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/ . v * ABSTRACT 
\ ——t p 

• -• i ' -
a , N The purpose of this study'wasl to attempt to .explain the -

difference in the response of s t r i a t a l neurons to dexampheta/aide In 
* f-reely/moving animals (excitation) A e r s u s immobilized animals 

, } ;' *,* ( inhibi t ion) . This was-accomplished by examining the role o f - s t r i a t a l 
- '' , afferents in the response to dexaflipnetamine in 'freely moving animals 

using' multiple unit,-recording, techniques. * Desjtrnctlon of either, 
' k cor t ica l afferents by ablation, or tlialamic afferents by 

tradiofreqdency lesiqning, or nigral afferents with 6-hydroxydopamine 
* > markedly reduced the incidence,'of s t r i a t a l neuronal excitation £n " ,* 

% .' "response to dexamphetamine. 'However, Uione of the. lesldns affected 
• / ' dexamphetamine-induced activation of behavior," thus -suggesting that in 

| " the normal animal, s t r i a t a l afferents convey the sensory, feedback 
% " j^ r i s ing from drug-induced behavior tQ 'the, striatum, thus resulting in 

-exci ta t ion of s t r i a t a l neurons.. In contrast , Immobilized animals 
\ 'respond' to dexamphetamine with s t r i a t a l inhibit ion mpre. frequently 

' , " • than exci ta t ion. Biochemical analysis following cor t ica l ablation or 
. 6-0'HDA lesions demonstrated reductions In- s t r i a t a l glutamate and"* , , 

„ - 'dopamine leve l s , respectively, ' Furthermore, the inciden6e of s t r i a t a l 
1 t _ ' excitat ion .to dexamphetamine was found to be direct ly praporti'onai, to • * 

- the dopamine co'nteqt of the striatum. The excitatory effects of 
I dopamine were, found ,tC be .mediated *by, a ^2 recepfor.> 'Lastly, .the. >* 

/ i n h i b i t o r y response t o dexamphetamlaeTn"unilateral cor t ica l ly ablated 
animals reversed, to" one of excitation" following Che ̂ second! 

\ ' administration of dexamphetamine 48 h r s . . l a t e r . 

r" - » I t is/concluded that -sensory ^feedback arising from- drug-iiiduce4 . 
\ *~ \ behavior is responsible, for s t r i a t a l activation in response £0 

* - • dexamphetamine. Th£s feedback i s conveyed to s t r i a t a l neurons by' 
"- " ' ; s t r i a t a l afferents originating J.n» cortical," thalamid and-nigral ' 

_t ' areas." Furthermore, th^se resul ts support the concept,that dopamine' 
1

 t i s an; excitatory, neurotransmitter *iri the sot;Iatum and are contrary/ tp 
, - - the widely-held view that dopamine is an Inhibitory neurotransmitter., 

. , - " • . • ' - ' ' " . " • " . - . • ' 

*v 
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- ' ',, ' ' ' v, ' ' ' ' , xil 
' * - . » ' ' - '*• - , . - .'-'/-

'..'. 'A' -• \ ' ' • - ' ' • . ' ' . . "" *-
' ' , ', ' "'*,'' '."List of Abbreviations/ used in This-Thesis • K " * , ' ' 

' ' " " / , k \ ' - , > " , ' .< *• ' 

' k .^-^7 » ' ^ * J , 

* ' , -Aclv. r „ • Acetylcholine , ' \ ,<~r - ' - ' - , . 
' " . - . k ' ADTN ' " * •> ,t 2-Am-ino-6,77dUT.ydroxy-l,2,3i47tetrattydronapth3lene '̂>-

AP ' * ' . Anterior poster ior ' <- ,•"•',' « " " , \ ' 
Js i "-AVT- ,*' - - • Ventral tegmental area - . ' * . ' A ' ' ~ " ' ' 

/ ," " CHaT * ., „ , > • Choline acetyl transferase v :. - l , - , , , • 
, -\f CPM ~ ,ei/ Vo- 'Cquflts per mi\uite ,' • ' ^ ' ' ' ^ ' A A ' 

; I ' ' D]_ ,' - ' ' Adenylate cylca'se-llhked dopamine' receptor '' " 
'• „" < ' ' ^ - 0£ ' - A Dopamine' receptbr not linked -to adenylate, ayclase^ / A 

D^ - Dopamine • ' ' . , .* • - , . . >' 
' - , , , ' ' ' - DAe > • 'Excitatory receptors for dopamine- ' ' * , 

\ 4 BAj- _' - •, "Inhibitory receptors for dopajnine' ; '̂ - '- " 
v* - - ' - * , DEX ' ' , v D e x a m p h e ] t a m j n e . " ' ," >v '> - - - • „ ; t y - -' j A 

,* J-^- - "DOPAG - Dih-ydrpxyphenylacetic acid". ' ' , , > 
,< , - ' , DPM , ,> .' Disintegrations per M-ntue • .". , * , - -

* > " - DV , ' " , ' - Dbrsoventral ' / . . , . \ ' ' ' - ", 
^ •' " EDTA. 'v ' " Ethylene didmine te t ra-aceta te^7 A \ 

' EMG ; „ \ Electro'myograph - - - - " i ' .' ' • " " 

# 

EPSP's-- • ' Excitatory postsynaptic 'potentials 
FM'' y ' - F ree ly moving ' ' - _ ' • <• ' \ i 

'GABA. _ - ' T-aminobuty'ric- a c id ' . '• _< ,. •" 
GAD ' * - Glutamic a c i d .decarboxylase , , , „> -x\ 
GD'EE. ' ^ „ •' ^Glutamic acid" d i e t h y l es te r f ' [ ; -'\ 

* 5HHJ * ' , 5-hydroxytryptamlne, , , 
, HPHK K ', p High 'performance i i q u i d chromatograph • 
HVA ' ' 'x \ "' , Homovanil l lc- 'acl 'd ' ' . -., ' . . . - . ' 
1MM ' Immobilized A ' ' ' A -

" I.V.- " -'Intravenously ^ * -' ' ' I <• ' <•' 
K+' , , V potassium ' , , " -' f ', ' • 
LY 141865 " " ' D2 , agon l s t , / r acemic ' 1 mix'tute * , 
LY 171-555 •' • , D2 a g o n i s t , ' ac t ive^ s t e ' r eo i somer , - , 

. ML • \ < . - Medio l a t e r a l „' v , 
MUA . ' ~ . Multiple 'unit ac t iv i ty -,- ^' > ' •'-
N-EN r . " --New En]|land Nucjear , - * • , ' v 

NMDA _ • ' N-meth 'y l^3^aspar ta te ' . -
«_ 67OHDA" " ' , '6-Hydroxydopamlfte * < . -

?2" ' * ' , ' • C r u d e sfyaaptosomal f - r a c t i o n . . ' , 
' PCA ' •,' , Perchloric acid ' ' ( .- ' ' ' . " , ' \ 

, - ' pFrCM ' ' , 'Parafascicular centromediah ' '. 
- \Ro 22-13151' * . ' D2^antagonlst -• \ x- , • « * ' 

' ' A '. ' sfcH 23390 'D]_ antagonist ,A A .' ,-' \ ' ' , 
• SCR " . . Standard channels ra,tio ,- " 

S ' , ,' SKF, 38393 .. ' Di agonist \ 
.' , , ( , SNC • ' "' ' Pars, comp'acta of' the substantia nigra ' ' 

. . . ' A SNK , ' '*, ,Student-Neuman-Keuls t e s t ,' * 
S,UÂ  ' «' ' Single uni t ac t iv i ty > 1 '. ' 
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•• INTRODUCTION v , » 

. > ' " / ' A * - ," *' ' . . " 
' . - ' , " -\ , ; ' . • ' - -

'THE -BASAL GANGLIA '> ' '-..*'* ' A" ' ~ '"'"*' "* . ' 

, - ̂ The 'daudate nucleus-,' the putamen and the pallidum are three 
„ " v . , , » i1 - * * , " * ' ' « • 

large subcortical nuclear "groups "that 'are collectively, called the 
' ' i ' J* . i ' " -
basal ganglia". The„basal,.ga"nglia and several associated subthalamic' 

i ' * • • " , ' , . , ' * " " "' . * , ' > 
and mld-»braln structures "are'known as the extrapyramidal) system • - ' 

(Cote, 1981).- The largest constituents' of the basal ganglia1., the \ . 

caudate-nucleus and putamen are anatomically indistinguishable in the , 
* ' , ' • • ' v - ' - ' - " - ' 

r a t ; the1 resulting-homogeneous; structure' is called the -striatum. *-0n 

the basis of l igh t and'electron^microscopy (Kemp and Powell, , ' ' " 
• - • v - -' . • « ' • ' , * ' , 

1971a,b,c,d,e; Mens'ah and Deadwyler, 1974) six, neurons- Int r ins ic to 

the striatum have been characterized on morphonjetrie.grounds (Table 
• • * - • ' „, ' ' 4 , ' . 

I ) . Of particular, note is the'finding that one type of neuron, , . 
c lassif ied as the medium spiny .neuron, accounts for: 9,6% of the to ta l . 

' , ' •, ' ' • ' . ' 
neuronal population. More recent studies have attempted to further ' 

d i f ferent ia te the medium spiny neutohs.of the r a t striatum Into four . 

* , ' . 
subtypes (Dimova< et , a l . , 1980). v - . I 

Consideration 'of axon lengths suggests that of the six c e l l * 
-• i , , 

types present only two, the nfedium long axon and the giant, 
. W ' - , - - , i ' - . ' . • 

accounting for less than 4% of the t o t a l population, appear to be 
- * ' t » * , 

suitable candidates for giving r i s e . t o efferent fibers from the ! 

<• - ' t 

nucleus. Furthermore, the medium" long akon cell has also been shown 
• « • 

to project to the contrala teral striatum (Mensah and Deadwyler, 1974)/-
+ I ' ' 

- ' / 

via the ventral corpus callosum. The remaining four, cell types may 

be properly designated as interneuron,s. ' , , 



Table J - Morphomettic Characterization of Neuronal Sub-populations of( the Striatum 
' . - ' * * a 

'. A -• - : _ ,;:- ^ 
^•Cell Description 

1 .—, 
Medium spiny 

% pf Total Population' 

• 96 ; 

W* ium long â con 

Medium smooth 

Varicose dendrite 

Giant >1 

Small 

\ 
Distinguishing- Morphological .Features 
Diameter of 12-18' vm<% * ^ -
5-6 "medium length dendrites * **" 
Many spines _ . s 

Sl*ort aixon; many collaterals" 
* • " , . « ' -

Diameter of lb-l& urn *• v . « - / 
* 4-6 medium length dendrites 

Few spines * * 
Long axoa;"few collaterals 
—.. "* f 

Diameter of 16-18 Mm ^ 
4-5 long dendrites _ , 
Very few spines " _ ' 
Shprt axon; many collaterals 

Diameter of 12-14 um 
Many short dendrites 
Vari-cdse; no ,splnes 

* -Short axon; many collateral. 

Diameter of;-22-30 ym ^ 
F.a*j long dendrites 
Few spines - •* 

T Long axon; few collaterals; - > 
ctiolinersacetyltransferase „" 
p'bsitive (Kimura et al., 1980) 

1 Diameter»©f 5-9 um -,"-• 
Many very sho'r-t dendrites 

" • Few/spines A 
- Axon? ^ > 
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' 'tif i n t e res t also are the findings, of' several, groups "that 

. . s t r ia ta l neurons"'a^e very often situated" in groups o r ' c lus te r s ; ce l ls 

within these groups a r e ' i n d i rect coaj£ic«t" tfith each other (Adinolfi ' 

and-Pappas', 1968; Kemp, 1968; Hassler et a'l . , 197.4). "Furthermore), , 

, DImova e t a l . (1980).have demonstrated that the large primary j " . 

.dendrites' of the medium, spiny cel ls -afre in direct contact with^other" 

neurdnal 'cel l bod ies . . ' , - , ' 

With the electron microscope, nine -types-of> synapses have, been " 

r observed (reviewed by Hassler, 1978). Sight of these synapses are T 

associated with ' the medium spiny neuron;. synapse types I,, H,, I I I / 
. ' A ' - . .> ' , - ' i; " " •> '' ' 

IV, and VII account for 75% of a l l observed synaptic contacts. The 
r - , - " * " ' ' 

i * v * - - ' 

sources' of the afferenj. projection to these' synapses are * , • , ,» 

respectively, the substantia nigra-(Types' I and II), the -cdrtex. 

" A : , ' - ~ * x" ' A • , " • ; . * . ' , •• 

(Types I I I and VII), and the parafasc'icular-centromedian complex" 

- (PF-CM) (Type IV). The afferent cqnnectlons of, the striatum wi l l be 
: ' " „ „ ' , < • ' , ' • ; < ' ' - -
described in more detail In subsequent sections. - ' > 
' FUNCTION OF 'THE STRIATUM ' * , " ' " ' " " * » 

, _ ; .—r- , _ ^ * ^ * ^ s 

Determining the normal'physiological role1 ,of the basal ganglia 
• • " . ' ' * - - ^ ' 

remains problematic (-for a review see" Marstien, 1982a) and the , 
! 4 v * ,v / " * ' ' 

possible'function of* the .striatum cannot be discussed in*, isolation. * 
' 'J . ' • . ̂  , * . " " ' 
with respect" to -the other, components ,of the basal'ganglia. - The basal. , 
- / ' ' '. ' ' ' ' 

ganglia are characterized "by many complex interconnections, both* , ' 

, afferent and efferent, between different discrete nucleiv The core, 

structure of the basal ganglia is the striopallidal'complex, 

*"" . " ' , 
consisting of striatum %d, globus pallldus'. t 'In view of tbje • 

' - i • ' . ' ' . k ' 

considerable'afferent connections onto, s t r i a t a l neurons, i t Is ( 

-x 
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evident that'the striatum is a receiving area for convergent somatic, 

auditory, visual, and olfactfory polysensory inputs-derived from wide , 

bilateral receptive fields (Krauthamea, 1979)* 'id contrast, efferent" 

- fibers from the striatum give s-rise ltd two pathways, one to the pars 
. - - * . ' " -

_ reticulata of the substantia nigra,-and the second pathway to the. 

pars'externa and interna of „the globus pallidus. - In turn, the Inner 

segment of the globus pallidus is known to project to three thalamic 

.areas: 1) the nuclei ventralis"lateralis and ventralis anterior, 2) 

the centr.omedian nucleus, and 3) the lateral habenular nucleus. The 

afore-mentioned relat ionships are schematically summarized in Figure 

The'functions of the striatum have "been investigated through a 

variety of approaches. In addition to the many pharmacological t ' 

I 
^ investigations in laboratbry animals, three other lines of inquiry 

„ have been fruitful, viz.: 

'V. ^ 
1) A survey of clinical findings in pathophysiological states 

with concomitant demonstrable neurochemical changes in the 

basal ganglia. , "• 

'. ( * 

, 2) Analysis of behavioralXeffects of Intrastriatal electrical 

stimulation. * w • 

3) Examination of unit recordings within the basal ganglia and 

their relationship to behavior. 

Each of these approaches will be examined separately. 

Clinical Findings in Pathophysiological States ' ^ 

Marsdeif (1982a) has concluded on the basis of data obtained from 
patients suffering from Parkinson's disease that the basal ganglia 

4 



FIGURE 1. Anatomical and^neurochemlcal relationships of the basal 
ganglia adapted from Marsden (1982b). ST = striatum; 

k ' GPj = pars interna, of - the globus pall idas ;,GPg = pars 
externa of the globus pal l idus; SNC = pars compacta of 
the substantia nigra; PF-CM = parafascicular-centromedlan 
complex; VA = nucleus ventral is anter ior ; VL = n u c l e i 
vent ra l i s l a t e r a l i s ; RN = rapfte nuclei; SUB = subthalamus; 

j RF = re t icu la r formation} SC = superior col l iculus , 
v GABA, = Y-^minobutyric acid; Sub. P = substance P; 5-HT = 

5-hydroxytryptamme. -
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O - - < AFFERENT PATHWAYS TO i 

t& C EFFERENT PATHWAYS FROMT 
STRIO-PALLIDAL COMPLEX , 



. . . . - . . , •' , .K 

\ • > ' ' • > , • ~> . , i" 
ate responsible for the .automatic execution of behavio,t. In 
• ' ,, i - * , r 

Parkinson's diseas'e the most observable' symptoms include tremor, •"-'" 

r ig id i ty , and the "inability to i n i t i a t e movement (akinesia). I t 

appears that the primary lesion in this disease, involves" degeneration 

of the'dopaminergic'cell -bodies within the pars compact^ of* the 
* , • " " . ' > * ' 

substantia nigra „(SNC) (Ehringer and Hornykiewicz", 1960). The 

biochemical features,of this disease have been summarized by tyarsden * 
1 * < A ' * < ' ' i 

(1982b) and are,as follows:, v ' - * , ,, ' * '*. 

I) "At least 8b-85'% of nigral neurons must be, destroyed and the" r 

, , striatum -80% depleted of"its .dopamine (DA) content before 

; -•• \ • A' ' - < . " ' - . '*\ : , ' • ' . . - ' • 
ov,er(t symptoms .appear. , . • , 

. * ' ' ft i 

2)* The" ratio of homovahilllc aci'd to ̂ striatal DA content 

.increases, Indicating that the remaining nigral neurons -

. increase their acti'vity to compensate.for the loss of 

dopaminergic tone. 

• 3) Postsynaptic striatal DA receptors •become"supersensitive*and 
, -> 

t - >as avconsequence, the dopamine that is released exerts an 
• "• i 

i ' • t * » 

enhanced postsynaptic action. ' , - . f 

'Although both presynaptic-and postsynaptic, compensation occiirs, * 

the severity of the disease' is dependent upon the degree of s t r i a t a l , 

pep en I 
s dise 

dopamine deficiency'. , , ] K f » *» 
' T x 

In contrast to Parkins*an'te disease,*aHuntington's chorea is 

characterized by neuronal cei l 'death within the striatum and the , 

substantia, nigra, leading to .considerable declines in s t r i a t a l 

acetylcholine (ACh)-and, T-amlnobutyric acid (GABA) levels . These 

declines are matched by decreases In the ac t iv i t i e s of Glutamic Acid 



8 

Decarboxylase" (GAD) and Choline \Acetyltransferase (CHAT) the eiffi'ymes 
" ' \ * 

responsible*for GABA and ACh synthesis respectively (Spokes7-1981). 

Clinically, patients suffering from Huntington's chorea present with 

4 
choreiform (involuntary) movements. 

I t would appear then on the basis of c l in ica l data that 

pathophysiological s ta tes involving the basal ganglia are 

characterized primarily by movement disorders. -
,* ' / 

Behavioral Consequences of I n t r a s t r i a t a l Electrostimulation 

The relationship between behavior and caudate electrostimulation 

has 3hown that depending^on the frequency of stimulation, various 

b«aviorai . manifestations become apparent in the r a t (Deadwyler e t 

' A 
al., '1974).' At low frequencies of stimulation (0.5 - 5.0 pulses/sec) 

/ 

ongoing behavior is inhibi^d; animal behavior slows and eventually 

ceases. This behavioral inhibitiori may be overcome by either changes 

in frequency of stimulation, novel environmental stimuli, or direct 
• , «. 

stimulation of primary„senso,ry pathways. At frequencies of 10 to 30 
' * ;, 

pulses/sec all on going behavior- is* immediately halted ("arrest 
reaction"). Although this arrest state may be overcome by the 

i 

animal, subsequent movements appear forced and unqatural and 

uni la te ra l stimulation of the striatum at higher frequencies during 

the a r r e s t reaction, resul ts in cqntraversive c i rc l ing . Lastly, a t . 

stimulus frequencies of 100 - 300 pulses/sec, sleeping or drowsy 

animals becomeV^lert; continued stimulation leads' to c i rc l ing 

movements or tremor. Based on similar considerations, llassler Q9J78) 

has concluded that the function ofilfiie** s t r i a turn Is to focus a t tent ion 

onto a single event by simultaneously suppressing extraneous sensory 

file:///Acetyl


. . * • = * * ,. > k. •« * «• * * - -

,* - ' •« *, »* « • » *"*«!" 
* * . ! * • « -k * ^ ^ * -- . 

* * ' " * * .. * . r * ' - ' . < » * * . . ' s Q 
\ ' , ' " \ " * < « , i 7 

« « , > k « « ^ _ k , o i 

.Input*. *In eodtrast , the function of'the*" pallidum "Is ' to w-ofd lna te ' 
V •» ' - •* ' ,,' ' i , ¥ * . *- - , ' * 

lorcamptfLon by, enhancing muscle tone" and„ directing, atten$£otr in 
' "* t> * k *" k " " - * - » ' ~ 

anticipation of a 'given behavioral .action. >( -~** „ -
'• J" * ,' " * » '' 

;' - „ ' 
The -Relationship Between Unit Activity in the Basal Ganglia.and , ' . 

' ' A^ it '" * t ' 
Movement *** *̂  •« ', -» "" «, 

«- . , - , » *•» 
" * •. * * :- *- " *•* 

„ Early single-unit studies In 'both conscious and chloralose- , -
* * " , * - " • . -IK 

anaesthetized cats have demonstrated that caudate, neurons are " „ 
" T i l ** * - * • j , a % "* * > * **" 

spontaneously .active «and display irregular rfiythmfce fecfc^vity *» * 
* * * * * * ^ * * - 4 •**- * * •« * * * • • * > 

(Albe»-Fes"sard e t a l . , "196D-; Sedgwick and Witliams, r96JasbT. More* , 
» * » * - . - „ 

sophisticated Studies (liuser, 1974) of ca"wlate s-ingle unit responses 
* j k ^ »* w * 

ta awake flonkeys (Macâ ca ftemestxina), trained to perform a spfecilic 

movementj have demonstrated the*following: ' *•-
, * * -> 

1) Spontaneous firing rates of caudate" neuXons varied between^ > >. 

. 10-2.0'impulses/sec. « . 
» s i . *" • » . " * * , • * 

* - . - * - * l 

' 2) Cells hctiyatedVonly by the movement ( i e , *- s i lent : in the -# 
*k ^ - . 
-, • , • 

„*x absence Qf-'movement) could be detected. , , * • • ' ' 
k , * • * » * ^ 

* ^* > ~ -k. 1 

3) Cells responding, to the specific movement increased thei r 
, H ** > .- * 

1 ,'. , diSchSr4je rates by 30-100%. • , ? . 

4) All celTs were not activated a t the same stage of the ' 

movement and could be activated either In bhe very early . * 
phases of movement (including prior to), /during the move/Kent" , 

I t se l f , and after the movement. 
r? 

5) Units could also be activated througti presentation of, novel 

- In 

visual or auditory stimuli in the absence of movement. 
% * * 

>* a-

In another study, DeLong atid Strick (1974) (confirmed by Lile's^ 1974) 

r^\ * A • ; " ' • ' , ' 
studlefi unlt\discharges in the monkey putamen-as well as the globus 



/ J 

* -» 

> \ 

• „' • " ' . » - - ' * 10 
- , ••• < * -

v ' , - ' - • - - \ . , - - - , M ( 

' ' pall idus and were able to demonstrate that;'45% of -a l l the units 

" - * . A." *' ' r M. / A " -s - N - '; A- ' ' 
' ' -studied in ' the putanten and 17%-of'all-Units tn.phe globus pallidus0 - • 

' . ' ' ' , ' * 
discharged In relatio'n* to ramp (.slow) movements. Less than 10$ of'** „ 

„ - a l l units In the-putamen appeared to-be related preferential ly to ' 
' ' ^ N « ' ' ' > v * , . - . , ' * k > . 

' b a l l i s t i c (fast) movements. An analysis of-EMG act iv i ty during ramp, ' 
" - ' * - ' - * • " , " ' ' * ' N " ' ' ' 

movements showed .that .the majority of neuron's increased' their 
~ ' -- ' , ' ' i. < ' - , ' , , \ • - > " ' 

-> ' ' k ' *• - • , - v <-

discharge' frequency before the actual- onset of movement. Thesja ' * 

-' studies eleariy Indicate ' tha t caudate.or putamen neurons have;a high 
> . . s ' " ' . . ' , • 

^Jeve l of spontaneous ac t i v i t y and"~dlschaqge In tnevcourse of iriptbr • '< k 

' ^ ' " •' ' , 
behavior. < " , ~ / - . , - * '- - ,' v~ . ' , 

- . STRIATAL AFFERENTS » " ' . ,v 4 * -v ' 
. ^ , / - f • • ' ' ^ , v , ,y - » 

', S t r i a t a l nqurdns receive afferent" input from 'many areas of the, 
' ' - • ' . ' ' * - " - '" A - • 

. -brain. > As mentidned^earller, 75% ,of the afferent Input to the medium 

", spiny neuron originates" in ,three-brain regions: the substantia v 

"f 1 ' , ' ' ~ \ ' • * - ' \ ' 
nigra', the cortex, and the PF--CM. The" remaining known'afferents to 

A 1 ' - * , ', v ' t » ' * ' 
* k ' ' ' 

the striatum irise- from the raphe" nuclei (Usunoff- e t al , ' , 1974), the 
A ' -' .> v ' • ' • ' • * ' ' , < * • . - . 

locus coeruleus (Kobayashi'et a l . , 197 5), and the amygdala (Kelley e t "* 
' k / ' - ! ' v ^ ; " " , - ^ > 

a l . , 1982). ^Whereas "the transmitter of-afferent fibers from 'the 

amygdala 1*8 unknown*, the projections from the raphe and locus , 
> • < f ' ' - ' A ' ' i * "--

-coeruleus are thought to u t i l i z e 5-hydroxytryptamine and " < 
v ' " ' ^ x ' ' ' ' ' ' \ ' 

1 noradrdnallne as'transmitters, 'respectively",(Stelnbusch,A198il; Cdyle 
x / ' « - " » i " ' 

"' and Henry, 1973). ' ' • ' ' -^ ; ' " ' ' , ' 
- ." i - . ' ' " ' " • • - * ' 

Each of the three major s t r i a t a l afferent systems wil l be- " - ~ / 

\ • > _ s ' ' " " ' , 
considered separatelyi , - ' 

\ k k 

°J~u. x 

y^: 

i 
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Nigros.triatal Afferents , . " 
i s ' ^ ^ ~ • ' . ^ 

" 'Anatomy ' ' , ,•* . 
\ - / N ' ~" ^ <• ' - ' • •' k. 

/The dopaminergic/innervation of the striatum was. or iginal ly 
. . , v - ^ :\ , ' • ' - / 

demonstrated by the formgldehyde-induced.hisj;o'fluore>sence method of *, 
f ' v \ , ) ' ' ' ' - * \ » » ' . , - • > 

Falck and Hlllarp- (1962) .arid was shown 'to arise from mesencephalic 
- A • A - ' - , « A , * w. ' ' * 

nucleii-(Anden. et a l .^ 1964, 1965). kThe~cell bodies of the • 
»\ Jf / ' r " 

: • s ', * - ' ' ' ^ « ' , • -
- dopaminergic! neurons projecting to the striatum are localized to the 

- *' SNC and designated as the"-A9 ce l l group, as opposed to -the, A10 ce l l 
. ^ , * > -, ' • 

group within t*ie ventral tegmental area (AVT) 'which was-tihought to 

project/.exclusively to*°lImbic and cor t ica l areas (Dahlstrom and*Fuxe,,. 

1964) t However^ wifch the adveiit of the more sensi t ive glyoxylic acid 

' _. * / I * - " • : . , . t ' ' < " , ' 1 -

, 'histpflii&resence' technique ( l indval l and Bjprklund,» '1974a,b; Lin'dvall 
- , v '- " - ( v , \ v ^ ' \ . - ' . ( [ . 

e t . a l . , 1974) as "well as 'o ther t racer techniques,, recent anatomical v ' -

\in.ve'stigationS'have questioned thfij^oncept that SNC^and AVT ce l l s , . \ \ 

.- give, r i se to projections to aria'tomlcally separate" areas of the , t 
i ' • "> , - ' " ' " - , ' ' . ' * - > * 

4 telencephalon (Avendand'et "al., 1976; Domesick eVal., 1976; Fallon* 
' ' -• i ^ . 

•< * and Moore, 1978; Fallon e t a l . , .1978;,' Beckstead e t « a l . , 1979-).' ' , 
' " " * " . ' < - '' '- ' T > v ' 

k - * f , » , ' 

, ' The projection ^rom the SNC, consisting of a,dense network of^ 
, very finernerve terminal's (Hokfelt et al., 1969)' is distributed -

, * N -k 

throughout the,striatum in̂  an orderly medial-*to-lateral arrangement, 

' with' the exception o,f tlje lateral, quarter oi the SNC Which does not" v '" 
" ' ' v ' ' ' , ' , ' ' / . / ' 

project Co the extreme rostral^pole of the striatum (Beckstead et ' /*" 
' , v • x " ' " ' - ' a 

' r i ' ' , ' * \ i 

al j . , 1979). In addit ion, the SNC does not project to the nucleus 

accumbens or 'olfactory tubercle. , Both' anatomical'and functional 

s.tudies halve deraonstraied that regardless* of the anter ior-poster ior 

« , location of ea6hSNC locus, that locus 'd is t r ibutes fibers throughout 

f t 

I 
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• ' - : • ' ' • * ' * . * . ' . - , ' - ^ . - , - . . • - > v < 4 2 - ; , 

: - '-" -A' * ' •*' - l - - " " '' * v r > • . . * ' - • , . ' 
- * , • ' - , the striatum (geckstead e t al.", 1979i. Redgrave andv Mitchell', 198-2a). 

" T ' * > - - **• * ~ , * 
,' ' ". 1- " ' v '" '.' -The^SNC'projecti'on to the striatum, however is inyerted alQng 

< > " '" * v v " * . , "" -k ' ' * ««- - , * ' „ ' - " * J " i f * 
V * « X / , \ k « - . r t »" „ • . . » -
> k * ^ \ 1 " ' * -* " * "• * ^ . 

. ^ - > . , \ •" , the darsa-vehtral axis such that ce l l bodies in the more veri t ral ly 

'** " « i ,r placed*" pars' corapaota.project to*mo.re/'dorsa'l*striatal regions whereas 
v s* " ̂  ' - < Y ' ' • " * "i -' * / . ' \ * ' -' - " ' - A ' '.. * * •• * A 7 > 

- - j ' ~ ' the most*'ventral parts" of' tha^striatura receive' fibers from. more 

' * „ " . , » r <•"'-. A(JoEsal"areasfof the, pars compacta (Bjeckstfead'et a l . , 197,9). In ' „ 
k * ' ' - * H ^ k ,, ' " . - V J i ' - * " " " " ' ^ .. " 

' . % , - - • " animals pretrea*ted with ct-methyl-p-tyro'sine, 250 mg/k'g. i .p. ' , a * ' 
- , . » • "* * , . - • > ' * ' ' 

, ' Unilateral "stimulation-with medially-placed ^nigral electfodes , , 
' ' » . ' ' , f l r ' ' „ • ' ' " * * ' 

, - x " " - . _ > . «- . r , , * , " < •> ' - k 1 , . . »• y * ' 

, ' ' • " > ' * • " ' / . resulted-in maximal depletion; of DA,histofluo^esen,ce within anterior ' . 
'r " ' ' ' • " , , - ' ' ' " ' * , * , - ' ' * ' v- * ' . ' - ' , - - . - . "j ' 

' , ' . ' > , " " ' dorso-medial regioas of'tthe "striatum, while laterally-placedo ' • ' ' " . • / % 

* ' »ele*ctrodes produded-maximum'depletion; of-poster ior^ 'ventro-lateral 
x - , ' - ' . ' ^ k . v . y

r ' ' > " * * - . " * ' - i * ' 

A A - areals CRed^ra,ve and Mitchell,.' 19&2bK/ . ' " , . ' * ' ' N A * ' " ' 
"'- A • ' ' - A _. . v " * . . ' • . ,-r ; -_ • . _ ^ . ; " r • • * 

J K ' . J Studies on "interhemispheric "nigral projections in- the ' r a t Ifave 
* • ' • • , ' ' - " ' . • , '< . ' . ' - . w - • ( • ' " , k " . -

" \ , -sliown that apppMcimately.5%,of the-n}.grostrlatal projection m . p J 
/ i ' f " " " ' r '* ' i ' . " * * 

'. ' . originates* frdm thei contralateral SNG (-Prltzel' et; a%l.,- 1,983a,b) and 

. - ' . arises from bifurcating DA neurons. In addition-to the well studied > ; 
° • - ' ' . ' ' , - . ' ^ > " . ' ' • , f ' ' , ' 

nigral DA(sy(stem, other, anatomical .studies have shown.that, a- ' - r " > 

v/' >" non-ddpam^nergicntgrdstriatal 'projection,' comprising 5% or less-of , . 

• the to ta l nlg'rostr'iatal'projectionv'(Jr"iginates.-'f,rom the extreme ' 

medial edge of tha SNC ̂ (Vair Der Kppyvet'al.", 1981;^ Fr i tze l et a l . , . -

' ' , 1983a,b), . . - , ' - . ' . .' V ' ' \ , ' ' " , .' , -. -
Y * ' * ' ' • '* ' i* ' : A " • •,.' . t • > ' ', ' ' . . 

"The DA' neurons rU-iO) in the AVT', distribute" fibers-to the - » 
' * • ' '. ' ' ' '"" '- •- ^ " kv- . •' - ,' Y 

entire'ventromedial half' of the -striat-um as' well as the nucleus , * - , 
• v A ' ' ' ' • '• 

accumbens (Beckstead et a l . , 1 9 7 9 ; Tas'sin et a l .^ 1976). ' ' - * , ' , 
'. *•- . - ; ' Y \ "•'' * • ' . ' ' • " . ; • - A • .-

' ' , % Recent anatomical evidence based on multiple fluorescent t racers ' 
* ' V ' ' ' # ' 

indicates t h a t j p contrast to AVT DA cel l s , ' c ie l l s pf the §NC' ' , - ' " ' 

- JWF , * ' " ' • v , • ' ' " ' ' - ' 
t ' •* J. * f t • * 

, r ' i. » , . v * . ' , I 
1 1 1 ' " ' ' ' 

' > - i» ' . . ' 

r v 
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»» 
* k 

\ 

i 

-. •• > • * ' . - • - A \ ". - *'•-'.' • Y * '- "W~ 
. . . y > , -. , - , , . • " , - . * -.-" - .• 

* ,, n • " - * < 
,-•- - co l la te ra l i ze extensively to both subcortical and -cort ical fields".. • 

* . I t appears* that, cell^ ,ln* the SNC may be further categorized, according^ 
, >• " - * ' * . * - . . * , ' . f - > r . • 

> t o . t h e i ? co r t i ca l ccfcliaperalizatlon into three* groups'providing » 
-- . • ' • r . • " , . " • * • • ' > »' - *• , - v ' 

innervation ,to: 1) the cingulate. cortex,- 2]t the'prefrontal 'and , '< 
. » ' - - , ' - - ' s : - , • '• • -. - - A, -

supfarhlnal cort ices and 3) the gntorhlnal c'ortex-"('LougHlln and* * - - ' 
k -• . ' ' ' - ' ' Y '•-- '• - * . * " - ' . * , ' , , • -

-'Fallon*,* 1984); 'Thus,, DA neurons from the SWG appeftlr 'to innervate ncft,' 
,- '- • - x -• <• ' • Y < . " " ' * " • • * Y , 

- , - •- - - -t . . - • , - , r f 

only the striatum but coctical ,a£eas as well. - > • « ' , ,• , . \ • 
* * • ' t - • ' <- * 

* Electrophyslology of> the fligrostgiatal, DA System' ' ' ' -i -, * 
'• •* * '"" .• Y ' ' - .A • ' ' ' . . - ' A ' \ . ; 

'drace and-Bunney (19*83a,b,'c-) have idejitjlfled and studied^nigral : 

* , x » ' ' ' ' "- , >' ' *, . t „ < " - . , ' 

DA- ce l l s iri the ra t usinj; both intracel lular , and extracellular • ' „ 
> » - i - t *> ' t 

recording and- have- shown t-hat, subsets of nlgral'DA neurons'aire " "*' ' , 
v ' • ' >. - ? * • -

• . , " » - • * < » 

electrotonlcal ly -coupled. The-presence of e lec t r i ca l synapses raises 

the possibility-that" the burs-t fifing character i s t i c of , these .neurpns. 

- may lead to the release of relat ively large amounts of DA over a 

'"- ,: • ,-* \ - , ; ' -A ^ ' A ' 
relat ively long time'( 500 m.sec) a t select projectlQn areas . 

, k . , < . , < , . - . , 

• f ) \ . 

BiirSting of nigrar.DA neurons increases-following ,the admlnistratyio-n 
" < ' A , •' •' • ' 

of, antagonists and decreases following a'gonists (Graqe and Bunney, 

198.Jc). Sxnce nigral DA deridrites-release DA (Leviel et,val., 4979), 

' the changes in 'n igra l c e l l f ir ing produced by agonists and, » 
. ~ ' * Y ' ' ' . . k . A - s -

antagonists could be due to stimulation of DA autorecep-tbus within t 
k. " « / ! . ' \ • ' 

the gars'Compacta. • » • . / . ; -
, I ' ^ - r * ' "" 

„ , k, * 4 

If pan DA neupaqs tliat^compri,se a-single e lec t r ica l ly coupled i 
' ' • - * ' " ' ' • - - * , / 

• i i •> | *-

group project to the same" postsynaptic s i t e , y a large fac l l i t a t lpn of 
v A • • • • A 

DA release may occur i/lth'in a sm^ll region pf the DA-lnnervated, 
" \ k , M ' ' • "* \ , • ' ' 

" 'area,. Alternatively, -if the members ,of an .e lect r ical ly 'coupled group ( 

of DA neu'rons project to a variety of .postsynaptic s i t e s , i t would be 
X . ' ' " " 

' ( ' 
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conceivable that electrltally,coupled neurons could control neural 

s-ubsets of, a particular behavior through an action at different and 

discrete central nuclei. 

* Transitions from slow single spiking to rapid bursting have been 

observed for nigral DA neurons during the onset "of orienting movement 
,> * 

in the-'unanesthetized, freely moving rat (Meltzer and Bunney, 

unpublished observations; cited in Grace and Bunney, 1983c) 
i * 

sugge^ting that'Increased DA input necessary for the facilitation of 

movement may indeed arise 'as a result of synchronized burst firing of 

an electrically coupled netwotk. 

- "" , < 
In 'contras t to the*above findings, Steinfels e t a l . (1983) found 

« ' • i 

that single unit activityv(SUA) of "DA'neurons (3.68 ± 0 . 3 0 
/ - ' /. * 

spikes/sec) in the cat SNC cbuld not be correlated with phasic EMG ' 

changes, and that the most noticeable change in f i r ing, a decrease in 

over 50% of a l l cells,-studied, occurred"in association with orienting 

responses. After 274 t r a i l s , H&bltuati'on was evident. Sitfgle unit 
' ' * 

activity was remarkably uniform and showed little relationship to 

1 • 

1 overt behavior; neurons»'did respond however,- to sensory st imuli such 
i ** 

as an audrttofy or visual stimulus' with excitation followed by 
" * . «. " 

inhibition. Habituation in response tcysensory stimuli could not be 

• k _ A , / 

demonstrated. The. authors concluded that the stability of * ' 

• dopaminergic unit activity across a variety of behavioral states 

implies a tonic influence in contrast tt> direct mediation of a -
, ' • ' - ' 

particular behavior. " , „ 
The Effect of External Stimuli on DA Release In the Striatum 

1 ' - - — • — k 

V * < ' • 
The release of dopamine 'from, the striatum has .been amply 

1 ~, 
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demonstrated (McLennan, 1964; McKenz'ie andi SzertT, 1963; Rlddell «and 
- u k > 

k Sze/rb,, 1971; "Bessoh et'al., 1971). Mare recently, it has* been shown 
~ i ' < 

/ t 
that dopaminergic neurons in the SNC, of both anaesthetized and j 

- ' - ' ' j r ' i freely moving r a t s , Increase their* rate .'of discharge in-response to 
' • - " ' , , ' ' ' ' , " * I ' " v *• * 

several sensory modalities (Harper e t a l . , /I979; ftommer'ahd,Bunneyj 
' s " . ' i >' 

\1980; LeMoal and 0Ids, 1979);" destruction of the nigro-strlatal DA 
-

projection results In the appearance of a syndrome marked by neglect 

a to sens'ory stimuli applied to the contralateral side of the bo'dy - ' 

* *-' * „. • ». ' * A Y ' 

(Marshall e t ^ a l . , 1974). Similarly, -specific depletion of DA using1 

" o-hydroxydopamine, (6-OHDA) applied to the'striatum also 

' "induces sensorimotor impairment (Marshall e t a l . , 1980); recent 
- i - * 

* * , i 

evidence Indicates that £his sensorimotor Impairment occurs p ' 
, . irrespective of the location of the lesion within the anterior 

' v . ' * ", l • ' • * . . . 

. striatum (Dunnett and Tversen^ 1982). 
' ' * . ' ' • ' '* ' 

' , Using in vivo voltammetry to ijieasure the release of DA, Keller 

. *. ' e t a.1. (1983) demonstrated in freely moving rats that intense 

environmental or exteroceptive stimuli wil l release s t r i a t a l DA 

Jrtiereas homeostatlc challenges do not., - , ' 
i > , ' ' • 

Is DA an Inh lb i t p ryo r Excitatory Neurotransmitter in the. 
Striatum? t '" , 

i . *" - '. Elect r ical stimulation of the hlg 'fostr latal pathway, e i ther a t 
/ . . > * ' v . -

-
the level of the substantia nigra or ip. the medial forebrain bundle, 

^ ' -
resul ts In predominantly excitation of striatsfl neurons as seen with 

' X 
1 . • * , 

intracellular or extracellular recording (McLennan and, York, 1967; 

Frigyesi"and Purpura, 1967; Buchwald et al.,.1973; Hull et al., 19/4; 

i 

•> , Kital et al., 1970, Norcross ^nd Spehlmana, 1978(a,b).» ,In contrast,' 

- I 

7\ 
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In .the majority of lontophoretic studies where DA was applied to 

striatal neurons, predominantly inhibitory*responses have been 

observed (for a review see Moore and 31oom,> 1978); exceptions t,o 

these observation's ha ye been studies in which chloral •hydra'te or 

halo thane anaesthesia had been used (Table II), 

- k ' ' 

Johnson e t a l . (1983) using urethane-anaesthetized animals, 

found that s t r i a t a l neurons could be subdivided Into two groups oif 

the basis of their response latencies to cor t ica l stimulation. 

* Neurons in the "long-latency group" responded to DA more frequently 

with excitation as compared to the ' shor t latency group". 

Similarly, DA applied iohtophoretically to s t r i a t a l neurons in 
k 

halothane-anae-Sthetized rats produced inhibition in 97% of 

spontaneously tfiring j e l l s ' , 91% of glutamate-driven ce l l s , but only-

in 57% of* cel ls stimulated by cor t ica l stimulation (Brown and 

Arbuthnott, 1933),, .Furthermore, sulpir ide did not affect spontaneous 

y act iv i ty or the inhibition produced 'by DA but did increase the 

response to cdr t ica l stimulation, suggesting that co r t i cos t r l a t a l 
« i 

terminals contain DA receptdrs that are Inhibitory on glutamate 
.' ' ' ' ^ 

release. ' ' 

Some reports in the l i t e ra tu re suggest that the results of 

lontophoretic application of dopamine on s t r i a t a l neurons may be 

explained on the basis of excitatory as tfell as Inhibitory dopamine 

receptors (Horcross and Spehlmann, 1978>. From behavioral s tudies , 

Cooif A,,tiri Uan^Rossum (1980) postulate the concept of excitatory (DAe) 

and Inhibitory (DAj_) receptors within the striatum. DAe receptors ' 

are tliought to be associated with n igros t r l a ta l afferents originating 
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Table I I S - Efffects ,of, i o n t b p h o r e t i c a l l y appl ied 'dopamine on caudate 
neutrons ( t aken from'Moore and Bloom, 19l78)' . - -' 

Percentage l6f_ ''Number "J * t. *• 
responding c e l l s of c e l l s V -. , , 
depressed" t e s t e d . ,,Animal ^P repa ra t i on Reference 

^Several BJ.qpm et ' al , .-
a n a e s t h e t i c s 1965 

* Decerebrate , Bloom e t a l , 
~ 1965 , • 

Cat * Decerebrate ., McLennan & " ' " ' . 
* - * York, 1967 ' ' 

Decerebrate Coipior, 1970 . 
-Rabbit GallamjLne , *. Herz & ' ' - -

* paralyzed * ' 'ZIegl&ansberge,r, 
1968 ' 

Dial+urethane ¥ffcZ& &- De 
6-OHDA ChampWn rl9/2a 

Diyi+urethane Fe l t z &" De 
1 / - , Champlain,1972a 
'UJrethane Gonzalez-Vegas, 

1974 * ; 
Halothane S i g g i n s ' e t a l , 

1974* 
Cerveau^Isole Spehlmann, 1975 
Chlora l " Yarbrougfi; 1975 
hydra te r 

C h l o r a l ' Yarbrough, 1975, 
hydrate," tf 

ha lope r ide l 

96 - ; 

.78 

87 

84 -
70 

100 

43* * 

86 

94 

52 Y -
28* 

-38* 

- 5 0 

/ 55 \> 

130 "* 

81 
,..37 

(243) t 

' ' - 136 1 

(89) 

(91)"-" 

64 
' - , 4Q 

51. , 

'Cat 

Cat 

Cat 

Cat 
-Rabl 

• "Cat 

A* Gat 

Rat 

'" Rat 

• Cat 
< Rat 

Rat 

. 

-

-

s 92 
-

i 
, 90 

42 

* 34* 
\ 
- 0* 

^ 

103 
f 

' 
. 40 

r 

-b4 

62 

. •' if> 
* 

Rat . 
T 

Rat ' 

Rat 
1 ' 

Rat 

-Cat 

Urethane 
„ 

V 

Dial . "" 
- K 

Penthrane 

Halotharfe-
K 

Stone, 1976, 
Stone oe Bai ley , 
1975 1 ' 
Spencer <* . 

- Havlicfek, 1974 
Spencer & -

. Haylicek, 1974 
- Bevaii . e t a l , 

• 1975 . ' • 
Pentobarbi tone 'Ki t .a i , e t > a l , ' 

' 1976 

* Ind i ca t e s s t u d i e s "where e x c i t a t i o n was observed more f requent ly than 
i n h i b i t i o n following DA. ' ' . «. 
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in the SNC whereas DA^ receptors ate associated with' AV'T neurons. In 

„terms 'of fluoreseirce histochemistry, DAe receptors are" located within 

striatal areas marked by "diffuse" htstofluoresence Whereas DA^ 

" te'fieptors", are thdug'ht "to be located within striatal area's 

characterized by "dotted" htstofluoresence (Cools, 1980)*. These 

patterns of htstofluoresence, I.e. "diffuse" and "dotted", * have been 

previously demonstrated suggesting heterogeneity of striatal 

dopaminergic innervation "(Olson et al., 1972). 
k » 

Dopamine,Receptors , -

Jultiple classes of striatal DA receptors are thought to exist 

on the basis of several different lines of experimental evidence. 

Ligand-binding studies (for a review see. Seeman, 1980) have Indicated 
• ' ( • ' • 

the existence of three categories of dopamine receptor s i tes with 

d i s t inc t properties. Tnese properties are summarized In Table I I I . 

Similarly, behavioral studies with i n t r a s t r i a t a l injection of 

dopamine agonists and antagonists have also indicated the existence, 

of dopamine receptor subclasses (for a review see-Cos t a l l and Naylor, 

li)ul). In the ra t , both c lass ical neuroleptics e.g. lialoperldol, and 

"atypical" neuroleptics e.g. thioridazine, clozapine and sulpi r ide , 

antagonize apomorphine-lnduced gnawing and locomotor ac t iv i ty 

(Ljunberg'and Ungerstedt, 1977, 1978). In contrast , in the r a t 

c i rc l ing model, c i rc l ing behavior iijjduced by di-isobutylapomorphine 

was antagonized by haloperidol but not by clozapine; the circl ing 

response to ler^gotrlle was Inhibited by clozapine but not lialoperldol 

(Tye e t a l . , 1977). Although these findings suggest that DA 
t 

receptor subtypes are present, any conclusions must be viewed 
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Table III - Classification and Properties of Str-
> Studies 

:-*atal J DA Receptors Based on Radioligand 

Receptor Designation and Biochemical Properties 

»1 

»2 

D3 

Linked to adenylate cyclase. 
Stimulated by micromolar 

— ^ k, 

concentrations of dopamine 
and antagonized byv'micro-
molar concentrations, of 
.most neuroleptics.,' 

* 
.Not linked to adenylate 
cyclase .sensitive to 
micromolar concentrations 
of dopamine and nanomolar 
concentrations of neuro­
leptics 

Sensitive to nanomolar 
concentrations of dopamine' 
but^micromolar concentrations 
of neutoleptics.-

Collateral Observations 

All D^ sites in the striatum are., 
located on cell bodies within the 
striatum (Minneman et al., 1978) 

50-60% of D2 sites located on 
striatal cell bodies (Minneman et 
al. ,v 1978' and Schwaroz et al., 
1980), 30-40% of D2 sites are 
located on corticostriatal nerve 
terminals (Sehwarcz et al., 1^78; 
Garau et al., 1978). -

Perhaps presynaptic on 
nigrostrlatal nerve terminals. 
.Decreases following nigro­
strlatal lesion (Nagy et.al., 
1978) 

% 
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^cautiously I n s i g h t of 'ttie fact that although a l l stereotypic agents -

i induce c i rc l ing, drugs ;$uch as SKF 3839,3., 'broraocr^p'tine and > 

,ergoraetrine a l l induce intense c i rc l ing but not stereotypy (Cos t a l l 

A , K •' ' ~ - ' • v 

and Naylor, 198-1). I t would appear then that,DAxreceptors .mediating-" - ' " ' - « - r ' 
•* V I N * - . I 

"s tereotypy and cipcling behavior are not identical.v v . , 
/ • . - ' 1 "" \ « 

- Biochemical and pharmacological c r i t e r i a were used 'by Kebabian 
i x *• « ' 'm , " 

1 ' v ' . ^ , . - , . -
and Calne (1979) to differentiate'DA preceptors irito two,subclasses J 

k - ' ' ' • , ' ' . ~ r, , ' ' ' . . , , . 
Dj and D2-' The D̂  receptor was' defined as the' receptor linked to 

\'l x ; ' ." Y ' *' 
adenylate cyclase, and srimulated by mierofaalar concentrations of-DA', 

^whereas the D2 receptor is not linked to adenylate* cyclafee-. 

The or iginal ^concept of D̂  and D2 •r'eceptors has been' , 
• ' ' - ' . ' - - * 

v • - ' ,. 

considerably augmented In recent ye'ar,s with" the development of 
t . - . i ' 

specific agonists and antagonists. SKF 3,8393, a specif ic Dj agonist," 

stimulate* adenylate cyclase as a pa r t i a l agonist (ED50 = 0.075 uM 
i * * * ^ ' • 

* r " 

versus ah EC5Q for, DA of 3.5 jiM), causes contra la tera l r6tat ion"ih 
A - >• <• k 

Sprats with un i la te ra l ,n ig ra l 6-OHDA lesions but does hot" cause 

V '' 
stereotypy, emesis, or inhibition of prolactin release, and does not '. 

1 ' ' ,A, ' • ' 

•affect DA turnover (Setlef et al<, 1978). The specific 

Dj-aiitagonist, SCH 23390flocks DA-stlmulated adenylate cyclase (IC5U 

= 0.01 uM), antagonizes apontoTphinerinduced stereotypy, and 
' - , « •> 1 ' 

conditioned avoidance but has no or l i t t l e , effect 'on emesis, 
' - ' ' k 

prolactin release or DA synthesis. \ • *• ' ' 

„ LY 141865 does not stimulate adenylate cyclase, but does- -

•* stimulate the l^-receptor 'as judged by i t s ab i l i ty to decrease eitner 

basal or Isoprenaline-tnduced release of a-melanocyte-s,tlmulatlng_ 

hormone from melanotrophs of the'intermediary lobe of-rat p i tu i tary 

/ 

* . 
1 > ' 



,t 

M 

, ' A ' A * . ' - ' -v 21-
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'"' , (Tsuruta et a l . , 1981) and also it's -abi l i ty ' to lower serum* prolactin 

in 'reserpine-treated-*male rats (Bach et a l . , -1980) . " In addition, 
- . - ' * * . Y . <• - - .-1 -A ' - ' ' . , *. Y \ * 

th is drug Causes 'rotation in the r a f "turning model (Bach e t al£)L 
, <. •. " , , "• \ . , < ' \ , 

"v 1-980)-* , * . ' ' , - • ' • v ' Y *. '' T '- - * 

. ' ' -Specific antagonists for the-D-j receptor Include- (-) su lp i r i de" 

and Ro 22-1319,;both of which block kpomorphlne-J.nduced stereotypy ' 

"and are "ca.taleptogenlc a t doses cbnslderably Jiighe^ than haloperldol 

. ' (Worms, 1982; E l l io t e t ' a l , ,'1977'-: Davidson e t " a l . , 19'83)A'' * ' 
i * •- * * , - ' ' 

1 A ' * ' • .* > . . "* . . • 
• "• d The relationship ^between,Dj^ a*nd D2 receptors i'n the s t r ia tunTis > 

' 1 » 1 ' , , ' ' ' , •• ' • 

,, j not c l e a r . , Sto.of and KebabiSn.- (1981). have suggested ,that"stiniulauon 

of the D2* receptor inhibi ts the formation-of .cyclic AMP result ing «' 

from "stimulation^ pf the Dj_ rec^ptpr;-theiii|*xperimental,evidence ' 
* •> i - , * ^ - - , 

• however,, does nqt. conclusively demonstrate that such a rec ipr ica l 
v « <- , i- ' ' ' l . * " ' " . " 

relationship exists within a .given eel}, type within the striatum. • 
<* - j . ' ' * i 

v , 'Las t ly , recent behavioral'evidence suggeB-ts that D2 receptors , 
' » ',, • , - * « » 
, alone, pr in combination with D]̂  ipeceptocs, but not ti\ receptors' 

*" N 1 * , " ' • • ' ' , \ T 

i f f " ** * 

orfe, are involved rin goal-directed movements (Schmidt, 1983). 
*- " - * ' , w r • " 
florticostrlatal Afferents * ' -,, r * -

" ' - , , 1 .• * * - • «. ... 

. " ' • 1 

' Anatomy ( * " - ' ' <• f „ * . « 
"~ *-, ' ' ' . . " * 

The anatomical studies of Webster (1961) demonstrated that the 

cortical* projection to the, striatum Is topographically organized,In 

both anteroposterior'ahd1 medlolateral planes. "Although* this Is trtje, 
i '} '' • < ' 

• considerable overlap of prdj^ction>areas occurs, pat t icular ly in" 
/( - _ , . , . ' ' « A * . * * 

* Int'ermediate, s&riatal regions. ' Studies on tlit̂  -*ells ojL origin and-.* 
, . 1 „ , • , the tferminal dis t r ibut ion of co t t l cos t r l a t a l fibers liave shottn that 

* A * V , 1 -
I f k * 

the medium size pyramidal calls of' Layer V project to the"striatum 

• , 
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predominantly tn, a t i l p s i l a t e r a l manner (Wise and Jones, 197|7). 

Furthermore, in the case of frontal cortex containing overlapping 

somatosensory and motor representations, which project-to. the-

', ap.terior.pole of the striatum, both ips i l a t e ra l and contralateral j ^ 

.projections have been seen (Wise and Jones, 1977-). Projections from 

• * „ • ' - * . * 

- " more caudal cor t ica l areas terminate in the dorsolateral striatum; 
x ' 

projections from even more caudal cor t ica l areas descend to the 

ventrolateral striatum but do not reach the posterior pole. 
* ' * -*• - ^ > 

Patterns of terminal labelling ^pdicate that cor t i cos t r l a ta l * - / , » 

"fibers end in a very res t r ic ted manner and that the terminations are 

In the form of. interrupted clusters and patches. Similar results are 

seert fot; the' c rossed 'cor t icos t r la ta l projection; in morphological 
-v * 

studies Id animals with frontal cortex ablated, degenerating boutons, 

' i organized in patches, and exhibiting the features of Type I I I ^ * 

(axospinoas) synapses, are seen in the striatum contralateral to the 

ablation*"(Hassler et a l . , 1982). • *• 

. ,In addition to the projection from sensori-motor^cortical areas , 

which*Is tfriucipally distributed to the dorsolateral quadrant of the , 

' antet ior striatum (Webster, 1965; Carman e t a l . , 19b5; Wise and 

Jones, 1W7; Kelley et a l . , 1982), the* ros t ra l striatum receives 

projections, from the anteromedial or frontocingulate cort ical area. 

This cor t ica l region receives projections from 'the medtodorsal 

.nucleus of the' thalamus, and i s a homologue of the prefrontal cortex 

ot'primates (Leonard, 1969). These cort ical areas project to the 

ent i re ventHWjBdiai half of the anter ior striatum as Well as to* a , 
* '» '*. 
.. latge portion of the dorsomedlal striatum (Beckstead, 1979; Kelley et 4 

http://ap.terior.pole
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w 
A* 

a l . , '1932); 

'Electrophysiology of the Cortico-StriataltSystqm 
" * 

y- , Blake*, Zarzecki and Somjen ,(1976) studied evoked potentials 

., "within the caudate»nucleus of cats after" cort£c,a.l„stimulation and 

'found by antidromic conduction that the cort ico--str iatal pathway was 

' monosynaptic Furthermore, the<*cortlcal<pro-aec*t$oh appeared to be 

- well organized topographically along the-anterior-posterror ^xis,and 

. characterized by extensive overlapping. 'Summation of potentials at 

„ one point in the caudate nucleus could be evoked by stimulation of 

- ' ' V • r " « ' ' ' C " / *" ' Y 

. 'two" widely separated cortical loti. Furthermore,.- evoked responses 

were al30 seen upon stimulation of the contralateral cortex. 

-Bishop et al. (1982) studied striatal neurons with a combination 

of-intracellular recording and intracellular labelling with 

horseradish peroxidase. Two "types of medium-spiny cells and one 

medium aspiny cell all responded to either cortical or nigral , 

stimulation with excitation; .the giant aeplny neuron'.also responded 

to stimulation "of £he SNC with depolarization; • the effects-of 
. * "t 

cort ical stimulation on this neuron-were not determined. M ,' 

•Glutamate as the iteurotyansmitter -of Corti-costriatal Afferents 

Glutamate, an excitatory neurotransmitter- (Curtis 'and Johnston, 

3.974; Krnjevic, 1974), was f i r s t implicated as the neurotransmitter 

of cort ical afferents to tile striatum by Spencer <(1976) who showed 

{ that the excitation of s t r i a t a l neurons obtained by cor t ica l 
I - . . . > „ « 
i i •> • * < 

^stimulation could be blocked by'L-glutamlc acid "diethylester (GDEE). 

Biochemical studies of high-affinity glutdmate^uptake in anterior 

striatum following frontal cor t ical ablation showed that a reduction 

\ 

1 
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• , v 

in uptake accompanied the cortical lesion (Dlvac et al., 1977; McGeer 

et al.,"1977). Similarly, it was also shown that frontal'cortical 

"ablation resulted in reduction of striatal glutamate levels (Kim et 

al., 1-977). . . . « - ' j " * •'. . 

Release of labelled L-glutamic acid from rfit striatum following 

i . e l ec t r i ca l stimulation of the frontal corte,x has befen demonstrated -

with push-pull cannula perfusion (Godukhin e t a l v 1980). 'Concurrent 

stimulation of the SNC did not enhance the release of labelled ,' 

glutamate,. Chranic dexamphetamine (DEX,) treatment (5 mg/kg 'for 12 
I ' »' * '» • 

• days) ;Lnc;reased s t r i a t a l glutamate levels , leading the authors to • 
suggest that chronic D£X Results in reduced glutamate release in the ' 

- t*- * * > . 
• . , * - / > v 

striatum, which is reflected in the ̂observed increases in glutamate 
•* , ' "" ' * 

-levels (Klmetal., 1981). '' ' " , 
k i - r- * * 

" i t 

The l i t e r a t u r e regarding receptorS'for excitatory amino.ac'ids > 

has been extensively reviewed (McLennan, J.981, 1982j Fagg and Foster, 

1983) and electrophysiological experiments with agonists and 

antagonists hatfe indicated the/existence of three receptors. Both" ' 

the N-methyl-D-aspartate (NMDA)-preferring and the (glutamate/ • . 

quisqualate-preferring receptors are ;present on s t r i a t a l neurons ' 
' ' " ' ' w ' * 

(Lehmdnn and Scatton, 1982; Spencer, 1976).' 
Cortical Modulation of* S t r i a t a l Neurotransmission ' Y 

_ ^ > • • » i ' • -

'fhe role of the cortex, on . s t r i a t a l cholinergic act iv i ty appears , 

to be'modulatoUy. Following uni la tera l cor t ical ablatiqn the high 
' * ' i 

affinity uptake of choline into striatal synaptosomes is decreased . 

* * , • . t. 

(Simon, 1982). However, neither Ach levels (Hassler et al., 1982) or 
„ „ ' A 

' CHAT ac t iv i ty (Scatton e t ' a l . , 1982) appear* to change, furthermore, 



» * •• y I . 

. . '. • < -.' - V - - A 

\ ' " ', - " * - ' . , 25. ' 
v . • . ' . * • ' • » • , 

, ' - k • * ' , - " ' ""• /* ' • ^ 

, * i *- • the apomorphine-lnduced increase in s t r i a t a l Ach l eve i s , ' o r ' t he 
•\ v » \ - -* , 

Inhibition of K'k-e'veked release of [H-̂ J-Ach from s t r i a t a l slices 

'' k* preloaded with [H^]-choli6e, as well as tfid,ap6mbrphine-*lnauced . 
• ' i . '' ' '• -

> " -, . ,. * • 

decrease/of striatal DQPAC (dihydroxyphenylacfetic. acid) w§re , ' , 

, - - unaffected by bilateral cortical ablatibq.. Unilateral or bilateral 

YA ' - ' ' -V . 
„<• , cortical abla'tion also failed to affect ei'Qher,'DA'levels (Hassler et' 

- V - ~» Y ' * - -' ' 
, " ' al., 1982; Scatton et al., 1982)-or the increase In DA tutnovec In .' > 

' * " -* •• -* * „ * . 

» . , % - » t i * ' r " ' , * * • > „ ' * . 

response to .lialoperidol '(Globus,et a]/. , 1983X, suggesting that in 
' •"• ' i I * * - -

r • ' - 'cont ical ly ablated*'animals, tHe dopanttne-adetylchblijie axis i s not ' 

' \ ' V { ' affected. O v l A ^ • " * ^ " * * „ 'A- , 

„* J)*i the otlier hand; s t r i a t a l glutamataj$|ndlng has been- found to , 
* , I *' i i ,• * - - ""*• p i * „ / 

- -, ificrease approximately 3<ĵ  following decortication but de'creases 49% 
" ' . after n igra l 6-OHDA lesions, suggesting Jtfie'presence of glutamate , . 

• Y • '* " ' . "> '' - - ^ ' '• ' ' A r . 
' receptors on DA nerve terminals (Roberts et a l . , 1.982), In SNC ' " " ,* 

t lesioned animals 10(5 ,uM DA reduced the- K+7eyoked ireled.se of ,-, 
'endogenous glutamate to a greater extent In slices^representing .the. 

^ v _ ' " , r , ' y / ' * 
lesioned striatum than in those frd̂ iti the intact side, suggesting ' - ~ 
supersensitivity of DA receptors oti cortipostri 'a'tal afferents. 

" ,, ' , - , ; ' , ' ' 

.' ' v o'thers have demonstrated the reverse relat ionship, -that is the . •-' 

. - , ab i l i ty 'of glutamate to enhance DA; release (Gl-orglileff et«a'l., 1977;' 

, - , Marlen e t a l . , 1983). >Thus' I t would seem that-a reciprocal ' • 
' , ' <• * * • ' 

,- ' " ' 
Y * relationship between DA and glutamate'release 'exists within 'the 

• ^ - . 1 1 , . J 7 ' ' ' 
| i t •" ' " ' ' " ' k 

striat-um. Sot only can DA modulate the release of' glutaraate f̂ rom , , 
\ • v •- - ' { 

• w r t i c o s t r i a t a l "afferents, but glutamate can also increase the'almount 
I ^ ^ " « i " ' " , ' » V - " 

1! I \ , / , ' 
. J " I , ' 

of DA .released, from nigrostriatal .nerve terminals. / * ; 

http://ireled.se
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S t r i a t a l Afferents From .The PF-CM Comp-1 

Anatomy 
f 

Striata!], neurons receive a major afferent'projection from the ,'> 
, N • -* . / . . . " • * 

intralaminar complex of the^''thalamus, ^n part icular , the PJTrCM 

vcomplex (Uauta and Wnltlock, 1954; Jones and Leavitt^ 1974)/ Like r 

-, * i i 

the cortical afferent projection, pH*.lamostriatal fibers also exhibit 
v " " ' , ' * ' , / ' / • • , * 

" patch-l ike ' terminal f ields ^Kalil , 1978). t After thalamic 
, x * * -* ' ' 

(centromedian) lesions% degeneration of synapses at the.level of the" 
' • - * ' - ' , ' - . f ,, 

medium spiny neuron-have been observed"(Chung.et a l . , 1977). As well 
-* * - . , ' 

as projecting to <the striatdin, the. iritr-al&minar nuclei a£so pi?oj$c,t ." 

to ^he cortex through branching axon co l la te ra l s (Jlnnal and llatsuda, 
4981); and Herkenhan. (I980)rhaa shown that the ent i re neocortex of-

i ' - x •• • » * ' . - ' ' •" 

' the r a t receives projections from these n'uclei. \ -~ ' "' -
- » * - » * • f > * k A * • - . 

/ Electrophyslology, of /the PF-CM Complex - . ,» < 

' ' ' " . ,' *•" , ' '-' * ' ' • l '. , " A ' r Y ' 
. . Although Morrison and Demp'sey (1942)ifirsf showed that 

"' \ .* \ A -- - '. AV - s ' " ' * v ,.* : . 
stimulation of the intralaminar nuclei" resulted in widespread , „ 

recruitment" (excitation) of cortical neurons^ it was-nottun-til the. 

\ 

\\ 

pioneering" work of Purpura and Malllani (1967) that it .was' 

demons tinted that there is ah excitatory thalamostriatal projection. 
- • * .. * , » ' * - - , -

, Buchwald et a l . (1973) In the cat demonstrated,with int racel lular 

' • * • ' ' " 

. recording tl'vat caudate neurons jr^spond t-p thalamic stimulation with 
\ ' " ' " •' Y - ' * 

excitation-. S imi lar ly , 'Kl ta l and assopiates (Kltal „et a l . , l,97db; 
Kocsis e t a l . , 1976) s-timulated the PF-CM complex "and recorded * 

i - . ' , ' * , ,'- < 

monosynaptic EPSPs in caudate neurons of the cat . ^The s t r i a t a l , ' 

, neurons being recprded, wete labelled with bofse^adish peroxidase and 

identified as medium spiny neurons. More recently, similar resul ts # 
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> ' . * " - * . . - ^ v ' I I - ^ ' . - . . - k ' - • ( . 

were alsfo found in-the r a t (Van d§r Maelen and Kl ta i , 1981). , 
' - ' / . . . v . v - / ' < , • < 

i .- Moŝ t PF-CM neurons receive extensive bilateral .̂nputs and have j , 
. > N * ' - " , - > ' * " - < • • * ' ^ 

-' ' » / 
been characterized as polysensory, multimodal or sensory convergence 

. . . " ' » ' • - ' " ' , . -

-.neurons. ^Studies in "chloralose-anaesthetized animals have' . ,» 
" ' \ *- i - c 

' s - < . *• 1 ' f / ' " / Y « 
demons t r a t ed ' t ha t 90% of-these* neurons are not spontaneously active 

' .- i ' ~ Y * ' • v ' . ' ' 
' > * ' ' 

.but do respond to a wide.rangetof sensory stl'muli (somatic,- auditory, 
'visual) with a single spike or stiott. burst displiarge (Kruger, L, and 

- • : ' , • ' . . ' » ' * , - ' • 

. 'Albe-Fessard, I960)". , ' • . 

k ' ' The centromedlan and parafascicular nuclei receive ptqjections 
• - , - ' A - ' A A' ' 

Jrpm'the-cortex;^ these projections ar ise firom pyramidal-^ cel ls in i 

Layer" V and are 'dis tr ibuted-over wide, areas of 'cortex (Royce, 198j3),'' 

The pattern by rwhlch-cortical neurdns litipihge* tipon these nuclei bears 
*' ' . ' x ~> • * 

i a s tr iking resemblance to ' tha t of the Gort lco-s t r ia ta l projection 
; , * - ' ' . x + • J 

, (Royce,* 1982). l ' , , 
i ™ . * ^ \ - ' 

v ' » • • A • 
' " The Transmitter for Flbets from the PF-CM Complex to the 

Striatum „ ' " ' , ' \ 

s 

' * 

\ s 

<4 

'Oil the basis of marked reductions In choline. »acetyltransferase 

" ac t iv i ty in the head of the str iatuwZ^-weeks after e lec t ro ly t ic 
5 ' ; * , • , - - _ - > 

lesions Of the parafascicular nucleus',,Simke and Saelens (1977) 
i J i ^ ' ' ' 

... ' ., . . r » - f 

• " concluded that the fiber t rac t between the parafascicular nucleus and-
' * " - , < \ /" ' -

''^. , • \ the' slriat^im was*cholinergic. Using a-similar~app,roach, Hassler, ( 
i l l ' ' 

119*75) had reached'a 'similar conclusion. However, in a recent study 
i i " ' •> ' * ' ' i * • s 

' '" (Barrlngtan-Ward'at'al., 1984) no reductions in Choline 
' * * . i » ^ * ' 

* - ^ *• * * "-

x ' ' Acetyltransferase (Chat) ac t iv i ty in the striatum could J>e 
' " * , / , . ' • ' *-

» ' , - - •" - '• 

' t i • " /demonstrated following lesions of the;PF-CM complex. Furthermore, 

•}{ 

' . interruption of all,.afferent1 connections to the striatum does not 
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Y ' ' - • . * • i " »s' 
s ignificantly a l t e r s t r i a t a l Ach levels (Kataoka et a l . ,*1974), 

%° thereby supporting the concept that Ach, functions only as the 
' ' ( ' ' t- s " Y * ' 
transmitter of Interneurons of the striatum (Butcher, 19775 Misgeld 

> ' , ) • . 
ii . , * , 

»and Bak<, 1979). , / 
A < 

DEXAMPHETAMINE AND' THE STRIATUM «' - A L ">' ' 
, 1 > i 

Release /of DA by DEX ' ' (
 : •> * " . " -

Since* the original demonstration'of the^release of s t r i a t a l 
\ *< 

, - ' t 
dopamine by DEX using push-pull perfusion (McKenzi* and'£zerb, 1968}, / 

several groups have confirmed that DEX releases 'dopamine (Bartholin!, • 
v • '' ' : ' ' ' \ ' - ', 

1980; Glowinski et al., 1979; Phillips et al., 1982). More recently1, 
4 ' I* 

Zetterstrom et al.- (1983), using the intracerebral dialysis technique 
, \ \ -- -. "* A ' " * 

have shown that in'freely moving rats Di$ produces a 14-fold increase 
*• . " ' ' ' ' •"" A ' < - . l " 

in the release of"endogenous'striatal'DA. > Similarly Eorni and ' . 

Nieoullon (J.984), using In-vivo, voltammetry have shpwn that in the 

freely moving'hamster, DEX, enhances* the. release of DA* It- is,-thus 
' " ' - . * . ' • ' ' ' ' 

clear that/DEX re leases ' ' s t r i a ta l PA'borij in freely moving and 
' * - . , ; * - v » \ 

immobilized animals. _ y
 t . ' ,, 

' '" ' ' , * »! 
Stereotypy and the Striatum " v 

> Y ' ' v Y " ' * " :-
" Some authors argue that the striatum^is the primary s i t e of drug 

, , - • * • - -

- action fo,r,the induction of stereotyped behavior (Ernst*and Smelik,-
' • > i * ' 

A 1966; Fog et al., 1970; Asher and,Agbajanian, 1974; Creese and l 

I * , A ~ > ', " * 
, ._' . * •• , k » k 

- I / "* > ' ' ,, „ ' 

Iversen,.1974) while others maintain^ that mesollmbic nuclei'are m 
> . •» i ' ' ' 

primarily responsible. M?Ke'nzIe (1972),showed that, bilateral 

destruction *of the striatum did not affect stereotypy 'whereas, lesions 
« A ' *" * 
of ,the olfactory tubercle either eliminated ar greatly reduced 

s * ' k ( -

» stereotypy. Direct ' inject ion of dopamine .agonlsts Into the nucleus 
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accumbens- resul ts in stereo typy-arid hyperactivity..(Costall and ' ^ 
. A" ' , , , Y A - ' . , * .. _v . * / - , , , * * 

Naylor, -1974), Las t ly , * enhancing GABA-er jjic \ransmis s loa tip the 
„ A - * • ' - .;' < A " ^ j ( -

striatunr'by pretreatment wj.th aminooxyacef 1c "acid-,or musclmbl ' % 
, k " V ' * ' ' , . . " . < " . , 

••enhances DEX-lnduced^s'tereotyp* bpt Inhibits- s t r i a t a l *neurdnal 
» * ' ,»> **V • " „ ' . , ' * , k 

-discharges. (ilcKenzie and Hansen, 1980)..* Such evidetice, 'tajsen* , 
* - * . » v ,» * » i „ 

. co l l ec t ive ly , a"rgues„ against a-primary role-for the striatum in the 
' A - N A_ A ' * - . A , Y * - - > ' • - • . . ' ' , . 

induction of drug-induced-stereotypies. VA x ' • A , 

. Amphetamine, and. the DA Theory of Schizophrenia/ " \ • 

Repeated administration* of amphetamines in "humans may e l i c i t - a " 
• * ' k. * . • ' ' , 

, psychotic s tate akin to-paranoi'd schizophrenia (Co'nnell, 1958.), / ' 
1 t • - - • *k , ' J -tt 

leading many to hypothesize5 that DA holds,a central position In the * 
< ' A '. ' . • * •* 

gtiolo'gy of schlzophreala,and pps-slbly other affective4 disorders* Iti 
* * " * . • - " \ ' " * ' -

addition, in Parkinson's 'disease and' Huntington's^chorea where * ' 
» ». * . ' * ' 

v dysfunction of ̂ brain DA systems lias been documented,, 'affective 

', " ' ' % . .. * ' ' « . - " 
disturbances and cognitive'abnormalities have also, been descrfbed 

k 

i 

.(ilarsden*'1982b)". - ' 

.The OA theory'of, schizophrenia is based on the following1 , 

observatipns":' > , Y * . , , ' ' 

1) Schizophrenic symptomatology is greatly reduced* by 

• » ' 
' neuroleptic drugs'such as ,the phenothiazines and '' 

\ ' . J < •> ••( i 

. butyr'opheftones, which are known to block DA receptors. 
* - " i * •* 

- ' ' "• 

' 2) The relative potenqles o£ neuroleptics' In blocking D2 . • 
r \ 

v V " 

receptors correlate ve ry t l o se ly with their Relative c l in ica l 

> * < 1 * " " " ^ i 

pot&nci^s'*(Seenian et a l . , 1976). 
* . * 

3) Neuroleptic 'drugs enhance DA turnover In proportion to their 

clinical potencies'(Carlsson and Lindqvist, 1963). 

file:///ransmis
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4) Agents that decrease functional levels of DA, such as 

^ reserpine (depletes "dopamine) or a-methy1-p-tyrosine " 

(inhibits catecholamine biosynthesis), lower the therapeutic 

dose of neuroleptics (Wallnder et al., 1976). Similarly, 

« » low doses of-'apomorphine,, which inhibit DA release, -* 

- alleviates schizophrenic symptoms (Taminga et W., 1978,). 

» 5) Whereas neuroleptics diminish'schizophrenic symptoms, -

amphetamines exacerbate them (Angrist et al., 1980); in fact 
r 

chronic use of amphetamines leads to psychosis (Connell, -
-

1958). Sincek DEX can release, noradrenaline as well as DA 

. / tCarr and Moore/ 1969) i t may be argued that i t i s 

J insufficient to, assume that DA i s responsible. However, that 
,. . ' » " 

.DA is'more l ikely to .he involved i s supported by observations ~ 

J that 1-dopa, which elevates DA levels in the brain aggravates 

v - -' schizophrenic symptoms (Angrist e t a l . , 1973). . < 
» 

Althqugh some authors (Snyder, 1982) contend that no unequivocal 

abnormalities In 'brain DA systems In schizophrenic patients have been 

demonstrated, others Jiave demonstrated that s t r i a t a l D2 receptors are 

selectively Increased in. schizophrenic brains (Owen e t a l . , 1978; 

Cross . e t ' a l . , 1981').- More recent studies (Owen et a l . , 1934) have 

shown that nlgra.l D£ receptors also, increase in schizophrenia; this 
increase is seen in brains of both neuroleptlc-treated and untreated-

. ' i 

schizophrenics." Thus, the evidence Implicating abnormalities 'of ' 

brain DA' systems in schizophrenia suggest^.that Q2 receptor fupction 

has been al tered. •' 
\ V ' * ' 
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Effects»of DEX on Striatal Neuronal Activity 

Single Unit Studies in Immobilized Animals . - ,' x '-
; ' 

Throughout ,the l a s t decade, Rebec, Groves, and co-workers have N -
* . •« • . Y -* -

studied the responses of single neurons in the" striatum to,DEX,(for 

reviews see Qroves, 1983,-and Groves "and /Tepper-, 1-983X. ,'lhese ,* . 
*» < • -

studies have a l l ^been carried-out.on Immobilized, paralyzed, 

a r t i f i c i a l l y respired ra t s . ' vItf the absence of'behavior s t r i a t a l -, 
.- -. , . / - k V t 

' i . • v , - 1 

neurons display l i t t l e ' v a r i a t i o n .in spontaneous fir ing rates," vthe 

aggregate mean from ,11 published reports (Table iy)' being 2.05 ± 0.33-

"spikes/sec (rarige-= 0.34-4.23 spikesfsec). ' ' . 

I t was In i t i a l ly ' r epor ted {Rebec and Segal, 1974) that s t r i a t a ' ! 

neurons respond td DEX only with inhibition preceded by a brief . 

period-(5-10 rtin) of increased f i r ing; the duration of the* inhibit ion , 

appeared ,to be dose-dependent (O.S^.O mg/kg).* Rebe'c aqd Segal 

(1973) reported that a t a dose of 2.5 mg/kg of DEX, 83% ijf -all . 

' neurons-tested responded with inhibition*, -but at 5 mg/kg inhibition- . 

was seen, in only 38%_ of a l l neurons. , MoreVer, a t a.dose of ,7..5 

tag/kg, inhibition could not be seen at a l l , having been "replaced 

' completely by eXcita'tlon* In another report (Bashore e t a l . , 1978)-

.only 642 of s t r i a t a l neurons responded, with inhibition to 0£X, 2.15-'* -

mg/kg. In contrast , Alloway and Rebfec (1933) reported that only 36% 

. of s t r i a t a l neurons showed inhibition a t a dope'of 1 jng/fcg'but at" the ' 

higher dose of 5.0 mg/kg,, b4% of all* neurons responded with' i 
, / \ • ' " ' . . . . ' 

inhibi t ion. Thus i t woilld seem that the, estimates of s t r i a t a l . -
' . - ' * . 

neurons responding to DEX with excitat ion or inhibit ion vary" • • 
> . ' . - ' * > " • * " 

corislderably from study to study and that more s t r i a t a l neurons 
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/ 

T a b l e IV"-"SUA of S - t r i a t a l Neurons i n Immobil ized, , Ar t i£H.cal ly-Resp±red .Rats' 

Spontaneous Neuronal Activity '" , 
(Range, mean or mean ± SEM in spikes/sec. 

3.0 ± 0.44 

- 3.12 ± Q-.65 

2.27 ± 0-72 

1.10 -.1.95 

1.63 - 6.83 ' , 

1.06 -2.37 

0.08 - 13,9; 2.'43 

0 ."8Q 

Y-1--52 ± 0.5 '. 

" 0.34 ± 0.16 -0.61 ± 

, 1.60 ±"0.28 " 

0.15* j 

Reference , ' 
c — — * -

Groves, Rebec and Segal, 1974 

Rebec andjGrov^es, 197J » 

Rebec and Groves, l'975' 

Groves,*-Rebec and Harvey, 1975 " 

Groves,. Wilson, Young and Rebec, 1975 

.Rebec and proves,* 1976 

Wilson, Juraska and Groves, 1977 

Rebec and Segal, 1978 

Y 
Bashore*,. Rebec and Groves, 1978 

J 

Rebec, Bs^shore, Zimmerman and Al loway, 1979 

Alloway ^ n d ' R e b e c , 1983 

Y' 

ijk> 
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. respond'with excitation as the dose of QEX is'"increased. ;- ' , 
' ' ' " . " " - ' " . 
T The role of- dopamine in s tr iatal-neuronal responses to'DEJC'ln „ 

immobilized animal$ -has not been adequately ^examined, la a study by 

' 'Groves^et a l . (1975a),' e lec t ro ly t ic lesions placed in the , *N 
( ' ' _ I" , * 4 , < " k i 

nigrostrla,tal DA bundle, (1) attenuated ,but did no,t abolish £he' * * * 
- " • " ' ,' " ' ' ' ' . k • t / »*• " ' ~ " - ' 

'inhibitory response, (2) did ,not affect spontaneous, discharge rates ' 

'' , -A". - ,\- - ' : *' ' - ^ * • * , / 
o'f s t r i a t a l neurons,-^3) did npt affect the transient excitatory ' '« 

•> ' " - ' ' „ ' • . - ' "*" <• ( 

response following-DEX,' and,-'(4) resulted in a 'decrease' in " 
• " - . " ' ;* x - , : ]. -" ': \ , * Y A \ Y 

telencejJhalic DA content of/ approximately 55%. ' A 
' "' v ' * ' 

", ' Effects -of' DEX on MUA of* S t r i a t a l Neurons „in Freely Moving . 

'' Animals • , , ' • •• - - A" - ~~ ' • A- t / ^ f 
' . ^ . - •" " k . j * , ' 

- / Hansen and McKenzjLe, (1979) >found ,tSat In" freely moying rat&"DEXA 
, ' > "" v »- • i 

» , . - - ' > v i -' *- • ' » 

' produced excitat ion of s t r i a t a l neurons as measured .by multiple unit 
' A ' . -

, recording. 'The excitation'of s t r i a t a l nearons was dosp-dependept end 
• * • ' ' . Y - v " " ' '• - " , ' 

" paralleled DEX-induced locomotor ac t iv i ty and stereotypy,' leading the-

authors to point out that stereotypy is'accompanied by . s t r i a t a l 

^ct ivat ipn. ,'However, in a further study, McKenzie and Hansen .(1980) 

" ' ' ' • " ' ' , ' Y ' ' 
w^re able to abolish D,EX-lnduced excitation o f . s t r i a t a l neurons by 

• * * . . . » A ^ J 

, enhancing s t r i a t a l GABA-ergi-c transmission while a't the same time . 
' A ' . * . ' „ > * ' , • « ' ' ' Y ' 

observing aw increase in stereotypy. ' Therefore, ' i t appears ,that 

' s t r ia ta l act ivat ion can be dissociated from behavioral act ivat ion. ' • 

*> ' Effects of DEX dn SUA In Freely Moving Animals Y * 

Hansen (personal communication) .found that'90% of s t r i a t a l 

aeurons of freely moving, rats increased thei r discharge.rates In 

, •, . % ' ' L ' "' ' ' " ''' • ' "' ' ' ' 
• 'rpsppnse to DEXi Slmilar'ly, Trulson and Jacobs (1979), found that in 

1 ^ ' * . ' " , > 4 

freely moving cats, 70% of all striatal neurons recorded, respond to 
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, - - J *- - i 

DEX with excitation i-n a dose-dependent manner. Furthermore, ,. r 
1 c ^ *- / - "" 

' - 4 k - ' , 

.compared to spontaneous discharge rates in immobilized animals, , 

striatal neuc'pns in freely moving animals exhibit higher spontaneous 
k , \ . , *• i >• , k * 

i i > 

discharge rates (4.4 - 18.4 spikes/-s§c; median - 7,6), suggesting "* _, 

that be.havlor played an important influence" on spontaneous'striatal 
' ' - l ' ' \ , - k * V fr J ' 

< . ' "* - 4 

/ * * ' ~ J 

neuronal activity." These observations are in accord, with the concept 

< ' * ' " 4 

that the striatum subserves sensory as 'Well 'as motor functions * v 

/ - . ' *- * Y 
(Krautham'er, 1979). • * - , • . > " 

J 

' . ( 

• • 
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?„ A - " • ,. ' OBJECTIVES QF THE PRESENT STUDY.- * ,„,* 
-• - — rr-; J 

- -*" . « * - . . ' * , ~ "A- .. 
' A . . > '.,„-•« 

\ The effects qf DEX on s t r i a t a l Tieuro'nai'actlvlty appear to be J 

, -fundamentally different, depending on whether experiments are carridtl-
' ' „ - ' - > * ^ 

\ ' > ' . "" * ' * \ 
.out in-immobilized or freely mov-ing' animals. Wh.eceas'"excitati&n i s . -* < v ' . " . 

* • * *, > J * * 

, tjie prevaleut. neuronal response to DEX in freely moving animals, 
- , - • ' J -• t v -

* " "" ^ 4 * " 

inhibition has been reported to^be the more predominant*neuronal 
A \ " -"" " ' . '• -
,' response fn Immobilized animals* The most likely explanation for 

-* * „ \ - - i - - v • - - • . . 

, i * * r* - * • « 

, this, marked difference may lie in the fact that the imnobillzed 
\ • ' . •* * ; ' • * 

animal is incapable of expressing ei ther normal or' drtfg-induced*' , 
behavior. , In order to postulate a role for. behavior, or for that -

• i - „ • , ' -** •> -

-matter sensory feedback arising from drug-induced behavior i t Is -. 
" " ' ' ' * "" 

1 necessary to Identify the/possible neural substrate(s) capable of * 

conveying feedback to the 'neurons ofr the striatum, bince s t r i a t a l 
' A • * * - f ' v • ' , „ . . ' . -' 

-. neurons receive considerable afferent projections from other brain 
' ' * , - «• 

rjagio"ns tlie objectives- of this study were defined as follows: , 

1) To "delineate more precisely the effects of DEX on s t r i a t a l v '•* 
1 " * + * * 

- - neurons in freely moving versus Immobilized animals -using 
' * k 4. 

- the multiple unit recording' technique. J ^ 
k i • > 

v 2) To assess tlie roles of the three major afferent projections 
i * -

* ' to s t r i a t a l neurons, i e . those originating in *the cortex, ' 
»v J * *+ 

tue PFv-CM complex of the thalamus, and the pars compacta ofi * ,,. 

• the substan-tia nigra, by examining the effects of lesions' 

\ i \ 

Vwlthin these structures on the s t r i a t a l neuronal'response to , 
' • "* 

* * ' i 
/ DEX In freely moving animals. * ' 

» - , ' * 
3 ) . To extend further-the analysis of the role of s t r i a t a l , * 

V -' , 

I 
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A * . , ' , * 36 

Afferent systems by attempting to understand the behavioral 

and neurochemical consequences of disruption of the three 

., , major afferent projections,, of the "striatum, 

4) to attempt to define pharmacologically the role- of the 

nigxostrlatal system in the DEX-induced activation of 
•' 

striatal neurons as it is well established that DEX releases 

striatal*DA in freely moving animals. 

V 

J -
> 
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"*.''**""'- A . 
MATERIALS AND METHODS, A - - A " - • 

' ANIMALS. " . ' ~> ' 4- ^ •.'/ .' ', A , [ ' l ' ( ,
V 

Adult male Long-Evans hooded rats,* weighing 240-4Q.0 .'g; wefe 

. \ised. Animals were kept on,a 12' hr d a y l i g h t cycle and were-given " - ' 

access to food and water ad libitum. „•< ,. *' A -

DRUGS, REAGENTS AND MATERIALS-' . ""_ «, Y '* * ' 

Drugs, and reagents and mat^riaiCs used In this .study are listed. 
- *** ' > " ' Y ' *' 

in Appendices I I and I I I , respectively. '* Thef" names- "and structures of 
J* - ""I* « * " ~t> 

DA* agonists and antagonists are ĝ Lven in Figflre 2.* * 

STEREOTACTIC APPARATUS ' *, A ' -
1 , " " (• , -

. A r a t s tereotact ic apparatus. (David Kopf"Instruments') was""used ' 

In this study. The incisor bar was. se t 5.0 mm above the interaural 

l ine when rats weighing 280 g or more were used* For aniidals 
* * • i * i 

weighing less than 290 g the height of the incisor bar was deterniined 

% th&,formula of Whishaw et a l . (1977): „' A 

H i , = D x , " - 4 ^ , , i - ' " 

- ' l , •- ' * 
where Ĥ  *• height of incisor "bar '*. " '* - " : 

D a distance from the back qt the incisors to"the ,. „ . 
*• „ *. , * , y •* 

, , intera*liral l ine with the incisor bar setYat 0* 
'« • » » *** 

, r 

fx. - sine of the mean angle between the horizontal plane "of, 

the Interaural l ine and the inciscfr bar, se t a t 5.0 mm 
(x - 8Q29**; sin x - 0.147) 

* The bregmoidal intersection was used ,as the anterl»r-posterior zero 
1 T A» . * -

I , •• • * "V 
* •** ™ 

file:///ised
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,SKF 
38393 

CH2CH2CH3 . 

LY171555 

. 11 

00 
c-(CH2)3-r4 

Haloperidol 

NCH 

SCH 23390 . , 

NH 2 S0 2 x 

A * (\ ^CONHCH24 H 

.Sulpiride 
H T P H 3 

CH2CH3^ fl0 22-1319 HJ ' x 

, HCI 

FIGURE^ 2 . / S t r u c t u r e s of: D/ and D„ TDA recfeptor agon i s t s and " , 
** v . an t agon i s t s used in t h i s 1 s tudy. Dl agonis t = SKF13^8393; 

* - D 2 agonis t = tY 1715s55.* Dl -an tagonis t = SCH 23390. D*i 
• , " , - and( D2 'an tagonis t = ha lope r ido l . • D2 an tagon is t s = 

'. - . , * * s u l p i r i d e and 'Re* 22-1319. " - ' * 

», 1 

' .1 

j . 
/ 
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* ' « * , > . " r v • • * • * „'„ 

: . ' > * - " • . , 39-
• ' — ' -'' ' ' k ' • • '. A Y ' < ' •' 

reference as*"*well*as the medio-1-lateral zero,, and the su*fade of the 
\ A ~ , , l < • ' s 

• ' - : - - • - v , • 

kdura^itaketi as the -dorso-ventral zero' reference^ All co-ordinates 
— « * i •' ' 

V „ \ , • • * . . „ », , " ' 

. werertaken, from *the,dtlas"'of Pelle$rino and Cusftftiart ( 1 9 6 7 ) . ' ' ' <: \ 
.< •-, / *" ' • ' •* / "* ^ i i -

A ' - , • ] , > - ' 
LESI0N1NG TECHNIQUES ^ - „ r * 
T ~ r ' A / , Y • .* - *", i-. '-

' *" Dopamine-Depleting -Lesions ,' \ " ,• ^ x • 
*. " " " ' , . ' ' ' • " . * ' ' ' 

" ' s , 6-Hydroxyda;pamine' (6-OHDA) .solutions^ were infused into 'the " brain ' 
z rk / ' - A t . , ^ '. < , J 

through d 30-gauge capnula connectedvwith polyethylene'tubing'(P-E 10; 
- . . ' • - . Y ' ' ' A s ' '* * , ; 8 ? 

. • to-a 10 y l Hamilton syringe capable "of ac<niratelys delivering 0^5-10 
J " ' '' ' - ' , ' ' , ' ' " , ' • v * 
' , "pi. Using this apparatus small volumes (2.'0" or 4.0 til> were infused • " 

* * *-
slowly tnus mfinimialng t issue damage* a t tlie Infusion s i t e . * 

, * .. i / _ ' * ' v 

k • • - - _ • ,-* ; , - J 

/ 'Nigral Lesiona • ,.•>>' i ' ' *< , » 
' , ' k - 4 

i I . . . 4 44-

tJ / All. animals rfsed in this part of the study weighed 280-31Q g Bo 
k \ I - , .^ , 

' J "• - 4 k , !• ( " ' ^ 

minimize s tereotac t ic er ror . v Unilateral 6-pHDA lesions (Sutler e t ' t, , 
s ". ' * - ' * 

' a l . , 1978,) were placed In thetSNCsa,t two .points, one ros t ra l and one 
**i * » \ / / > ' i 

caudal'to the midpoint of the' nucleus (-J.O'-AP, -± 2.4 ML, -8.0" DV and -> 

A ' • \ • K 

, , - J . 8 AP, ± 2.2 ML, "-8;5 DV.). Each lpcus received S^pg 6-01IDA/(HBr 
t > \ - ' 

> ( 
s a l t ) In 4.0 41I of 0.9% sal ine containing1 1 nrg/ml ascorbic acid. 

• , •• , * , ' * " ' 

k This volume of, 4'.0 pi was infused over 10,mln. and the cannula lef t 
k k 4- C 

in place for an addit ional IJO, min. ,to allow for adequate diffusion. 

'Animals were treated with 30,000 I*JJ. penic i l l in G-i.m. and^iven 

15-21 days to recover before electrode implantation. I" , ^ 
• * . ' 

1 z Control animals* consisted/of normal animals (N=»2), hormal ' 
animals bilaterally Implanted*w^th electrodes In the striatum*"(N=?)7 

.- » - » ' ». ^ 
«> and animals In which unilateral sham cannulatlon 'of the substantia 

-, * , • » ' , « , 
* ' k 

* nigra'was carried out (N=4). * t " * - ' 
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I n t r a s t r i a t a l Lesions 

Fifty ug of 6-OHDA (HBr sal t ) in 2.0 pi df jO.9% saline Y ' 
k >, ' i * > * * i ,* 

. >, - * • -

coatai'ning 0.00001 N HC1 and 0.1 mg/ml sodiiim'ineta-bisuffUe Xfinal , 

i pH 6.6) was infused uni la teral ly into the/anterior striatum (AP +' { < ' * 
, - • , - ' ~ . A , " ^ 

2.4, ML ± 2.5, DV - 4 . | ) over 20 rain.*, and the^canndla vlef t in place-- '• 
4. ' " - ' • . > ' k. J ' 

foK 5 min. to allow for diffusion. A^scorbate as an anti-oxidant was*v 

avoided because of the report of Waddlngtoa- and Crow (1979) that 

* ascorbate alone may be neurotoxic. The volume and dose of 6-0J1DA «" 

-chospn was selected on the basis of the wor^cot Dunnett and.Iversen ' , 
% "*' **" , " ' ^ 

•(1982) where a volume of 2.0 pi containing 4.0 ug 6-QHDA was shown to <• 
. * < * >. 

, t 4 ' * 

'deplete an area approximately 1/7 of the-area of"* the entire striatum 
' . •" * ' ' ' > 

'within a given coronal^section. Animals »then received^a prophylactic 
* s "*• - , >, t 

i'.m. Injection, of 30,000 IS. Penicilll'n-G. 'following recovery-from ; 
' , * • , ' - ' > 

\ \ - , * -
anaesthesia (4-24 hrs . ) animals, were examined for turning ' • - • ' 

/ * " , ^ , .* ^ v ' . k k " - -

' /# v ' ^ ' reference. ' Control animals (N=4) 'received a-unilateral- >• . • ' . 
i- - 4 V > « k * k „ , 

i n t r a s t r i a t a l Infusion 'of*2 pi of 0,9% saline containing 0.1 mg/ml 
' A , - * • 

sodium meta-bisulf i te , adjusted to pH 6.6 with 0.00001 .U d i d . / «* 
A.- " "" ' ' ' • ' * * '' ' , '' A " 
> In cont rac t , to nlgrally-les^aned'animals/ s'tria tally-lesioped 

' k - k ' • , , / 

animals-were, given duly 7 days to recover before electrode^ ' 
- '•v % s --. - - ' x ' ^ - * . Y 

implantations -The"allotted recovery time was shortened fpr ' tyo 
; - - ' ' ' - - - - < " •* A ( f <"' 

reasonst. - , _ - A * . A ' / ' * * • * «* ,' 
* ' ' ' - • * A - ' ' '' *> 

i 1A The poss ib i l i ty of regeneration within the depleted striatum** 

~ A (Marshall let a 1. , 1983) A ^ \ Y ' ' ' ' Y •-

Y \~ . *' •- Y v ' ' ** ' '"• 
k 2. The "possibility of-Increased act iv i ty 'of nlgfo-str ia ' tai . . 

r , fibers priginating'from the contra la tera l subs.t^ntia nigra 

- ! 

* ' 

. (Agid et a l . , 1973)*. 
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* V k 

V ' „ In a l l cases cortex was removed by aspiration through a curved 

. ol.unt,\8-gauge nefe&le. . Unilateral lesions were res t r ic ted to "the 
v "* - % ' 

•" " i * a I ' 

-~ "-le«f € side as previous work .Indicated 'tĥ t suction lesidns of the j , 

cortex on the right side or infarction of the-tight middle cerebral 

• ^-artery resulted"* In a behavioral syndrome, of hyperactivity as well as 

" .decreases inf subcortical catecholamine levels. (Pearlson and Robinson, 
"*« , ' ' 

1981; Robinson-^and Coyle, 1980)-. 'Topographically, lesions were / 
-' ' * 

, restricted tb the dorsal surface of the brain because It had been 
> ""* ' ' • > ' . - ' 

. shown that focal ventrolateral lesions decreased monoamine levels in-

' ' A > • 
, . * -. » , _ i ^ 

' the striatum ipsilateral to the lesion (Flnkelstein et al. ,*1983). -
* - « * «• k - k * , 

Unilateral Cortical Ablations - / ' * , •• 
. } •*. 

w-' The calvarium overlying the area of cor;texHo be .dblated was 
"< ' . , 

'removed by me,ans dYa 'denta l d r i l l used in the manner of a router. % * 

fhe'dura was- cut and reflected, and* cortex- then removed by | 
,. * • - ' / , * ' » - Y . 

aspirat ion. The result ing cavi ty w/is packed with a piece of Gelfoam 
' ' > » * 

cut approximately 207. larger than-the area of removed cortexi Skirt 
\ was their approximated aad sutured. - Animals^ received-30,000 LUy 

-, • ' } , \ - > . / 
Penic i l l in G intramuscularly and were, given 15-21 days £o recovers. 

' . ' - * ' " -' - A ' ' 
prior to electrode Implantation, t 

' - 1 k i > 

Bila tera l 'Cortical Ablations . A" 
•. ' ~ * * 

Only one„type of bil,ateral» lesion was used throughout these 
y V . 

studies. Bregma was macked with a fine dental drij.1 before skull 
V » 4, 

bone was removed. A midline strip of bone, approximately 2.0 mm wide 

was left in place for*two reasons: 1) the marked bregma point was 

. needed for future stereotactic procedures, and 2) the midline, bone 
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* f ^ . - * r * * - H 

- ,- . V . - A >, « ' , • 
• s, A * Y * .' 4 - - . \ x •, A , . 42 A 

*• . ^ , ' ' ' < - * ' -
?tr;Lp served fpr'anchoring of the electrode assembly »wlth'dental .- " * 

« ' . ' ' ' . - •> ' 

a'crylic during subsequent electrode implantation 15—2^ days-post-
* ' . ' * * . , -,•*',-. ' ' 

rx ^abla t ion . '' " , * ' ' ; • * A ' • . .* .; ; * 
" " k * r " " . * • . *"% 

, v /- The dprsbveritral, extent' of a l l cor t ical lesions was »restricted ' 
«• """ > A " A , t ,. '' * ( i' Y ' '" A-- '- *» A 

" a t the le.vel, of the corpus callosum a t the time of ^Ijlation. ( " * ' 
( * *" , o „ * f ' » ' / . , 

*• * . k •• I , . ' • ' - • , 

Fimbria-^Fdrnix Lesions v - „ . -, , > ,- , • ' -. 
** *. * * •- k 

Before the calvarium wast removed,, a -stereotactic measurement pas 
k \ * . * » 8 

k ' carried out to locate a'pqint, 1%0 mm posterior to Bregma,. -This' ' 
, . - A .-' ' Y . < * ' . • ' " • . • ; " . < ' 

/anter ior-poster ior point tyasj-then, marked with a Scalpel -on the 
• - . ~" * - r* -. * '• Y > , ' * - .• * «<; 
- centra l ,suture of the jn,idllae.^ Oncfe'the skull" had been removed • * 

*""- „ -A r - ' • , ' " * 

4. (except the midline bone; strip) a fine pair .of iris spissors (Irex) 

' wa-S aligned* wi'th the bone marking on the central bone strip ~an4 
* A . .' - ' • * • -

lowered unt^.1 the, t ip of the scissors was level,with the fornix-which * ,"'''*'" * Y . -' - / - ' " , , *" :' 
,yas then severed. The co»-o^dinates for this lesion 'were taken .from. ' ' 

« l * * ' 4-

"* . l S , t ' , i 

Waalasv (1981) A A' ' Y ; v ' " " r \* 

fy Once the fimbria-fornix ^iad been severed bi-lstteral cor t ica l ' Y 

ablation was carried out."1" 

k * i „ » 

• Parafasdcular-Centyomedian Complex Lesions , , 

. - v • , k - - * ' 

Electrolyt ic .lesions using a( radio-frequency generator 
' ' •* v ' 

(Radionics*; Burlingtfon, Mass) were placed-at (the following thalamic 
' . i « " * j , ^ . 

co-orJlinates: AP -' 2 .5, LM ± 0.9 and DV - 6/.0,. which represented the 
' ' - „ ' ' , * i , ' " ' ' > • 

approjcimate midpoint of the parafasclcular-centrome'dlan, (PF-CM) ' \ 
• ' ' ' , ' - * * ' 

complex. Leslonlng parameters.employed, were as follows: 75-100 sfec,.* 
- ' ' ' ' "" 

* a t , a probe tip temperature of 65°C. Animals were treated with a 
- , ,H prophylactic injection of Penici l l in, G (30,000 I.U. given „ , 

' ' . ' ' , * * " ' " 
intramuscularly) and.allowed to recover 15-21 days prior to electrode 

• implantation.. . „ ' 
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ELECTRICAL RECORDING ' .' - v r 
» 

Electrode Assembly 

fElectrodes,,were manufactured from the components listed In 

Appendix- Ill-and constructed according tt) the scheme of Table V-. 

Ground screws to be used during implantation (4/animal) were 
' -* 4 

prepared by 'soldering treated,, (flamed to remove lacquer insulation) 
* ii.. 1 

-• k 

/ ground Wires, approximately 4-5 cm in. length, to pointed-end 

jewel ler ' s screws (Lomat Watch Material Co., Montreal, Que.). 

Phosphoric acid was used to t rea t a l l surfaces being soldered to-- \ 

assure proper fluxing. ;- '• 

Electrode Implantation * • 
i ' ' 

Antmals>were anaesthetized w*Ith halo thane and positio'ned in the 
» l 

s tereotact ic apparatus. A midline incision-wis ^nade on the skull 
from the bdne overlaying the olfactory bulbs- to the posteriory-nibs t 

- r 
* - k 

aspect of the central «utu*re. All skin- and connective tissue were 

k reflected to the sides of the skull,-and a l l wound edgis treated with 
' , -4 k 

Styptic to ptevent'oozing, irfto the opecational f i e ld . The top of the 
» k „ * ' 

skulV was "then-swabWd'wlth'-70% eth^nol-to dry the surface and the ' ' 
, " ' -

<• " . A - • > » 
bregmoldal Intersection located. Tlie electrode assembly.was aligried 

1 > • k ' 

with ̂ bregma and tlie corresponding zero references established. ,The'-
v . ' ' ' • < , • ' ' 

electrode assembly was then moved to-the desired* 3nterio.r-posterior 
< k ' « - i . * ' s 

A * . * . , -- - - ' • 
and mediib-lateral co-ordinates,, overlying fhe striatum, 'arid the points 

' ' ' , 4 t ' 
k» ' ' jts j 

on the skull marked with a 'fine tiff" indelible marker. Uŝ ing a "dental' 
. i ' ' ' . ''* ' ' ' ' ' ' . • ' ' 

d r i l l , burr holes were made a t the corresponding marked points, 
. . * • < . . - \ » , , 

• taking care not to,plerce trtie dura. The dorso-ventral, zero "point on 
J . ' ' , » , ' , < 

" , • * ' A • " 
' the satface.o^ the dura'was then determined, and the electrode • 

* 

# • ' " / 

• 
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„ > > ;, -

*. , 

' Table-V... Electrode Manufacture < . A - - . • A . 

4,1. -' Twis't teflon'coated wire to make, bipdlar'cpijf igurat ionA '. ' * ^ 
I " ' ' , ' " - , A r " -" - " 

2i Rdmove' teflon coating at the end of electrode wire^(liO -A.5-mm);. 
- * , * ~ 

3. , x folder wire' into' amphehpl ta le p ins . ^ • ' Y 
" > A , ^ - ' • - ., / „ A , , . < - „ • ' 

4. RemQve laquer Insulation by flamingfrom ground wi te . , 

5. . Solder ground wire into amphenol"tale,pin. *' ~ " * (" ' 
J • ' ^_ 4- - , - ( ' - t ' k ' -

-- 6. ' ,Pu£h ground wire and electrode pin" assemblies Into,threaded iiale -
connectors. ' - " • • •» , • '' * , 

^ v ( v ^ . * , -.. , , > \ , "A * •, ' - *' A ' ' 
7. ;" Ilessure distance between the two electrode.wires and set.to*"5.0 * ' 

mm. i ' . , ' 'N 

• * ' ' > , •' ; '" - : ' - •' ' V A 
',8.t "Apply orthodontic" resin' (mixture of powder and liquid) .fq,t ( 

(.- , '"cementing ift, place.- *- A " • ' Y ' . " i - - - -- , 
' , I - . , , k ' A , ' , i ~ ' 4 

9,., - Cut ,electrode-"wires to'desired length (7.p - 9.0 mm),.* „ -

. . f 



assembly removed from the f ie ld . . - ' • ' - ' y 

Four holes were then made, in the skull , two ahead and two behind 

_ - - the electrode assembly holes using a Small hand d r i l l . "The ground' ' 

' ' \ , \ • , . screws, with attached ground wires, were' then'screwed into the . , ' 

- , • , A - ( , holes. AH four ground emplacements were covered-with- denta l . 
, * 4 ' ' 

I , , " . , , . » -

' ' ' * N acrylic, care being 'taken not to occlude the -burr holes -designated 

f-or the electrode wires." , - - ., » A ' ' " ' ... , 

* * - \ *v *' / The dura was then pierced add the electrode wire's lowered to the 

,'""•-. . desired depth within the underlying striatum. Dental acrylic tfas 
. , ».*' , • " • < " ' -

tlren used ,to encapsulate the electrode assembly,' extending from the , 
- - . I . ' , ' * ^ * 

bottom of the connection to the skull surface. At the same time 

• ' *Y A A ' denfal acryl ic was also used to build a 'bridge' between the ground 
- - j Y n - '* ~ >•• 
, | . --. r emplacements and the electrode assembly. Approximately 20 minutes 

" - • • ' • ' : *, ' ' Y ' - . ' - ' > 

. v " , „v were tgiven for -the ent i re shaped mass "of dental acrylic td set < 

tr properly.- The ground" wires-"were then bent along the contours of the 

electrode ass*embly-'dental acrylic fixture and twisted together Dehind 

the f Ixtiire.-. .This' col l of wires was then cut with wire cutters and 

the' common 'ends of the stump soldered. ' The ground was then bent into 
k . ' » . , ' « • • ' 

the downward contour of ,the f ix ture . Furacln powder (approximately 

' ' 100 mg).was sprinkled along* the wound edges.and the skin re-opposed 

wlth'SimpIe discontinuous siitpres both ahead and behind the f ixture . 
, t -"Reinforcing sutures'wete-placed immediately proximal and distal1 to < 
/ . , , • . 
' the electrode f ix ture , /^Imals w6re, then given 30,000 I.U. 

' A , * * ' . 
1 4 , . . 

Perilclllin G intramuscularly and allowed 5-7 days to recover prior to 

. , the acute recqrding experiment. 

\ ', Ident ical .implantation protocols were followed throughout these 

\,. 



* • * 1 . t\i~ 

,, ,- , " '' , « , - • • - 4 * 
s * * • "* . • 4 . ; if * . • ~ Y v* • . ,-

'exper intents' with two. exceptions. H r s t , in 'b i la tera l cort ical ly ~ - , ',' A 
v •* A*" k - ,. . - A ' - - Y ' ; ' " • * • ' A 

ablated animals the absence of- considerable bone' surface "area " - - > * 
* , <- , .' ' Y . - ~ ' "« 

necessitated the u?e of larger ^mounts of detrfal ,acryHc ôn ,tha - -

ground emplacements.,and tlie bridge structure between tnem ,in or'der to '"* , 

- anchor adequately the electrode asseiriL>ly>, /Secondly,,, in experiments 

..frith Intrastriatal,6-OHDA lesions, .the burr hole for the, "infusion- ' * A 

* cannula was also used for" the electrode. ' Dor so-ventral zero was.. ' 
v ' ' - , "" * , " ' ' ' 

- "' obtained for tlie electrode wire on the contralateral dura. . „ 
' ' - Signal Frocessing" * * * ' . ' ' < -

* , . - , , . " * ' . --" 
- *' -Neuronal action potentials were fi'rst amplified by. a A 

- -k * k , . v 

preamplifier (WPI Instruments Inc . , dew Hav^n, Conn)''and 'then .' ' 
' ' A , Y -' * ' ' " ' v 

.differentially'amplified by a Tektronix osctlllscbpe* (Tektronix Inc.,, -

I « > * ' , "'Beaverton, Ore)'before being passjJkto a band pass f i l t e r (0.3 *- 10 

*• •* 

m 

\ 

kHz) (AP Circuit Corporation, New York, N.Y.). The f i l tered signal ,,_" , 

was 'then fe.d to a window discriminator (Mentor Corp.*, Minneapolis, - -

Minn) and the multiplexed output displayed on an oscilllscope. 

SIgnal-to-nolse rat ios of less than 2.5:1 (peak to peak) were deemed 

unacceptable- Each standard pulse generated by the window 

discriminate^:, representing an action potential was recorded by an 
; f 

Ortec counter (Ortec Inc . , Oakridge, Tenn.) and accumulated 

four-jninute bin totals printed out on eldctrosensitlve paper. A 

schematic summary of the recording and signal processing procedure is 

given in Figure 3. 

In most experiments, an analog output was sent to a "polygraph 

(Grass Instruments, Quincy, Mass.) to obtain a ratemeter record. 

Ratemeter calibrations were obtained from the test function of the 



- - I ( 

-0 * 

DC-Lowered- -d-rT ferent ia l 
Freampljf ier . ; . ' -

,Mult iplexed • ' 
^Signal ' ,' 

" . > 

. j / m p l r f . i e r 
. i . " 

-" i • . 
, -i ' 

' 0$ci l l i scape 

Amplitude 
Discr iminator 

Couriter-

• * — i -

' 1V 

Active .Bandpass Fi l ter 
300 Hz -' 10kHz x < 

'47 -

A A Pr intout (,J Act ion- potential / ' u n i t t inre l , . , 

/ 

\ FIGURE £. Schematic repres'entation of signal.processing $nd 'data 
',' ' collection,used in this "study. 

"v 

/ * i 
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, . . . , . • * . . « . * 

window-discriminator, which delivefedY £est signal a t frequencies'"" 

'corresporiding to 1800, 'and/or 36,00 s'pikes/min. 
' * '""'' "A / . , \ •' 
• BehayioraiAecording' ' ' v . * " J* *: 

• ' 4 ' ,. A - v t * - ,1 

, , Behavioral' activity was monitored in, most experiments using a 
\ , 4 I • I 44 

, Grairs Polygraph'connected'to-the analog output oj^a Stoelting 
-" k , 4 " * 

f ' . ' - | * 

ac t iv i ty .mdnitor (Stoelfiing-Inc., Chicago,'111.), fdaced1, under the„ 
* • - * • > ' , ' . - , * A <• ** 

"recording chamber ând -set to detect movements larger than 
, • « _ . - , • _, , > > 

respirat ion. r " ^ 
< . k * 

• l ixyrimental Eafadigm-ancT Data Analysis, . x * 

m . • : ' ; -Y I 
* Once discrimination ̂ criteria were established.-recording of 

, -k \ .J -! & 

neuronal activity commenced. Freely moving animals were allowed to 
i' ,* * " t' <> 

t - • • v 

ntove freely in the test enclosure (cardboard cylinder - 25 cm Dx 30 
' , A k - " . / v , « ' 

'cmH,) for a t l e a s t 32 min while recording SUA"or MUA*to establish a 
' * * * 

, i ' - - ' v " " 

baseline.- . The bin totals from the 3 consecutive 4-min intervals 
' * - » * > - v "" * * , ' 

immediately preceding any drt'g treatment were averaged to obtain 
- *' ** 

spontaneous'multiple-unit ac t iv i ty (MUA)* and'the mean varlua set as 

"-100/S "(control). Throughout this thests this value Is referred to as 

spontaneous MUA; spontaneous, MUA of several animals were averaged to 

obtain, mean spontaneous MUA>. "All data points were then expressed in 

terms 'of % of control. "' * \ 
i - - / 

' •' 
k i * . i - > '--

Fo,r ,grq,up'comparisons %-of control values were averaged to 

4 

obtain a-mean ± SEM. , In evaluating drug treatments, post-drug values 
A • . , ' " • ' < . 

were compared to the value immediately preceding drug with a-n 
. *, v * A- * A. ' ' . 

i ' i 

analysis of variance arid tlie-Student-Neuman-Keul tes t for multiple 
comparisons. A P, value of 0..05 was considered s ignif icant . . 
• - " , . ' . / 

. Statistical analysis, showed that all the Values obtained during the 
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' A * ' » ' " '" ' * *. . 
control period*, including the last Interval, were 'equivalent. „ 

v v - • *' ' J * A "--'•'' ' 
In situations where data was evaluated qualitatively, such as*in »• 

» » k k * * k v A , . * - • * f» 
,consideration*af'neuronal response patterns,--the'* quanti tat ive *" 

c r i t e r i a of*Table VI were used. - ~ ' ' . . - s 

\ k ' --'*" 

^Sta t i s t i ca l cowpafisons "Involving response pattern sub-types*"' i t *•* 
i ,, - ; A -

were carried out using 4 x 2 " contingency tables "and the # 2 r t e s t for Y 
r * . •> * ~ " k ' - ' > • . ' * _ i " * ' 

independence;^ a P value of » 0.O5 was, considered'significant. 4 ,' ' *„ 
\ V - ', > ,', i> '' 

' * k s ' - ' 4» . „ - - , 

Thrdughout this thesis N - number df,'animals, and n = number of - ' " 
s « . ' , ' • * • ' 

/ ' " • /• . - * I 
recording-sites. t, » , ' . •*. 

• Drug'"Admiflistra tlon ' * t Y 
. • , i ' j * "* • > ' " > - - * 

• ^Unless otherwise s ta ted, animals received DEX'only onca. 'With 
4 ' V , " * * ' * ~ ' ^. 4 — \ 

I \ k ' k , „ 

'exception-of the halothane and nitrous oxlderoxygen mixtures (70% - v " 
k . ' . - ' t -

.*N2O-30% O2) a l l drugs were gjj.ven i . p . A mixture of 3% halothane in 
• " , ' . A ' - '" -" - ' *' 
ai r kwas' obtained, using a Fluotec liark-2'(Fraser Sweatmah inc . , > * 

* \ » 
. * * ' ' . , - l . * . . ' • * ' * 

.. Buffalo, New York). ' The test .cage v/as-sealed within "a p las t i c 
< * , . / * - ' > - > 

' 4 > - * ' • 

garbage bag (approximate* vblume 6-7* l i t r e s ) and the halo thane mixture 
, delivered through ond tube and evacuated through another teube a t , t h e 

v - * • ' " 
t * " * 

bdttpm^o'f the cage such tha-t, the rates of Inflow And outflow were * -" „ 

.matched. *, < , * * t, ' • " 
k , « * *- ' • 

i-lltfoua oxide and oxygen mixtures, were obtained with a 
* k ** 

, , 1 , * y, * 4 i 4 4 ' 

itinet-o-meter manifold (jOhio -Chemical and Surgical Hpiipmant Co., 
- , , ' * , ' 

Madison,-Wisconsin) to achieve a 70/i $iO-W/. 0^ mixture. The mlxttirq, , 

was delivered by a side-pprt to "treely 'moving animals In the t e s t *• • 

-i • / • * * * , ' " • 

, cage se&led with a.plexi-glass cover,at aerate of-150& ml/mln. 'Terr' 
, * * i "* ^ >-

> * * " * 
, minutes was considered sufficient time, to f i l l the 6L volumer0f"the 

" A , 
test cage. In immobilized animals, the Ho -̂O? mixture wasj. delivered 
1 1 i * ' 
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tf i k 

• r 

* . - T * A, * , . * s 

? v * , , *%-.,-• 
f 4 * W . A ' / ' * *. • 

j * 

i 

• " 

"* » 
« * 4, * . ' A ""+ ' ' k « 

Table VI. Criteria**"for Evaluating ̂ Striatal*" Neuronal Responses fb - ,»' 
Dru£ TteAtments -? •* S > , ' A ' v * 

•+• 

Type of Response 

Excitation 

Inhibition 

No* change 
* 

BIphasic 

Evaluation P f r W t e r f c 

Sustained"*-*Increased in f i r i n g 
ra te*gr4a tec than 120% of con t ro l 

i t . 

Sustained decrease in f i r i n g 
r a t e l e s s than 80% of cont ro l 

A maintained"firln.g,r$ft"e .between 
80 and 120% of cont ro l 

* 
Combinations of the above three 

"•"The q u a n t i t a t i v e assignment of "susta ined" was? dependent on the dose 
of a given drug. 



• • . -, * * , ' * ' . , ' Y * "' " 
' • * . ' ».' ' '* - Y* ' '5.1 

j , ^ . - * * . 

through a tracheal cannula using a small animal nesplrator «(Harvard 
*• , ? - ' •> 

Apparatus, Dove.r, Massachusetts). * • * ' • ' . * • « . . v 

- ' * . ' , - -A * - . » - • , 
Immobilization Procedures - , - i -

"" " " ' • •'•••—••"" | . I I . I .—i i - • • • • , • 4 » , - » . j ^ 
• * - • - " -

•* * In animals anaesthetized -with 3% haiothane applied, through a -j 
* * - - A '• *• • " . 

nosA. cone,. the trachea was Isolated, ' and a glass tracheal ca'nnula 
A -. • " ^ - , ' * - * ' , ,," • 

inserted. Animals were then given, a sub^cutane'ou'a in ject ion of '0,5 
"I *• . A* • ** ? • * Y . *** 

ml suqWylcholine (100-mg/ml in 0*.9%' sal ine) ' ana* ventilated "With 70% 
, ' , ' . *" - <* * . " < ( , . 

N20-30% O2 delivered by a small animal respirator." Xy.lt>caifteL 

f, •*"' ^ f * - ' , * „ 

ointment was applied to a l l wound surfaces and warm physiological 
» > 

» t* * * * 

saline applied periodically io'jdie dyes to prevent corneal « 
. ' " -- *" "„ ' * > - ' » 

" ' * • > 

discomfort. Animals were .blanketed with Kleenex and »a circulat ing 
' * , . , * " . A , , 

hot-water pad (Hamilton* Industries,.Cinncitiattl, ," Ohio1), controlled >by 

a rec ta l thermistor (YSI telethermometer, Gorman Rupp"Industries,. 

Bel levi l le , Ohio) used to maintain ,body tampera£ura a t 3? ± 0.5°C. 

Behavioral Testing-Catalepsy ' „ rf « ' . 

* Catalepsy produced by "haloperidol or morphine* vfas measured by, 
-, , •-- " "* " 

determining the amount of time animals remained motionless when their 
« * , . « , •* 

forepaws were placed on a box 4.5 cm hig,h. Readings were*taken every 

30 min. and the upper Hjnlt cut-off was defined as 300 sees of 

catalepsy. Between' observation periods" animals were returned to"") 
, r 

their home cages. The behavioral observations on lesloried animals 
«ere conducted prior to electrode Implantation, l e . , 5-7 days prior 
™ if ' « 

1 

to thf acute electrophysiological experiment. Age-matched Control 
** 

animals were tested with the lesioned group'. Catalepsy data were 
evaluated using the Mann-Whitney U te&U 
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HISTOLOGY " v ( . , , * . 

"Electrode" Placements * «• -*1 ' ' < s . 
• • j * 

( ' ' « - • 

,*k At the"-co,topletionj3f each experiment, lesioning^current was 
. * ' v <* * A •* 

• passed through, the electrode and animals anaesthetized with 
. . k 

*' ' - * 
halothatie. The r ib cage was cut and the sides reflected to "expose 
• '-- ' * " . A . ' fc 
„the' pericardium. An Incision Was made in the right atrium and 50 

» - - ., ' , « 
i . / , - > 

ml of 0.9% val ine ipfused through the apex of the le f t vent r ic le . 
, " / 

X * 4 

•This ,was followed-with 50 ml. of 10% formalin. Brains were stored in-
•** \ k r 

10% formalin until verification of lesions and/or electrode sites 
t 

could be ,made. 

( ' . ' i 

Brains were removed from the SKUIIS and frozen and vthen 
* « 

sectioned on a cryostfat.(Reichert Instruments, Austria) to obtain* 

consecutive 100 um sections. Sections were then examined^on a 

projector microscope and tlie electrode J.esion located. Locations 

were determined"by comparison to serial section photographs In the 

atias'of PellegripO -and Cushma^ (1967). > 
,. ' 

Cortical Lesions 
• 4 ' 

Each lesion was examined morphometrlcally and the placement of 

the lesion aetermined to within 0.5 mm by measurements based on the 
4> J 

„ 4 «, ' 

following anatomical landmarks: 

1. Distance from the anterior-most margin of the .lesion to the 

frontal pole 
2. Distance from the posterior-most margin of the lesion to the 

4 ' 

^erebellum 

^mHpi tance from the medial margin of lesion to the midline 

4. Width of the lesion from the medial jraargin to the l a t e ra l 

* 
i 



/ 

, - * -*" „ c o 
. r . , J * . A - ^ J . J 

1 » ' - ~. 

margin * • _ \ - - • . -• . , 

5. Depth of the lesion in re la t ion ' to the corpus'call^aiki, 

Fimbria-Fornix Lesions " '» > * „ ' * 
, ; . ,, 

r -* < , * • 1 

, Las^ion**placement and depth wete (determined morphometrlgally -. 

,- i ' • * -' .' * Y / - * 
using the guidelines established for cortical lesions and 100 um - « 

\ k . -. » ., » ; 

sections examined for severing of ,thex fimbria-,fornix. ' . „.' 
Parafasclcular-Centromedlan .Complex Lesions ' •» * 
A ' ' . - . . . , -

lesions were verified ..histologically by -examining ser ia l 100 um 

- - ' , v'. • •', \ ' '. ' Y ' 
septlons and determining the lesion size raorphometrically using 'the 

• - - - , i , 
following "cr i te r ia : - * . > * - -

1. Distance from the, midline to the miedial ijia'tgin of the lesion, 

i *i " k. 

. 2. distance from the ovjerlylng hippocampus to, the dorsal-most 

' ' -' ' 
margin of the lesion 

.A . ' 
, 3. Maximal" raedio-lateral width of the les ion > 

flt" Maximal dorso-ventral extent of the les ion " - • 
r 4 

5'. Maximal anteriorrpo'sterlor extent of- thevleslon 
BIOCHEMICAL VERIFICATIONS OF LESIONS , ' 

. . . . i 

Dissecting Technique 
* • II ^ ii, • K m„,k i ( ^ 

-• t 

St r i a t a l t issue samples af ter cor t ica l ablation or nigral 6-OHDA 
• / * - ^ 

k , 

lesions ' * ,, 
\ < '* A , ' * . 

After decapitation, bralna tiere 'removed, put on ice, and 
A - ' - "* 

separated into r ight and le f t halves. For s t r i a t a l dissections, the 

genu of the corpus callosum wa's f Ir^t- located and a coronal cut made 

posterior to" this point. A second cut, f^froxlraately 1.0 mm . 

posterior to the f i rs t -one.resul ted in a s l ice containing anterior 

striatum (corresponding to approximately 2.0 - 3.2 imn anterior to 

) 
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Bregma). /F i r s t , the ventral quarter 6f the s l ice was removed, thus 
- ' " . . . ^ A* * 

/eliminatingvthe nucleus accumbens. Then the. tissue la te ra l and 
4 \ . . . •" 

\ V " " k 
' - 1 1 " * k 

medial to the striatum was removed. Einally, overlying cortex with 
.« > * * } I 

* »-• t ' ' 

the underlying corpus' callosum was'removed,vleaving a roughly square 

,- block of striatal'"tissue ranging In'wet"weight from 10 - 50 mg.* 'The 
" ( ' f ' 

order, of dissection ( ie , right-vs*left) was varied uniformly within a 
i i 

given experiment so as to avdfd l a t e ra l bias. v *• / 
-i , * 

' t • ' 

Tissue samples'oftstrlatum and other brain regions after 
y > - 7 - - C p 

i i n t r a s t r i a t a l 6-OHDA lesions * . 
. ' 1 v 

First, olfactory tubercles were dissected according to the ' 

guidelines of McKenzla (1972)-and tubercles from 2 animals 

corresponding to the lesioned and intact sides were pooled 

respectively. Brains were then halved down the midline and 

V 

individual striatal samples dissected out as described in the 

previous section. Samples of piriform and cingulate cortices 

"corresponding to lesioned and intact sides were' dissected according 

"to the guidelines of Bannon et al. (1983) and were again pool$8 such 

that the material from 2 animals was represented in each sample. 

Amino Acid Analyses 

After obtaining wet weight, the tissue representing an 

individual striatal sample was placed In 2.0 ml of cold 80% ethanol' 

(v/v) and homogenized in the cold with a Brinkmann Polytron 

(Brlnkmann Instruments, Lucerne, Switzerland). One ml of this -

hotoogenate was then transferred to a 1.5 ml Eppendorf centrifuge tube 
I 4 

(Brinkmann Instruments) and centrlfuged a t 4°C a t 12,000 x g for 10 

mini in a Brinkmann micrbfuge. 100 yl of the resulting'supernatants "• 
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' " - k t , , 

were taken for subsequent analys is . ' , •- T ' „' k , - ,-

Few? amino acid .analysis, the niethod of Turnefl and-Cooper (1982) 
1 A ' * '. * ' ' . 

was followed. 100 pi samples* of s t r i a t a l supernatants a t an 
• " " w " - > - - . ' * , / " . . . 

* ' A > / * . -k • 
-* appropriate dilution "were reached pith Reagent A (500 g 07pthalalde-

hyde- in 10.0 ml methanol'-); 90.0 mis. 0.4 M Borate buffer to which was " 
A '•*• * v •-

added 40.0^ul 2;-mercaptoethanol) and applied 1.0 rain after' 'mixing'to 

an OD-5A reverse phase C-18 column (spheri - 5 pra)^(Brownlee Labs, f 

Mi^slssauga, Onti) guarded by a pre-column (Brownlee Labs.) and in ' 
i • • * • • > 

seriesvVItn an HPLC £u"mp ("Waters Asspoiates, Inc . , rfilford, Mas^.) and 
/ " * * 

> i > * 
' •» *• , > i 

an Aminco filter fluorimeter analyzer (Aminco, Silver Springs, 
* '' ' v -i 

tMapyldnd). The mobile phage consisted of buffer of the following 
4, V "k "- > , 4 

composition: 0.05 M itê HPO/., 0,.05 M Na acetate, 120 ml of methanol, 

70.0 mis of acetonitrile and 20 mis of tetrahydrofuran, all adjusted 

to pH 7.5 with acetic acid. T4ie temperature of•* the run'was 
v ~~ ' ' 

maintained a t 35°C within-LC-2 2 temperature controller , 
"* " .. , 

- (Bioanalytical Systems I n c . ) . Flow rate was maintained a t 1.5 ml/min' 

- and the detector set a t 10Q.0,.yhlch was equivalent to the .analog _ ' 

-output of a 10 mV baseline. Runs were carried.,out a t an operating 
k t -k 

' ' ' - " ' * " 
' pressure of 2.5 - 3 thousand p . s . l . Quantification*was obtained from . 

a spe'etraphysics integrator-recorder (Spectraphysics, Piscataway, . < 
1 - * 

. N . J . ) . A typical "chroma to gram i s shown in Figure 4. A repr;esenta-
/ * *v , 

t ive standard curve Is shown in Figure 5; Table VII gives an. index of ' 
v ' ' . > 

the goodness of f i t as 'determined by correlat ion analysis*.! 
' * . 

Dopamine Analysis- ' 

Individual s t r i a t a were weighed* and homogenized .wit-h a Polytr,lh 

in 2.0 ml of cold"o'.l*N perchloric aqid (PCA). Pooled olfactdry 
; * 

' ' *•* A*- \ 
» »V 
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•FIGITRE 4. Representative chromatogram of amino acid separation 

using HPLC arid,fluorescent detection of the derivati^ed 
amino acid. • 
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T a b l e *VII. L e a s t s q u a r e s a n a l y s i s of s t a n d a r d curve c a l i b r a t i o n s f o r 
* s i m u l t a n e o u s amino a c i d a n a l y s i s . . - * <- --

A s p a r t a t e 
( 4 . 4 ) 1 

2 r ' = tf.9998 ' 

3 y = l ' .4382x ' ' 
+ 268 .8 

Glu taraa t e 
1 (5-.4) ' 

- © = ,0.<9995_ -

y = l , 3 5 1 . 3 x *' 
+ (-4-.195) " - , 

" ' * * 
Glutamine . * f GABA 

(13) . - ' / ( 2 0 ) A ^ . 

E ' = 0 . 9 9 ? ' , ' j / = 0.999 . , „ 

y = --2.023x. /".- y = *l,255v.6x ? 
+ 2T7;039. '7/ - + (-3,393') -

J—n x / , ' k_ 

••-nnnrber' i n p a r e n t h e s i s under, each amino a c i d j ^ t h e r e t e n t i o n " t ime 

0 * " ' J* \ - • ' . — x " . ~ l 
4 r = c o r r e l a t i o n c o e f f i c i e n t , ' k ,_ 

* -:' - - • • - ' • " ' ' . • *• . " . . . 

* * 3y - e q u a t i o n * o f l i n e ( s l o p e x. " + . y - I n t e r c e p t ) ' - . - Y ' 

"S 

»v. 

,1' 

OO 
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tubercles , piriform or cingulate cortices were sonicated In 250, pi of-

0.1N (Sonlfer Cell Disrupter, Model W185; Heat Systems and 

Ultrasonics Inc . , Plalnvlew, N.Y.). 

All sarapl&s were then centrifuged a t 4°C a t 12,000 x g for 10 -
i 

rain. 750 iil~aliquots of the supernatants from s t r i a t a l and tubercular 

'samples and 150 ul-al lquots of the cor t ica l samples were frozen a t 

-70°C u n t i l HPLC analysis . , t 

V Dopamine was quantified using HPLC with amperometrlc detection. 

20.pi aliquotS'Of PCA supernatants representing the various t issue 
• * , * ' 

^samples or authentic standards were applied to a Lichrosorb RP-13 (5 
- 44 

lim),column hooked in series to a HPLC pump (Waters Associates Inc . , 

Milford, Mass.) and an amperometrlc detector-(Bioanalytical Systems 

Inc . , West Lafayette, Indiana). The mobile phase conslstea of buffer 
Jf 

of. the following composition: 0.1 M Na2HP04, 0.1 M c i t r a t e , 0.1 mM 

EDTA and sodium octyl sul fa te , 100 rag/1. pH was adjusted to 4.0 with 

NaOH. 

\ Flow rate was set a t 1.5 ml/mln a t an operating pressure of 2-3 
\ 

thousand p . s . l . fhe detector potential was set at +0.70 mv with an 

• \ offset of 0.004-0.006 and the sens i t iv i ty a t 2-5 na/v. The analog 

outpu^ of the detector.was recorded by a Kipp and Zonen BD-40 

recorder (Amsterdam^ Netherlands). A representative standard curve 

* \ . ' 
i s shown, in Figure 6. 

* i 

r 

S t a t t s t i d a l Analysts 

Right- lef t differences were evaluated usiifg the paired t - t e s t . 

, Comparisons between groups were examined using the unpaired t - t e s t . 

' * % 



60 

-200-1 

150-

100-

50-

0 "I I I' 
05 
0 25 

<\ 

Jt 
125J D'OP.AMINE '( ng ) 

A representatiye standard curve showing the relationship 
'of peak height to'dopamine concentration as measured by 
HPLC with electrochemical detection. Each point represents 
the jnean -± SE!I of three replicate determinations at each 
concentration of dopamine, r (correlation coefficient) 
=. 0,98. • ' '- . . . . -



Rfeceptor-binding Studies ' ^ . ' " , " „ 

/ * ' . - ' r -
Preparation of Striatal P? Fraction i - , 

y »-
, , v k 

Str ia ta ftom sham-operated and b i l a t e ra l ly . co r t i ca l ly ablated' 
,. ' , 4 4 

- I 

animals were dissected out as described previously: Striatal, 
i A ', * A 

Samples, representing each "group were pooled, weighed and homogenized 

in 10 volumes (w/v) of cold 0.32 .M sucrose with 1-0 strokes of a 

Teflon pestle homogenizer. Tlie resulting homogenates were then 

centrlfuged at 1000 x g for 10 min at 4°C» The supernatants-were, 

decanted and then centrlfuged at 15,000(x g for 20 min'at 4°C,. The-
* ' -

pellet, representing a crude ̂ synaptosomal fraction (P2) was then 

rasuspetfded in 0.3--2 M sudrose to give a solution containing 200-3/00 * 

ug protein per 100'pi. - „ ' 

Binding Assays . '„' 

The general protopol followed in the binding assays is given in 

Table VIII. Each binding assay is described separately below in * 
1 * 

terms of; type of "radioligand,, displacing agent, assay buffer, and 

conditions of agsay. ' -

a 

Opiate Receptor Binding Assay < 

Radioligand: L3Hjmet-enkephalin lTyrosyl-3,5-3H(N)]-enkephalin' 

(5-L-methlonlne). Supplied by New England Nuclear (NEN), iJoston, 

Mass. Specific ac t iv i ty . = 30.5 Ci/mmol. Radioligand concentration 

was varied over the concentration range 1.6 - 55.5 nM. 

Displacing agent: Methionine-enkephalin, lO--' nM. 

Assay' buffer: Sodium-free buffer containing 5 mM HEPES (pH 

7 .6) , 0.32 M sucrose, 0.5 mM MgCl^, 0.5 mM CaCl2 and 10"5 M 
w 

puromyclni Puromycln, an aminopeptidase Inhibitor, wa« included to 



Table VIII. "Protocol for Receptor-binding Assays 

. -Tubes 

1 2 - 3' ,_ , 
- displacing agent .* .,. • 
(Total- binding)3 ' 

Each tube-contained: " 

.700 pi buffer , - - / 

100, pi of appropriate solvent 
used to dissolve displacing 
agent' '~g 

e - * f 

100 pi of radioligand at the ' 
appropriate concentration 

t , 
~ 100 pi of corresponding 

striatal P~2 fraction ' , 

4 . 5 6 * , •• 

+ displacing *agent 
(Non-specific binding)-1 " >' 

,Each tube contained: 
4* - "" 

i 700 pi buffer ' • .. , - , 

"100 pi of solvent containing 
"~ a kadwn doncentrat ion ,of . 

d isplacing agent^ _ 

JL0& pi of radiol igand a t the -. 
appropr ia te concentrat ion 

-„ 10i© p i of corresponding 
s t r i a r t a l Po f r ac t ion *-

,bSp'ecific Bidding = Tota l Binding -v^Jom-specific Binding 

• • / , ' . 

N5 
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prevent degradation of Met^enkephalin. Buffer was kept sodium-free * 
f * J k -! » 

* "7 ** „ * a , 
because it has been shown that tlie presence of sodium significantly 

• t - * 
decreased specific binding of Met-enkephalin (Law ,et al*. , 19J4). 

•» » - * * 

Conditions of assay.*1* The incubation mixtures (1000 ulHotal 
• ' > • * -, 

, volume) in silanized tubes "were Incubated at 30°C for 20 mln in a f 

4, 

shaking.,water bath'(Gallenkamp, England). "The bound radioligand was 
•* » 

separated" from the free by rapid fil tr-atlon under vacuum through -6F/B 

(Whatman, England) glass fiber f i l t e r s A Both tubes and f i l t e r s were 
* ' * * • 

rinsed with 2 five ml aliquots of ice-cold 5Q mM Tris-HCl buffer (pH 
f 4* 

\ 44-

• 7.4), and'whgn dry placed In mlni-sc lnt i l la t lon v ia l s (Beckman Inc . , 

'A * 
'Fuklerton, CA.) to which was added 7.0 mis of Ready-solv f luor. 

* * * . - * - "" 
Dopamine Pi Receptor Binding 

^Radioligand: -*'L3H]ADTN (2-[5,3-3Hj-amiho-6,7-dlhydroxy-l,2,3,4-
» "*! 

tetrahydronapthalene". Supplied by-NEN. Specific activity = 26.1 Ci/ 
*" ** M 

mmol. Radioligand was diluted to a specific activity of ** 

A i ' * 
approximately 300'dpm ptool"! with non-radioactive ADTN. Final 

4 J ' ' 

* " . . . * * 
radioligand'concentrations lay in the range of 0.4 - 10 pM. 

i . * * y k ' * 

Displacing ^agent: dopamine, 10~3 II.* •< "* 
* , i *• - ^ i i * * 

Assay buffer: Puck's, Diasallne solution containing *5 mM-HEPES 

(pH 7.6) , 137 mM NaCl, 5 mM KC1, 0.17 tall Na'̂ iiPO^ 0.22 mM - K l ^ P ^ ,6* 

' * Y ' ' - * 
mM glucose and 59jinM sucrose.< , ' * *, ** 

-. Conditions'of assay: Incubation mixtures (1000 pi to ta l voldrae) Wt 

in 1.5 ml Eppendorf mlcrAfqge tubqs were flHbate'd a t 30°C for 30* mln . 

, -- +• * • * * -V. 
in a shaking water bath. Bound radioligand'was "separated frOia the "^"-x 

" * * , a 
, free.by'a 5 rain centrifugation a t 10,000 x g. Pel le ts wefe wash£3i / 

. ,Y* ' ' . - • ' - / ' • V^~* 
with ice-cold Tris-buffer, resuspended in 1% Triton x-100, , •"I 



A r ; . AAA - ' " " , • . ' " " " - .A - H • • - ^ 
•A A / A • *. "• " , •'* r r- ' • "' . " •_*-

•'* A * *• ' '- ' transferred to-mini sc in t i l l a t ion v i a l s , and 7.0 ml »f Ready-Solv 

* •' *" *. „- ""-. - A - * / * ° ' " * ' * 
-, '•* V • , «. a&ded. , 

" A' • » - A - -" ' " *• 
* . - • - " . •> « - Dopamine By. Receptor Binding 
V." A 4 * Y • - - * *. A - " 

A ' ' Y ' * ~ * A ' * Radioligand: [3Hjspiperone (benzene ring-3!!).. Supplied by 

"• *' - .*•**•" . NENr Specific activity .31.7 Ci/mmol. Radioligand concentration was 
* „ * 

. „ • • * » , , * 

- » » . % va r i ^c l -ove r t h e r a n g e " 0 . 2 - 12 .0 nM. 

/- „ , , \ l>lB"placlng a g e n t : d o m p e t l d o n e , 10"- ' M d i s s o l v e d i n 1.5% * 

. *• "" " *!fc * 
* A ,*, X , ' * • " « • ' t a r t a r i c acid solution* In a volume equivalent to 10Z of^the final 

" ' A •* * - * - -
'» * ' s . * . * 

' i . f ' Idcubation mixture. 
, » » " * t - , • _ * k 

•*- * -k J - - * 

>- ' - Assay "buffer: Puck's D^ saline solution. 
* ** k .* t . " •* 

; Conditloas of assay: Incubation mixtures (final volume 1000 pi 
44 r 1 • t < 

' *" A * J. 

* » '"' in disposable glass tubes were Incubated In a shaking water bath for 

,t j " »j 30 mln a t 30°C. -*oundiand free radioligand were separated by vacuum 

* - * f i l t r a t ion through Whatman GF/B f i l t e r s and tubes and f i l t e r s rinsed 
'' - • , twice with 5.0 ml allquots of Ice-cold 50 mM Tris buffer. F i l te rs 

» J- i , -
* ,' 

were placed in mini-scint i l la t ion vials and 7.0 ml of Ready-Solv 

* * " added. * 

CQjjntlng of Samples and Analysis 

' * ,' „ Radioligand concentrations were determined by counting 
' 4 < * * 

- t r ip l i ca te allquots of radioligand at each of the concentrations used 
• A ' 

t "- ** 

- A t 0 es tabl ish binding Isotherms. All samples were counteaVin a Mark 

** A ' « " H i liquid sc in t i l l a t ion spectrometer (Searle Analytic Inc., 'Des 

* Plaiaes r 111.). Efficiency of counting was 30-35Z. Counts/mln (CPM) 

were, converted to dlsIntegratlons/raln (DPM) using the standard . 

1
 t * 'channels ra t io (SCR). Data were analyzed by Jjhe method of Scatchard 

1 - (1949)*, plotting Bound versus Bound/Free. Protein content was 
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determined by the'ftethod o£ Lowry e t al. 4p51). 
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/C -V 

St r i a t a l MUA In Freely Moving Animals t * • 

Examples of action potentials ,In a multiple unit recording from * 

s t r i a t a l neurons in freely*moving animals are shown in Figure 7. 

Inspectlpn of these records shows that these are typical extracellular 

action p o t e n t i ^ s - biphasic and assymetrlc about the- zero potential 
' * * •* 

line-and having waveforms leas than 0.5 msec duration. Passing*a 

lesionlng current through the electrode resulted lnyimmedlate 

disappearance of neuronal action potentials (Fig. 8 ) , thus 

establishing that the waveforms observed were not artefactual,' ejg. 

arising from recording-lead or muscle potentials. 

Changes In MUA Following DgX ' " 

' A representative experiment showing the response of striatal 

neurons as well as behavioral changes to DEX, 2.5 mg/kg, are displayed 
• i ' 

in Figures 9 and 10. Pooled data (N»5) showing the variability In the 

tespons-es to DEX, 1 mg/kg, are shown In Figure 11. At a dose of 1 

mg/kg, peak "Response, .representing 130.2 ± 1Q.75. of control (mean ± 

SEM), was reached between 19 and 32 mln. after Injection. Discharge 

rates were no longer significantly different from pre-drug control 
v 

values by 88'min. af ter drug.* * 

At the higher dose of 2.5 mg/kg a peak response of 171.8 * 19.7% 

of .co,ntrbl (N«5) WOT reached WtweAa 34 and 64 m-ln. af ter DEX. As the 
* . " * . » *- , 

drug-Induced neuronal activation decii'ned, discharge rates became 

jprQgresslvely more variable '(Fljj, 12). However discharge rates were 

s t a t i s t i c a l l y Indistinguishable'' from1 pre-drug control values by 164 

r 

/ 

f-' i 
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I 
FIGURE 7. Oscilloscope traces of striatal MUA recorded from" a 

freely moving animal. The last panel depicts an 
example 'of the criteria used for discrimination. 

•itmm. 
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FIGURE 8. Effects of ,lesioning currents'on potentials'recorded 
, from the striatum of" a freely moving rat. Upper and 

' 4 lower traces are, respectively, the analog odt^ut of 
the activity monitor "apd—the polygraph record of the 
discritninatpr output fSjulses expressed as spikes/min. 
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A representative experiment -showing the characteristic 
excitatory response of striatal neurons to DEX. Peak 
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FIGURE 10. A representative experiment showing the effects of 
. DEX on behavior (upper trace) and striatal multiple ' 

unit activity (lower trace). Both behavioural 
\ activation and striatal neuronal excitation were 

maintained for approximately 200 minutes; -. * 



73 

140-1 

130-

g 120H 
I— 
;-* 
o, 
° iio-H 

* * 

o 

100-

90-

8P-

T " 

t 
DEX lmg/kg 

- n — • , , , — , , , , , » _ _ , 

-32 -16 0 16 32 48 64 80 , 96. 112 

TIME (mm) * 

/ 

FIGURE 11." Striatal neuronal responses to DEX,.1 mg/kg in freely 
moving animals (N=5). Mean spontaneous MUA was 
9538 + 2127 spikes/4-min. *p = < 0.05, SNK test. • 
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min. after DEX. Throughout this study, no differences, in raeS|T 

spontaneous .IUA or peak response between left and right sides could be 

demonstrated (Table IX). 

In. 10% of all animals, the striatal response to DEX was not 

Excitation. Table X summarises the Incidence of various response 

* , * patterns in freely moving animals. 

Effects of Anaesthetics and Analgesics on MUA 

\ • , 

* Before attempting immobilization studies, a suitable analgesic or 

anesthetic had to be identified which would, on the one hand, reduce " 

•» « 

the pain and s-tress accompanying Immobilization procedures, but.OR the 

other, have no effect on spontaneous or DEX-induced HUA. ' To this end, 

several analgesics and anaesthetics, commonly used in 

j • • electrophysiological s tudies , were] screened for their effects on , 

s t r i a t a l >1UA. . 

Halothane 

Pooled MUA data showing the effects of 3% halothane are depicted 

In Figure 13. In the first 3 min. following introduction of 
t 

halothane, animals underwent locomotor hyperactivity, with no change 
in striatal neuronal firing rates. As animals .lost'the righting 

/ * 

ref lex, s t r i a t a l f ir ing rates declined, reaching a maximum depression 

.of 90 ± 4;.5% (mean ± SEM) of control . Thirty four mln. af ter 

discontinuation of ijfilothane, discharge rates were no longer 

s ignif icantly different from pre-anaesthet ic control -values and a l l 

" -anlnialar'tfegalned their righting reflex. . ' 

Pentobarbital „j 
' ? — , * 

j ^ " " Pentobarbital 's (35 mg/kg) effects on MlfA were similar to 
' • " . \ ' 4 . ' t * ' ' ^ 



/ 

Table IX. Comparison of the Spontaneous MUA and Peak Responses to DEX, 2.5 
mg/kg, Between Left and Right'Striata of Freely* Moving Rats 

Spontaneous MUA* 

Peak response-^ 

Left (n=19> Right (n=10) Pooled-

5554 ± 667a * 5594 ± 1660 5574 ± 702 

183 ±~8.7b - 188 ± 25.7 185.5 ± 10.3 

^•Spontaneous discharge rates of striatal neurons were 
determined by obtaining the,, mean ± SEM of the eight 
consecutive 4-min counts Immediately preceding 
administration of dexamphetamine within each experiment. 
Me'an values obtained In this way were then pooled and the 
resulting mean ± SEM expressed in this* table. This 
convention is followed throughout this thesis. 

2 Peak response was determined as the maximum Increase in 
discharge rates following drug artd expressed as 7. of control 
based on the mean obtained from averaging the eight consecutive \ 
4-min counts immediately preceding drug. Values.obtained were 
then pooled and the resulting mean ± SEM expressed in tjjiis table. 

v. This convention is followed throughout -this thesis^ . 

a,bNot signficantly different from the right side (unpaired t-test). 

«ft 
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Table X. 'Summary of Striatal Neuronal Responses to* DEX in freely 
Moving Animals, 

D6ae of j)EX (mg/kg) 

Excitation 

Inhibit ion 

No change, 
* 

Biphasic 

1.6 (n?5J 

5 I 

0 

0 -

0 * 

2.5_,(n=33) 
HI-in i m . i ' » - . i i - - i 
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' -' * , 
halothane,-with.dtscharge ra tes reduced to 5.7 ± 2.1%*of,control (N=4)> 

A ' i ' . ' t 
by 20 mln. after drug (Fig. 14). However, 'pentobarbital-induced 

r ' . -
t 

depression "of neuronal" firiag was more protracted than haloth&ne, 

lasting 140 ̂ nih. • _ . - , 
v » •> *• 

k *> 

Ur ethane- „ 

Urethane, 1.5 g/kg, depressed HUA to 9.3** 3.62 of control and 

remained depressed, L . Q , . below 25% of control, for 3.0 hrs (fig. 15): 

' y > 
Animals did no,t recover the righting reflex during-this .time. 

4 ' ' 

Chloral Hydrate 1 T ' , 
Chloral hydrate, 40O mg/kg, depressed MUA to 5.2 ± 2.7%" of ,' " ' 

4 * 

*> control (Fig. 16). Peak depression occurred 8 mit)..' after injection • 
4 I 

and essentially no recovery was evident, by 3 hrs. Animals.did not 
«- » i . • '"'-i ' 

• A' -'* * 
recover thei r -rlghting&lreflex. 

' i 

Morphine . > 
4 • S 

The dose relationship between mprphine and MUA is described in 

Figure 17. Whereas 15 mg/k'g produced a peak depression of striatal 

neuronal firing of 44.3 ± 6.2% of control, 5 mg/kg did not 

significantly affect discharge rates. Depression of firing rate » 
• t , 4 

A 

following 10 and 15 mg/kg morphine 'was accompanied by catalepsy. In a 

separate group ,of animals, morphine, 15 mg/kg, induced'a cataleptic-

response, the time coxir^t of which paralled the depression of MUA 

(Fig. 18). The depression of I1UA produced by 15 mg/kg of morphine 

' ' ' * v 
were immediately reversed by 10 mg/kg of naloxone (Fig. 19]^. The 
catalepsy was *also "rever 

Ketamine 

sfed. 
. \ . 

/ 

•% * 

Ketamine, 50 mg/kg, activated s t r i a t a l 'neurons resulting in a 
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V -
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i 

1 

' , A ^ ' ' '" * ' 
• ;. ., •» •% v A • < • V" *»• • • , * , -

, „ , peak increase in M A of 236.4 ± 27.3% of control (̂ |n ± SEH) (Fig :r51 ( 4 
20). Wi»t.i the onset 'of ketamitje action, animals^underwent a period of • 

- . • ^ „ 

Intense locomotor ac t iv i ty which appeared to subside as peak neuronal 
* * * * • , 

response was-approached. As IflM" returned* ,to control values , 'a second 
i , * . * •" * ' a . .<*** 

episode of marked ,locomotor ac t iv i ty was observed. Neither Jketa^ina-, if' 

" ' * I " * ' - *.' ' . " "' * ' « *•' 
induced excitation of V t r i a t a l neurons nor the" locomotor* response to. > * 

v , , - * , " " " « " ' » ' : s, A 
kee&miJip̂  were reversed by 10 mg/kg naloxone (Fig. 19). . <s 

- f " - *"• , 
"' Nitrous oxide 

•• Administration of nitrous oxide-oxyjen mixture (70% ^0-30% O9) r " ***, 

. ' -to freely.moving animals/ did not significantly a l te r spontaneous 

\ A"- ' . '.'" * / , - " * * . '-
disbliarge rates of s t r i a t a l neurons (Fig*.'21). Howeyer,_the 

"* '' \ • ' V ° 
., ,. variability of baseline firing did Appear to be*increased as compared 

* - ,• . . • ' . A , . , . , i - , ?; -
I ' - • . ' * I 

' ' ' to 'control animals. •• • . « * . , , ^ 
* ' * • '** . A t ' ' ' •» 

9 t • J ' During tlie administation of this gas ijixture,; aniaflls appealed 
A ' A * * ' ' A *" ''•*"'. 

"A **> behavio-jrally normal, , - <? , A \ - ' 
-" ' ' - VV '" *' • 

•>*• * "A - - Effects pfiloEphlne a-nci Nitrous Oxide'on tfie Striatal 'Neuronal 
1 , a * •* * v **- * < * 

', ff v 4* . ^ 

* . Since halothane, pentobarbital.,, keXaftine, chloral hydrate atvi 
* ' *° •• 

urethane "all'produced marked a l tera t ions , in"4-1UA aftd behavior,N only 
j , * • * ' , * ' , ' 

A . , • ' " • , A < ' « « * 
"morphine and nitro^is^xide were-studiedaifurther for effects" on DEX 

" " • * /A ' n • • ; , • • ! • ; v -
*'iV, / , responses. \ , / ^ ' ^ / _ , " \ 

% 

Llorphlne .V.: * 
~ tlorphine pre treatment, 5 tng/kg (N=3) *or 1̂*0 fflg/kg (N=2), , 

' A ' ^ * ' - -* * 

' in terrupted the. notmal s t r i a t a l ; resportse to D&% (Fig., 22) . In neither 
- », ' • • • 

, -iflstance did DiiX produce a sustained Increase in MJA. On the *-

A "%" 
. contrary, MUA ̂ fter t)E3i never excee'deq pre-morphlne control values., 

* ' ' '" ' " * 

' A * 

C 



- "FIGUfeE 21. A "comparison of the effects of ni'trous oxide (70% 
N2jD/30% 02} on spontaneous MUA iti freely moving , 

* „' ' (a—o; N=5) and Immobilized animals (Q-—D; N=5J. 
At the arrow -saline* was given.' Mean spontaneous MUA 

"* , - . was 6722 ± 1511 spikes/4-min; mean spontaneous MUA 
" • . (MM) was 6462 i 1337 spikes/4-min,. , ' l 
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spontaneous MUA (5 mg/kg; N=5) was 3361 ± '893 s p i k e s / ^ 
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>» . 

Following either" dose of morphine, animals became quiet but not \ 

cataleptic'at the time of administation of DEX.'-Nevertheless, all 

• animals responded to, DEX with behavioral activation. 
' . -

Hitrolis oxide - ' » 

UEX,Tk mg/kg, in freely moving'animals and in the"presence of 70%-

N20/3G%*U2J produced a normal excitatory response, reaching 129.3 t 
1 , a 

' 10.9% of control (tf=5; Fig. 23). For comparison, untreated animals 

'gave a mean 'increase of 130.2 ± 10.7%. S t r i a t a l discha'rge rates 

returned'to pre-drug values by' 38 mln. Again, the behavioral response 

to this dose of DEX was not different from untreated animals. ' • 
4 * 

** i 
, ^ i *• •*• « 

affects of Immobilization on the Response .of S t r i a t a l Neurons to DEX 
'' * ' ' 

dean spontaneous HUA in»Immobilized animals was not different * 
, compared to ,JUA in* the same animals while freely'moving or while » 

freely moving with nfttfous oxide (TableAl) . 'However, L>EX 1 mg/kg, 
1 4 •-^*A 

* -did not" induce an excitatory response in the striatum when 
' ' ' 4 ' i 

«U.readministdred.to" .immobilized-animals 48 hrs. after an- i n i t i a l t*rtal . JL *• • * 

m 
with UEX while freely moving (Fig. 24)." -

'- \ ' - '.' * 
fo Test -the higher Jose, 2.5 mg/kg, additional animals were again 

tested as freely moving and r,etested as immobilized 48 hrs. later. 

There was no change "in spontaneous i-KJA- between experiments, i.e. 5838 

± 1030 ppikes/4 min.'̂ vs. 66t*2 * 1110 spikes/4 min. However, at this 

dose of DEX, striatal neuroiis showed a multiplicity of responses, 

ranglnfP̂ roia excitation (.N=»4) to inhibition (N=3) and including no 

chahge (N=5) as well as blphaslc responses (H=*6) (Figs. 25", 26,* 27, 
* * J 4- ' 

-and 28). No differences ware found between animals which were • 
"I t • 
immobilized without a previous -UEXt challenge (drug-naive*animals) and 
' • * , ' • ' * . ' 

those animals receiving two l)EX treatments (Ta'ble %II). 
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Table XI. P a i r e d Comparisons of- Mean *Spontaneqiis MUA under Dif f ap&nt Exper imenta l "" 

.Treatments 

Trea tments be ing Compared 

1) A F r e e l y Moving 
* vs 

F r e e l y moving i n 70%N2Q/30%02 

,2) Freely*moving Ih 70%N9o/30%0% 
i ». * " - * 

•* • vs «• 
- * -if "*" 

Immobilized and fcespiredr w i th 

Mean spj .kes/4-min jLa'terval"1" n * S<E<D.» Sigfti'f-icance** 

470% N 20/302 0\ \ -

3 ) F r e e l y mdj/tng ," 
vs. 

Immobilized and r e s p i r e d wfth 
703? N20/,30%_O2 ? 

6941 *± 965 

6787 ± 951 ^ 
+ 

9829 * 1795* 

'9070 ±1576* 
•» > * 

i* 

6205 * 696 

6966 ±*1021 

7(6) 184 

B(8) , 243 

8(8) 400 

.j., •• 

U.S. 

N.S. 

\ -

N.S. 

A _ * * 
' TNeurcgial a c t i v i t y I s "feXp'^essed as , the mean spontaneous MUA. 

• > * "" * * N" * ' « / 
n =• number of recoBdingstusftd for comp^rjson; number cSf an imals i s 

i n d i c a t e d In p a r e n t h e s e s . . * » ./• A -
k ' . ^ . * < + i-* * • . t - v *. 

*Standard e r r o r of t h e d l f f e r e n c 
**• . '; \yt *• " * > * 

* * S t a n i s t i c a l d i f f e r e n c e was p o t observed between a n y of the condi t lante Xp^O.05) , ' 
a c c o r d i n g to tlra 2 - t a i l e d S t u d e n t ' s t—test foe pa i r ed O b s e r v a t i o n s . 
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FIGURE 25- A comparison of striatal neuronal responses ta DEX in 
* Ohe. same animal during freely moving (FM) and 

' immobilized (IMM) 48 hrts'. later. In this instance 
- the response in the immobilized animal consisted of 
excitation. Spontaneous MUA (FM) was 8367 ± 750 
spikes/4-min; spontaneous MUA (IMM) was 5416 ±'429' 
spikes/4-min. 



( * 
9 5 < 

* % 

* \ 

i, O 

O 
o 

O 

'200n 

18D-

160-

140-

/l20-

100-

so-
. , 60-

40-
DEX 
2-5 mg/kg " _ - , M 

•i r '•' i""." " T T 
0" 40 

-* 

80 l2'0- 160j 200. 240 2.80 

TIME1 (mm) ' ',. 

FIGURE 26. A comparison of striatal neuronal responses to -DEX , 
in -the same animal dVing^ freely moving (FM) and . 
immobilized (HIM) 48 fits.* later. In'tluft -instance 

* the response to DEX m the immobilized animals was .. " 
Inhibition, Spontaneous OTA (FM) was 4891 i 134 &nd • 
spontaneous MUA (IMM) was 4272 ± 1*68 spikep/4-min. 

k 



96 V 

/ 

-J 

< 

—1 

o 
PS • 

Z ' 
O 
o 
LU 

o 
^ 

I8O-1 

-160-
, ••'*<" 
-140-

120-
. 
100-

8D-
- 1 

60-

',40-

FM 
— A I M M 

OEX *. 
2.5 mg/kg 

' "0 
. -A 

40 80 

"* 

; . , 1 2 0 

TfME (min) 

160 

FIGURE 27. A comparison of striatal neuronal responses td DEX ,in' « 
the same -animal during frglly moving (FM) or 'immobilized 
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t
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Table XII. 'Summary of Striafca£ Responses, to DEX„ in .Immobilized Animals' 

t ' 
t 

4Tbtal-Bjecoi;dMg > • tf'-
Dose" of DEX' "Excitation ' . Inhibition No" Change- ^--Biphasid , Sites (n)" . - . -V"T—^ J-

•;" * - -. A -* ""* "' - • - <,~*~^ r*~ =- . — ' ; -*-" - ' - A w ? 
„ = * v *«* * 3 J ^ " ^ > W t * , ^ V - V 

ijag/kg_ 
(N=4')' ** * 

* . • A *- • 
k *• . ., ' - - - A - " '' - - i ' , • . - - ?** t 

Drug-Salvfc,, * - - - - 2 * " *. 1 - . * - A A r ' - ' 4 , * <N=6> 

" * , . - " " - - ' '. . • ' - - A, 
.Drug-Experienced3 - . - - 2 v - ' . A 4, - '* * - - -. 6 A'- '*" - » 

A - . , A ^ , ' - , > , " " . ~ * . " I - .» > „ =, , 
- . . '<• k - " ' " - * A * - - k 

* * . - * . . A - - ( ~ - - - . . ' *", - -«5-k, . "' 
2.5 rog/kg , . - - . - , , • s "-

. ~ - ' i . * ' * . - , • " * < - *• y " 

Drug-Naive* 3 *" " . 7 * ' '6*- " 4 * * - - 20 '• "* ' » 
CN=13) " ' , ' , , *. A . "A* <*A - ..- c ' A , v * 

Drug-Experienced* ' - 4. * ' . 3". - , t ,. 5 • 6 A • " -IB , ' V , 
(N=ll) i 

aAdlnials f i r s t 'tie sted with DEX <2.5 mg/kg i .p . ) -du fate- freely moving A . -* 
state»"immebi\ized 48 hr" la te r , .and tested a second time, with the same' < 

" / dose of DfiX. » ' - - - ; , , *•'"• •• 

N -=.number of'.anlmals^ * *t A ' '' ~ J
 s 

-*X2-square anaiysis.'showed ao significant differences between the two groups '(p>0.05) , 
of anlmals4 -"* - •* 

c 
CO 

•» * S, s 

* 

/ 
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Table XIII" demonstrates that the respon&e of striatal neurons to)" > ' V 
, • . * * -" ^ 

< i j * - k , * j 

^,' DEX, ei ther freely moving or fmmoblllze'd animals, was not modified by 

the previous-adminlstVation of DEXS, Lastly,, ln_^.'mmo\ilized animals 
" '" , . ' * . * -< i "' «» <• * " " ' "i 

receiving'DEX,- 2.5 rig/kg,'and where no.- change In s t r i a t a l neuronal 

* discharge rates could be detected, this lack of change was - • 

r-BtlngutshabXe "from immobilized*'animals that had received valine 

0 (Fig, 29); I { t > * 
t ' „ /- ** 

. Hoover, neurons In these immobilized', saline-treated contrql 
„ A , . _ . ' ' » * , \ % , • ' A ''. 

animal^s fi l l" responded to ketamine, 50 mg/-jsg, with excitation (Fig. 

' 30).« - c * r , 

r 

• ' * DEX Responses in Cortically Ablated Animals " 

t * Unila'teral Ablation "* - ' * -, , A „ .. 

I - * ' ' ', ' '~ ' " - ' ! *' A *'* 
I A 1 The behavioral response to DEX", Z.5 mg/kg, was unchanged 21 days ', ' - * * . 

. * v • * " * • ** ' - ' - . . « . * 

- . , • -1 , - - < - -'following •unl&teral cort ical ablation (Fig. 31),." Spontaneous MflA of ,*; ' * « - . - * 
' ' i «, . * *" * * - , ' 

' leslofted anlrtfals was significantly ^eereased'on ,the lesioned as ,* ., , ' , : *• , \^ 

compared to,'the Intact side in ,animals ^ i th frontal buAnot parietal- -

lesions (,TaBle XIV). Striatal neu*roqal,"resp'onses on both lesioned and 
i ^,. ' . ' * . '* A \ - . * • 

' intact sides no longer consisted predominantly of excitation.V The 
r * , * * , « \ k ' ' 

* " . . < I ' * 4 \ ^ • l ' * * 

, -{various response patterns of s t r i a t a l neurons were not unlike those, 
I s •* - I s , , 

, * ' ,. seen In Immobilized animals and' are depicted in Appendix I, Figures, 
/ ' .'71, 72,-73 and- 74, On ,the lesiofied side the Incidence of exclfa.tl̂ fft 

' ' ' * ' ' *' ' < - \ '''.'",' ''" *'/'"'*' A ' 
' * < was reduced to 35*% of all ot-servation's (11/31) whereas the incidence 

,. • ' , i . . . ' • ' A * , '. . 
- ' of inhibition increased to 48% (15/31) (Table XV), . - ' - '.,' 

I ' 
- ' * - , • * V "* ' ' , 

~, • Of the 11- out 'of 31 ablated animals'ln^ which dctiv^ticyi ,w,as sefen 

1 ' t ' ' o n the lesioned side, 5 of the eleven showed peak DEX responses'which 

-' , * ' 'were significantly, less ithan normal animals (Fig. 32),- Spontaneous/ 

/ 

ltly. less it! 

#••: I' 

» -



Table XIII. Cotiipafison of. Successive DJSX Treatments In, the Same »Animal V 

#: 

Paradigm 

DEX,. 1.0 mg/kg l.p.5- 24 hr . 
apart; freely moving -under' 
7031 K26/30% 02 In each atrial. 

DEX, "2.5, mg/kg i:pA48 hr 
- apart, 'animals- freely'jaoving' 
in 1st t r i a l and Immobilized 
In 2nd t r i a l 

Peak^ RespoaseA^ of Gonprol-)a 

1st t r i a l " 2nd t r i a l *- tf 

'158.-5 ± 6.7** . -160.3 ""= 12.9** 4(4) 

S.E-.D.+ 

135.2 ±,5."3* • - 139 ± 4.4** • 5(6) 2.7 

8.8 

Peak.response is defined.As tH§ maximal increase In striatal* ". -'a -» -A. 
dUA' activity followiag DEX. " . " ' * - - , T ' ° „' * * „- - -" A \ , " •.tivity fallowing 

* . " " I k » " .. 4 # ' 

„y • '-IT refers to-number of animals; .number, of, elfectrode sites Ih , '" - v 

_ ' parentheses. * - * - . . " - * » A " *A , >, "% 

-^Standard esror of the difference. \ •- * " - , „, -
» i. * * ? 

- **Pe~ak responses weire^ot: s ta t i s t ica l ly different as -evaluated by the«2-taj.led-
Student,' s t-J;est for pair'ed observations (p>0.-05),* r - * „ - » . ' 

k - - . . * ' ' * • , . - " . ' * * . 

-*» 

o 
* a 

* 4-



ft rf - I , t » n 

* -. - * l \ * A • ' . , . * - > < ' 4 ' ' ' . 
. 7 '• - FIGURE 29. No change responses 'to D&K in immobil tared anirials, C 

„ , • , * ' -' (A—A; N=5) as-compared to Immobilized animals ' "'*•'' 
' '" -• ' •, receiving sal ine only flr|; tyVj). Mean spontaneous ."-

' , r -MUA (no change gtoup) 6300 A657 *spike#/4~fBiii;'mean-
, '' - ,", „ *- spontaneous'IflJA (saline gjroup) 7667 ± 18Q0 sjiikes/4-itiln, * 

• - . . Control interval data for tlie' two groups was pqol'ecA - ' 
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FIGURE 30. Representative^experiment shoying the response of ' •*< 
i s t r i a t a l neurons in an immobilized -apinm". WioVIn<* » '. 

. J* ketamme'. " Spontaneous MUA'=" 5231 ± 168' • i.i't / ' ,- u r . ; . 
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FIGURE 31. A'representative trace of the behavioral -response*to 

* , , DEX' iti a unilateral--ciortically "abla'te.4 animal. . ' 
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Table XIV. Comparison of, Mean Spontaneous MUA of Striatal 'Neurons- in. 
.Control and Unilateral €ortically Ablated Rats . 

1 ^ 

A 
'< c 

- - Frontal Cortical' L'esion (n=17) " , 
' * • " , - , A , » ' v * 

Controls (n=29') . Ipsilatetal (Lesion) 4 .Contralateral (Intact) f 

5574 ± 702 3791 ± 659* . * < ' ,7645T± 1477 

# 

^0< 
^p^^-— 

Parietal Cortical Lesion (n=I3) - *' 
•V - k- '. i ' '' 

I p s i l a t e r a l (Lesion) * Cont ra la te ra l ( I n t a c t ) 

4455 ± 956 " 5616 * 98*1 

V — •- * - . - » 

A -"-Spontaneous discharge'rates given as mean ± SEM of -> 
' - /- eaph group. , . A ' ' 

v * • • / " - « * . A " - • "A , 
•Significantly different (p<0.05)* from contralateral -(paired #t-test,). " 

I. 
« f -

? 

< , 

J * . • o 
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Table XV. Comparison of S t r i a t a l Neuronal 'Regaionaes to*DEX, 2.5 mg/kg, in Freely Moving 
- * Control and Uni la te ra l Cor t ica l ly H>latad Rats % 

.Controls (n=33) 

Exci ta t ion ' • 4, 29' 

Inh ib i t i on 

No change 

Mpbasic \ •• 
* < . » 

Unilateral,,Cortically Ablated <n=31)+ 

A 
Ipsilateral (Lesj-orf)* Contralateral (Intact)^,** 

11 8 

1-5 9 

2 "* 9 
^f 

+Includes b%th f ronta l and p a r i e t a l l e s i o n s . 

**Not s ign i f i can t ly d i f fe ren t fcom iw*4J,gteral (p> 0.05 X2~ t e s t ) . 

*Signi*£icsmtly d i f ferent from contro ls (p<0 .05 X 2 - t e s t ) . 
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FIGURE* 32i Reduced ^xc i t a to t : ^ rftspons.e .to DEX,in u n i l a t e r a l 
•• ' co r t i ca l ly - ab i a t ed ahimals .* Resu l t s show the response' 

' on the l e s ioned -s-icte^i-^ 5 an ima l s . ' Mean spontaneous • 
MUA 5ff44'% IW^^'ihes/^vdti. ** = P < 0-05, SNK t e s t . 
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