘heart rate,>blood presenre andvbody temperaturebr-'
Therefore, m? long term goal 1s to: determlne the nnderlyrng
‘-mechanisms bywwhithKfopioid;agoniste,and noradrenergro e'
agoniahsfproduoe‘wooaiizatiOne}EiAs;anvinitialeehep;nfrwanﬁ-'
:to'determine‘whether*the:k?opioid;and a;;nbfadfeﬁérgichf-

lisystems 1nteract when medlatlng USV productlon

’h'K*OPiOid“and a—noradrenergic’5ystemsy;gf |
~ x-Opioid and a-noradrenergic receptors are intimately
involved in USV production in young rats. For instance,

both thé'K4opiOid?agéﬂist3U5634884and the dQAnoradrénergié7’”'*

Hagonlst clonldlne enhance USVS of neonatal and preweanllngff*fi

rats (Carden et al 1994 Hard et al 1988 Kehoe &

"fBoylan 1994; Kehoe & Harrls, 1989 Nazarlan et al , 1999);V

';:g_It is currently not known whether stlmulatlon of the K—

w:OpioidfsyStem ié”neoesSarYCforba?noradrenergic—indHCed‘_'
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USVSLffAsuneted‘eanlierfeihhishﬁessihieithaththese,pwo@v
sysnemsuingefaeﬁeeitheriCentrai;y;en:beribhefalitho
‘"enhanee;USvs:h>Stimulationthdtneradneneféiedofuk;epioid'hf"
vvfeceptefsbloeaﬁed on‘nefadrenergle nerve termlnais in the
.heart l?hlblts thereiease'ofthfeplnébﬁflne » The reducedih
d ,:ievelSdeffnerepinephrinéfcauseshhadieafdia?tWh;chzmay thenv
etinance, USVS . However; it:is algo bosible that €-opioid
liandfnefadnenerédceS?Stemsfingerachf%nsﬁheyamygdala;;*‘ |
striauun, Or‘PAdntohihd;?ééegUSVsdjfiQjdaté;fthéh‘
ﬂ‘interaction efijopieid,and}anoradrene%gicJsYstem'on the
USVs ef young fats'has‘not,been examined.h‘Conseduentiy,_._
spudying_heW)theselhwodsystems:intefaCt isﬁcrueia;»for‘d-
’behter;undersfanding’the underljinéhmechanismsIresponsibie"

~ for USV production.

:.k—opieidfeeenters,"Sinee‘theddisdovefy‘Qf"K?opioid
‘receptersdinhthe.eariyhi9éo;s,-threeK—dpioid,receptor
_subtypes havelbeen eharacterlzedi K;, Kz/ andlk3v(cheng,df:
,Reques{iGacelthuangﬁwgwPasﬁefnakv 1992 Fowier‘&uFfaéér;sb

'jﬁi§g4;wiésiiéﬁ&”LAughiiﬁ, 1994 .Unterwald Knapp,iédzukin;hhu‘
>,i§91)ad\fhe Ki- oplold receptor subtjpe has a hlgh afflnlty .

:_dfor the endegenous pepulde dynorphln‘A and exogenous d;h

‘harylacetamlde drugs such as U50 488 and U69 593 (Devllnd&d”’
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fShoemékéf, 1990; ﬁnterWaid et.al;, 1991) . ‘The Kz—opioid‘
'.recépﬁor‘has a higher'affinity\fér:dynorphin A éhd
eXégenousidrugs suéh éé bfemazoéine (Underwaid et al.,
lé?l).:vBécausé éf the iiﬁited‘ﬁnderstanding of k;-opioid
 ‘receptoré,jthe only:dfug‘that has specific affinity fof

'this;receptor'sﬁbéypé iévnaloxoné'bénzoythdrazone (Cheng
et al.,'1992), 

| K1¥Opioidreceptdrs afe found in various brain regions,
includipglthe striatumL'nucleus_ééqﬁmbens, Q;factory
tubercie[bamygdala, éentrgiamedial @géleﬁééf the thalamus,
ventral tégmental area) pefiaqueduétal,gfay) and substantia
nigra paré reticulaté (Mansour, Burke, ?aviic;'Akii; &
Watsbn, 1996; Uhterwald et,al.g 1991). 1In géneral, kz-
~opioid receptors are found‘in greater densities in the
brain‘than K1~opioid receptors. vKé—OpiQid receptors have
beén'localiéed in the striatum, nucieus acéuﬁbéns,
olfactory tuberqle, claustrum, eﬁdopiriform nucleus,
~various‘thalamic regions, -and inferior colliculus
(Unterﬁald et al.,-19§1); The*limitéd number of studies
examining K3—opioid receptors suggest:that they can be found
bin’the-thaiamus, h?pothalamic-areaé, hippocampus, striatum,

and midbrain (Cheng et al., 1992). Localization of ;-

13



opioid’recéptors are based on‘hOMOgenate receptor binding
assays (Cheng et al;,‘1992}( whiie Kki1-opioid and x;-opioid
reéeptor}localiéatiOn'is bééed on receptor autofadiography
'aséays (Devlih &_Shoeméker,'l990;’Untefwaid et al., 1991).
queptor éutoradiography is‘more appropriate for studying_
régional,differences in £e¢e?t6r topography than homogenate
,receptbr binding assays (Feldman, Méyer; & Quenzer, 1997,
pp; 31).

Behavioral effects of K—opioid*recéptoristimulation in

:‘the‘adult rat. Stimulati6h’bﬁﬁkﬁopfoid'feceptdfé produces
' antinociceptionlin a Variéty»of»analgeéiaiﬁarédigms. For
instancé,'thé K—opioid:receptor agonist US50,488 incfeases
- radiant heat tail;flick laténcies and hind paw withdrawai
latencies‘in}the fo;malin test, and decreases abdominal
licking toivisceral péin (Cfaft; Henley, Haaseth, Hruby, &
Porreca, 1995; idénpééaneikkilé, Kalso; & Seppala, 1994;:
McLaughlin, Tao, & Abood, 1995; Millan? Czlonkowski,
»Lipkowski, & Herz;'1989);Moreo&gr,bthe,K-opioid antagonist
nbr;BNI'atténﬁates U50,488—induced'ahtinociception (Craft
etval.; 1995; McLaughlin et al., 1995;vMillan}et al.,

©1989) . Therefore, these resultsvdemonstrate'that U50,488-

14



induced antindciception is mediatéd by activation of x--
opioid receptors.

k-Opioid récethr‘agonists produCeia dose-dependent
decrease in the locomotor,actiVity of adﬁlt rats and mice
(Jacksqn & Cooper, 1588; Leyton & Stewart, 1992; MéLaughlin
et al., 1995; Ukai & Kameyama, 1985; VonVoigtlandef, Lahti,
& Ludens, 1983). Thus, high doses (10 mg/kg) of U50,488
"éttenuéte the locomotor_activity of adult rats, while lower
dosés (i mg/kg) of U50,488 have‘nd effect:(iackson &
Cooper,v1988; Ukaif&LKéméyama,,léssj;.-U50g488’s
hypolocomotive effeétswafé reversed by'the K;dpioid'receptor
antagonist nor—BNI*(Jones & Hoitzman, 1992)}v Inrsumméry,
it is evident that K—opioia agonists reduce the locomotor
activity of adult fodents‘vié stimulation of K;opioid,
redeptors. |

In addition td:produéing analgesia and affecting
' 1ocOmoth'actiﬁity; actiVation of x-opioid receptors appears
to haﬁe some aversiVe properties. .For exampie, stimulation
of k-opioid receptofs using,U50,488-or dynorphin deriVatives
(e.g., E-2078) résults in,céhditioned‘place and taste
aversions (Bals-Kubik, Herz; & Shippénberg,'1989; Mucha &

Herz, 1985; Shippenberg &.Hefz, 1986; but see Crawford/
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o McDéugailfV“°f;1;; ‘f & Berger,,1995) *Motquer;;deﬁ;rse
& OplOld receptor stlmulatlon has been shown to be avers1ve

":fwhen assessed 1n a self admlnlstratlon paradlgm'(Dl Chlara S

- dpmnn thnuluumbnnd striatum (brain

'lL?ééiahé;kﬁ6anﬁéﬁmééiéﬁé*boéh_réwara?éﬁé“léééﬁétér.'
R —
'f& Glle 1994 Spéﬁégél;,grméida, Bartl & Shlppenberg,fl

e1994) |

"Behaﬁioral,effects-offKeépiQid receptpr stimulation iﬁ_ s

o tﬁe°preweaniing“raﬁ;;abebeﬁdingﬂoh”the.behariorgw;» .
f}stlﬁuiatlon of‘K‘e§r01d‘receprors ma§ predﬁee adultvtyplcaliv“
igter adult atyprcal‘effeetsbln preﬁeaﬁllng rats 'Un;lke?,L s- 
adults{fstimula;iop_of Kfopieid;reeeﬁtersrincreasesrthe;f

' aystemic and. intranigral injections of k-opioid receptor
‘agonists énhance th;‘iacgmétégiaeeiviﬁy*of.g;*jig;,fggqfie:

f_da&—eiﬁerats (Colllns; ZaGaiay*ﬁézAfian' & McDougall ZOOO}f’
imﬁuke,rMeier; Bolanos, Crawford & McDougall 1997 Jackson :

“'& Kltchen 1989 Kehoe & Boylan, l994;‘McDougallﬁnRodartef-~



vFreeman, & Nazarian;ti999; McLaughlin etval., 1995). This
increase in locomotion is blocked by.systemic, as.Well as
intranigral, injections of nor-BNI (Collins et al., 2000;
McLaughlin et al., 1995), thus indicatihg that k-opioid
agonists produce their locomotor activating.effects by
stimulating K-epioid recepters in the substantia nigra pars
reticulata (Collins et al., 2000).

Similar to adults, preweanlingvrats'given'K-opioid
receptor agonists exhibit_analgesie respenses‘on‘tail-
fliek, hotfplate,vformalinL and mechanical pain tests
(Barr, Miya, & Paiedes, 1992; Barr, Paredes, Erickson, &
Zukin, 1986; Giordano & Barr,ll988; Kehoe & Boylan, 1994;
McLaughlin et al., 1995; Nazarian et al., 1999) . Kk-Opioid-
induced analgesia in the‘formaliﬁ test is blocked by the

‘selective k-opioid receptor antagonist nor-BNI (McLaughlin
et al.; 1995). Analgesia produced by stiﬁulation of x-
opioid receptors is'mediated thﬁough both spinal and
superspinal_sites,(Barr et al., 1992; Goodwin, Wiedenmayer,
&‘Barr, 1998).

Of course, U50,488 greatly enhances USVs in neonatal
and preweanling rats (Barr et al., 1994; Carden, et al.,

1994; Kehoe & Boylan, 1994; Nazarian et al., 1999).
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U50,488;iﬁdUCed‘USVS may résultvfrom averéive:propertiés éf
the drug, dr'K-QpioidréceptOrévméy'diréctly mediate
distress-inducéd YOcaiizationsf .Thesé rééulﬁs'indiCate»
that preweaﬁling ;ats have adult—typical'analgesic;aﬁd
aversive reactions tO’K;OpiOid agonists;‘whilevthe
‘méchanisms'responsible'forvK—opioid~mediatéd_USstand

distress are not Wéll understood.

Vaderadrénergic‘receptors (aafenoceptors); Knowing
thé neﬁfoanatomiéal lbcation and_affinity df‘receptors is
impbrtant when stﬁdyingthevfuﬁctionéi role of receptor
subtypeé in the brainf  ﬁé§ént stﬁdies.ha§e gétegorized o-
‘adxénoceptors intp tWo sub£ypes: ol and_ag. bal—
Adfengceptors'are.fdund primarily in thé cerebral céftex,
.striatum,:thalamus,xhypotha;amus[:hippocampus, poﬁs,
ﬁedullé,vcefebellum,fénd_sﬁinai cord (Wilson & Minneman,
1989). Moreover,:ai-adrenoééptors are chafacteriéed by
having ﬁigh,affinities for>ag§nist'dﬁugs-Such és
dirazoline,>meth6xamine(pand‘bhénylephrine. These'_
‘vréceptors also'haVe high affinities for<antagonists'such'as_
:prazosin,.WBe4101}jahd phenbebenzamine (Rﬁffolo,'Niéhols,

Stadel, & Hieble, 1991).
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o,-Adrenoceptors are found in somewhat different

regions than a;-adrenoceptors. For example, d2- "
adrenoceptors are found in the locus coeruleus,
hypothalamus,.basolateral and central amygdala, thalamus,
substantia nigra pars retiéulata,vdentate gyrus, striatum,
CAl pyramidal cells, and hippocampus (Wamsley,‘Alburges,
Hunt, & Bylund, 1992); Noradrenergic agonists such as
clonidine, a—methyl-norepinephrine,'and UK—14,304 stimulate
o,-adrenoceptors, while yohimbiné,‘idazoxan,'and rauwolscine

antagonize ag—adrenoceptofs“(Ruffolo‘et al., 1991) .

Behavioral effects of o-adrenoceptor stimulation in
‘ \

the adult and preweanling rat. Stimulation of a-

adrenoceptors by clohidine (an o, preferring agonist)
results in the suppression of various behaviors>ih adult
rats. For instance, clonidine decreases the locomotor
activity, wall climbing, and nociception of adult raté
(Delini—Stula, Baumann, & Buch, 1979; Drew, CGower, &
Marriott, 1977;}Fielding,-Spaulding, & Lal, 1981; Fielding
et al., 1978; Reinstein & Isaacson, 1977; Smythe & Pappés,
1989).Y‘Moreover,vstimulation of ay-adrenoceptors by

clonidine causes sedation, catalepsy, and suppresses
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b_avoidahee acquisitioh.(Kostowéki et al.?,i981; Laverty &
Taylor, 1969;-Reinstein‘& Isaaeeon,‘i977). The depressive
effects of elohidine are dueyto the sﬁimuletion of central
az—noradrenergic autOreceptors whieh attenuate the release
of norepinephrine erm'nerve terminals (Delini—StUla et
al., 1979; Drew, GrOwer, & Marriett; 1977); ClQnidine does
~ have some rewarding properties, because it.produces_
conditioned place preferences iniadult rats (Asin &
,Wirtshaiter, 1985) .-

fn‘contrastbto adults,vybung rate show different
behavioral reactions to adrenoeepter agonists. More,
specifically, stimulation'of ag—adreﬁoceptors enhances USVs,
éenefal motoric moveﬁeﬁt, walliclimbing, antinociception,
and decreases olfactory place preference of home cage odor
(Blumberg et al., 1999; Hansen, 1993; Hard et al., 1988;
Kehoe &‘Harris,‘1989; Smythe & Pappas, i989). Clonidine-
induced USVs and locoﬁotor‘aCtivityvare inhibited by |
yohimbine‘and idazexand(ageieeeptof antagonists) in a dose-
dependent manner (Hérd et al.,‘1988; Kehoe &'Harris, 1989;
Nomura & SegaWa, 1979); When considered'together, it is
evident that stimulation of deadrenoceptors produces

different behavioral effects in young pups than adult rats,
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thus indicating that the noradrenergic system undergoes
ontogenetic changes across the preweanling period.

Cardiovascular system

Effects of k-opioid receptor stimulation on the

' cardiovascular system. Numerous studies have shown the

‘bpresehce of Kk-opioid réceptors in rat heart (Tai, Jin, Chan,
& Wong, 1991; Zhang, Wang, Xia, & Wong, 1997; Zimlichman et
~al., 1996). KPeripheral.administration of enddgenous and
exogehous‘K—opioid.ligands (e;g.,‘thbrphin (1—13) or
U50,488) décreaseS‘heart‘rate‘(bradycardié) and blood
‘pressurevof adﬁlﬁ rats‘(Gautret.& Schmitt, 1985;'Ledda ét
al., 1985; Pugsléy; Penz, Walker, Wong, 1992a; 1992b;v
Pugsléy, Séint, Peﬁz,,& Walkef, 1993) . Intefestingly, K-
opioid,reCeptbf agoniSts produce bradycardia through two
diétinétly different_ﬁéchanisms of actionli At léwér doses,
U50,488'produ§esbradyCardia by stimuiating Kk-opioid
recéptofé}in»the'heart; while at higher doses U50,48§ 
produces bréchardié byvblocking Na*land K" currents in
heartfmusclesv(Géutret & Séhmitt;vi§85; Pugsley et,al.,
1§§2a; Pugsléy’et‘al.; i993; Pugsléy, Saint, & Walker,
1994; Wongéiee,v& Tai} 1990). Whenvadministered at lower

doses, 050}488einduced bradycardia is blocked by the k-
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opioid receptor antagonist‘MR:2266, or the non—selective:
opioid antagonist'naloxone (Wong et al., 1990).‘ At higher
doses, U50,488eindueed bradycardia is not affected by MR
2266 or naloxoﬁei(ﬁugsleyvet al., 1992a). Therefore, it
appears that K—opioideindueed bradycardia is mediated by two
diffefent mechanisms in rat heart.

»'In addition to‘these peripherally mediated effects,
~ heart rate and blood pfessureiCan'be affected by central
administfation of drugs. Thefe are various.brain regions
that, when stimulated, can aiter heart rateiand biood
pfessure;'lFor example, U50,488 infueed into the
hippocampus or.hypothalamus produees bradycardia and
hypotension; similar to the effectsaof peripherally
administered K—opioid agonists (Feuerstein & Faden, 1982;
Wang & Ingenito, 1994).

Altogether, atvleaet‘tWO‘possible mechanisms of action
can account for K—epioid‘mediatedtbfadycardia»and
hYpotension. Peripherall?;'K;Opioid reeeptdr stimulation‘at
the heart ean'preducevbradYCardia and hypotension. While,
centralractiVation of'g—Opioid recepters in the hippocampus
or hypothalamus can‘also deefease'heartirate-and blood

pressure.
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 Effect of a-noradrenergic receptor stimulation on the

cardiovascular system. The a-noradrenergic system is

intimately involved in the normal functioning of the heart.
'Conseqnently)modnlaticn;cfthevdfncradrenergicqsystemll"nﬂ"
us1ng agonlst and antagcnlst drugs can slgnlflcantly‘alterb
’}heart rate and blood pressure of the‘organism .‘é@rj_"‘*
'flnstance,cStimulatlcn,oflcardiaclc¢4adfén@ce?tors'5Yte‘
-endogenous cr excgenous llgandsulncreases heart rate and‘
n blood pressure (Van’éwleten ‘Tlmmermans, & Van Brummelen,
1984 Van Zw1eten, VanrMeel, &'Trnmermans; 1982);ﬂ‘lntrat"
hdheart d; adrenoceptcrs abpear to be.exclus1vely located onh
'hpestsynantlc”terminals (Wagner & Brodde, 1978). |
Unllke a? adrenocentcrs; dz adrencceptors‘are located
on presynaptlc termlnals 1n rat heart kLanger;.1981
:::fStarke,-1977 Westfall '1977)“ Stlnﬁiatlon of a2

‘ﬁ”adrenoceptors by noreplnephrlne or clonldlne 1nh1b1ts

h’;noreplnephrlne release from pres naptlc termlnals (Korner

‘h;et al 1983 Vanﬁzw;eten;c1986):t Therefore,'stlmulatlon T ;
"d;of‘agvadrenoceptcrs_reddceS'blocdipressurevand heartfrate‘in o
"fffrats by reduc1ng noreplnephrlne levels at the heart (Korner

'.»et al 1983 Szabo et‘al,)vl929) In summary, stlmulatlonk



= jfexhlblted by young pups ThlS model is supported by

" of postsynaptic ai-

idjb1§bdybréSSufg;TWEiiéfg muiationjofﬁpresynapt

R adrenoceptors decreases heart rate and blood pressure. =

“;Overv1ew

As prev1ously mentloned USV productlon has been |

:gsexplalned by two dlstlnctly dlfferent models the dlstressv

:model and the cardlovascular model The dlstress model

'”.Qfsuggests that USVs are an emotlonally medlated reactlon'fhif”?ﬁl

':;flndlngs show1ng that young rats em1t USVs when separated
e‘from thelr dam and llttermates Pharmacologlcal flndlngs
o indicate~that‘variouswdrugs alterﬂUSV produotlon;g;Forjjfh

instance, morphine, cocaine, and diazepam reduce

7ft_LvocaiizationsjIWhi1e3ﬁ50/488 and’clonidinefenhaner

‘pIVOCalizations;f‘147&1"

>In Opposrtlon tobthe drstress.model .“ﬂé:;;?;-
’“{oardioyascular nodel suggests that theucardlovascuiar
.'f;system may be ultlmately respons1b1e for both USO 488;-and - .
“i;clonldlne 1nduced vocallzatlons That 1s,valteratrons:;nt;il-l
>°5thevcardiOVascular;SYsten-due‘to:1s01ati0nsorfdrﬁgé'ﬁayddhb?

Ftresult 1n the productlon of USVs Pharmacologlcal ev1dence;_p'

>b~sft1nd1cates that both U50 488 and clonldlne produce td“fv'"

adrenoceptors increases heart rate and -




'bradycerdia,ehypotensionj and hypothefmia. These
cardiovasoular effects are imﬁortant fectors that can
aotivate ACRe ehd, thue, produce USVs. TherefOre, it is
posSible that isolation—ihduced and‘pharmacologically—“
induced USVs are due to cardiovascular mechanisms instead
of emOtionaIIY—induced reactions such as distress.

Altogether, it appears that_activating k-opioid and
noradrenergio syetems enhanoes Uusv production of
preweanling rats. This increase may be due to either
emotional- or cardiovaeoular~mediated actions. Because K-
opioid and noradfenergic'agoniet drugs increase USVs, it
appears that both the K—opioid and noradrenergic
neurotransmitter’SYStems mediate usv producﬁionQ It is
uncertain, howeVer; whether these two neurotransmitter
systems interact to mediate USVs.
Thesis

The purpose of this thesis was to determihe‘whether
the Kiopioid and dg—noradrenergic systeme:interactvto
mediate USV production of preweanling rats. The
: inﬁeraction of these.systems Was aeseesed by using the x-

vdopioid agonist U50,488, the k-opioid antagonist‘nor—BNi, the
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dz—noradrenergiohagonistfcionidinehiand'the'dg—noradrenergic'
antagonlst yohlﬁblne” | |

| Both USVs and 11ne crosses (a reliabie measure of
‘1bcdm5£5£ actiVity) were;assessed.in-each experiment. eIn‘
the flrst experlﬁentv various:doses of‘oiOnidine'were-'
'admlnlstered in order to determlne‘a dose of ‘clonidine that
hwouid‘reliably prOduoeﬂUSVs and‘iine=crosses 1nnyoung“rats;
'Inithe secondiekperimentl,thebinteraotion of.K—opioid‘andh
.dQQnOradrenergic,systems was‘assessed_byadminiSteringunor—i
'BNIfin'cOmbination withU5o;488»of.clonidihe. in.the third
' erperiment, the interactionbof KQopioid~and dQ—noradrenergic
systems»was further:assessed hyvadninistering'yohimbine rn
'comblnatlon Wlth clonldlne or U50 488

It was orlglnally hypothes1zed that the pattern of

drug effects would dlffer dependlng on the dependent
measure (1.e.,IUSVs, 1ocomotor act1v1ty, and rectal
:tenperatures). Whenhassessing usv produotion, it was
predicted,that: i)lclonidine andeOuldbbroduoe a |
progress1ve‘dose dependent 1ncrease in USVs,- ) norQBNI_
would attenuate U50 488— and clonldlne 1nduced USVs, and 3)

-yohlmblne would attenuate clonldlne— and U50 488- 1nduced

USVs. This patternioftreSults would indicate3that K*Opioid
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http:pattern.of

and o,-noradrenergic systems synergisticaily}interact when
mediating USV production. The bases for these predicﬁions
were three—fold:‘first, stimulatioh‘of bofth—opioid-and Olz-
noradrenergic receptors enhances USV emissions; second, k—

~opioid andiaz—noradrenergic systems are known to have
extensiVe‘interactions in the periphery; and, third, USvs
are sﬁspected to be periphefally mediated. Because of the
extensi&e peripheral interactions between ﬁ—opioid and o,-
noradrenergic systems, it was predicted that these two
neurotransmitter sYstems would ihteract to mediate USV
production.

A different pattern of drug-induced effects was
hypothesizéd for locomotor activity. It was predicted
that: 1) clonidine would peruce a progressive dose-
dependent'incréase in line-crosses; 2) nor-BNI would
attenuate US50,488-, but'not‘clonidine—, induced iine—
crosses; and 3) yohimbiﬁe would attenuate cldnidine4, but

not U50,488-, induced line;crosses: The bases for these.
prediétions were two-fold: first, it is doubtful whether «-
opioid ahd ag—noradfeﬁergic‘systems have extensive
interconnections in brain regions known to mediate

locomotor activity; and, second, x-opioid and o,-
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noradrenergic receptor-aggnists are suspected of
stimglating locomotor activity via central mechanisms
(Andén et‘al., 1970; Coliins et al., 2000;.Zebrowéka—
Lupina, PreZegaiiﬁski, Stoniec, & Kleinrok, i977). Because
ofvthe iack bf known central intérconnéctions, it is
ddubtful'whetherbthe K—bpiéid and op-noradrenegic systems
interact to mediate locomotor activity. |

Hypotheses about drﬁg—induced changes in rectal
temperatures wefe based on pre&iouslfindings. It was
predicted'éhat clonidiﬁe, but not U50,488, would reduce
réctal temperatures of,ll;day—old rats (Biumberg, Kreber,
Sokdioff,»& Keht, 2000;,Nazariaﬁ et al!, 1999). It was
aléo prédicted that yohimbine would attehuate clonidine-
induced reductions in rectal tempefatures.

Future Directions

This research project was the first_s;ep in¢‘
determiniﬁg whether: 1) the,K—opiQid andvd—noradrepergic
systems interact when‘mediating Usvgproductioni 2) the x-
opioid and a—nbradrenergic rédeptors'mediating USVs are
located centraliy of pefibhéra}ly, and 3) USVs are the
resultvqf distress or ACRs.‘,in this study‘I directly
~answered the first question,“that is, whether the k-opioid
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and az—nOradrenergic'systems interact when mediating Usv
production. In subsequent projects I hope to build on

these results and provide answers for all three questions.
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GENERAL. METHODS
Subjects
| Subjects were 175 rats of Sprague-Dawley descent

(Harlan, Indianapolis, IN). Litters were culled to 10 pups
on postnatal day (PND) 3. An approximately equal number of
male and female rat pups were used in each experiment. All
rats were tested on PND 11. Animals were housed with their
dam and littermates prior to behavioral assessment. Rats
were randoﬁly assigned to groups with no more then one rat
from each litter being placed in a particular group. To
maintain litter size, previously tested animals were
anesthetized with pentobarbital and placed back in the home
cage (Carden, Bartot, & Hofer, 1993). The colony room was
maintained at 22-24°C on a 12-hour light/dark cycle (lights
on at 6 a.m.). | | |
Apparatus

Ultraeonic vocalizations and locomotor'actiVity were
assessed in a Plexiglas chamber (19 x i9 x 19.5 cm) housed
inside a heated incubator (34°C).‘ Rectal temperatures were
taken using a RET-3 rectal probe connected to a BAT-12

thermometer (Physitemp, Clifton, NJ). USVs were transduced

using a Mini-3 ultrasonic detector (Ultrasound Advice,
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Londén, Engiandi.‘_An ekpefimenter'blindftovtreatment
chditions c&uﬁted'Voéélizations; |
Drugs

(i)—trans—U—50,488 méthénesuifdnate; nor-
blnaltorphlﬁlne dlﬁydrochlorldé (nor—BNI):‘clpnidine
| hydrochlorlde, and yohlmblne hydrochlorlde (Sigma, St.
»Louls,bMO) were mlxed in sallne Vehlcle ‘at a volume of-5
ml/kg ' All'iﬁjections were given.inﬁraperitoneally (ip) .

a Statlstlcal Analy81s

Analyses oﬁivarlance‘(AﬁOVAéXvwere uéed to analyze
vUSVS;_lineécrdsses;’énd:feétal,témpératures, 'For all
 énaiy§eé,:litﬁer'éffeCts wefé‘céntrélled uéing within§
1i£ter1stétiéticéivproéedureé (i,e;)‘abwithin analysis with
3>oneiValue/conditiOnklitter}_Zoiiila,.19§7); 'iﬁ order t$
> éssess_sex—iﬁau¢éd-behavipfaiéffecté;:usvs, line-crossés,
;Land‘body tempérafﬁ%évdata Wefe reéhaiYéed'withvsex being
 iﬁ§iﬁded és a’fééﬁéf.inﬁthe étatiétiéaiahalyses. 'None of
théSefanalyées,reSuited.in statiSﬁicaliylréliabié‘effects,
s0 anaiysés'including:Sek'és a'féctof were not‘p£esented in
‘thébteXt;. Post,hoéiaﬂgijéisfofvsimplé ihteraééibnéfaﬁd. "’

' main effects/Wére'perfdrmedrusingTTukey HSD tests;(gﬂ<
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0.05). In these circumstances, Tukey tests were used to

compare drug groups to saline controls.
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EXPERIMENT 1

_The‘first experiment was éonducted,to determine a dose
of clonidine that reliably stimulates USVs in 11-day—old
rats. It was prédicted'that élonidine.would produce a
dose—dependent increasé»in USVS.
Method | |

Eight litters (N = 40) of 11-day-old rats were
injected with clonidine (6.05, O;l, 0.25, or 0.5 mg/kg, ip)
or saline and returned to the'héme cage for 15 min. Rats
were then indiVidually transported to the testing room and‘
placed in the»testing Chambér. USVs and locomotor activity
.wefe assessed for 20 min. Rectal temperatufes were taken
immediétely'foilowing testing. |

In Egpérimént,1; separate ohe-way (agonist‘drug)
‘ANOVAS weré used to-analyze~USVs, 1ine—érossesL and rectal
temperaturesﬂ When'appropriate,-Tukey tests were used to
assess diffefences betweeh‘drug gfpubs and saliné.controls.
Results |

 Ultrasonic'VocaliZations.” USVs data were analyzed

using a one4way.Within-Subjects ANOVA (see Appendix A).
USVs of rats given clonidine are shown in Figure 1.
Clonidine produced a dose-dependent increase in the USV

production of 1l-day-old rats Lagonist drug main effect,
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‘s‘_:E( 28) 14 76 p < O OOl] 'épecifically,ﬂthe;twoi,a

’hlghest doses of clonldlne (0 25 and 0 5 mg/kg produCedr5

“~fibmore USVs than sallne [Tukey tests, p < 0 05]

- .Llne—crosses Llne cross data were analyzed us1ng a

| aone way w1th1n subjects ANOVA (see-AppendiX”B);-‘Llne;hﬂdl‘.i'

'r'hcrosses'of4young rats glven clonldlne are shown 1n Flguref
“z;s.When compared to the sailne group, all dosestof

;clonldlne caused a‘s1gn1f1cant reductlon 1n llne crosses h

1V'[agon1st drug maln effect F(4,t28) 4 93 p < O 01, andg o

?, Tukey tests, p < O 05]

Rectal Temperatures.;-Rectal,temperature data:were'

| analyzed u81ngha‘one way’wlthln subjects ANOVA (see‘i
dAppendlx C) Rectal tehperaturesuorhrats;grwen clonldlne_
,are shown 1n‘Flgure 3 . Rats treated'with'hlgher‘doses of“”
"c10nrdine”(031 0,25, or. 0 5 mg/kg had s1gn1flcant1y 1owerj’:

‘rectal temperatures than sallne treated rat pups [agonlst

pdrugrmaln;effect,{EK4,:28);%;_dj p{:ﬁbo and Tukey
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Figure 1. Mean ultrasonic vocalizations (+SEM) of 1ll-day-
old rats (n = 8) administered saline or clonidine (0.05,
0.1, 0.25, or 0.5 mg/kg) 15 min prior to behavioral

testing. aSignificantly different from saline-treated rats..
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Figure 2. Mean line-crosses (+SEM) of 1ll-day-old rats (n =
8) administered saline or clonidine (0.05, 0.1, 0.25, or
0.5 mg/kg) 15 min prior to behavioral testing.
®sgnificantly different from saline-treated rats.
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Figure 3. Mean rectal temperatures (+SEM) of 11-day-old
rats (n = 8) administered saline or clonidine (0.05, 0.1,
0.25, or 0.5 mg/kg) 15 min prior to behavioral testing.
Rectal temperatures were measured immediately following the
20 min behavioral testing session. ‘aSignificantly different
from saline-treated. rats. ' - ‘
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* EXPERIMENT 2
: In the’Sécond eXpériment'Ivassessed the potential
‘interaction between thé K-opioid énd aé—ﬁérédrenergic
systems. To do éo,vthe K—opioid‘antagonist nor-BNI was
injected,prior tovtreatment with the k-opioid agonist
U50,488 or‘theva—horadrénergic‘agonist cloﬁidine. It was
_pred{cted that”Kéopioid reCeptor blockade would attenuate
bothuKQOpioid~mediated ahd>a—noradfehergid—mediated usv
produbtion.< |
Métth
Eight-littérs‘(§'#72) of 11-day-old rats were
injected With'nér4BNi (0, 5, or io mg/kg, ip) and placed inv-
their home cage for 15 min; ‘Rat»pUps were then:injected
~with saline, U50,488 (2.5 mg/kg, ip) or clonidine (0.25
mg/kg,-ip), After‘an additiohal lS»min; USVs and loéomotor
activity‘werebmeasuréd in‘the testing~¢hamber‘fox 20 min
v(diviaéd iﬁtO”fbur"S-mipjtime bl@ck§)1=iTime bchks were
used to asSess wﬁéther:drug=induceqwe£fec;s variéd as a
function of timé,‘.Réctal temperatureS'were taken
immediately after'testing. Rat pups were then placed in a

room separate from their dam and 1ittérmates,
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' In Experiment 2, a 3 xb3 X 4 (antagonist drug x agonist
drug x time) within-subjects repeated measures ANOVA was
used to analyze USVs. Line-crosses and rectal temperatures
were analyzed using 3 X 3 (éntagonist drug x»agonist drug)
within—subjects ANOVAS.

Results

Ultrasonic Vocalizations. USV data were analyzed
using a 3 X 3 x 4 within—subjecté repeated measures ANOVA
(see Appendix D). USVs of rats given nor-BNI and U50,488
_or clonidine are shown in Figure 4. Overall, rats given
US50,488 or clonidine emitted more USVs than saline-treated
rats adfoss all time blocks (all three graphs) [agonist
drug X time interaction, F(6, 42) = 6.20, p < 0.001, and
Tukey tests, p < 0.05]. nor-BNI alone had no effect on USV
production (upper graph); however, both doses of nor-BNI (5
and 10 mg/kg) attenuated the U50,488—indu¢ed USV production
of ll-day-old rats (middle graph) [antagonist drug x agonist
drug interaction, F(4, 28) = 20.87, P % 0.001, and Tukey
tests, p < 0.05]. nor-BNI did not decrease clonidine-
induced USV production (bottom graph) .

Line-crosses. Line-cross data were analyzed using a 3

X 3 within-subjects ANOVA (see Appendix E). Line-crosses of
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rats given nor-BNI and U50,488 or clonidine are shownvini

- Figure 5. U50,488—treé£ed-rats had more»line—crosses than
their séliﬁe controls, while clonidine had no effect 
[agonist drug main éffect, F(2, 145 = 68.44, p < 0.001, and
Tukey tests, p < 0.05]. nor-BNI (5 or 10 mg/kg) attenuated
U50,488-induced‘line—croSsés in a doséfdependent manner,
 whereas nor-BNI did not affect line-crosses of saline- or
clonidine-treated ratsﬂ[antagonist'drug X agoﬁist drug
interaction, F(4, 28) % 11.84, p < 0.001, and Tukey tests,
p < 0.05]. Curiously, the number of line-crosses exhibited
by saline-treated rats (M = 3.50)»wére less than in
Experiment 1 (M = 43.62). This was most likely due to

handling stress caused by multiple injections.

Rectal Temperatures. Rectal temperature data were

analyzed using a 3 x 3 within;subjects ANOVA (see Appendix
F). Rectal temperatures.of rats given nor-BNI and U50,488
or clonidine are shown in Figﬁre 6. Rats‘given clonidine
had lower rectal‘temperétureS“thén saline controls [agonist
drug main effect, F(2, 14) = 30.21,'E'< 0.001, and Tukey
tests, p < 0.05]. When given alone!'neither U50,488 nor
nor-BNI affected rectal temperatures. nor-BNI did not

alter clonidine-induced reductions in rectal temperatures.
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Figure 5. Mean line-crosses (£SEM) of 1ll-day-old rats (n =
8) administered nor-BNI (0, 5, or 10 mg/kg) 30 min prior to
behavioral testing and saline, U50,488 (2.5 mg/kg) or
clonidine (0.25 mg/kg) 15 min prior to behavioral testing.-
®significantly different from similarly treated rats given
saline; bSignificantly different from rats given U50,488 and
0 mg/kg nor-BNI.
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Figure 6. 'Mean rectal temperatures (£SEM) ofvll—day-old
rats (n = 8) administered nor-BNI (0, 5, or 10 mg/kg) 30

. min prior to behavioral testing and saline, U50,488 (2.5

mg/kg), or clonidine (0.25 mg/kg) 15 min prior to
behavioral testing. Rectal temperatures were measured
immediately following the 20 min behavioral testing ,
session. “Significantly different from saline-treated rats
collapsed across agonist treatment.
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EXPERIMENT 3 &

It was expected that nor BNI would attenuate U50;488— ﬁ};fr-v

"ffﬂand clonldlne 1nduced USVs Therefore, 1n the thlrd

f"lgﬁMethod

: f-'expérimé;nt" :fthe 'i'ntera‘cti-on- ‘aof '..Kéop'i"ofid'and' 'oez'-'noradre,‘nergifé?

“fnsystems were further:lnvestlgated bygrnjectlng yohlmblne 1n-i:;£

iﬂcomblnatlon w1th clonldlne or U50 488,? I predlcted that ‘
“ffyohlmblne would cause a dose dependent decrease 1n the }f_;;'““

r;number of U50 488— and clonldlne 1nduced USVs

Elght iltters LN .7é)‘of>i1 daw oid'rats”were"

¢,Z1nﬁected w1th yohlmblne.(bﬁoghéféj or 1 O mg/kg,llp) and

.{:.placed in thelr home cage for\ls min. Rat pups were then
hilnjected w1th sallne, U50‘488 (2 5 mg/kg, 1p) or clonfdlne‘
‘f:(o 25 mg/kg, -pf After an addltlonal 15 mln USVs and

‘flocomotor act1v1ty were measured 1* the testlng chamber for‘

20 m1n (d1v1ded 1nto four 5 mln tlme blocks) ' Rectal

"ﬁv‘temperatures were taken 1mmed1ate1y after testlng Rét'l_pyi

:ipuﬁsuwere then”placed 1n‘amroom seﬁarate from thelr dam andhf
fsllttermates | : | . ‘ ‘ ‘ .
| To analyze USVE, a3 x 3 x 4 (antagonist drug x agonist
:f~dru§bgltime3'Witﬁiﬁ:sﬁbﬁéété‘repéatédfﬁeaéureé?ANOVA-Qéé“Ed:

ﬁhused Llne crosses and rectal temperatures were analyzed
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using 3 x 3 (antagonist drug x agonist drug) within-subjects
ANOVAS.
Results

UltrasonicvVocaliZations. USV data were analyzed

using a 3 X 3 X 4 within- subjectsvrepeated measures ANOVA
(see Appendix G). USVs of rats glven yohimbine and U50,488
or clonidine arebshown in Figure 7. Rats treated with
U50,488 orsclonidinedoroduced.moresUSVs‘than saline-treated
rats [agonist drug main effect, g(z,'12)'=d49.71;-9 <
0.001, andvTukey,testsLiE < 05051} ‘Yohimbine (0.5 or 1.0
mg/kg) decreased'USV»emissions of saline—treatedratsvon
time‘blocks 1 andvél(upper graph)v[aﬁtagonistbdrug x agonist
drugvx time interaction, _F_‘(lv2,b 72) = 2.94, p < 0.01, and |
Tukey tests, E <e0.05]. Yohimbine also attenuated U56,488—
induced-USV‘production in‘a doseedependent manner;
'Specifically, 0.5 mg/kg yohlmblne decreased U50,488-1induced
USV’production on time blocks 1, ’3, and 4 [Tukey tests, p <
0.05]; whereas, 1.0 mg/kg yohlmblne decreased U50 488-
inddced USVs on all time blocks~(mlddle'graph)'ITukey
tests, P < O 05] Both doses of yohlmblne (0.5 or 1.0

E mg/kg} decreased clonldlne 1nduced USV productlon on all

time blocks (bottom graph) [Tukey tests, E < 0.05].
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| Line—crosses,ijLiﬁeﬁcrbSS data we£ééﬁaly2ed using‘a 3.
X 3’within—Subjecté'ANOVA (Sée Appendix-H); Line—qrosses of
raté:giQén yohimbiné and U$0;488}Of{cloﬁidine are shown ‘1A
'Figuré 8. Rats given ﬁ50,488, but hot cloﬁidine, had more
_line—chssesvthan_saline—tréatéd»rats”[TQkéy tegts, E‘i
0.05]. Intefeétingiy,bboth.dOSes*OfFYOﬁimbine_(O.S and 1:O
~hg/kg) attenuated;USO,488;ihdu§ed-1iq§4crOSées [antagoniép
'arug %;agqhist dfﬁg'interaétion, E(4,24) % 9&55; p < 0.00i[
and’TUkéy #ésts, p < O;OSj;,:Yohimbiné did not‘affectrline4ﬁ
 croééeé of_ééiiné— or Cidhidiné?treatea'réts. The‘totalv
',numbegvof iiné¥¢f§35es‘produced‘by'salineFtreated faté was
éonéiéfent with Experiﬁéntvz. o

Rectal'Températures; Rectalvtempefature data were

anaiyzed using'ab3vx 3 Witﬁip%éubjecté ANOVA (see Appendix

I). Rectal,tempéra£Urésvéf:fatsrgivén y§himbine and |
"U50;488 or dlqnidine‘afe‘shown(inwfigure 9. .Once again,’
félbnidiné—freated;ratévhad ldWer fecta1»temperatures than

saline— or U50;438;tféa£edfrats [agonist drﬁgvmain effeét;
F(2, 1‘2,)‘ = 27.00, E < 0.001, and Tukey t._e‘st‘s,, p < 0.05]. |
Overail, Y§himbiﬁe did ndt.affe¢E #he réétaltemperatﬁres

of rat pups.
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Figure 7. Mean ultrasonic vocalizations (+SEM) of ll-day-
old rats (n = 7) administered yohimbine (0.0, 0.5, or 1.0
mg/kg) 30 min prior to behavioral testing and saline,
U50,488 (2.5 mg/kg), or clonidine (0.25 mg/kg) 15 min prior
to behavioral testing. “Significantly different from rats
given 0.0 mg/kg yohimbine (open circles).
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Figure 8. Mean line-crosses (+SEM) of 1ll-day-old rats (n =
7) administered yohimbine (0.0, 0.5, or 1.0 mg/kg) 30 min - -

prior to behavioral -testing and saline,‘U50,488'(2.5'mg/kg)‘v’

or clonidine (0.25 mg/kg) 15 min prior to behavioral
testing. aSignificantly different. from similarly treated
rats given saline; PSignificantly different from rats
administered U50,488 and 0.0 mg/kg yohimbine. ’

¢
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Figure 9. Mean rectal temperatures (+SEM) of 11-day-old
rats (n = 7) administered yohimbine (0.0, 0.5, or 1.0
mg/kg) 30 min prior to behavioral testing and saline,
U50,488 (2.5 mg/kg), or clonidine (0.25 mg/kg) 15 min prior
to behavioral testing. Rectal temperatures were measured
immediately following the 20 min behavioral testing
‘session. °Significantly different from sallne treated rats
collapsed across agonist treatment.
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DISCUSSION

‘The purpdséiof the présent étudy-was to,aséess whether
ﬁhe K?OpiOid and the az—noradrenergic systemé ihteract when
.mediating usv productionband 1OComdtor.actiVity of
preweanliné.rats. Similar to previous studies, saline-
trea;ed_raté emitted a moderate number of isolation-induced
USVs that decreased as the testing sesSion progressed
(Blumberg, Efimové, & Alberts, 1992; Kehoe & Harris,'l989).
As predibted, clonidine increéséd the USV production_of 11-
- day-old rats_in a dose;dependentrmahﬁer (see Biumbérg,
Kreber et 51., 2oqb; Hansen, 1993; Hard et al., 1988; Kehoe
& Harris, 1989) . Also,vrat pups treated Witth50,488
emittedmore-USVs than'salinéstreated rats»(see Barr et
al., 1994; Carden et al., 1994; Kehoe & Boylan, 1994;
Nazarian et al,, 1999) .

The interaction of k-opioid and a,-noradrenergic
systems was examined in'two ways. Fitst, by assessing the
effects of the kx-opioid antagoniSt nor-BNI on U50,488- and
clonidine-induced USV‘production.w Second, byvassessing the
veffects of the'dq—noradrenergic antagonist yohimbine on
U50,488- and clonidinefinduced usv préduction. In contrast

to my initial prediction, nor-BNI decreased U50,488-, but
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.notvclonidiﬁe;, iﬁducedvUSVsJ fohimbine; on th§ other
hénd; dééfeaséd both U50,488- and cldnidiné—inducedUSVSnv
o Therefbré, iﬁgappears'that the.ﬁ—opioid and dé—néradrenergic
‘ 3y§témé intéracﬁ when ﬁéaiating'USV‘pfoductiqn,vbut in-a
mére éomplex'mannef thah‘driginally;hYpofhésized.- |
The x-opioid agoniSt affeétea lédomééof activity in a

consistent méﬁnet, becausé rat pﬁps treatedeith U50,488
had more line—Crstes‘thanvsalinthreated rats‘(see>  '
Experimenté 2 and'3j.‘ In‘chtrast;‘clohidine's effécts on
locomotor activity.varied according to experiment. Mdre
;_specifically,‘c10nidiné reduced the line-crosses of
preweanling‘rats'in‘Experiment 1; Whereas, clonidine did
not significantly affect lipe—cfosses in Experiments 2 and
© 3. The‘ihability of clonidine to decreaéé iine—crosses'in
the 1a£ter two1expefimeﬁ£s was pfobabi?due_to a “basement
effect”;‘as the saline éontfdlé eXhibitéd hinimal liﬁe—
- crosses (M = 4.32) in Experiments 2 and 3 (i.e., a
clonidine—inducedzreduction in iine—crdsses was impossible
to-detect)}_ Bothvnor—BNI and‘yohimbine depressed U50,488-
induced locdmotor acti&ity, whilé>neither;antagonist 
»affectéd thé 1QcOmotbr‘activity of salinéf or clonidine-

treated rats.
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| Rectal temperatures were differentially affected by
';theﬂnariOhs’drugs;isCIOnidine~eensistentlyﬁredhced_rectal"h
,Jtemperatures ef ‘rat pups‘rn.ali three experlments tén"thenﬁl
bh ther hand U50 488 dld not affectvrectal temperatures
.:fNelther antagonlst was”abie to block the elonldlne 1nduced

ihUSVLPreddctibnsbRelesbfﬂthe“GQQnoradrenergic system. -

"h?Asﬁjust mentionedfﬂclenidrne‘enhaneedithevUSV produgtiaﬁddft.
fll day old rats ICienidineeinddeeddUéVSreanfbe_explainedﬁ'a~'
’ ;through at Jeast three dlfferent‘meehanlsms ﬁFirst}h
clonldlne.may stlmulate aé adrenoeeptors in brarnhreglons
binvolvedJWith‘USV prodnetLOn;iiMore‘speelflcally,_clenldrneId
Tmaydlnduee Usv. produetren‘by stlmulatrngva; adrenoceptorsilnv»
':fhbraln reglons 1nvolved w1th affectlve beharlors,‘such as
~hhthe amygdala,’striatum,\nuclens;aecumbens,dand‘i |
‘dsperlaqueductal gray (PAGigh | P
Second Clonldlneiméyriﬁdi?é¢51Y~é?ﬁaﬁ¢§aﬁsv‘
' anrodUCtlonvbytaf%eetinédcentralfpathQaQSdmediating
hs,cardlorascnlar functlonlng "It has been prev1ously shewn‘
~‘that;elonidine‘stiﬁnlateSedg—adrenocentOrs'infthe medulla-era
otherbralnstemnuclel1nvolved m »cardievjaseuljar U

functieningr(VanaZWieten,"1986;>1396);w,Thrs clOnidiné—-;

c5


http:U50,4.88

- induced stimulationimay;eﬁhaﬁcévUSV‘prodﬁctién by.»_
decréésihg heart_réte and blood'préséure;b

'Third; élonidinemay'iﬁérease-USV produétion by
‘directly‘Stimﬁléfing presynapticva;—adfeﬁoCeptors'Qn>nérVév
tefminalssyﬁépsing‘ﬁhé hééff;ﬂfﬁirecfsﬁimulétioh»bf 
presynaptié d@éadrenoceptOrévinhibits the réiease oﬁ
ndfepinephfiné andvdecféaées heérﬁ:rate and blood p£éséure
:{DreW/ 1976;'Misﬁ,1fujié;&:Kﬁbb,11982)? ‘Altbgether} it‘ .:
appearsnthét.clonidihe,méy inducerSVs by: 1) producingaf'
state of]embtioﬁal aistréSS‘inithegrat pup.that'réSults in
usv éﬁission;, 2):m§dulaﬁihg circﬁitfy’in the brain stem
involved Withvhéart funttidning,yor_3) difectly aétingvog
péripheral noradreﬁergic‘neurdns that_décreasevheart raﬁe

and, thus, increase USVs.

_'USV p£6ducti$n: Réle éf'the-xfopioid syétem; -Similér
o v_prev‘ﬁious »stu’di>e‘s_, .U5‘O,Vl‘4‘8‘8‘ i‘ﬁCreased the ﬁSV.brdduétion
"_‘of.ll;déy;old,ratsv(Barrét ai.; l§94}lCardeﬁ’et,al;; 1994;
';Kéhoé § BéYléﬁ;‘1§94{Néza;ién'étfélfﬂ i?§9).  One;1 |
possibiii#y'iévthat ﬁ56?4égfstimuléteé'ﬁS????pdﬁétiéh,b?;

'»:éétivating;k;déibidffééeptbrs iﬁ £he stfié&um;'nucleus
:écéuﬁbens,‘amygdaié? or PAG:(i;e;, braih.régioﬁé anWn td

bé‘involved'in“afféctivé‘behaviQrs): ‘Alternativeiy/
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U50,488‘may activate K—opioid’reCeptors ih brain regions
involved in cardiovascular functioning.' For instance,
stimulation of K—opioidireceptors:in‘the_hippocampus,
hypdthalamus,vénd medulla decreases the heart rate and
blood pressuré of adult rats (Feuerstein & Faden, 1982;‘
Hassen, Feuersteiﬁ, &‘Faden, 1984; Wang & Ingenito, 1994).
The,décreased heartvrate could, in turn,. be respénsible for
the‘increased usv emiSsions.'

It is also'possible that acrivating peripheral K-opioid
receptors may enhance USV emissions of rat pups.
Stimulation of k-opioid receptors, located on noradrenergic
nerve terminals at the heart, decreases heart rate and
blood pressure (Fuder et al., 1986; Ledda et al., 1985;
Starke et al., 1985).  Hence, the-dégrease in heart rate
and blood pressure may increase USV production. Therefore,
similar to clonidine, U50,488 may‘enhéncé USVs by: 1)
producing a state of emoﬁional diétress by acting on brain
regions involved in affectivevbéhavibrs,'2i modulating
brain circuitry cohcerned With heart functioning, or 3)
directly inhibiting the release of norepinephrine at the
heart. Taken together,vit is pbséible that USO,488 and

clonidine may prdduce USVs through similar mechanisms.
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Role of the x-opioid system on az—noradrenergic—

mediated USV prodﬁctidn;‘ As noted earlier, the pufpose of
this study was to“aséésé the interaction'between the k-
opioid and'the ag—noradrénergic systems. The present study
showed that nor-BNI attenuated U50,488-induced USV
»production of ll;day—oid rats in a dose-dependent manner;
On the other hand, nor-BNIv(a K—opioid éntagonist) did not
reduce the USVs of rats given clonidine (a a,-noradrenergic
agonist) . Thus, results from this,ﬁarticular experiment
suggest thaﬁ the‘K—opioid system does not ﬁodulate Ol -

noradrenergic-mediated USV production.

Role of the a,-noradrenergic syétem on x-opioid

mediated USV production. Other evidence éﬁggests that the
"K—opioid"and ag—noradrenergic‘systems interactvwhen
mediating'USV produCtioﬁ.. Specifically, it appears that
‘the aQ—noradrenergicbsyétem mbdulates k-opioid-mediated USV
emissions, as yohimbine decfeased_béth U50,488-‘and
clonidinefinduced.USV praaﬁctioh inia dése—dépeﬁdént
ménner. Yohimbine-also redﬁééduthé USVS of saiine—tréated

rats.
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'19?Baséafbn:thisfpé, ern ',Trééﬁité, 1t appears that the e

*f.ag noradrenerglc system _odflates K oplold medlated USV :

© production. Conversely, ~f‘fﬂanipu.lat:is»on}%Qf. the x-opioid 'systé.ffﬁ? :

~ had no effect on op-noradrenergic

' the x-opioid and o,-noradrenergic systems seem to interact = -

. in a unidirectional manner. . The most parsimonious

| explanation is that the k-opioid receptors modulating USV
production are located “up-stream’ from the critical a
| noradrenerglcneurons Forlnstance, theK—OplOld system ¥ B
ﬂlmay?mediatévﬁSVVbrdduetiehTthrdughihrgher‘braih cehtersyhyjﬁ
7(e g the strlatum or.PAG)J'mhrleithe‘dgehdradreﬁergieagt”'
3QYStem may medrate USvaroduetlon through bralh stem areas

.[fDuefto*this;unidirectiOnal}arrangement,_the»az—noradrenerglc'

b;isystem would be able to alter K OplOld medlated USV

"'5f'productlon, but the reverse would not be true

"ﬁfﬁthan sallne controls ThlSpresult‘lstsomewhatacurlous~

Theginteractiénfbetweenfkeopioid”aﬁdfdé#ﬂdradrenergicﬂ.)

'77syStems*On?ldeomOtbraaCtiyityft In the present study,

sykﬂclonldlne treated 11 day old rats had fewer llne crossesfu}if

_ibecause a number of stud’es have reported that clonldlneyff”’

”‘enhances 1ocomotor act1v1ty of rat pups (Kehoe & Harrls;ff

-mediated USVs. Therefore,



1989; Nomura &'Segawa', 1979; Pappas & Walsh, 1983;
Reinstein & Issacson, 1977; Smythe & Pappas,,19895. This
inconsisﬁencyvis most likely dué to the method of assessing
locomotor activity.: Studies that operationally define
locomotor activity in terms of line-crosses (a difect
measure of forward locomotion) typically report that
clonidine reduces locomotion (Hansen, 1993; present study) ;
whereas, studies that operationally-défine locomotor
activify in terms of general motoric movement (i.e.( by
collapsing such measufes ésvfofward 1océmotion,_paddling,
circling, and wall climbing) find‘thét clonidine enhances
movement (Kéhoe & Harris, 1989; Nomura &.Segawa, 1979;
Pappas & Walsh, 1983; Reinstein}& Issacson, 1977;vSmythe &
Pappas, 1989). Consequently, it is likely that clonidine
reduces the locomotor activity of preweanling rats, while
increasing genéral motoric movement.

Stimulation of K—opiQid receptors produces a
paradoxical increase in the locomotor activity of rat pups.
That is, K—opioid agonists (e.g., U56,488 and enadoline)
decrease locomotor activity of adult rats, whilé>increasing
the‘locomotorvactivity of preweanling rats (Carden et al.,

1994; Crawford et al., 1995; Kehoe & Boylan 1994; McDougall
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et al., 1999; McLaughlin et al., 1995; VonVoigtlander et

al., 1983). ConSisﬁént With'past studies, U50,488'produCed . ‘

a norfBNI‘reV¢rsib;e'enhancemént in’the_locbmotor activitybil
" of li—déy—dld raﬁs (See*aisogdéllinsietJél., 2060}  :.”
LMcLaughlin'ét'al,,fléés). o o | |

. - An unéxpectéd finding waS that yOhimbiﬁeféduced
U50}4884iﬁduced‘idcoﬁotér aqti&i;y;_'A}tﬁo@éﬁ;@égH"
Abre?iousiy’shown,fit isééqsgiblé_gﬁat é;;n$rédf§nergiéénd
KQOpioid‘systems’interacﬁvtq‘decrease U50(488iiﬁaqced i
locomotor éctivify. ”Thié‘éﬁggeStiQn; hoW¢Ve£, réquires:
further invéétigatiéﬁ}v An:éltérnative poésibility>is that
yghimbine:may decreaseﬂU56,488—ihducéd lOgomOtor éctivity"
’by aitériné dopaminé sYstém functioning. ‘Evidencé fof thié
possibility is three-fold. Fifsﬁ, ydhimbine antagonizes
'dOpamine Dé—iike receptdrs;(ﬂeai‘et al;,‘1987;‘Scattdn,
.’zivkovic, &?Dedek('1980),_'Se¢ond, yohimﬁine attenuates
amphetamine—and ap§mofphinefinducedlochOtof-activity of
adﬁitfraté (Heal gﬁsal}j 198?)Luttinger'&'Dufi&age)fi986).
Impértantiy,vthé doéés'of YOhimbiﬁe (1 and 3mg/kg) foﬁnd'f 
to attenuatébamphetaminef and apomorphine—induced.locomotor 
activity'weré similér £o thQSe used in the preseht‘study.

‘Third, dopamine antagonists attenuate US50,488-induced line-
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crosses in'rét'pﬁﬁs (Duke ét al.; 1997;'Nazarian.et al.,
1999).‘ It>shQuld be noﬁed that yohiﬁbiné:d§és not redﬁce
Usv productioﬁ'by”bloéking‘Dgfiike*receptorsvbecauSe
1dopaﬁine antagoniSts ﬁave;no effect_on USvaroduction of
rat pups (Dastur,”McGregor; & Brown;'i999; Nézarian et al.,

1999) .

The role of k-opioid and o,-noradrenergic systems on

rectal temperaturés}_ Consistént’with,past,Studies,,

élonidine réduced‘rgétél téﬁperéﬁuf§é o£vll—gay;oid_rats‘
(Hard ét al., 1988), ‘bﬁ:fhé otherjhénd,'U50,488vdid not

~ reduce rectai'teméeratures.a’This ﬁaY‘bévdue to the low
désé (2.5 mg/kg);of‘ﬁéb[48é used in ﬁhis st@dy; because
higher‘dosesof-U50;488 redﬁce-reété1and aXillary'
',temperatures-oflrat pups’(Carden,et al., 1993; Nazérian'et
él.? 1999) .. Intereétingly,.neither nor-BNI norvyohimbine
 had any effect.on;thé'élonidiﬁe—induced reduction of reétal
.temperatures.'When considéred tbgether,fthese findings
Suggest that U50,4éé;*énd clohidine—induced usv proauction
is ihdepéndent_ofdfﬁg;indqced‘changés’ih bddy‘temperature.

Conclusion. Overall,‘thékresults of the present study

demonstrate that the‘K—bpioid and a,-noradrenergic systemS'

interact when mediating USV production. This study does
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sIV;the amygdala, basal gan

' not eon:lusivelYffeselve WheﬁhefiﬁSVﬁﬁrodnetienlis-aivQ:ﬁff”° B

Although speculatlv"‘

*T[Qrespons1b1e for USV prod ctlon

'n.adnltfraﬁs, dlstress can be i

induc'ed by vafious:_g_f-gi»:'csqédﬁrés; (e.g., *_”vr'é_‘st::a'int shock and

5 tall plnch)_ allvof thc‘

1a*5h1ppocampus, hypothalamus,‘ndhi7

jj_pons, and medulla (Qulrar,e“'Galvez, Roozendaal & McGaugh i;p”

' 'g}1998 M Tanaka et al 1983 T Tanaka et al 1991)

‘\dehese braln reglons are 1nvolved 1n both affectlve
n(amygdala and basal ganglla) and cardlovascular

?i(hlppocampus, hypothalamus, pons, and medulla) functlonlng

"ﬂ;}inidiStreSs‘Lnducedfnoreplnephrlne levels If thlS 1sla”

':,f 1ncrease noreplnephrlne levels 1n braln reglons 1nvolved 1nfﬁ

fiﬁdréasewnorepinébhrlne levels in

’»QaffECtlve.and,cardlovascula;;functlon;ng,'dTheflncrease in




nofepinéph?ihé°leVels;méy}éééré@géfbié¢d pr¢ssure'énd heaft-
  ‘It is;clear tha#,USV§1c§hvbégprdau¢ed byféistféssihé -
Ztﬁ¢ ré£3PﬁP°f bY:iﬁdépéﬁdéﬁﬁi§ éiﬁéring thédafdiovaécular
»syétem€‘ HoweVer,.6ﬁ§ sh§u1d'¢§ﬁéider tha£“b§£h”ﬁechanisﬁéh”
may bé:jbihﬁly invélved in:pro&ﬁéing USVS,; Thaf ié; when)
aﬁaérganismfis‘crying; yeiliﬂ§faéﬁéé2iﬁ§ihdffiéﬁghihgj
physio}ogiCéi.méchénismgiéréiﬁ&éi&édfﬁﬁa;.aéqée}éfrthbé
' 'éxhaléd erm,the lathx;  Noﬁéﬁhéieé§,jafféctfié‘inherently
iﬁvdlvgdnbeqéuse’leﬁntary‘aéﬁiéﬁs (e.g;, laughing or |
crying)! simi1ar tdinvéluhtary.ééﬁiéﬁs (e7g.(‘sﬁeézing);ﬁ
3156‘activate theléame phyéi§1ogica1‘mechénismé (i.e.,lair
exhaled frém the larYnXi.:‘Wheﬁ considerihg the adult and
pup distréssili;eraﬁurertpgeﬁher, it appéars that
,isolatiqnfinduced USV productioh is an‘emétionaliy—médiated
behavidr‘thét réquires the participéfion of brain,regiohs
'  _involyeq ih_bothaffedtivéand‘caﬁdiovaécuiérfﬁndtioning.‘
SynOpsisp lThéwpfeseﬁEétudyWas é first stép in’
vthingTEOfbetter understand'thé'ﬁnderlyiﬁg'mechénisms
responsible fér Usv proaﬁcﬁion[, The fuhction‘of USVS,héS’
beéﬁ of gréat dispute.inrecént years (Blumberg, SdeiOff
et,al.; ZOOOf‘HQfér &_Shair,:1993);ﬁ A¢cdrding to the

distress model, USVs are interpreted to be an emotionally-
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‘medlated behav1or produced by rat pups 1n order to galn theh'
'attentlon of the dam for nurturance, protectlon,_and
: thermoregulatlon»(Bell 1979 Smothermanwet al;,‘1974)&

ThlS model 1nterprets USVS as a dlstress call emltted by

-]'rat_pups,.wh;ch cahpbe mOdulated_by_varlous pharmaoolog;cal»_’i

agehteikhowh1tojaiterrdistreesvahdiankiety.heForiinstance,,h'”
‘drugs‘that‘reduce"USV:produotiohiare;ooheideredito]be'»‘
rewardihgh(e:ggjhoooaihevahdpmorphrhex_Qrwahkietyureducrhgrh
(éQg.}_diaéépam)f'whiieﬁdrugéfthatvénhaﬁéerSVé:(e.g.,

VU504488) are'con81dered/to be aver31ue or anx1ogen1c tw"
(éaéden,gtpgl,{ 1990 1994 Ihseluetnai | 1986 Kehoefgp'

Boylan, 1992);7 Therefore,‘aCCording»to theudlstreSsdmodel

' USVs are emotlonally medlated Voluntary behaviors that" are L

’{produoed by.rat-pups_when drstressed.
‘fp; In dlrect OppOSltlon,.thé cardiOVaSCuiar ﬁodelr
hsuggests that USVs are 81mply by products of abdom1na1
._¥compreseron reactlons (ACR) - It 1s belleved that rat pups
7?producedﬁSVss1n order-to,malntaln&thelrxnormal’heart-rate,
.blood pressure, -and body temperature whenAseparated from o
"fthe dama<31umberg,et:a;r‘ 1999) The cardlovascuiar model
poetulatesithat drugSithat enha_hc:e_Or_reduce‘US._\/"j;vjrodu'c't;i_cmf’.'t
eitherhdireotlybor'ihdrreotlyjmodulate:cardiouaScuiar :
functioning through either central or peripheral mechanisms



(Blumberg,vKreber et alp, 2000) . Thus,’drués that causé a
decrease in heart'rate aﬁd‘blood'pressure enhance USV

' production. Oon the other hand, drugs that increase heart
fate and biood pressufe'réduce USV production. Taken
tégether, proponents. of the cardiovasculaf model discount
the distress mbdel and argue that USVs are a physiological
résponse wifh no affective cause.

In the'pfesent study, the<K;opiéia agdﬁisp U50,488, and
the oy-noradrenergic agéﬁiétlélOﬁidiﬁe ihdepeﬁéently
enhanced USV production. I attempted to attenuate US50,488-
and clonidiﬁe—induced usv producﬁion by using the x-opioid
antagonist nor—BNIvand the ag;noradrenergic antagonist
yohimbine. By doing so, I was interested in learning
whether the k-opioid and the az—nQradrenergic’systems
interact when mediating USV production. Results showed
that the K—bpioid and the oy-noradrenergic systems interact
in a very specific manner. The findings demonstrate that
U50,488-induced USV production was attenuated by nor-BNI
and yohimbine, while clonidine-induced USV production was
reduced by yohimbine»but not ﬁor;BNI. This pattern of

results suggests that the a,-noradrenergic system modulates

K-opioid-mediated USV production, but that the k-opioid
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.system does not médulate aé—noradrenérgic;mediated USV
‘production.

It is poésiblé that USVs are emotionally-mediated
-calls that require the joint activation of both affective
and cardiovascular centers in the brain. This conclusion
is supported by findings showing that both distress and
anxiety increase ﬁorepinephrine 1evelsrinbbrain régions
involvéd in affective and céf@iovaééﬁiar‘fuﬁctioning. In.
turn; usv emissions ﬁayiultiﬁatély be producéd by changes

in cardiovascular functioning and the onset of ACRs.
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Appendlx A

ANOVA Table for USV Data of Experlment l

s Agonlst (Agon),!;,_';“538792978,35,i

\1

484021.00

-

i . 2198244.60 -
Errorkmnff3 " . 4171463.65 - 28 . 148980.84

o 14.76
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Appendix B

'~ ANOVA Table for Line-Cross Data of Experiment 1

Sourde s ' o SS

df MS F P
Total N ’ 27553.10 39 3483.16
Subject - o 3209.90 7 458.56 S
Agonist (Agon) © 10057.60 4 2514.40 4.93 < 0.01
510.20 : B

ETTOTagon 14285

.60 28
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Appendix C

ANOVA Table for Rectal Temperature Data of Experiment 1

df

F

Source | - SS

.97

MS P
Total | I 31.36 39 5.20
Subject : 6.71 7 0.96
° Agonist (Agon) 15.68 4 3.92 12.24 < 0.01
Erroragon 8 28 0.32
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ANOVA Table for USV Data of Experiment 2

Appendix D

ss

Source - df "MS F P
Total  17462694.01 287 5811937.04
Subject J | 266870.72 7 38124.39 -
Antagonist (Antag) 2884143.56 2 1442071.80 43.91 < 0.001
Agonist (Agon) 5928019.77 2 2965009.90 '55.91 < 0.001
Time 8275.03 3 2758.34 ©1.39 < 0.275
Antag x Agon 4677555 .42 4 1169388.90 20.87 < 0.001
Antag x Time 62832.24 6 10472.04 2.14 < 0.068
Agon x Time 143260.45 6 23876.74 6.20 < 0.001
Antag x Agon X Time 54524 .28 12 4543.69 ~ 1.48 < 0.146
EXrorantag 459798.55 14 . 32842.75 :
ErrOragon 742234 .84 14 53016.77
EXroTrrine 41781.81 21 1989.61
EXTOTantagagon 1569172.64 28 56040.81
EYTOTantagxTine 205296.09 42 4888.00
EXTOTagonxTime 161788.05 42 3852.10
ErrorA‘ntanggonxTirﬁe 56 84_ 3061_.20 ‘

257140.



Appendlx E

- MS

»4f ANOVA Table for L1ne Cross Data of Experlment 2

Agonlst (Agon)

EXTOTantag.

”f Antagonlst (Antagffffff

Antag x Agon

- Erroragon L

. ,:'~Er¥OrAIit,anggon -

124137

1905
"16727i
40016.
-~ 9836
T 4092

. 19156.

' "aKQSSJj}»J

."62 o
78
86 .
.66
.81
+95.
84

N

14

N

. 38423.
272,
, 8363.

20008
- .8100.

702.
292
- 684.

85

.36
16
63
17

93 . 11.90
- 68.44
11.84

<0.001
< 0.001
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Appendlx F

ANOVA Table for Rectal Temperature Data of Experlment 2

".Sohrce

»Ss B

_ar

MS

Subject

Antagonlst (Antag)

-Agonist (Agon) -

3 Antag x Agon - -
'  BEXrOTantag
 ErXOragon

- Erro rAntagx_AgorAx‘ ‘

94

26

0.
©o4l.
S B
s
9.
10

.84
160 -
15
59

40

57

64
.33

71

N

28

N g

©O 0coo oo waoa

L4200
,f: 74 :
.08
.79
.35
.40
.69
.37

0.19
©30.21°
©0.95

< O 829

; 0. 001'
< 0.450
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- Appendix G

ANOVA Table for USV Data of Experiment 3

Source , : SS ' df MS F p

Total ' 10233072.89 251 - 3580205.23
Subject  252476.22 6 42079.37 | '
Antagonist (Antag) 1921607.72 2 960803 .86 40.11 < 0.001
Agonist (Agon) 4505085.77 2 2252542.90  49:71 < 0.001
Time R 10350.23 3 3450.08 ~ 0.85 < 0.485
Antag x Agon | 640540.49 4 160135.12  2.55 < 0.066
Antag x Time | 16963.71 6 2827.28 1.17 < 0.346
Agon x Time 49387.28 6 ~ 8231.21 3.18 < 0.013
Antag x Agon x Time 79476 .46 12 6623.04 2.94 < 0.002

 EXTOTantag 287476.11 12 23956.34

EXTOTagon | 543728.56 12 45310.71

EXrrorrine 73045.46 18 4058.08

EXTOTantagagon 1509995.17 24 62916.47

EXTOT antagxTine 87304.68 36 2425.13

EXTOragonxTime . 93251.28 36 2590.31

EXTOT antagxagonxTime 162383.65 72 2255.33
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ANOVA Table for Line-Cross Data of Experiment 3

Appendix H

Source SS df MS F p
Total 331940.42 62 118265.33
Subject 21131.97 6 3521.99
Antagonist (Antag) 22781.56 2 11390.78 9.20 < 0.004
Agonist (Agon) 178406.89 2 89203.44 29.21 < 0.001
Antag x Agon 35692.25 4 8923.06 9.55 < 0.001
Errorantag 14854.89 12 1237.91
- Erroragon 1 36642.89 12 3053.57
EXrOT¥antagxagon 22429.97 24 934.58



€L

ANOVA Table for

Appendix I

Rectal Température Data of Experiment 3

Source SS df MS F p
Total 67.38 62 13.66
Subject : 19.26 6 3.21
Antagonist (Antag) 0.28 -2 0.14 0.18 < 0.841
Agonist - (Agon) 15.71 2 7.85 27.00 < 0.001
Antag x Agon 2.85 4 0.71 1.04 < 0.406
Errorantag 9.40 12 0.78 '
- Erroragoen ' 3.49 12 0.29
EXTOTantagragon 16.39 24 0.68
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