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. ABSTRACT
Behavioral effects of dopamine receptors were‘assessed in.
11- and 17-day-old rat pups using‘irreversible_dopamine
antagonist, EEDQ. In Experiment 1, the locomotor activity
and sniffing behavior of 11- énd 17-day-olds was assessed
after treatment with thesnonselective dopamine receptor
agonist, NPA (0.00, 0.01, 0.1, 1.0,‘and 5.0 mg/kg). Testing
sessions began 5-mih after NPA treatment on three teét dafs.
In Experiment 2, 10- and 16-day-old rat pups received a
single dose of EEDQ (7.5 mg/kg) or vehicle after dopamine
receptors wefe 1eft’either unprotected or protected usiﬁg'a
combination of sulpiride (100.0 mg/kg) and SCH 23390 (1.0
mg/kg). NPA (0.00, 0.01, or 5.0 mg/kg) was then
administered to rat pups 24, 48, and 96 hours after EEDQ
treatment. Results from Exéeriment 1 suggest‘that NPA did
not increase activity in 11-day-old pups; whefeas, 17-day-
olds showed an increase in activity, with 0.01 mg/kg NPA
producing the greatest effect. NPA produced a dose-
dependent increase in sniffing in both aged pups. 1In
Experiment 2, EEDQ did not affect the locomotor activity or
sniffing of 1l1-day-old pups; whereas, 17-day-olds showed
some enhancement of locomotor activity and sniffing after
EEDQ treatment. Results indicate that the response of
preweanling and adult rats to EEDQ is fundamentally

different. Possible explanations are discussed.

iii



- ACKNOWLEDGEMENTS

~To the membersrof my commlttee, Sandy McDougall Stu

Elllns, and Jeff Thompson, I would 11ke to extend my deepest
gratltude. I extend spec1al thanks to Sandy for g1v1ng me
:thlS 1ncred1ble opportunlty to perform psychopharmacologlcal"
research.: Wlthout his knowledge and guldance thls the51s |
would not have been poss1ble.; Thank you Sandy for your vote’
of confldence. I also thank Dr. Elllns and Dr. Thompson for
'g1v1ng their valuable tlme to prov1de e w1th comments, |
cr1t1c1sms, and questlons de51gned to enhance my thes1s
’ progect.,+, , | : |

I thankbmy parents.»Ralph,andvElisaheth‘ for their’
generous support throughout my educatlonal process and
, espec1ally for thelr confldence that I would complete what
at times. seemed an 1mposs1ble task.' Many thanks to ny
81ster, Tanja, who gave up many hours at the computer sok
that I could pound away at the keyboard I w15h you the ‘same l
'anx1ety and joy in your quest for knowledge. _To all those
who~offered.the1r support and_encouragement,vfamily and._

friends, thank‘you,lvielenrdank.

oiv o



TABLE OF CONTENTS

ABSTRACT..oo.o;o_o.oooo;.o.'oootooooocoooo-o,oo.oco

ACKNOWLEDGEMENTS................................

LIST OF ILLUSTRATIONS...........................

INTRODUCTION. « e v eeesoocnoenasse

Biology of Dopamine.Systems.....;.

Biosynthesis of Dopamine.....

Storage of Dopamine..

‘Metabolism of Dopamine.......

" Dopamine Receptors...

Ontogeny of Dopamine Systems.

Pharmacological Effects of Dopamine Systems......

Behaviors Mediated by Dopamine Systems.....

Adult Studies........
Ontogenetic Studies.,

EXPERIMENT 1...c¢cc000c00 ceeeos

SubjectsS....oevuan..
Apparatus.......e....
Procedure and Drugs..
Statistics;.......f..
Reéults....;...}.;....,...
Locomotor Activity...

SNiffing....eeeeen...

® e ¢ 0 0 0 0 0

..iii

I A 4

ooool

700..3

eeee3

vee.3

"00004.

00023



Summary.Q....;.....,;....;...

EXPERIMENT 2............ e
Method....C.....»OO...."...I'.

Subjects and Apparatusg

Procedure and Drugs....

Statistics.;..,...}....

 RESULES. . eeeeennnnn. e enes

- Locomotor Activity.....
Sniffing..."..."..".....

SUMMALY.eeeveoeeancanas

DISCUSSION. «cuuteueennnnn. RS

REFERENCES .« + « « ¢ e e e vvvsnennnnennns

vi

o oo o

® o 0o 0

..23

L .33
..35

..45



- LIST OF ILLUSTRATIONS

FIGURE 1 Mean number of 1iné-crossings'for 11- and
-17-day=-old rat pups in Experiment 1 by NPA
dosage on each test day........ccc0iiiiil..22

FIGURE 2 Mean number of sniffing counts for 11- and
17-day-o0ld rat pups in Experiment 1 by NPA
dosage on each test day.ceeesecececsesosccccacedd

FIGURE 3 Mean number of line-crossings for 11- and
17-day-old pups in the three EEDQ pretreatment
conditions of Experiment 2 by NPA dosage on
each test day...eeeerereceenerennecrcecnceaeses8

FIGURE 4 Mean number of sniffing counts for 11- and
: " 17-day-old rat pups in the three EEDQ pretreatment
conditions of Experiment 2 by NPA dosage on
each test day..ceeeiiececeesessossecsssoscsessassldl

vii



INTRODUCTION

Dopamine systems have been implicated-in a:numBer.of
important functions including attention, learning, and
movement. Dopamine’s role in the motor'systém has linked it
to conditions involving excessive, exaggerated, §r]bizarre
involuntary movementé, such as in Huntington’s chorea,
tardive dyskinesia, epilepsy, and Parkinson’s disease. L-
Dopa, a precursor to dopamine, increases the synthesis and
release of dopamine in Parkinson’s patients, thereby
alleviating symptoms of tremors, difficulty in initiating
movement, loss of balance, and rigidity of limbs. Chronic
administration of L-Dopa, as well as high doses of
‘amphetamine, cocaine, and other dopamine agonists produce
schizophrenic-like symptoms, such as hallucinations,
delusions, and disorganized thinking. :Drugs that block
dopaminevactivity decrease symptoms of schizophrenia,
suggesting‘that schizophrenia may be caused by an increase
in dopaminergic functioning. Developmental disorders; such
as Tourette’s syndrome and Lesch-Nyhan disease have élso
beenvassociated with dopamine systems (Calne, 1978, 1980;
Clark & White, 1987; Cote & Crutcher, 1985; Mason, 1984).

| The important roles of dopaﬁine systems, as well as the
sevérity of illnesses linked to dopamine systems, have

prompted many researchers to investigate dopamine



functioning. ;?harmacologioal‘studieS”have‘led to the
bdlscovery of many drugs whlch exert varlous effects on:
dopamlne systems, drugs that help allev1ate symptoms of
dlsease and neurologlcal dlsorders, as well as those that
. are. used to prov1de an understandlng of dopamlnerglc
;functlonlng. Ontogenetlc studles also prov1de 1mportant
1nformatlon -on. dopamlne systems and ‘their development.y~
stud;es of the develop;ngvdopamlne system‘contrlbute‘tolan
understanding ofvnormai functioning;as-welldasvabnormallv
functioning}"Information on:howkthese'Systems_mediaten'
’behayiorvin the deveioping animal also increaSe knomiedge»of'
sdopaminergicvsyStems, mhioh‘iS'the'focus of,the current'
study}"" : : : o . ,

| In studylng the ontogeny of the nlgrostrlatal dopamlne a
B system (a major ascendlng pathway 1n the CNS), several
‘-1ssueS'need to»bevaddressed ’1.k the bas1c blology of.:‘
dopamineiSYStems;h f pharmacology of dopamlne systems; and

3. behaviors medlated by dopamlne systems.-



Biology §f Dopamine Systems
Biosynthesis of Dopamine
The synthesis of dopamine begins when the amino acid

tyrosine is converted to 3,4—dihydroxypheny1alanine (DOPA)
by tyrosine hydroxylase (Cooper, Bloom, & Roth, 1991). The
next step involVes the enzyme dopa decarboxylase (correctly
called aromatic L-amino acid decarboxylase)‘which
decarbéxylates DOPA to dopamine in the cytoplasm of the
nerve cell (Cooper et al., 1991). The dopamine is then
stored in fhé nerve terminals until it is required for
release. Feedback inhibition is apparent in this system, as
tyrosine hydroxylase (rate-limiting substance) responds to
high or low levelé-of dopamine in the nerve terminals (Roth,
~i979). When dopamine levels are high, tyrosine hydréxylase
is prevented from catalyzing the formation of dopamine
(Roth, 1979).
Storage of Dopamine

' There is evidence to suggest that dopamine is stored in
more than one pool (Grobpetti et al., 1977).v Twé distinct
pools with different rates of turnover have been described
(Nissbrandt & Carlsson, 1987). There appears to be a
soluble or free stdrage'pool in the cyt0plésm which is
important for controlling dopamihe synthesis by chénging fhe
activity of tyrosine hydroxylase. There is é second pool of

dopamine which is stored in granules (McMillen, German, &



Shore; 1980) .

Release'of dopamine is regulated by exocytosis from the
granule storage pool and is calcium dependent. Newly'
synthe51zed dopamlne is preferentlally released whlle
fprev1ously synthe51zed dopamlne is stored and released under
aversive condltlons only (Mchllen et,al.,‘1980).: The free
storage pool in the cytoplasm/would first be‘transferred toﬁ
the granules before being released,,bThe substantia;nigra in,m'
the rat seems to release_dopamine'from only one noolﬁ- |

(Nissbrandt & Carlsson, 1987) . |

Dopamlne release from the striatum is also regulated by
cell flrlng rates and 1nh1b1tory autoreceptors that exist on
the presynaptic neuron (Carlsson, 1975; Wolf & Roth, 1990),
Metabolismbofvﬁppaminef | - t

The two main enzymesfinvolved in-the metabolism of
dopamine are monoamine oxidase (MAO) andlcatechol—o-
methyltransferase (COMT). MAO converts dopamine to

3,4~dihydroXyphenylacetaldehyde whicn is then conVerted tov
3,4éhydroxyphenylacetic‘acid-(DOPAC)._bDOPAC-is converted to‘
homovanillic acidb(HVA) by_COMT'(Nissbrandt & Carlsson,‘
1987). COMT is particularly important for the extracellular
degradation of dopamine‘(Gnlderq:& Marsden,‘1975); Renptake
of dopamine into thevpreSynaptio terninal; and not enzYme
degradatlon; is the primary_method of:termination for

‘dopaminergic action in the synapse (Baldessarini, 1975;



Iversen, 1978). The ubtéke of dopamine is mediated by‘a
carrier mechanism in the membrane of the presynaptic o
termihal and cell body regionb(Geffen, Jesse11, Cuél1o, &
Iversen, 1976; Harris & BaldeSsarini, 1973). A sécond
honcarrier‘mediated uptakeiéyétem'ﬁés been described
accountihg for approximately 10f30% of dopamine uptake
(Kruéger, 1990) . The uptake system also functions as a
receptor or binding site for many péychoadtive compounds
such.és tricyclic‘antidepfeSsants and the psychomotor |
stimulants (Bradford, 1986; Randrup & Braestrup, 1977).

Dopamine Receptors

Dopamine receptors have been divided into subtypes,
the first two to be classified were:le, which activates
adenylyl cyclése when stimulated; and D2 which iS'thought to
be uncoupled to adenylyl cyclase or doupled in an inhibitory
manner (Kebabian, 1978; Kebabian & Calne, 1979; Spaho,
Govini, & Trabucéhi, 1978). Further research has revealed
D3,>D4,vand D5 receptors, although they have not yet been
fully characterized (Sokoloff,_Giros, Martres, Bouthenet, &
‘Schwartz, 1990; Sunahara et al., 1991; Van Tol et al.,
1991).

| In the‘nigrostriatallsystem, most of,the dopamine
receptors lie on the dendrites or on the soma of neurons
postsynaptic to dopamine containing neurons. In the .

striatum, the D1 receptors out.numbér D2vréceptorsb3 to 1



”(Boyson,_McGonigle,-&_Molinoff,_lgsé;»Rao,'MOlinoff,:&
fJoyce,“1991);. | - B | | »
'Dopaminé.receptorsyhave aISOIbeenffound presYnaptically

on dopamlne contalnlng neurtns, on somatlc—dendrltlc reglons:~
and on nerve termlnals. Thlse receptors are called |

| autoreceptors and are 1mportant in the local regulatlon of
'-nerve 1mpulse flow, dopamlne synthe51s, and dopamlne release
l{(Wolf & Roth, 1987) Autoreceptors are more sen51t1ve to
fgdopamlne agonlsts than postsynaptlc receptors (Roth 1979,
'Wolf & Roth 1987) _ Dopamlne autoreceptors are thought to .

'be of the D2 receptor subtype (Wolf & Roth 1987),-however,
',prellmlnary ev1dence suggests that the ‘D3 subtype may also
Rex1st as an autoreceptor._ Dopamlne autoreceptors also
1nf1uence tyros1ne hydroxylase act1v1ty by 1nterfer1ng with
the phosphorylatlon of the enzyme (Wolf & Roth 1987)
RROntogeny of Dopamlne Systems

The dopamlne systems, w1th 1ts many components, are .

typlcally present in the rat pup at blrth.f Dopamlne is’ |
‘,present at 12 13/ of adult levels on postnatal day (PD) 0 in
the strlatum and slowly 1ncreases untll adulthood (Coyle &

Henry, 1973-“R1bary, Schumlpf & Llchtenstelger, 1986)

o Act1v1ty and conductlon of dopamlnerglc neurons in the

' substantla nlgra to the termlnal reglons of the striatum are
.;ev1denced on PD 0 (Tepper, Trent & Nakamura, 1990) Neuronsf

:.are near or at mature rates between the thlrd and fourth -



. postnatal weeks (Tepper et al,,'1§90)d' Release mechanlsms
are mature at PD 10 (Walters, Chapman, & Howard 1990) ; MAOA‘
‘*and COMT the degradatlve enzymes, can be detected at
gestatlon day (GD) 15 in the strlatum (Flszman, Zuddas,
"lMasana, Barker, & d1 Porz1o, 1991) ' By GD 16 h1gh afflnlty
“dopamine uptake mechanlsms are functlonlng (Flszman et al.,
h1991) Ontogenetlc 1ncreases 1n uptake blndlng 51tes are
seen as early as PD 3 when blndlng 51tes reach 226 of adult i

levels and adult levels are reached by PD 39 (Bonnet &

"Costentln, 1989)

Dopamlne receptors ‘are at a low level at blrth w1th Dlj’
receptors at 9- 14/ of adult levels and D2 receptors at 99
‘(Murrln & Zeng, 1986°’Rao et al., 1991) . There is
‘dlsagreement 1n the llterature as to when these receptors,
dreach adult levels. Several studles have shown D1 receptor
levels to reach a peak between PD 28 and PD 40 and then
_ decllne to adult levels (Gelbard Telcher, Faedda,
B_aldvessvarlno,:_l9‘89;'Glorg_l et_al.-_, 1987; Ro_wl‘ett;,- Rice,
| McDougall Bardo,idafedigo,flﬁél) -.However, anotherDStudy

suggests that adult levels for D1 receptors are reached by
‘kthe end of the thlrd postnatal week (Zeng, Hyttel & Murrln,i
‘ 1988),‘ Rao et_al. (1991) found that Dl receptors reached '
(’adultnlevels atiPD 1e6, although adulthood was deflned as 60
lPD for thls study, whereas, others used 70~ 120 PD as the"

‘crlterla. Adult levels for D2 receptors are reached after



30 to 60 postnatal days,'with adulthood defined as 60-day-
‘~olds (Murrin & Zeng, 1986; Rao et al., 1991). With D2
receptoré there appears to bé a linear increase from birth,
although, other results indicate that D2 receptors peak at
PD 40 and then decreaée to adult levels (adults were defined
‘as 120—dayfolds).,

It does not appéat that rat pups have functional
autoreceptdrs until PD 35. As shown by Shalaby & Spear
(1980), attenuation of‘locomotor activity does not occur to
‘low doses of apomorphine in rat pups under PD 35. Electro-
physiological studies indicate that autoreceptors do not
develop until at least four weeks after birth (Pitts,

Freeman, & Chiodo, 1990).



Pharmacological Effects of Dopamine Systems

| D1 and D2 receptors‘show differént:affinities for
endogenous dopamine, with Dllhaving a ten times higher
affinity than D2 (Hess:.& Creese, 1987; Séeman & Niznik,
1988). The recently claésifiéd dopamine‘receptor subtypes
(i.e., D3, D4, and D5) also show different affinities for
endogenous dopamine (Sokoloff et al., 1990; Suhahara et‘al.,
1991; Van Tol et al., 1991). ‘ |

Recently, thevdevelopment df selective and non-

selective dopamine-acting drugs has led to a rapid increase
in knowledge about dopamine system functioning. Specific D1
redeptor agonists (drugs that bind to and activate only D1
receptors) include SKF 82958 (0’Boyle, Gaitanopoulous,
Brenner, & Waddington, 1989); whereas, partial agonists are:
SKF 89641 and SKF 89145 (both theinopyridines derivatives),
‘and SKF 38393 (a benzazapine compound) (Lorio, Barnett,
Leitz, Houser, & Korduka, 1983; Sibley, Leff, & Creese,
1982). A selective antagonist for the D1 receptor (drugs
‘that block D1 receptors) is SCH 23390. Specific agonists
~ for D2 receptors are quinpirole and bromocriptine;
antagonists include sulpiride and other benzamides (Clark &
White, 1987).

Nonselective dopamine receptor agonists (drugs that
bind to and activate the various dopamine receptor subtypes)

include: N-propylnorapomorphine (NPA), apomorphine, and



ADTN,»whereas,‘nonselectlve antagonlsts 1nclude° 01s(Z)-
: Flupentlxol c1s(Z)-P1flut1xol and c1s(Z)-Clopent1xol..
.fAlthough apomorphlne has been w1de1y used in research 1t 3
has recently been shown to be more selectlve than NPA ‘in
actlvatlng D2 than D1 receptors (Goldman & Kebablan, 1984"
Seeman & Grlgor;adls, 1987). NPA and apomorphlne have alsoW
‘been shown to have a‘qreater_potency at presynaptlc 51tes
- than at postsynapt1c 51tes (Meller, Goldsteln, Friedhoff, &
tSchweltzer, 1988) | | | , ‘ |
| EEDQ is a peptlde coupllng agent wh1ch noncompeti-

t1vely blnds to dopamlne receptors and depletes both D1 and
‘D2 receptors (Crawford McDougall ‘Rowlett, & Bardo, 1992).
It has been used to determlne age—dependent and reglonal
: d1fferences in dopamlne receptor turnover and recovery for
‘both bltand D2 binding sites (Battaglia, Norman, & Creese,
| 1987;‘Fuxe;lAgnati,‘Pich,‘Meller, & Goldstein, l987;vLeff,
 Gariano, & Creese, 1984; Norman, Battaglia, & Creese;'1987).
; EEDQ also inactivates alphaéadrenergic, serotonin'andeABA,v_
receptors, however by protectlng dopamlne ‘receptors,
‘behav1ors mediated by dopamlne can be dlfferentlated from
behav1ors mediated by other receptors.' Receptors can be’
protected by us1ng spe01f1c D1 and D2 antagonlsts such as.
’SCH 23390 and sulpiride._ These selectlve antagonlsts block
D1 and D2 receptors, thereby ellmlnatlng EEDQ’s ab111ty tov

‘1nact1vate those spec1flc receptor subtypes (Henry, Joseph



Kochman, & Roth, 1987; Leff et al,, 1984). Studies have
‘shown that behavioral recovery is COrrelated with recovery

of dopamine receptors (Hamblin & Creese, 1983).
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| .‘BehaviorsvMediatedrbytDopaminerSYstems,
Adult Studies . | |
| ‘Dopamine systems play a“critical role-in motor control.
| For.example, when-dopamine‘aéonists'are administered to
7 rats, there is a'decrease‘in locomotor activity at low doses
and an increase in motor act1v1ty at hlgh doses (Arnt
1987).v Stereotyped behav1ors such as’ snlfflng, rearlng, andc“
headtmovements, as well as oral dysklne51as are produced at
even hlgher doses. A decrease in behav1or 1s produced by |
dopamlne antagonlsts, 1nclud1ng suppre551on of condltloned
responses (Arnt 1987) | | o '

Dl receptors are 1nvolved in groonlng, perloral
} act1v1ty, and perhaps non-stereotyped locomotor act1v1t1es -
'(Clark &7Wh1te, 1987) - D2 receptors are 1nvolved in
locomotor activity, snlfflng, yawnlng, andvrear;ng'(Arnt):
Hyttel, & Perregaard 1987, Dall’ 0110,'Gandolfi,tvaccheri,
Roncada, & Montanaro; 1988' Longonl, Splna, &yDiChiara,t
‘dy1987;'Molloyv& Waddington, 1985) : Dl and D2 receptors o
appear to 1nteract to affect behav1or. For example,
groomlng behav1ors medlated by D1 receptors are attenuated
'pby exce551ve D2 actlvatlon.i In addltlon, D1 receptor

‘ systems appear to play a perm1ss1ve’ role for D2 agonlst-

- induced behav1ors, as D1 antagonlsts block the enhanced

:Asnlfflng, yawnlng, and locomotor act1v1ty 1nduced by D2

agonists (Arnt,vattel & Meler, 1988; Longonl et a1., 1987,

: 12



McDougall, Arnold, &’ﬁonnemeh; 1990; Pugh;-O(Boyle, MollOY}
& Waddington, 1985; Serra;.éoliﬁ; &;GeSsa, 1987). it alsof_,
appearsfthat a fﬁnctioning‘Dz'system'may be neeessary for
activating Dl.mediated grooming behavior (Gandolfi,
Dall’Olio, Vaccheri,'Rohcada, & Montanaro, 1988; Mufray &
Waddington, 1989). Stereetyped behaviors such as: licking,
biting, climbing, ahd gnaWing'are fully exhibited only after
treatment with a combination of D1 and D2 agonists or mixed
agonists (Arnt & Hyttel,’1985; Bordi & Meller, 1989; Davis,‘

Jehher, & Marsden, 1990; Longeni et al., 1987). . Additive
effects are sometimes produced by antagonism of both D1 and
D2 receptors (Arnt & Hyttel, 1985; McDougall, Nohneman, &
Crawford, 1992; Waddington, 1989). Adhlt-like interactions
of D1 and D2 receptors have»also‘been shown in ‘preweanling
"rats as yoﬁng as 1ll1-days-old (McDougall et al., 1990).

Ontogenetic Studies

Developmental studies of D1 and D2 receptors use
similar compounds as those used for aduit rats. ‘Quinpirole,
a D2 selective agonist, increases locomotor activity in both
11—and“17—dey—old rat pupeﬁ(McDougall et el., 1990). The
selective D1 agonist;'SKF 38393, pfodﬁces'enhanced gfdoming
and} at high deses, inefeasedvlocomotor aetivity koDougall
“et al,; 1990). Interactive effects of D1 and D2 receptors
are found when SCH 23390,‘avse1ective D1 antagenist,'blocks

quinpirole-induced increases in locomotor activity

.13



(McDougall et al., 19903 Moody and Spear (1992) assessed
'ontogenetlc dlfferences in neonatal (PD 3 4), preweanllng o
(PD 10 11), and weanllng (PD 21 22) rats. They found age-b'

-related responses to Dl and D2 receptor stlmulatlon w1th

separate and comblned admlnlstratlon of Dl and D2 agonlsts.‘fr o

All ages showed 1ncreases in locomotor act1v1ty and snlfflngrf:m

to separate and comblned admlnlstratlons of SKF 38393 and
‘Aqulnplrole.‘ Contrary to McDougall et al ’s results,»adult-ﬂ
i typlcal groomlng responses were only seen ‘in weanllng aged
( rats in response to SKF 38393 due perhaps to a lower dosage,
' of SKF 38393 used by Moody and Spear.‘ Increases in vertlcaly
movements and llcklng were also seen only in the weanllng‘
_rjaged rats in response to qulnplrole or SKF 38393 comblned ord
separately Thelr results suggest that D1 and D2 receptors.’
vrﬁare functually operatlve after agonlst stlmulatlon at even -
-‘early ages, although dlfferences 1n blood braln barrler N
t‘permeablllty, absorptlon rates, and other aspects of
7(dopam1ne functlonlng do show ontogenetlc changes (Moody &
Spear, 1992) ‘ |
| | Learnlng studles in young rats havedalso prov1ded
ﬁjlnformatlon on ontogenetlc dlfferences 1n response ‘to
twdopamlne receptor agonlsts and antagonlsts._ Response
dsuppres51on learnlng of - younger (11- and 13?day-old) and‘
“folder (17- and 19 day—old) rat pups was compared after D2

,@yreceptor act1v1ty was blocked w1th the antagonlst sulplrlder’l

14



":(McDougall & Nonneman, 1989) -The‘researChersufoundﬁa;
'udlfferences 1n respondlng between the 11-and 17—day—old
: rats, as sulplrlde had no effect on the 11-day-olds punlshed;
responses; whereas, the punlshed respondlng of 17-day-old
rats‘was dlsrupted:by sufplrlde,‘ These results suggest that"
some“maturation_of:theiD2esystemLmay ooourlbetween 11—‘and.
.17-day5'of’age accounting~for’differences,in_response to
sulplrlde (McDougall & Nonneman, 1989)

', Recent studies have shown that rat pups do not show
drug sen51tlzatlon untll after 21 PD (Kolta, Scalzo; Al;, &
Holson, 1990) .  Habituation is a decrease 1n response to;a |
,fnovel environment. iDrug’sensitization occurs when there is
pan overresponiVeness to a drug after‘repeated adminiStra-

_ tion. .Drug sens1tlzat10n and habituation research on 17-

‘ day-old pups showed stable levels of acthlty when ‘treatment
ﬂcon51sted of success1ve NPA treatment for three testing days‘
(NNN) (McDougall Crawford & Nonneman, 1992) However,
rats given saline for two days:and NPA (SSN) on the third
testing day did exh1b1t hlgher act1v1ty levels than saline
subjects (Sss) and less than. those in the NNN group |
(MoDougall,vCrawford,'&‘Nonneman, 1992). Habituation to the
:chamberjdecreased the number~of aCtivity counts, although
‘the patternhof responding‘was similar for both nonhabitUated‘
»‘and habituated groupsb(MoDougall;dCrawford}u& Nonneman,

- 1992).
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Mature rats and preweanllng rats dlffer 1n the1r

‘responses to EEDQ McDougall Crawford and Nonneman (1992)'.f:"

found that EEDQ does not attenuate the typlcal dopamlne
agon;st induced behav1ors such as groomlng and locomotor1
_ Behavior in‘young rats. Crawford et al. (1992) tested D1
‘and D2 blndlng s1tes for depletlon after EEDQ treatment and
found that 17-day—old rats showed a smaller relatlve
decrease of receptors (696) when compared to adult rats (86%
'depletlon rate). In,aerecent.experlment wlth.il- and 17-
dayeold}rat pups, it was found thatfalthough depletion of:
recentors was simiiar after EEDQ treatment, full recoverf’
‘;did notfoccur for‘the‘ll-day-olds eyen after eight days
V(Crawford,‘Rowlett, McDOugall, Elkins;_&‘Bardo, 1991). |
These results indicate that‘there are interesting -
ontogenetic differences in the respOnses of various aged
rats to EEDQ. First, the behaviors of 90-day?old rats,»but
not 17-dayfolds, are affected by.EEDQ (11—day—old rats have
never been tested behaviorally after'EEDQ).‘ Second, 17- and
90%day—old rats show fuil receptor recovery after EEDQ‘
treatment but 11- day olds do not. Thus, it is unclear what‘
:effect EEDQ should have on the behav1ors of 11 day-old rats.
Thls‘proposal will further‘assess the‘behav1ora1 effects of
‘-'EEDQ‘on il—’andfl7-day%oldlrats. |
| fThe age—dependentwdifferences in receptor>

neurochemistry between 11- and i?-day-oid rat pups leads to
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the question of whether,1ljday;oldsVShould respond“

_ dlfferently to EEDQ. In‘studies involving learned
behav1ors, strlklng age-dependent behav1ora1 dlfferences
have been observed after treatment w1th‘dopam1ne—act1ng
 drugs (McDougall,&‘Nonneman,'1989)} however, when unlearned
’.behaviors were-assessed“uSing‘similar drugs,bfew.age?"f
dependent dlfferences have been reported (McDougall et al.,”
1990). Since EEDQ produces profound neurochemical
differenceslbetween 11- and 17-day-old rats;vit:is expected
that this willrbe refleoted behaviorally; Since’no" |
behavioral data has been<obtained on ll-day-old pups over
,time, the present investigation will establish a dose -
response curve in 11- and 17- day—olds, as well as test NPA
‘1n the 11-day-olds for the first time. Experlment 1 w1ll
involve testing various NPA dosage levels on both 11- and
17-day—old rat pups. ‘Sniffing is maximally‘produced by
joint D1 and D2 stlmulatlon and should be fully observed at
high doses of NPA. Locomotor act1v1ty reflects increased D2
receptor aCtivation, and should be observed after lower
doses of NPA. -

As stated previously, EEDQ’s behav1oral effects are
dlfferent for 17- and 90- day—old rats, as EEDQ does not
affect'the‘locomotor activity and grooming of NPA-treated
17-day-old rats (McDougall,‘Crawford, & Nonneman, 1992). It

is“possible‘that the lack of an EEDQ—induced'effect in the

17



17-day-old rats is because the behaviors assessed require
only a smail percentage of available dopamine receptors.
Therefore, in Experiment 2, a high dese of NPA willebe used,
which should produce a stereotyped sniffing response. This
behavior requires a full complement 6f'dopamine receptors,
thus an EEDQ-induced decrease in sniffing should, therefore,
be observed in the 17-day-old rats. Becauee full receptor
recovery is not apparent in EEDQ‘treated ll-day-old rats, it
is uncertain how they will respond behaviorally afterbEEDQ

treatment.
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- u:Experimentf17~
Method | : - | . |
Sub]ects.p Anlmals were 80 male and femalevrats of

: Harlan Sprague—Dawley descent born and reared at Callfornia'
State Unlver51ty of San Bernardlno.r The day of blrth was',.
”deflned as day 0. Litters were culled t0-8—10 pups at three
days of age. Pups were caged w1th dam except durlng experl-
mental procedures. As51gnment of subjects was. random with
'elght anlmals selected in each group ‘ The colony room was
}malntalned at 28°C and kept under a. 12: 12 hr light:dark
:cycle. Testing waskconductedrdurlng‘the-l;ght‘phasegof the
cycle. - | | ) | - .'v |

| d Apparatus. Behav1oral testlng was done in act1v1ty
chambers made of plywood (25 X 25 X 18 cm) w1th a wood floor"“
" and an open top. Walls and floor were palnted gray._ The
- floors were d1v1ded by black llnes 1nto four equal H
vquadrants. The testing chambers were housed.ln a large,
glass-topped 1ncubator malntalned at 31 + 1°cC. Cleard
Plex1glas heated holdlng cages with hardwood Chlp beddlng
', were used to house pups before behav1oral testlng.‘

- Procedure and Drugs. leferent doses of NPA (0‘ 0.01,
0;1; ird; and 5.0 mg/kg) were admlnlstered 5 mlnutes prlorv
to observatlon of 11-_and 17-day—old_rats; Each pup was
: tested'at‘only one.age,and‘each pup_receiVed only one'drugf‘

‘_sequence;._Eachvsubject-was«individually.habituated to the
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testingdenamber‘fOr zolminutesrprior'to injection of the :
agonistf Locomotor activity (number of line crossings) and ;
‘sniffing behaviorfwere‘assesSed'for~a 20 minute testing
bsessien (Test Day 1). Behaviors of the same rats were-then
assessed after drug treatment en'two subsequent‘test days
(Test Days 2 -and 4) A 51ng1e llne—cr0551ng was deflned as
| the rat pup pla01ng two front paws into an adjacent
| quadrant. ;Snlfflng was measured,every 20 seconds during-the
session usingiaftime sampling,teehnique} - sniffing was:'
defined.asfa head down movement,'in which the nose and'
whiskers visibif‘mOVed. Eight subjects were used in each
group. | |
| All drugs were injected 1ntraper1tonea11y (i. p.) and

were given at_a,volume of 5;0 ml/kg. NPA was obtalned from
Researeh Biochemicals INC. (USA) and dissolved in sallne
prior to injection. | |

- Statistics. Two'5 X 2 univariate analyses of variance

(ANOVASs) w1th repeated measures were used for statlstlcal
analy51s qf lecomotor activity and snlff;ng data. The three
test days'were analyzed as a_repeated.variable and dose (O,
0.61; 0.1, 1.0, and 5.0) was analeed'as<adbetween'factor;

' One-way ANOVAs were used to further examine significant -

d interactions. Newman-Keuls' tests supplemented ANOVAs when
fapproprlate (p < 0 05) |

Results
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'Locomotor‘Activity.n A.significanthtwo;way interactiont[
.between dosage level and day was found for both 11- and 17—'
day-old rat pups (F(8 70) #'7 87 p < 0 001 and F(8 70)
6.39, p < 0.001 respectlvely) (see Flgurewl) “on Day 2
v_11-day-old pups were 51gn1flcantly 1ess actlve after
treatment w1th 5.0 mg/kg NPA as compared to the sallne—
' treated pups (p <.0.05). The effects‘of dosenvarled
o significantly on Days 2,and 4‘forh11—day-old pups, with.the Y
NPA;treated,animalsgheing inbgeneralklesS'active; 2(4,39) = h
3.286, p < 0.05 and F(4,39) =7.503, p <d6.001;» |
respectively‘y'All dosage levels of NPA (0. 01-»0.1, 1.0 and
5.0 mg/kg) 51gn1f1cantly decreased locomotor act1v1ty in 11—
,day-olds on Day 4 (p < 0. 05) Sallne-treated rats showed: a
progre551ve increase in 1ocomotor act1v1ty across days, due
poss;bly to maturational effects (1.e. opening of eyes),
‘F(4 39) = 99.72' P < 0.001. Surprisingly, NPA- treated pups
dld not show a day- dependent effect |
Seventeen—day—old pups also dlsplayed 51gn1flcant drug-
,dependent d1fferences in act1v1ty on Days 2 and 4 (F(4, 39) ‘
8.243, p < 0.001 and F(4,39) = 19.284, p < 0. 001,
respectively). When assessed acrossadays‘ saline—treated
17-day-old rats showed a, 51gn1flcant decline 1n locomotor
act1v1ty, perhaps due to habltuatlon effects (p.<,0.05).' In
contrast‘all doses,of NPA 1ncreased act;v1ty gignificantly‘

from Day 1 to Day 2 (p < 0.05), then leveled off.
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Sniffing. Significant main effects for day and dosage
were found for both 11- and 17-day-olds (2(8,70) = 5.30, p <
0.001 and F(8,70) = 2.77, p < 0.010, respectively) (see
Figure 2). 'In all cases, NPA produced significantly higher
sniffing counts than saline; moreover, the greater doses of
NPA (5.0 and 1.0 mg/kg) produced significantly higher counts
of sniffing than the lower doses (0.01, and 0.1) for both
11- and 17-day-old rats (p < 0.05). For l1ll-day-old pups,
sniffing in the 5.0 mg/kg NPA group increased significantly
over the three testing days; whereas, all other doses showed
significant increases from Day 1 to Day 2 only (p < 0.05).

Summary. The purpose of Experiment 1 was to determine
the doses of NPA which produced maximal sniffing and
locomotor activity. Results indicated that 0.01 mg/kg NPA
led to the most pronounced increase in locomotor activity in
17-day-olds. Since NPA-treated 1ll1-day-olds were
significantly less active on Days 2 and 4, compared to
saline-treated pups, it is more difficult to ascertain an
appropriate dosage level. Therefore, 0.01 mg/kg NPA was
chosen as the low dose in Experiment 2. Sniffing for both
11- and 17-day-olds was significantly enhanced by 5.0>mg/kg

NPA leading to its choice as the high dose for Experiment 2.
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: Méan number of sniffing counts for 11- and 17-day-

old rat pups in Experiment 1 by NPA dosage on each test day.

FIGURE 2
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| ~k Eipérimenta2"‘ |

It has previbuély been shown that EEDQ does not affect

‘ NPA—induced locomotor activity in 17—day¥old‘rat pups
(McDougall, Crawford, & Nohneman, 1992).-‘It is quite
poséible that this paradoxical‘efféct‘is’dué‘to a large
number of spare receptors.in the 17-day-o0ld rat. Thus,
although EEDQ inactivaﬁes at least 65%‘of striatal dopémine
receptors in 17-day-olds (Crawford et al., 1992), it is
possible that a sufficient number of receptors remain to
mediate agonist-induced effects (see McDougall, Crawford, &
Nonneman, 1992). In contrast to locomotor activity, drug-
induced sniffihé requires that a large percentage of D1.and
D2 receptors must be activated for the behavior to occur
(Arnt et al., 1988; Longoni et al., 1987; McDougall et al.,
1990). This feature suggests that sniffing should be much
more sensitive to EEDQ’s effects. Therefore, in Experiment
2, the NPA-induced sniffing of 11- and 17-day-old pups was
assessed after EEDQ treatment. In addition, by using both a
high and low dose of NPA, it will be determined behaviorally -
if there are significant ontogenetic differences in recovery
of dopamine D1 and D2 receptors fpr 11- and 17-day—old rat
pups.
Method

Subjects and Apparatus. Subjects were 144 male and

female rat pups of Harlan Sprague-Dawley descént, born and
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reared at California State University, San Bernardino.
Rearing conditiohs and apparatus were the"same as in
Experiment 1. _ | ‘
Procedure'and Drugs. Using 0.01 and 5-0 mg/kg NPA,.ll—
and 17-day-old rats were tested for receptor recovery after
EEDQ treatment; Rats from both age groups were d1v1ded into
two conditions - protected or nonprotected condition.
'kProtected subjects received two 1njections of- dopamlne
antagonists to block receptors from EEDQ ipactivation’(this
allows assessmept.of nondopaminergic effects of EEDQ). Rats
in the protected condition were given an initial injection
of sulpiride (100.0 mg/kg) followed, 30 min later, by an
injection of‘SCH 23390 (1.0 mg/kg). The nonprotected rats
‘received two injections of vehicle. Thirty minutes after
the second injection, rats were injectedbwith either EEDQ
(7.5 mg/kg) or its vehicle. (A protected/vehicle group was
not included, since‘protection has not been shown to
significantly affect behavior.) For each rat, behavioral
testing occurred 1, 2, and 4 days after initial drug
treatments.' On each of these test days, rats were injected
with either saline or NPA (6.01 and 5.0 mg/kg) Each rat
was g1ven the 1dentica1 treatment three times across a four
day span. Five mlnutes after agonist treatment locomotor
act1v1ty and sniffing were recorded in the ‘same manner as 1h

Experiment 1.
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Alivdrugs were injected i,p. and were given at a volume
of 5.0 ml/kg. Both sulpifide'and SCH 23390 were dissolved
in_distilled water, with the former drug requiring a small
- volume of glacial acetic acid.._EEDQ was dissolved in 95%
| ethanol:distilled water (1:4). EEbQ (N-ethoxycarbony142-
ethoxy-i,z—dihydroquinoline) wasvacquired‘from,sigma (Usa).
,Sulpiride‘and'SCH 23390 were obtained from Research

Biochemicals Inc. (USA).

Statistics. Repeated measures 3 X 3 X 3 ANOVAs were
uSed to examine locomotor activity and‘sniffing., The three
teSt.daYSrwere treated as a repeated Verieble. NPA and EEDQ
were separated into threé5levels' saline, 0;01 mg/kg,dand-
_S.OVmg/kg NPA; protected/EEDQ, nonprotected/EEDQ, ‘and
nonprotected/vehlele. Two- and one-way ANOVA’s were used to
further examine signiflcant 1nteract10ns. Newman-Keuls'
tests supplemented ANOVAs when approprlate (g < 0 05).
Results

Locomotor ActivitY."No three-way interaction was found

for 1li1-day-old pups (F(8 126) = 1.07, p >v0 05) The only
1nteract10n for 11-day—olds wae between NPA and day

f(F(4 126) = 7.32, p < 0 001) (See Flgure 3). A‘s1gn1fi¢ent
main- effect on Day 1 was found for NPA (F(2, 69) = 7{935,'9 <
‘v0‘001)‘” Eleven—day-old_pups were‘significantly-more‘aetive
»uith-the lower dose of NPA (0.01 mg/kg) than.withus.o ng/kg‘

or saline (p < 0.05). On Day 2 (E(2,69) = 7.745, p <
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FIGURE 3 Mean»number of line-crossings for 11- and 17-day-
old rat pups in the three EEDQ pretreatment conditions of
Experiment 2 by NPA dosage on each test day.
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0. 001), sallne-treated pups showed 51gn1flcantly hlgher
'f levels of act1v1ty than 11 day-olds treated w1th 5 0 mg/kg
"NPA (p < 0. 05) H1gher act1v1ty counts were also produced

‘by 0 01 mg/kg NPA on Day 2, when compared w1th 5 0 mg/kg (p
‘f>< 0-05) Sallne-treated rats dlsplayed 51gn1flcantly h1gher_h
"Dact1v1ty counts on Day 4 (F(z 69) \ 12. 121, p < 0 001), than‘b
elther o. 01 or 5 0 mg/kg NPA (p < b 05) . |

For 11—day—olds treated w1th sallne,»slgnlflcant

’*fvlncreases 1n act1v1ty were seen from Day 1 to Day 2 (p < v;”h:
0. 05), thls 1ncrease leveled off on Day 4.f Slgnlflcant
1ncreases in locomotor act1v1ty were also seen from Day 1 to.
;Day 2 for 11- day olds treated w1th 0 01 mg/kg NPA.vY
Slgnlflcant three—way 1nteractlons between NPA, EEDQ,
D;and day were found for 17 day—old pups (F(8 126) = 2 01, g.< o
;kgo 050) (See Flgure 3) ' Two-way 1nteractlons between EEDQ |
| and day, and NPA and day were also 51gn1flcant for 17 day—
:o:lds (__11‘_.\(4,712_6,:)‘ 2.59, p_ < o 040, and F(4 126) 4. 14, B <
ud DO3*frespect1vely) Slgnlflcant two—way 1nteractlons‘
"between NPA and EEDQ were found on Day 2 (F(4 63) : 4 642 p
‘:< 0 002) for 17 day old pups.- Act1v1ty counts of pups
-'treated w1th 0. 01 mg/kg of NPA were 51gn1f1cantly lower on

| ?Day 2 whlle when 1n the protected/EEDQ group rather than the

r.unprotected/EEDQ or unprotected/vehlcle group (p < 0. 05)

’r?When glven 5.0 mg/kg NPA both unprotected/EEDQ and |

.protected/EEDQ groups showed-slgn;flcantly“lower~levels off

72_9.



activity than the unprotected/yehiéle group (p < 0.05). The
protected/EEDQ group treated with saline had significantly
higher counts of activity for DaY 2 than the
unprotected/vehicle group (p < 0.05).

.On Day 1; unprotected/EEDQ pupsvtfeated with 0.01 mg/kg |
NPA had significantly‘higher'locomotor activity counts than
saliné-treated pups in the unprotected/EEDQ,‘ |
unprotected/vehicle, or protected/EEDQ groups; 5.0 mg/kg NPA
treated pups in the protected/EEDQ group also had
significantly lower activity counts than 0.01 mg/kg treated
unprotected/EEDQ pups (p < 0.05). For 17-day-old pups in
the unprotected/vehicle group, activity increased
significantly from Day 1 to Day 2 for pups in the 0.01 and
5.0 groups, and then leveled off (p < 0.05). Saline-treated
pups showed significantly lower levels of activity on Day 4 |
in all three conditions than either 0.01 or 5.0 mg/kg NPA
treated pups (p < 0.05). Unprotected/vehicle pups given
- 0.01 mg/kg NPA were 51gn1flcantly more active than
unprotected/EEDQ pups glven 5.0 mg/kg on Day 4 (p < 0/05)

Sniffing. As w1th'the locomotor act1v1ty results, 11-
day-olds showed no significant three-way interaction
(E(8,126) = 0.80, p > 0.05) (See Fig-ure 4). A significa‘nt
two-way interaction was found for NPA by day for 11- day-olds
(F (4,126) % 8.60, p < 0.001). Saline-treated 1l1-day-old

pups had significantly lower levels of sn1ff1ng than either

30



1 1—DAY OLDS

UNPROT/VEH PROT/EEDQ U-NPROT/EEDO
O o—o W 5.0 ma/kg) R — 1%
O—O0 NPA (0.01 mg/kg)

501 @-- @ SAUNE 1B 150
404+ - o . / : 440
o o
Z 20+ - o | N\ $20
L o ° L
L 1og | o ‘+10
-z 9-9--9 el -9 -
2 IR A T T A R A O TR T
A
B_J o 17 DAY OLDS
z: - UNPROT/VEH  PROT/EEDQ UNPROT/EEDD
ey D/D/D o
. S ogo\o
20l o
104
0l—o=9:--9 F el Y
1 2 4 1 2 4

FIGURE 4 Mean number of snlfflng counts for 11~ and 17-day-
, old rat pups in the three EEDQ pretreatment condltlons of :
Experlment 2 by NPA dosage on each test day.
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1 0.01 or 5.0 mg/kg NPA (p < 0.05). On Days 2 and 4, (F(2,69)
= 43.795, p < 0.001 and F(2,69) = 123.240, p < 0.001, |
respectively) 5.0 mg/kg produced Significant increases in
activity compared with 0.01 mg/kg NPA (p {.0.05).

Oover the four testing days, there was ausignificant
increase in sniffing forJS.O mg/kg NPA treated il-day—olds
(p < 0.05); all other doses remained stable with EEDQ having‘
no significant effect.‘ |

Significant three—way interactions between NPA, EEDQ,

: and day were present for the 17-day-old pups (F(8,126)
4.76,‘p-< 0.001) (See Figure 4). Significant two—way

interactions for the 17—day-oldS'inc1uded EEDQ'by day

(E(4,126) = 3.73, p < O. 001), and NPA by day (E(4, 126)
6.52, p < 0 007) Significant interactions between EEDQ“and
NPA were found for 17- day old rats on Days 1 and 2 (F(4 63)
= 5.462, p < 0. 001 and F(4 63) ‘7.253, El< 0,001). on Day -
1, the protected/EEDQ group hadfsignificantly more sniffing
’counts than the unprotected/EEDQ and unprotected/vehicle
groups when treated,With 0 01 mg/kg NPA (p < 0.05).
"Moreover, on Day 1, treatment with 5.0 mg/kg NPA produced
vsignificantly higher counts of sniffing for protected/EEDQ :
and,unprotected/EEDQ,groups,vcompared withnthe

B unprotected/vehicle‘group (p < 0.05). On'Day é 0.01 mg/kg’
produced the least amount of sniffing in unprotected/vehicle

pups, rather than pups in the other two conditions (p <
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16{05);‘ |

On all thfée test déyé,-éaline-treated pupévhad
51gn1flcantly lower 1evels of snlfflng in all threev'v
condltlons, whereas 5.0 mg/kg NPA produced the hlghest
counts, s1gn1flcant1y higher than 0.01 mg/kg treated'pups-on »
- Days 1 and 4 in all three condltlons (Q < 0. 05) - On Day 2,
5.0 mg/kg produced 51gn1flcantly more snlfflng counts than
'0.01 mg/kg in the unprotected/vehlcle,and protected/EEDQ
conditions (p < 0.05). A significant incréaée from Day 1 to
Day 2 was noted fof pups given‘o.dl mg/kg NPA in the ‘
unprotected/EEDQ condition (p < 0.05).

Summary. For ll-day-old pups, EEDQ did not appearrto
affect ldcomotor activity, as‘the protected/EEDQ and
uﬁprotecﬁed/EEDQ conditions reflected similar patterns of
actiQity as the unprotectéd/vehidle condition. As in
Experiment 1, on Days 2 and 4 saline-treated pups showed
higher levéls of activity than pups given either 0.01 or 5.0
mg/kg NPA. Sniffing of»ll—day?olds was also unaffected by
EEDQ treatment. As in Experiment i, 5.0 mg/kg NPAitreated
pups had higher levels of.sniffing than 0.01 mg/kg NPA-vor
vsaline—tfeated pups.

SeVenteen-day-old‘pups’ locomotor activity dnd sniffing
were affected.by EEDQ treatment. When EEDQ inactivated D1
and D2 receptors in the unprotected/EEDQ condltlon,

1ocomotor act1v1ty of NPA (0.01 mg/kg) treated pups was
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enhénCedfoh Day 2, as'ccmparédnwith;thepups ih  ‘
protected/EEDQ-condition; bﬁotﬁ“the unprotected/EEDQ,and

_ protected/EEDQ»¢6nditionS ﬁad iowérgievelsvofJadtiVitY'on

" Day 4 after 0;61 mg/kg‘and 5.0;mg/kg NPA thén did puﬁs in
gthe‘unprotected/vehiclé cdndition;l Shiffing data shbwed 
‘response patferhé similar tovﬁxperimeht 1, with 5.0 mg/kg
NPAbenhancing sniffing beha&ibrfsignificéntly more than 0.01
‘mg/kg NPA. Oﬁ Déy 1,.5.0 mé/kg N?A3§r§duced'higher shiffihg
éounts:in the two.EEDQ'cohditi@nsi(protected;and S
'vunprotééted) than inmthé'ﬁnpfofééﬁed/véhible conditioh; élso
on Day 2,-pups.gi§en 0.01 ﬁg/kg:NPAvéh0wed higher sniffing
.cbunts when,previously given EEDQ_(proteCted ahd

unprotected) than if given VehiCle.
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Discussion

In the present study, dose-dependent effects of NPA
lwere established for sniffing and locomotor activity in both
11- and 17-day-old pupsQ vIn‘Experiment 1; locomotor
activity of 17-day-olds was typically increased by NPA, with
0.01 mg/kg NPA producing the highest levels of activity.
For 1l1-day-old pups, however, NPA generally decreased
locomotor activity in comparison to saline-treated pupé.
FSniffing of 11- and l17-day-olds was enhanced in a dosé—
dependent fashion by NPA; 5.0 and 1.0'mg/kg‘produced higher
counts of sniffing than lower doses of NPA or saliﬁe.

In general, results for 17-déy-old pups are cohsistent
. with previous research, as NPA and quinpirole have peen
shown to increase locomotor'activity (McDougall, Crawford, &
Nonneman, 1992; McDougall et él., 1990) . Moody énd Spéar
(1992) have shown that qﬁinpirdle increases forward
~locomotor activity in all ages including 10- and 21-day-old
pups; whereas, SKF 38393-induced“incréases in 1ocom6t6r
activity which were most pronounced for 3- and 21-day-old
pups and shiffing was first observed at 10-days-old.
Combinations oquﬁinpiroie and SKF 38393 maximally'increaSedﬂ
locomotor activity in 10—day-oids; Reséérchérs have also
shown lccbmotor activity and sniffing td increase in il-day-
olds in response to quinpirole and the nonselective dopamine

agonist, apomorphinev(McDbugall et al., 1990; Moody & Spear,
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1992; Shalaby.& Spear, 1980).J Importantly, these results
are in contrast with the results of Experiment 1, as NPA was
shown to have no effect on the locomotor activity ofdllfday4
old pups (See Figure 1). It is likelykthat this discrepancy
is due todpotency considerations, as NPA is ﬁuch more potent
than epomorphine ordquinpirole. Thus, it is possible that a
lower dosage is necessaryrto produce an increase in
locomotor activity in il-day-old pups.

The present results'indicate that lower levels of NPA,
oompared to higher levels, inorease locomotor activity in
17-day-olds. In general, previous findings conflict with
this result. McDougall, Crawford, and Nonneman (i992) found
increased locomotor activity with higher doses of NPA (1.0
compared to 0.1 mg/kg), but locomotor activity was defined
differently in'that study and probably more reflects generalt
stereotyped behavior. ‘Other studies have also shown that
higher doses of D1 and D2 agonists increase locomotor
activity in younger animals. For example, larger doses of
SKF-38393 andbquinpirole typically increase forward
locomotion for 3-, 10-, and 21-day-old pups (Moody & Spear,
1992), and for 11- and 17-day-olds (McDougall et al., 1990).
Oof oourse,,these selective agonists are not as potent as
NPA. Consistent with the present results, increasing doses
of epomorphine were shown to decrease locomotor movements in

younger animals (Shalaby & Spear, 1980).
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- The dose-depéndéntyincreaée in NPA-induced stereotyped
sniffing reported here is consistent withfpast feééarch, as
Moody and Spear (1992) found increased sniffiné With higher
- doses of.SKF—38393'ih 10fdéy—olds} Shalaby and Spear (1980)
also reported increased sniffing for 7- and'i4-day-old pups.
with inéreased apomorphine doées;' Sniffing also increases
in 11-day-olds in response to qﬁinpirolé (McDhougall,
Crawford; & Nonneman, 1992);>'Stéreotyped sniffing réquires
béth.Dl and D2 receptor actiVation; suggeStihg that both D1
and D2 recébtors were fully activated for 11-:and;17fday-01d
~ pups. ' | |

Adult studies have shOwn that l§w leVels of dobamine

égonists decrease locomotor activity (Arnt, 1987), possibly
due to autdreceptor activation; whereds, activatioh of
postsynaptic bl_and,Dz recéptors with higher doseéfof
dopamine‘agonists indreasé locémotor activity and sniffing
in ratsb(Arht; 1987; Clark & White, 1987). It has been
:suggeéted'that autorecéptors do not develop in the rat until
after PD 35 (Shalaby & Spear, 1980). This would indicate
thatblow>doses of dopaminevagonists shoﬁld incréase |
’ 16coﬁotor'aCtiVity in younger rats,; The present results are
consistent with the hypotheSis that auforecéptbrs are not
present‘in 11- or 17-day-old rat pups. Similar to adults,
bbth 11- and 17-day-olds showed enhanced sniffing behavibr

with higher doses of NPA, indicating that dopamine agonist-
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_’1nduced stereotyped behav1ors are 51m11ar for younger rats -
as well as adults. .
In Experlment 2' EEDQ 1nact1vatlon of D1 and D2

yvreceptors was behav1orally assessed for 11- and 17-day-old

v_rat-pupS-u51ng NPA. In general 11-‘and 17-day-old pups dld".

not dlsplay adult typ1ca1 responses to EEDQ, as NPA-1nduced
_'behav1or was not 1nact1vated by EEDQ | McDougall Crawford
.}and Nonneman (1992) found 51m11ar results for 17-day-old
opups‘f Although 11-day—olds do not show full receptor .
~lrecovery after 8 days as do 17-day-olds, no: ev1dence showed
.that EEDQ affected behav1ors. Both locomotor act1v1ty and :
| snlfflng patterns of-: the pups were s1m11ar in both | ”
;”'Experlments. | -
EEDQ pretreatment paradox1cally enhanced some of the
"behaV1ors of 17 day-old pups.s When D1 and D2 receptors were'

“_1nact1vated by EEDQ (the unprotected/EEDQ condltlon)

"“locomotor act1v1ty was enhanced on Day 2 by 0 01 mg/kg NPA

compared w1th pups whose D1 and D2 receptors were left
‘Jlntact (protected/EEDQ) Snlfflng behav1or was also
'enhanced by both EEDQ condltlons (protected and
,unprotected),»as 5. 0 mg/kg NPA produced hlgher snlfflng
1countsnon Day 1, compared w1th the unprotected/vehlcle ‘
‘“condltion, 0 01 mg/kg NPA also produced 1ncreased act1v1ty
,on Day 2 1n both EEDQ pretreatment condltlons.' A 51m11ar'

enhancement of locomotor act1v1ty after EEDQ 1nduced
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breceptor 1nact1vatlon has prev1ously been reported
”(McDougall Crawford & Nonneman, 1992) One p0551b1e

jexplanatlon 1s that Dl and D2 receptors recover faster in

tyoung rats than adults._ ThlS poss1b111ty appears plaus1ble,glf'

151nce locomotor act1v1ty enhancement dld not .occur. untll day‘
. Although the absence of thls effect on Day 4 is
:-ydlfflcult to explaln.' Thls p0551b111ty also cannot explain :
‘the EEDQ 1nduced enhancement of snlfflng on Day 1.? Another
p0551b111ty is that the Dl and D2 receptors Stlll
functlonlng after EEDQ 1nact1vatlon are sen51t1zed by EEDQ
and become hyper-respon51ve to NPA.: Thus, the receptors .-‘
remalnlng may Stlll be able to fully medlate behav1or.
yAlthough EEDQ 1nact1vatlon of dopamlne receptors 1s greater o
for adult rats than pups (Crawford et al., 1992, Crawford et
‘al., 1991), 1ncreases in snlfflng behav1or two days afterv
~EEDQ treatment have been reported 1n adult rats (Meller et
’51;, 1989) Meller et al suggest that the enhanced
snlfflng may be the result of a suff1c1ent number of
dopamlne receptors belng avallable for snlfflng behav1or -

=w1thout competlng behav1ors 1nterfer1ng

A number of adult studles 1ndlcate that EEDQ treatment41fsf

'results 1n a loss of responses to dopamlne D2 agonlsts (Arnt
& Hyttel 1989 Arnt et al., 1988 Hamblln & Creese, 1983'
Meller et al.; 1989) The D2 agonlst qulnplrole had no _ft?~1

effect on stereotyped behav1ors after EEDQ treatment
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indicating a sufficient depletion of D2 receptors in the
adults (Arnt et al., 1988). McDougall, Crawford, and
Nonneman (1992) also found EEDQ treatment.to inhibit NPA-
" induced increases in lo¢omotor activity and décreases‘in
grooming behavior for at least twé days in 90—day;old-ra£s.,

A number of possibilities exist for the age-dependent
behaviofal differenceé in response tovEEDQ treatment. One
possibility is that dopamine receptors may be unaffected by
EEDQ in the young rat. ‘However, Crawford et al. (1992)
. found binding sites for 17—day—old—fats to be approximately
69% when compared with adult rats with an 86% depletion
fate. This amount of inactivation should be'sufficient'to
disrupt behavior in the younger animals (MéDougall,
Crawford, & Nonneman, 1992). $imilar depletion rates are
found for 11-day-old pups in comparison to 17-day-olds, and
in contrast full recovery did not occur for the l1ll-day-olds
even after eight days (Crawford et al., 1991). Even after
24 hours, receptor inactivation is stiil apparent in the
younger rats, although'they do showvfastér,récovéry rates
than older rats (Cfawford et al., 1992; Crawford et al.,
1991; Leff et al., 1984). |

Another possibility is that the young rat may have a
receptor reserve sufficiently large enough to compensate for
the loss of D1 and D2 receptors. Arnt et a13 (1988)

suggests that a receptor reserve may exist for D1 mediated
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behaviors, thus explaining the lack ef effect of EEDQ
treatment on those behaviors. However, it is unlikely that
11- and 17-day-old pups have an overabundance of D1 and D2
receptors, since these receptors are still below adult
levels (Murrin & Zeng, 1986; Rao et al., 1991; Rowlett et
al., 1989; Zeng et al., 1988). A receptor reserve
hypothesis also does not account for the 0.01 mg/kg NPA-
induced increases in lecomotor (in the unprotected/EEDQ
condition) and sniffing (in both EEDQ conditions) in 17-day-
olds on Day 2; or the 5.0 mg/kg NPA-induced increase in
sniffing on Day 1 for the protected and unprotected/EEDQ
conditions, since these findings were not seen across all
days. _

A 1astvpossibility is that dopamine receptors in the
young rat may be sensitized by EEDQ treatment, thus
compensating for»those destroyed. Some results from
Experiment 2 can best be explained by this possibility,
since EEDQ produced higher activity levels when Di and D2
receptors were inactivated on Day 2 for 17-day-old pups.
Hewever, the general inability of EEDQ to inhibit NPA-
induced behaviors is still unexplained. It may be that
postsynaptic mechanisms are insﬁfficient for explaining this
phenomenon, and EEDQ is acting at presynaptic sites to .
produce these behaviors. Although it is known that DOPAC

levels are elevated in adult rats, bﬁt not rat pups, treated
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with:EEDQ, few studies heve assessed the péSsibility that
presynaptic sites may be responsiblelfor the qntogenetic
differences in EEDQ-induced responses.

For both Experiments 1 and 2, day-depehdent increases
in locomotor activity were generally observed for 17-day-old
pups treated with NPA. Only for the unprotected/EEDQ
condition did activity significahtly decrease with 0.01
mg/kg NPA from Day 2 to Day 4. Interestingly, 1ll-day-olds
in Experiment 1 showed no increase in activity over days
with NPA treatment, although in Experiment 2 a significant
increase in activity from Day 1 to Day 2 was noted for 0.01
mg/kg NPA. Sniffing behaVior‘showed day-dependent
increases, as 11- and 17-day-olde in Experiment 1 exhibited
general increases in sniffing over testing days with all
doses of NPA.‘_in Experiment 2, ll-day-olds in the 5.0 mg/kg,
NPA group showed day-dependent increases in sniffing;
whereas, 17-day-olds showed this increase in the‘
unprotected/vehicle condition only. As with locomotor
activity, the unprotected/vehiclevpups had increased levels
of sniffing from Day 1 to Day 2 with 0.01 mg/kg NPA, which
then decreased on Day 4; this was also seen in the
protected/EEDQ condition.

In Experiﬁent 1, a drug-eensitizetioh'effect appears to
be occurring for the 17-day-old pups in both locomotor

activity and sniffing, and for 11¥day—old sniffing
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responses. Although soﬁe researChers'have argued that
sensitization’does’not'6cCuf in.rats7under PD‘21 to
amphetamine (Kolta et al., 1990) , others have observed
sensitization—like effécts with NPA treatmeht in preweanling
rat_pups‘(McDougall, Crawford, &_Nonneman,‘1992);
‘Performance of the 17eday-dlds in Experiment 2 is élso
consistent with drug—senSitizatioh. The decrease in
locomotdr activity and sniffing on Day 4 for NPA (0.01v
mg/kg) treated pups in thebhnproteéted/vehicle conditidn,
may suggest D1 and D2 receptors have been sensitized by
EEDQ, making it imposSible for NPA to induce its normal
sensitizing effects.

EEDQ has been shown to inactiVate receptdr types other
than dépamine D1 and D2, including: alpha-adrenergic,
serotonin and GABA receptors (Meller, Bohmaker, Goldstein, &
Friedhoff, 1985; Miller, Lumpkin, Galpern, Greenblatf, &
Shader, 1991). By selectively protecting dopamihe receptor
subtypes with D1 and bz antagonists, behavioral effects due
tq nondopaminergic receptors are assumed to be equal between
protected and.unprotected conditions (Hamblin & Creese,
'1983; Henry et al., 1987; Leff et ai., 1984; Meller et‘al.,
1989). Dopamine receptor subtypes D1 and D2 were
selectively protectéd by usingvsulpiride and SCH 23390 in
the current study, thus allowing dopaminergic and

nondopaminergic effects to be separated. As seen on Day 2,
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"17-day-old pups were s1gn1f1cantly less actlve 1n the
.protected/EEDQ condltlon after 0 01 mg/kg NPA treatment ,
compared with the unprotected cond1t1ons, suggestlng
'nondopamlnerglc processes affected locomotor act1v1ty in the
~older pups. | | |

In summary, 1ow doses of NPA 1ncreased locomotor

h act1v1ty 1n 17—day-old pups, however, 11-day-old pups h
dlsplayed lower act1v1ty levels w1th NPA. Itvls‘pos51ble’
lthat 11- day-olds requlre a. lower dose of NPA than those
,tested here to dlsplay 1ncreases 1n locomotor act1v1ty.
Snlfflng behav1or was enhanced for both" 11— and 17—day—olds,;

w1th 5.0 mg/kg produ01ng the most pronounced effect.

'-EEDQ pretreatment d1d not produce an adult typlcal response

in either 11— or 17—day-old pups, andlln.some cases produced
an enhanced effect in 17—day—olds. ‘TheSe‘results suggest'
that elther dOpamlne-receptors recover fasterfin young"‘
animals. or that a suff1c1ent numbers of dopamlne receptors
‘were left 1ntact after EEDQ treatment to medlate these

behav1ors.
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