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“‘\\ The purpose of this study’ was to attempt to explain the -
difference in the response of stbiatal neurens to dexamphetgmige in

freely(moving animals (excitation)|versus immobilized animals
(inhibition) This was-raccomplished by examining the role of .striatal
afferents in the response to dexamp%etamine in freely moving animals
using multiple unit- recording,techn gues, * Destfuctlon of either,
cortical afferents by ablationm, or halamic afferents by
gadiofreqnency lesioning, or nigral fferents with 6—hydroxydopamine

» markedly reduced the incidence ‘of striatal’ neuronal excitation iIn °

- A 3
“response to dexamphetamine. However,Lnone of the. lesions affected \\\\_

dexamphetamine-induced activation of behavior, thus suggesting that in
the normal anipal, striatal afferents convey the sensory‘feedback
rising from drug-induced behavior tq° the strtatum, thus resulting in
-excitation of striatal neureas, In contrast, immobilized animals
"respond to dexamphetamine with striatal inhibitien more,frequently
than excitation. Biochemical analysis following certical ablation or
-OHDA lesions demonstrated reductions in striatal glutamate andv ,
'dopamine 1evels, respectively. ' Furth 2, the incidente of striatal

‘excitation .to dexamphetamine was found to be directly proportional, to*
- the dopamine contenﬁ of the striatum. The excitatory effects of “

dopaniné were found .t6 be mediated by a Dy receptdr. -Lastly, .the <
uinhibltory response .to dexamphet:;;mé’fﬁ'unilateral cortically ablated
animals-reversed td one of excitaflon’ foklowing the second N
adminlstratioq of dexamphetamlne 48 hrs.. later. | . i

< 1
x .

- It is'concluded that sensoryffeedback arisi g froq drug-iﬁduced :

behavior is responsible.for striatal actlvation in response to

‘ dexamphetamine. This feadback is conveyed to striatal neurons by
striatal afferents originating ;n‘cortical thalamid and.nigral °
areas. TFurthermore, these results support the cdncept that dopamine
is ax excitatory‘neurotransmit £ *in the stiatum and are contrary tp
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’ o T ' List of Abbreviations used in This. Thesis - A ‘\ , "
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-Ach, oo Acetylchdline v e ’ : . '
< ADTN - ' + , 2-Adino-6,7-dihydfoxy-~I, 2 3 4 tetrahydmnapthalene v
AP Y Anterifoypostexiorf AP o L
~ AVT « .+ - -+ Ventral tegmental, area . ! N v <ot

. CHaT + , _ .+ ' Choline acetyltransferasé OO .
“OCPMT , ¥ * Counts per mih}ite ST o D
D S Adenylatﬁ cylcase—linkea dopaminé réceptor * -
By ! Dopamine receptbr not linked to aden}ﬂate ayelase ‘/‘\\
., DA ) - Dopamine - ' - - . S0
. DAg  » T\ ' . iExcitatory receptors for dopamine o .
¢ DAp e Inhibitory receptors for dopamine S
. DEX oo Dexamphe,tam;tne R e v o
' DOPAG . Dihydroxyphenylaceti& acid be : Vv
. DB o J Disintegratians per mintue I .
vy o . ; ° ‘Dorsoventral ‘« . | L. L
© EDTA. ' - Ethylene didmine te;ra—acetate M . .
~EMG ;. | Electromyograph- T

EPSP's-. © Excitatory postsynaptic potentials oot

B . +, Fregly moving . ' S N
'GABA, - Y Y—aminobutyrm defd’ .+ .0 e

. GAD ., '® - Glutamic aeid decarboxylase, R a

GDEE, ' . ' .Glutanic acid dlefhyl ester, ‘. ;- ‘. b
CS5AHY 5~-Nydroxytryptamine = ., . " Lo
. HP /” ' a High ‘performance 1iquid chromatograph RSN bt

HVA © «," . HomovVanillic.aeid . ... T ‘ -

‘TMM ' » ‘Immobilized /- ' T »
“LVe Y7 ‘/\’lnt;révenously R " Y .

Kt . .Botassdum ' ‘ ey e .

LY 141865 © Dy agonist,,racemic.mixture IR o .

LY 178555 -+ ! Dy agonist, active, stereoisomer~ , - | . ’

“. ML+ '+ - Mediolateral . . | ) S

MUA ‘T Mulpiple uplt activity T C

T NEN ! : ~-New England Nuclear , . T, ) . oo
° NMDA T " N~methyl= -aspa:tate e 7 ' »
4, 6=OHDA - 6-Hydroxydopamir1e o . P

Py « "« ., Crude syndptosomal fraction.. LT, Co
* PCA G ) Perahloric acid”’ .° . Lo R N .

' OpF=CH . ‘Parafascicular centromedian B T
“.Ro 22-1319: - . Uj-antagonist < - . O -

SCH 23390 ‘Dy antagenist . ., .',.° " v,

- SCR 7 .. Standard channels ra,tio ¢ T v

SKF. 38393 .. Dy agonist o .

osNg ot ' Pars, compacta of the substantia nigra ° ‘
e SNK L T Student-Neuman-Keuls Ytest L. , |
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. . 0

[ P . +* ‘., ,‘: ] .
large subcortical duclear groups ‘that‘are collectively called the '

: B A
- N ~
A & D '
L}

basal ganglia., The basal.ganglia and sevé%altaSsoEiated subuﬁalémiC'

s - - v - \
o v, .

{ ’ - E ‘- 5 LN
and mid«braiu structures*are‘known as_the extrapyramiddlxsystem ©o.
: ' » + 3 -

. *

(Cote, 1981).1 The largest copstituents of the basal ganglia, the\ !

- N 02 - N EY

-

\

caudate*nUCleus and putamen are anatomically 1ﬁd&stinguishab1e in the .
rat; the~resulting»homogeneouw structure Is called the:striatum. 1Ou

' LN ’ .t

the basis of light and'electron microscopy (Kemp and Powell S

2

s

1971a, b c,d e, Mensah and Deadwyler, 1974) six neurons,intrinsic to

-y, . R . ¢
s ‘)

the striatum have been characterized on morphometric grounds (Téble

-y ‘e
. v e “k

1. Of particular. note 1s the finding that one type of meurdn,

X
]
- %
&
p
i
. v, . \

classified as the medium spiny.neuron, accounts for 96% of the total -
< n LY >

¥
’ .
‘ 7z 2

i x o W !
neuronal population. More rqcent studies have attempted to further
3 . { v

. <

+ + 1

diff?rentiate the medium spiny neurons,of the rat striatum into four -
- - K ; . R \ *

' @ 1 +

subtypes (Dimova et .al., 1980). . . S )
3 o » 4

- Consideration'of axon lengths suggesns that of the six cell ;

types present only two, ‘the q‘uium long axon and the giant, "
- ’ ta P O
accounting for less than 4A of the total population, appear to be

v

sultable candidates for giving rise. to efferent fibers from the !
" . ' ;

* X i i}

nucleus, Furthermore, the medium'long akon cell has also been shown |
o . ) i A

¥

‘t? project to the contralateral striatum (Mensah and Deadwyler, 1974)«
+ 1)

. ' )
via the venxr%l corpus callpsum. The remaining four, c€ll typés may

be properly designated as Interneurons. ’ - : .
v , % . : -

.
. i "
.t



Table l - Morp‘homet-ric Characterization of \Jeuronal Sub—populations of the Striatum

.
s 4t . 1
LN . . -, , - x

-~ - . EY —\“. .

P = e - N . N

" . * I - N + - ~ v ‘ o - ?\L. - ” o B .,xb 2
%ell Description "% of Total Population > Distinguishingl Morphologigal Fe\éures e
’ L B 2
Medium spiny } « 96 ' D:Lameter: of 12—18 pme + . -~ : LT . R
« . : N . 5-6 medium length dendrites v <.
L e . , T ﬁany splnes Vo o=
- . ) ", sl Swort axqn; many collaterais ) . S
&.um long axon t . - ‘v Diameter of lo-18 pm  ~ YL v .
Y . : - - + 4—6 medium length den‘trites e ..
. - - '+ TFew splnes .
Sm——— = -

~

, Long axon-"few collaterals . <
‘ 3 - ot Diameter of 16-18 um \
- 4~-5 long dendrites .

.
‘ - ° ¢

. Yery few splnes "
. N Shgrt axon; many collaterals

PR

. Diameter of 12-14 um
. * - . e Many short dendrites - ‘.
. .o - *,. varicése; no spines :
- N ‘ ’bhort axon; many collaterals *
= = >1 5. Diafmeter o§t~22-30 Hm ‘. - " et
ST, Few long dendrites .
v Few spinks . s __— ‘
: ¥ Long axon; few colthterals; - - —

qholine-acetyltransferase e T .
., positive (Kimu%a et al., 1980) ST . o

R PR - N

. Tex Diameter*of 5~9 um N
. Mapny very short dendrites Yok ’ ST
* Few :spines « - )

L
. o
. : -~ [a%]
- L
LI Axon? ” - ,
/
- ¥ 4 * # a -

- . i
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Y Of interest also are the findings of several groups ‘that .
. 4 & ’g' -7 . S ° -
Jstriital neurons”a;e very often situated Jin groups or‘clustere; cells

s

within these groups are ‘in direct congﬁct\With each other (Aﬂinolfi !

% '

and~Pappas, 1968, Kemp, 1968, Hassler et al., 1974) Furthermore,,

4

Dimova et al, (1980) have demonstrated that the large primary YJ‘

-

»dend;ites ‘of the mediqnaspiny cells afe in direct contect withno;per‘

neurcnal cell bodies. . ce. T ,

. . * Al
g “
+ N A f

hith the electron microscope, nineotypes of‘synaPSes have been

\1

. -

,observed (revieweq by Hassler, 1978) Eight of these synapses are 4

N "
- . o
- '

associafed with’ the medinm spiny neuybn;,synepse types I, II, IIL, .
# . ¢ " ’ " t - - N N s

'IV, and VII account for 75% of all observed symaptic contacts. The

?

N ES . \
sources of the afferenf projection to these synapses are A

N .
N
A.v ‘

respecti&ely, the shbstdntia nigra~(Tynes‘I and 11), the cortexs _

(Types III apd VII), and the~parafascicular—centromedlan complex

v
N Lr v N

(PF—CM) (Type IV) The affereitt connections of. the striatum willybe )

¥ P LA -
» I .

described in more detail in subsequent sections. = - T

4 N ’

'FUNCTfON» OF‘TnE STRIATUM R T s .

’ R - &
~ ? ’

n Determining the normal physiological role of’ the basal ganglia e
N ' ) “ [ . "
remains problematic (for a review seé Marsden, 1982&) and the p

1 ¢« ’
-

N p%ssible'function of‘the,striatum\cannot\be discussed 1n,isolat1Qn. .

v’
. . -

:\ » " . " N N N 4 -
with réspect“FO*the o;herxcomponente of the basal‘ganglig." The basal. .
4 ’ AT “
ganglia are charaeterized*by many complex interconnections, both -

K

. afferent and efferent, b tween different discrete nuclei. The core,
structune of the;}msal ghnglfe is the,striopa%ffdal complex, ‘
coneisting of striatum and:giobue péf}iduéx,'ln vien 6f,;hﬁf'

‘censideganletaffenent“connectfens onto, striatal neunone; ft is - \

. " ¥ ™ [ - * - x +
. .
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- evidenththgt'the striatum is a receiving area for convergent somatic,
- - . "’ ¢ H . ~ ‘,, ) "
_auditory, visuql.and,olfacﬁbry polysensory inputs—derived from wide

"

bjlatqgél receptive fidlds (Krauthamen, 1979). ’In contrast, effgrent*

. fibers from the striatuqmgivearise:tdapwo pathways, oné to the pars:
."“ % . N < . . . v .
_refticulata of the substadtia nigra,-and the second pathway to the.

«

1

: paks‘externa and interna of the globus pallidus. - In.turn, the inner
segment of the globﬂs paliidqs is known to project to three mhaLQmic

3 "

Areas: 1) the nuclef ventralis lateralis and ventralis anterlor, 2)

C

the céntnomedién nucleus, and 3) the lateral habenular nucleus. The

’

afore-mentioned yelationships are. schematically summarized ih Figure

l & , 2 " ,
Y

. The 'functions of the striatum have -been investigated through a

*

variety of approaches. In addition to the many phafmacologicéi g§
- o

. investigations in labdratbry animals, three other lines of inquiry

v

. have been fruitful, Vizii,;!\ ,
LY a 1

1) A survey of clinical f;pdingé in pathophysiological states
" \ '
with concomitant demonstrable neurochemical changes in the

A ¥
Y

+
»

"basal ganglia. ] ’ s

L) Analysis of bbhavioral(;;fec%s of intrastriatal electrical

s;imulation. . " ,

'

’ 3) Examination of unit recordings within the basal ganglia and

4

+

their relationship to behavior. ‘ ' -

Each of tﬁese approaeches will be examined separately.

A ]

Clinical Findings im Pathophysidlogical States ‘ ' N

Marsded (1982a) has concluded on the basis of data obtained from

1

patients suffering from Parkinson's disease that the basal ganglia
- i d M
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o

Anatomical &dnd, neurochemical relationships of the basal
ganglia adapted from Marsden (1982b). ST = striatum;

GPT = pars interna of- the globus pallidus; GPg = pars
extérna of the globus pallidus; SNC = pars compacta of
the substantia nigra; PF-CM = parafascicular-centromedian
complex; VA = nucleus ventralis anterior; VL = nucleus
ventralis lateralis; RN = rap}ﬁa nuclel; SUB = subthalamus;
RF = reticular formation; SC = superior colliculus,

CABA, = y=aminobutyric acid; Sub. P = substance P; 5-HT =
S—hydroxy}:ryp tamine, - ‘ )

4
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are responsible for the'automatic executiob of behavior. In ;!

- il P

. (A r" e
Parkinson s gisease the most observable symptoms include tremor, -~

B

. rigidity, and the Lnability to initiate movement (akin&sia). It

» . " ~ .

appears that the primary lesion in this disease.involves degeneration

H A )

of the’doﬂgminergic cell- bodies within the pars compacta of‘the :
}

substantia nigra (SNC) (Ehringer and Hornykiewitz, 1960) The .

.
.

biochemicaL features of th%f disease have been summarized by Marsden

1 .

14

)
‘ t . Y

(1982b) and are as follows. . ‘ < e o e,

3

1) At least 8H-85% of nigrsi neurons must be, destroyed and the” - °

. sttiaﬁhm-80% depieted of ~its .dopamine (DQ) content‘beforé

~ ~ - &
) e ( ’ 'y B - R -

H} -~ - -

L ) overt symptoms appear. ) . ‘ K

'
- . - L

2) The ratio of homovanillic acid to gtriatal DA content ) )

« &
ﬂ;ncreasesj indicating that~ﬁhe rema;ning nigral neurons .

PR > ]
¢

. K inerease their actfvity to compensate.for the loss Ofk -

dopaminergic tone. .
[} N, L N " * ,'-
. 3) Postsynaptic gtriatal DA Eéceptors;Becéme"supérsensitiye'and »
. . . L . . .
} *'-as a‘consequence, the dopamine that {s rgleased exerts an
LI 1

enhanced postsynaptic action. A ~ ’ @

' 'Although both presynaptic»and Qostsynaptiq compensation accurs,

the severity of she disease is d pendent upon the degree of striatal ,

Ll . ! N 14 N

dopamine defigiency. ., , . Q& -~ ‘
’ In contrast to Parkinsbn;t 1seas;i“uuntiﬁétop's chorea 1g

«
v N ‘
‘

characterized by neuronal cell- death Qitﬁin the striatum and the ,

¢ B ! ,
substantia nigra, leading to considerable declines in striatal

L

. L L
acetylcholine (ACh).and, Y-aminobutyric acid (GABA) levels., These
T L
declines are mateched by decreases in the activities of Glutamic Acid

L]

-
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Decarboxylase’ (GAD) and Choline WAcetyltransferase (CHAT) the ef®ymes
r * -

\

responsible” for GABA and ACh syathesis respectively (Spokesy.1981),

Clinically, patlents suffering from Huntington's chorea present with

S

choreiform (involuntary) movementé.

s
3

It would appear then on the basis of clinical data that

s «

pathophysiological states involving the basal ganglia are
characterized primarily by movement dfsorders.‘

= ’
Behavioral Consequences of Intrastriatal Electrostimulation
& Nl - ’ . \ ;
The rklationship between behavior and caudate electrostimulation '

».
has shown that dependinggon the frequency of stimulation, various

bdﬁavioral manifestations pécome apparent in the rat (Deadwyler et

L3

al., 1974). At low frequene%es of stimulation (0.5 - 5.0 pulses/sec)
ongoing behavior is inhibiged; animal bghavior slows and evegtually
3 T R

ceases., [This behavioral inhibitiod mé& be overcoime by eithe%)changes
“ ¥
in frequency of stimulatlon, novel environmental stimuli, or direct

L) @

"stimulation of prim§rygpensqpy pathways. At frequencies of 10 to 30

.

pulses/sec all on _going beh@viorﬂﬁé'immediately halted ("arrest

reaction"). Although thls arrest state may be overcome by the
z
. —

animal, subsequent movements appear forced and unpatural and
unilateral stimulation of the striaﬁhm at higher frdquencles during
the arrest réaction, results in contraversive circling. Lastly, at.

stimulus frequencles of lﬂb - 300 pulses/sec, sleeping or drowsy

-
-

animals becomeNglert; continued stimulation leads' to circling
movements or tremor. Based on similar considerations, llassler (19478)

has contluded that the function of@éifNstriatum #s to focus attention

5 et
onto a single event by simultaneously suppressing extraneous sensory
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Asophisticated studies (Buser, 1974) of cayllate sipglg unht respopses

Wy
. moveﬁnentb have demonstrated the~ following: ..

o z :
L] u - . R " LI N L :x :, 4’ w . __:;
€ . o e R 9
i > ‘l,( w * '. * * * e .
.., - . A " of
;anut. v-In egontrast, the function of "the paflidgm ’fs “to ee-o‘fdmate
- [y " £ -

¥ # 1

locompt’ion bg, enhancing muscle tone and direc*t;ng at‘tentfon“ in

;z i P *

-

-
\-,’ Ll

anticipation of a ‘siven behavioral, action. A '

= “ o N .

The Relationship Between Unit Activ;lty in the Basal Ganglia. and .

»

- = H ¢ ¢ *
Movement ~ " / A oo N ;

. » -
* ‘ . - w 1
4 fu

- ‘Eaf‘ly single-unit studies ‘in both consciodus and chloralose- -
'\. B . - . q‘ T - ~
anaesthetized cats have demonstratéd that caudafze. neurons are " f

"’»4 -~ 'S . BN T W

A
+ +
-~

1 y

spontaneously active xand aisplay, irregular rﬂythmic ‘acti.vity T

A
Mmoo « e ety

(AIber—FesS‘ard et al., 196*0"' Sedgwick and Wi.iliams, f967a~,b7’ Morer .

- B - . a -

‘e

tn awake donkeys (Macgca {e'mes t*r:ina), trained to perform a spcific

-y
L2 - hd -
L] - -

» T s

» & LD - % .

1) Spontaﬁeous firing rates of caudate' nedrons variedrpetween_ :(,_

- -
. * ¥

" B

[

A * L™ -
. '10-20 ‘impul,ses/sec. L J . N v
' ~ H oW "r
t2) Cells acti\mted\'only by the movement (ie, - si‘.Lent. in the .
N abseng:e bemp\lemﬁl_lf;)u could be detected. \ ', LI -

» » - v - -~

" 3) Cells ?yesgd'nding to the, specific movement ijereased their ..

e . di‘scnhﬁ‘;.ge rates by 30-100%. ‘ o oo
4)' Al’:l‘l Jel?§ we;‘e not activated at the same stage of th‘e o ' “

' movemént :and could be activated either 1in Elvg‘ﬂ‘lery earl§ .: -

‘ phases of mov;ment (1no}ud1ng p?:ior to),jtlurin‘g the rnow;éﬁeng';

+ itself, and after the movement. - “{;‘ e N .

r

» -

' «
5) Units could also be activated tlxrouéh presenta’tion of , novel

‘ L
visual: or auditory stimuli in the absénce of movement.
N y

In another study, DeLong and Strick (1974) (confirmed by Lilesy 1974)

“ -
4 T

studie{ unlt\dlscharges In the 'monke)dr putamen: as well as the globus

~

-
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N . « " * {\\ ' * N N b ” ’ ‘l * 7’ . 1 ) ' ‘ "‘ '
! “'“ s, ) . N . L * A, i i ! . 12 * N ! M - " : ? .‘ N [4 10 , ‘\. -

- ™ A3 1 ’ N - 4 ~ + ! N . ! _w* -t “ .l ¥ '. ‘ = * )
T v , ! pallidus -and were able to demonstrate that,"45% of 'all the units ' i LT s
- - s, 5 - PRI * o, T4y f 2‘:’ - ._‘

TN L, ‘stud‘ied .’m the putanen and 17% of all units in .the globus Qallidus‘ P 4“0
. S -
* o . N 1 oo ¢ ' L - M
- JT . " .
"; R S d,i.scharged ln relatidn‘ to ramp (\slow) movements. Less than 10% of > | h e
! " ror + D H T M f ' Ce ' ¢ l » v
, NI -, -all units ‘m tne putamen appearéd to: be rela;,ed preferentially o' - R T
v o« f N ¢ 4 » . \ v . \ - N e
- . . , oty ’ i .o .
.- Lot * + pallistfe (fast) movements. An analysis of EMG activity duripg ramp. ” .
* . . SV . ": v . N . y \ R - a N - i » ”
L L. . moveménts showed tha;: the majority of neurons increased their . B . "
TRV AR : R . v, N T S /
v . - ~
7 . . discharge’ fr_equency before ‘the actual onset of nLovemen\t. These ¢ '
4 A . r N\ - . + oo - g 3 7 - o ~ \’ Lt
! , e s studies clearly lndicate 'that ceudate or putamen ne&rons have; a nigh L
. -0 } 5 < *
N - T - I3 .
. SR “kvel of spontaneoys activity and~discharge in tk\e\course ‘of notbr R .
> BN | -
. a C ‘.\‘ "o R . . , w " y ’ , ’ - 1
2" 0. pehawior.. - . - RPN <, oy BN
(‘ L LY . - » : * ! FRN * ! ‘\ - [‘ ) - * ' T g ’ ’ 1] - ' f LS
s . . . STRIATAL AFFEREN‘I‘S : o , . L ot .
. * b Ny . VA R ., _— .
. .t P » R e - ~ ’ v~ L B . . ,
. . ) " Striatal neurons recelve afferent input from many areas of the, .
W oy T L : ' V. - ' - ; .o
. . - . N . ) i , RN
- ‘ A , © - -brain.\ As mentiOn‘ediearl,ier, 75% of the gfferent input to the medium . .
' v\v d b b ! f : oD N l ) T - * ’ '
. b ', ~, spiny neuron originat}es in .three brain regionS° the substantia v ‘L
N - ® - B ' ‘ ' > -
’ ~ « EES I - ~ Y s P
. s nigka, Qhe cortex, and t:he PF*(,M. ‘The remaining known ‘afferents to ) PN
. .
~ . Y. . - B t . ) s N
‘ s (- ¥ o . g
_ - the striatum afrise from the raphe nuclei (Usunoff« et al,, 1974), the’ Co,
1 N - PO '
. \ - N } 1 i v s ! - .
M [ 1
: ’ o " locus eoeruleus (Kobayéshi et a;L. , 197 5), and the amygdala (Kelley et A -
T - A ' - b \ , by -
+ -
- ‘ < al., 1982). \Where.as the transmitter of . afferent fibers from ‘the . Yoo
T . v ) ' ' s ' . AN . T -
{ " : amygdala is unknown‘, the pro_]ections from the raphé& and .locus ¢ :
, % . N r N . \ 1 \ N N v i
. . s . . o b s . . . / P .
“ ; . - -cQeruleus agre thought to utilize 3-hydroxytryptamine and -~ ! ~ )
. ¢ ! L v A :
- - - PN .
N * . A N A - . I8 : N )
. ' noradrénaline as'transmitters, respectively- (Steinbusch,1981; Coyle : N
N % -, \ " N - . - -
- o oo - - 7 y . . ' o ! N !
" . . . e ahd liany, 1?73) o » [~ : "‘ - : 3 : - ‘
l’ ! Yo ) a A ' - LR o i ! '-/- - * T » . B
! “wh . ' Each of the three major striatal afferent systems will be- LTy ‘
D . ' ) s ’ B S < ) - . . L ta
. . considered separately: ’ - - . . . -
..W ¢ g ; N . o ’ ) ! ’ R ’
\ ‘ o - " ! N ‘ 4
d P A - - ~ \ i N A} . ' “ .
v [ - a4 * N oot ’ :
A » e v ‘ v '
! . . v . ! ’ - Y - - A RS A s
A -t ”, 1 . L]
. .o - - - . - v N L )
i ‘ ' - '
i . N - * . - ' \
' : o o ) ol S .
\" w A L3 . \ : 3 + - - . . v . . -
' M x * ¢ . .
[} * ] o ' N ¢ # \ h- T !
, . N v M ~ ’ \ ' v t
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. Nigrostriatal Afferents . . i - : T . . : .7
¥ . ["% (S / * . e -, ' N L A . p "
- . - - 1 hd v

‘ . - ~  ‘Agatomy N : RN ” . RN
. TR - » - .. . . ; s . ~ )
:(Whe dopamiﬁergicfinnervation of the Etriathm waeworigrnaiiy\j, L B

. . - < -
A ‘ / N N 7 3 N

, v « ¥ g\
- ‘ i demonstrated by the formaldehyde—induced histofluoresence method of N R

4 . 1
’ A \ ) iy
f .

Lo Falck and Hillarp-(1962) and was shown ' to arise from mesencephalic Y

~
-
e

. . RN N nuglei;(Anden.et al., 1964, 1965). ,The‘qell bodies of the - .. o j
N R * , " ' d N . [
) R / . - . o~ o ’ -0 - ! . . \".i
I
[
1
I

N : / ’ ;
. ‘ , + - _ dopaminergic¢ neurons projecting to the striatum are localized to the

- - .
- ’
< - .- * 0 > . - 7 i N 4 13

. . . 2 . v ' ey
. ! v . - - SNG and designated as the‘A9 cell group, as epposed to\the AlO celi - f
» - . ’ Vo to ¥ T b . v

\ L. R group within the ventral Tegmental area (AVT) ‘which was- thought to ‘ L

‘ 4 » 2

-~ ; - prOJectﬂexclusively td’limbic and cortical areas (Dahlstrom and'huxe,\ \' ’

il f v
£ - tr -
& . vy * ~ " ' .

“ : 1964). However, with the adverit of the more sensitive glyo&ylic acid . ' ‘

- A .
v ~ ! { N

! . ‘hiStofluoresence*technique CLindvall and BJorKlund, 1974a b Lindvall

&“, A TN \ i S e UL
4 . . et al., 1974) as well as‘other tracer techniques, receht anatomical :

L SN - ~ z

i [ N Al ¥ " 1 - 1

~ ot C ‘ inﬁestigations nave questioned thgﬂﬂoneept that SNCrand AVY cellsi',', . \ '

v ~ L
S i . - oo ‘

S L giveorise to proJectione to adatomically separate areas of the ,g\: r . -

4 v ’ i . a .’ ’

. 4 telencephaion (Avendand et al., 1976 Domesick ét al., 1976 Fallou Yo
i . \ 2

hd ’
N } ~. - - A ot \

- v and Moore, 1978 Fallon et al.,. 1978 Beckstead et«al., 1979) L 7 o
* % N, ’ N < v o - .
i - ' * " The progection ﬁrom the SNG, consisting of a_dense network of™ . |
. \ - v -

S very, fine nerve terminals (Hokfelt et al,, 1969) is distributed - -

- 3 N “ [ ks IO Y r - - -
! - . . - . <
e T ) . ghroughout the striatum inxan orderly medial*to—lateral arrangement, L

2 -
, p P P T L,

P p with the exception of the lateral quarter of the SNG which does not- " ) f , w
v - J. A v L P ¥ |
' - project te the extreme rostral‘pole of the striatum (Becﬁstead et a0 .

- v / 4 PO ‘ 14

: ' al:, 1979) In addition, the SNC does not projéct to the ndcleus ~ - '

- Al 4 v X ! » ' - -
' Yoo ) accumbens or‘olfantory tubercle. , Both' anatomical’ and functional

’ M s [}

- ¥

¥ v [

: . studies have demonstraﬁed that regardless of the’ anterion—posterior «

- - ot v

(1 e e 1ocation of eath-SNC locus, that locus distnibutes fibers thioughout - ) )
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~

',the striatum (Beckstead et al.’, 1979; Redgrave and«Mitchellg 1982a).

y

-

~The,SNC pro;ection to the striatum, however is inverted alqng

I

ri

-

the dorsosVehtral axis such that cell bodies in the mope ventrally

Ay
A

v

i f

A

»

I3

-

»

place@’pars companta prOJect Lo’ more dorsal.striat&l regions whereas

animals pretreated with e—methyl-p-tyrosine, 250 mg/kg.i p.,

v

\,,

v

,\

/ Y

h Y

x

,striatum receiye fibers from. more

«

-

-

/

x

-

In

0 Unilateralﬂstimulatibn~with medially-placed,nigral electrodes

v

)

.

W the total nigrostriatal pro;ection, originatesnfrom the extreme .

4

résultéd in maximal depletion~of DA histofluoresence within an%erior

-

-

“r

]

~

4

A

<

A

~

-~

s

i,o-

-
“

b

“

-

.

dorso-medial regions of the stria;um, while Laterally-placed

v o

uh\“

*

.
»

v

“eIectrodes produéed~maximum depletion oﬁ-posterior, ventpo—laterel

-shown that appr ximately SA,of the~nigrostr1atal pro;ection
\'

~ t

Ty .

i

.1

originates frOm the‘contralatenal SNC (PrLt el et'al.,~1983a b) and

'3

.

g,

v

3

B

'

ir

.

-

§

Al

-

¥

N

"
‘

v

.

¥ ot

-

»

2

e

s

1

\

4 \

«,.

»

~
"

“

+

.

vy,

~ areas (Redgrave ‘and Mitehell, 1982b)\‘ .

-

7

.

»

¢

g

L

v

.’ ¥

.

nigral DA system, othe;.anatomical studies have shoWn that. a '

v

non—ddpaminerginnrgrostriatal prOJectton, comprising 5/ or less o

mediel edge of the.aNCw(Van Der Kooy* et al., 1981 Pritzel et al., P

"

v

t

A

1983a b)’

v

.

-

©

/

)

'

»

)

r

’

»

‘

¢
-

L3
~

s

i

.

vy

"

.
+

*

#

A

>

»

I3

«

-

»

&

r

:

»

“

t

*
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-

]

.

~Thé DA neurons (£-10) in the AvT! distribute fibers- to thé .

.

A

v

'

\'.

entire ventromedial half of nhe‘striatum as well as the atcleus |

{

.

accumbens (Beckstead et al., 1979 Ehs%in et al., 1976)

’

\

v

.

indicates that

.

LI

3
'

1

)

*

A

.

Y

I3
a

.

B

.

.

contrast to AVT DA cells, ‘cells of the sﬁc‘

%

.

-

v

/
Studies on interhemispheric‘nigral projections in.thevrat have

LAY

#*

f

¥

1

*

4

K

P arises from bifurcating DA neurons. In addition- to the well studied '

Recent anatomical evihenee based on multiple fluorescent tracers
. r * »

+
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- . . = L . v . 4 % o=t . s " ) yoroLv v .
" N . VR [ . - / ,
A Vo .o e DR S . o, v @ } 13-
'v) et £ J“ ’ i Y 'y - M v - H e
- . a ¢ - 2. ) 4 4 g N L + - A Lo
T S I -colIateralize extensiveiy te both subcortical and‘cottieal fields.' o
-t Py * -
x ey * It appears that.cells in the SNC may be further eategorizeq acconrng
- s "

. "P\J) N i P ;o '| , - K
' . 'to.their corticél e&llateqelization into three grOups prgviding S
M ! ¢ v, v ’

o " < N

-t ! v 1nnervation stog 1) the cingulate eortex 2) the' Prefmontal end o
f ’ -
3 ~ N

\ - suprarhine} cortices and 3) the entorhinél cortexr(Loughlin and )

R \ e e, IS - - Voo . a ‘ - v

.- . , "'Fallon‘*1984) " Thus,, DA,neurons from the aNC appéhr to innerVate mgt )

. + + AN -t /\ m N ¥ -
J - T > - i) i ) - o
~ “ b * A ¥ « ¥ ¥ LI i (

oqu the striatim but cortiéal,afeas as wegl. SRS I S :

x \, # ¥

o~

.,,‘ voe - - vy

3 - T Electrophysiology of,the Nigrostriatal DA System sty ot vt
[N « .., .

S - - . . f N

tGrace and Bunney (19833 b, c) have 1dent1fied and studied nignal

* 4 o~ ¥ N I \ ' -y '

» . > .
. ) DA cells i the rat using B6 th 1ntracellular and extracellular b
y . . a L . L { A

v

¢

v
e N .

recording and have shon that,subsets of,nigral\DA neurons’ are
O LN B . 7 N .« -‘ "
eiectrotanicalfy*coupled. Tﬁé-presence of electrical synapses ralse$§
- 3 [ 2 1 4 .

1 - -
. . - . . N~ .

- . vy P oy B ~
the possibiliky~that'the burst f;ring_pharacteristic of ,tliese neurons.
nay lead to the release of relatiVely large amoufits of DA over a

- "~ .
. ’ PN {

relatively Tong time’( 506>m.sec) at select bro;ectiqn areas. -

v [N N ] « - P
: - - V.

v P Barsting of nigralfDA neuron$ 1ncreaseéufollowing,thé édmrnistrabion

T A . - ]

s 4

3
- oy

-~

. .o P

Y B \ i PR -

of antagonists and decreases following agonists (Grace and Bunney,

. PR AN

Since nigral DA.deﬁdrites release DA (Leviel et‘al.,~1979),

l - v - X

L ‘ 1983¢).

‘

- tire changes in” nigral celi firing produced by agonists and ' X

N
%
>
~
~

v ~ ) A .

ar

173

—f

'antagonists ebuld be due to stimulation of DA autoreceptbrs thhin

“ 4

14

.

the’ parsvcompacta.‘

"

a

v

u

1

Al
»
£

.

v

1f phe DA neuraqs that'comprise a single electrically coupled

PR

%

.

L3

+

/

i

group prOJeqt to thé samé*postsynaptic site, ,a lg ge facilitation of

N

DA release nay occur %1th1n a smell regieﬁ of the DA—iqnervated,

l’

1
y

s

.

A=

r

" 'area, Alternatively, Af the members df an,electrically'coupled group |

v

of DA neurons proﬁect.to a variéty of,post§ynaptie sites, it would be

3
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S

~

-

@

W ¥

conceivable that electgitally,coupled neurons could contyol neural

~

subsets of.a particular behavior through an action at different and

discrete central nuclei. Y
I'{ t

- Transitions from slow single spiking to }apid bursting have been

observed for nigral DA neurons during the onset ‘of orienting movement

e bt "
in the’ unanesthetized, freely moving rat (Meltzer and Bunuey,

unpublished observations; cited in Grace and Bunney, 1983¢)

H *
suggesting that”increased DA inmput necessary for the facilitation of
J,(

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

*

“an electrically coupled netwdrk. ’

-

) t
In'édntrast to the above findings, Steinfels et al. (1983) found
L Y - Il

v

that single unit activity (SUA) of YA neurons (3.68 + 0.30

oo %

. spikes/sec) in the cdt SNC, cduld not be correlated with phasic EMG

-~

s

’
o

vt

. { . i
_~ implies A tonic influence in contrast tb direct mediation of a

A
\

changes, and that the most noticeagle change 1n firing, a decrease in

over 50% of all cells..studied, bccur;ed"fﬁ assogiation with orienting

¢ -

N §
responses. After 2-4 trails, hAbituation was evident. Sidgle umnit
¢ #

activity was‘remarkgbly uniform and s%owed little“relationshﬁp'to
[ 4

™~
w1 1 -

overt behavior; neurons-did respond however,” to sensory stimull stch
) { . . i
as an audhtory or vigual stimulus with excitation followed by

[t

inhibigion. Habituation in response togsensory st%gpii could not be
» “ /=

' ]

- A N . / N
demotristrated. Thé authors concluded that the stabilLE& of « !
’ ¢ "‘.( )

-

7
-dopaminérgic unit Activity across a variety of behavioral states
* / LR

: . ’ *
particular behavior, ! Ve

”

- -
~

The Effect of External Stimuli on DA Release in the Striatum .
[} . R N . " ) - -

The release of dopamine’fggm,the striatum has been amply '




¥
i

4 . N
. _ N
s

N ) . {
demonstrated (McLennan, 1964; McKenzie andsSzérﬂj 1963; Riddell.and

” - A A} 4

. Szerb, 1971; Bessoh et ‘al., 1971). Mare recently, it has been shown
i ) X ) e " 0

Y

. ’ A + / -
that dopaminerglc neurons in the SNC, of both anaesthetized and ‘.

- F)

- ‘ . PR
freely moving rats, increase their rate of Hischarge in-response to
y g ! ’ reas \tg p 2
- « Z“; . N " - »

. v .
several sensory modalities (H@rper et ak.,'1979; Homm?rzqnd,Bugney,

> ¢ i T

4 /

. & . . o . .
.+ °,1980; LeMoal and 0lds, 1979); destruction of the nigrostriatal DA
1] r ’

- 4 »

pioiectipn results in the appearance of a syndrome marked by negléct

» to sensory stimuli applied to the contralategal side of the bdﬁy S
4 1

Ny
. »

- * * N Te P S ot
' {Marshall et al., 1974). Similarly, specific, depletion of DA using

t.\

-
»

z

“ ) ' - ’

"o-hydroxydopaming (6-OHDA) applied to the’striatum also .
. L * » )

. -inducgs sensorimotor impairment (Marspall et al., 1986); recent

eVidence indicates that this sensorimotor ﬁnpairmeﬂi oceurs ;’ -
[ ’ « . 1]
irrespective aof the location of the lesion withinm the anterior

[N \ . - »

L T w

1 14
«
. 1

. striatud (Dunnett and iversen, 1982).
~ [ N fow
-~ o - od -

i
< Using in vivo voltammetry to measure the release of DA, Kel&gr

r e

et 8l. (1983) demonstrated in freelx mobing rats that intensé
° ’ - [ - . t

s

environgental or exteroceptive stimull will reléase striatal DA

‘ whereas homeostatic challenges do not., )I: s T, ‘ > (l
Is DA éﬁ Igpibitoryfor‘Excitato;y Neur&iranéaitter fn the,
‘ 'S triatum? ’ o . e T, -
—_— ‘ Electrical sgimulaéio;,of the nigrfostriatal p}thway; elther ag

. a N

the level of the substantia nigra or ;ﬁ the medial forebrain bundle,

4

. . i
tation of striatal neurons as seen with
¢ r

- N )
results iIn predominantly execi

’
"
1 A 4 13

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

- ' b .

ﬁrigyesi“ana Purpura, 1967; Buchwald et al.,-1973; Hull et al., 1974

* e

. ) .
. Kitai et al., 1976, Norcross and Spehlmana, 1978a,b).- .In contrast

1
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. in sthe majority of fomtophotetic studiles where DA was apﬁlied to K

-+ ! N ¥

striatal neurons, predominantly inhibitory responses have been

Vi ’ A =~ ’ e 3 ‘
observed (for a review see Hoore agd Bloamy 1978); exceptions tp
14 - ‘_‘1

these ‘observatlens have been studies in which chloral fiydrdte or — ° ) !

M

halothane anaesthesia had been used (Table II). ’ N
-t . 7 ’ 1 P \ -
Johnson et al. (1983) using urethane-anaesthetized animals,

found that striatal neurons could be subdivwided into two groups oW

the basis of their response latencies to cortlical stimulation, !
L3

;% 1
Neurous in the "long-latency group” responded to DA wore frequently

/

- with excitation as compared to the *short latency group®. . #
Simiiarly, DA applied ioﬁtophoretically to striatal neurons in o "
' .
haloghg&s—anaesthqtized rats produced inhibition inm 97% of ‘ ’ 1 -, !
spontaneo&giytfkriﬁg Fpllé; 9f% of glutamate—driven cells, but on}y. ' ‘ .

in 57% of" cells stimulated by cortical stimulation (Brown afd

’

Arbuthnott, 1933), Furthermore, sulpiride did not affect épontaneou% -
- 3

.actlvity or the inhibition produced by DA but did increase the

hdl !

response to codrtical stimulation, suggesting that corticostﬂiatal

] ~

» 7
terminals contain DA receptdrs that are inhibitory on glutamate

) y .

; e , . ~
release. . .

Some raports in the literature suggest that the results of

A T '

iontophoretic application of dopamine on striatal neurons may be

w

explained on the basis of excitatory as well as imliibitory dopamine
1 -

and inhibitory (DAj) Egceptors within the striatum. DA, receptors

are thought to be associated with algrostriatal afferents originéting

Al




"Table I1 - EBffects oﬁ iontophoretically applied "dopamine on caudate

s

- __neurons (taken from Moore and Bloom, 1978)

=

1

| - - . . ¥ ~
@eﬁcentqgelof* " Namber f * ok -
responding cells of cells Loe .
. dépressed" tested .  .,Animal .Preparation Reference
- ¥ - "
.96 Sl ~50 *Cart Several Bloom et al,.
o - . ‘anaesthetics 1965 '
. 78 u t 55 ' Cat* . Decerebrate , Bloom et al,
. e ~o1965 .- 7
87 T 130 Cat - Decereprate . Mclenpan & ' 7~
R __— oL York, 1967 -
s 84 . 8l Cat Decerebrate Counor, L970
70 Y -Rabbit Gallamine ., : Hérz & -
_— ' v zparalyzed s Qieglgansberger
1968
100 (243) Dialturethane JgﬂKfE&:»Dé o
. 6~0HDA hampain,1972a
43% . : '136 Dt +utéthane Feltz & De
- . Champlain,1972a
86 (89) “Urethane Gonzalez-Vegas, .
] 7, 1974 -
94 1) " 'Raﬁf' HAlothane Siggins et al,
! -+ - 1974 ‘
v ~ 52 64 . Cat Cerveau isole Spehlmann, 1975
V. 280 o 40 ¢ Rat Chloral’ Yarbrough, 1975 -
Y .t ‘ hydrate , . !
38w 51, . Rat Chloral ' Yarbrough, 1973,
P - hydrate,
. ' haloperidel
. 92 103 Rat . Urethane Stone, 1976,
- . ir - - Stone & Bailey, -
. ¢ ' Yo 1975 1+ ¢ .
» 90 . . 40 Rat Dial , ™ . Spencer & .
' v , > . Havlicék 1974
42 R b Rat Penthrane Spencer & .o
‘ ‘ o oo ‘ . Haylicek, 1974
©34% 62 Rat Halqthédb‘ . Bevad et al, .
o , o W - 1975 C
« O .26 . Cat Pentobarbitone‘Kinai et al,

1976 '

-

. 4

*Indicatus studies where excbtaﬁion was observed more frequently than’

Inhibitioh tollowing DA.

1 *
N

«

3

¥
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in the SNC whereas DAy receptors are assoclated with AVT neurons. In

., terms of fluotesernce histochemistry, DA receptors are located within

“« &

striatal areas marked by "diffuse” h stofluoresence whereas DAj

' receptots, are thought “to be located within stri&tal'agea% .

2

-

W »

characterized by "dotted" histofluoresence (Coo@s, 1930}. These .

patterns of histofluoresence, i.e. "diffuse” and "QOtted“,"have been

A
.

previously demonstrated suggesting heterogeneity of striatai
dopaminergic innervation“(Olson et al., 1972). -

Dopamine Receptors , .

fultiple classes of striatal DA receptors are thought te exist

on the basis of several different lines of experimental evidence.

? +

Ligand~binding studies (for a review see, Seeman, 1980) have indicated

3

the existence of three cateuories of dopamine receptor sites wit
distinct properties. Tnese propéruies are summarlzed in Table ILL,

3imilarly, behavioral studles with intrastriatal injection of

.

dopamine agonists and antagonists have also indicated the existdnce, _

+
H

1981). In the rat, both classical neur&leptins e.g. haloperidol, and

"atyplcal” neuroleptics e.g. titloridazine, clozapimte and sulpiride,
‘ .

Y

antagonize apomorphine~induced ggawing ahd locomotor activity

(Ljunberg and Ungerstedt, 1977, 1978)., 1In contrast, in the rat

- ¥ .
circling model, circling behavior igguced by di-isobutylapomorphine

was antagonized by haloperidol but not by clozapins; the circling
rebponse to legbotrile was Inhibited by clozapine but not haloperidol
(Tye et als, 1977). Although these findings suggest that DA

¢

receptor subtypes are present, any concluslons mst be viewed

¥
of dopamine receptor subclasses (for a review sce Costall and Nayler,

.

ARy



Table I1I - Classification and Properties of Str{é;al,DA Receptors Based on Radioligand .

-~ Studies . - R P
© —- z A -
Receptor Designation and Biochemical Properties Collateral Observatliomns s X ”
i ﬁl ‘ Linked to adenylate cyclase. All Dy sites in the striatum are. ’
Stimulated by micromglar located on cell bodies within the
. concentrations of dopamine striatum (Minneman et al., 1978)
) - and antagonized by, ‘micro— . , - . . .
molar concentrations, of - . ’
N .most neuroleptics., - - . . .
. Do * .Not linked to aﬁénylate = 4t -, 50~60% of Dy sites iocated on - . )
cyclase sensitive to striatal cell bodies (Minneman et , ’
‘ > micromolar concentrations al., 1978 and Schwaroz et al., .
- " of dopamine and nanomolar 1980), 30-407% of D, sites are
" R concentrations of neuro— located on corticostriatal nerve ‘
: .leptics * \ terminals (Sehwarcz et al., 1978;°' , ° :
~ : T . . . Garau et al., 1978). - ,
. - 1 2 v -
~ D3 Sensitivé to nanomolar Perhaps presynaptic on . -
concentrations of dopamine- nigrostriatal nerve terminals. h -
but~micromolar concentﬁations .Decreases following nigro-
o of neutoleptics. striatal lesion (Nagy et.al., .- ¥
= : 1978) ,
~ ) h . N [ '
. o ¢ .
£ [} -



. : o .- gratb with unilaterak,nigral 6-OHDA lesions but does fiot” cause

- .

v

-y

v

3

. , <7 X L ! - . \‘ - , ) B A
12 . ] “ te N T
W ¢ e« * AN [, ~ %
! ) v -
. 7 Ay -~ -
v . p . - * « f ' -
i - ) ": 3 . l \ i * ) ’\ ., ‘
3 . N r o~ \ ¢ ! ‘X \ ’ . ‘ ¢ N - N
- e - . .
3 N . s L R - N -
R - \ . . . , QQ
ll P ~ ' -~ . 5 - \ \ “ B s ‘
xcautipusly in light of ‘the fact that although all?stereotypic agents -
s ° ‘v . r . N -
- L A e ) -«

1nduce’c1rdlin§, drugs 'such as SKF‘38393J‘bromocr9§t1ne and . .

" ~ ao -

ergonetrine all 1nduce intense eireling but not steregtypy {Gostall

N i -
and Naylor, 1981) Tt would appear then that,DA"receptors mediating

. ~

. bt&fEOtpr and cipcling behavior are not identica'l, . '

- 3
1 v

- Biochemical and pharmacobogical criteria were used'hyliebabian
- 1 s *
and Calne 41979) te difterenﬁiate‘DA meceptors idto two subclasses,
P R . \ .
Dy and Dz.’ The 01 geceptor waé/defined_as the' receptor linked 0
v - 5 -

3 ¢

v v
- ~ >

-
\ * - s \ f

.

adeny}ate cycIase,aﬁd gtimlatéd by migrpmblar concentrations'of,DAl

, - .t ! 13 1 ’

‘whereas the Dy receptdr is not linked to adedylateﬂEyclahe.
. - N . PR ‘ ‘ - L0
The or{ginal\concept of Dl and Dy .receptors has been- | ’, -
. | . [N - . - b
A D ’ ! S M ~ e
cons}derébly augmented in recent xéans withi the development of

t 3 4 ' ! ‘ ! !

specific agonists and éntegonists. SKE 38393, a specific Dy agonist,
stimuldtes adénylate cyclase as a pargi%l agonist (EDsd = 0.075 uM
versus ah EGsg for,bA of 3.5 uM) , cadses contralateral rotation in

1 a 4

'

‘

atereotypy, emesis, or inhibition of prolaqtin release, and does not A

! o M ‘ 2
'affect DA turmover (Setlef et al‘, 1978) The specific ) : ,
v 4
Dl-antagonisp, SCH 23390 blocks DA—stimulated adenylate cyclase (IC50

= 0.01 M), antagonizes apomorphine,induced stered typy, and

‘ L Y

conditioned avoidance but has no or little,effect on emesis,

)

- s vy

prolactin release or DA synthesis. N P -

» 3 ) 4 4

. LY 141365 does not >timulate adenylate cyclase, but doeS* -

3

s ty

stimulate the Dz—receptor as Judged by its ability to decrease eitner

\ v
1

basal or isoprenaline-induced rélease of x—melanocyte-stimulatinu -

[ ! [ f '

 llormone from melanotrophs of phe‘intermediary lobe of .rat pltuitary '

"

*

»

(X Y

-

\

’
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to ° ' . v i - - T} O
‘ o .oy ¢
(Tsuruta et al., 1981) and also its ability ‘to lower Serum prolactin

4 v » . 7 [ 1

1n reserpinertreateﬁ¢male rats (Bach et al.,~1980) " In addition,

a . 0 A -
this drug céuses'rotation in the rat“tgrning model (Bach et al&iY .
s e B

N - ! ) ,~~§ ) "’,, -

' -Specific %ntagonists for the'bé'kedéptof'incLu&é~(-) sulpifide

Y
e Vot “

and Bo 22~1319, both of which block apomorphine—induced stereotypy v

- b H

. and are cataleptogenic at doses cbnsiderably highe; than halopefidol

t «

(Worms, 19825 Elliot et al., 19773 Davidson et“al., 1983)“'

¢« -

i The relaﬁionshiprbetween Dl aﬁd D2 receptors in the striatum® is .

v ¢ » H v - | >

E

a

',, . not elear,_  Stoof and Kebabitnn(1981) have suggested,thgt‘stimulathq *

+ P v . "

of the Do receptur ighibits the fonmation.of eyclic AMP resultinb T
§

A -

.

from sthulation qf the Dl recepupr‘rthei erimental evidﬁnce

- v

- *

4
howevqr, doés mnot. Lonclusively demonstrate that such a reciprical

o
. %

relationship exists within a.given cell ¢ype within the striatum. .

~ ~ - FEEAY 47 ,‘ ,

«Lastly, recent behavioral’evidence suggests that Dy rdceptors .

*
\‘ “ A v Y v

plone, or in combination with Dl necqptons, but not 01 regepﬁorsf
7 * L3 L]

¢ “ N . . < R

allone, agé invoelved [in géal—directed movements (Schmidt, 1933).

/ * e
.o P 7 ’ -y . . N
Lorticostriatal Afferents . Iy . ‘.
. R f . | 4 K EY . v - -
M s - ]
Anatamy v, S0 <t . e . “ o .
- n - »

s - » - e nr - b )
The anatomlcal studies of Webster (1961) demonstrated that the
' 4 M ¥ T
cortical- projection fo the striatum is topographically organized.in
w o f - N * * "
both anteroposterior'afid mediolateial plames. *Although’this is trye,
» . i * s ¢ oy -

. v “

§ <o

+comsikderable overiap of‘prdjection,areas océurs, patticularly 1o

+ *
® v E

/} L3 4
intermediate soriataL regions, studies on the «ells oﬁ,origin and- *

the ﬁerminal distribution of cdrticostriatal fibers have shoWn that
¥ h - ‘

the medium size pyramidal vallg of‘Layer V project to the'striatum



-

équtysepsory‘and motor representations, which project-to.the- "

b

S apterlorkpole of the striagum, both ipsilateral and contralateral

P
s

‘projections ‘have been seen (Wise and Jones, 19779. Projections from

- »
f -

- - fiore caudal ‘cortical areas terminate in the dorsolateral striatum;

.
> * [

- projections from aven more caudal cortical areas descend to the '

~ . . *
veqtrglateralfstriatum but do mot reath the posterior pole. .

a *

- AR W
Pa§;enns of terminal labelling “4pdicate that corticostriatal

- *

‘fibers end in a very restricted manner and that the terminations are
’ T B » u ) »
in the form of: iuterrupted elusters and patcheL. Similar results are

seern fof the crossed-gorticostriatal projection; in morphological "
- A

. siudies 1d animals with frontal cortex ablated, degenerating boutons,

-

s &

'y organized in patches, and exhibilting the features of Type IILIL o -

(gxospinaus) synapses, are seen in the striatum contralateral to the .

[
<

ablation ‘(Hassler et al., 1982). . -k

» . -

. .In additlion to the projection from sensori-motor cortical areas,
PRI X )
which'-is principally distributed to the dorsolateral yuadrant of the ¥
* » »

" antetior steiatum (Webster, 1465; Carman et al., 1965; Wise and

"
:

* ' Jones, 1977;dkeiley et al., 1982), the rostral striatum recelves
projectioha.from the anteromedial or frontocingulate cortical area.

' This cortleal region receives projections from ‘the mediodorsal

1+ - [y
-~

',hucleus of ;he*tﬁabamus, and is a homologue of the prefrontal cortex
ot-primates (Leongrd, 1969). These cortlical areas project to the

L -

M gutire vent!g]!dial half of the agﬁerior striatum as well as to a ,

AU \ 2

é large portlon of the dofbomedial striatum (Beckstead, 1979; Eﬁlley et L 4

.
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'Electrophysiology of the Cortico~Striata108ystem

? r - - .

Blake), 7arzeckl and Somjen .(1976) studied evoked potentials

- = 5 . . .

-

B
» » -

found by antidromic conduction that the cortico-striatal pathway was

4
*

iy mdnosynaptic. Furthermore, the- cortlcalvprOﬂeculoﬁ appeared to be

- - well organized topographicall§'along thewanterior-posterior axis and

> . . . X
, ’ "o nharacterized by extensive overlapplng. Summation of potentlals at
,*‘ ‘ o - Jné ?olnt in the eaudate nueleue could be evoked by stimulétion'of ‘
w e ‘ ::two‘widely eepératéd cortical lotf; ‘Furthermore,-é;ogéd resobnses 1
‘_ /gw”1 ' nere also seen upon stimuletion:of:the eontralnéeral:eortek: X .
$oa , Y R ‘ Sishbo et al. (1982) studied strietal Qeéﬁohé nltﬂ a‘combinétion
‘ s of- intracellular redording and intracellular 1abelling wlth .

# * -

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

.
% - - N LI

medium .aspiny cell all responded to either cortical or nigral .

. . I3

stimulation with excitation' the giant asplny neuron-also responded

A ‘e »

! to stimulation of ghe SNC with dépolérization"the effects-of

.t 4

cortical stimulation on this neuron~were not determined. o

- ¥ s
- N " vt

4
. o, & Glutamate as the Neurotransmitter of Corticostriatal Afferents

: S - o
Glutamate, an excitatory neurotfansmitter (Curti ‘and Johnsgton,

i - > “

. A 1974; Krnjevic, 197a), was first rmplicated as the meurotransmitter
) [{ of cortical afferents to the striatum by Spenper‘(l976) who showed

. “ . +

, ( .that the excitation of strlétal nenrons obtained by eortical

" ~ ] +

, * _stimilation ecould be blocked by‘L*glutamic acld dtethylester (GDEE).

+ L "

Biocnemiqdl studies of high—affinity glutamate uptake in anterlor

+ . .

¢ ’ gtriatum following frontal cortical ablation showed that a reduction

»

¥ 5 «
) L » 7 o ,

. 'within the ‘caudate .nucleus of cats after cortkqgl stimulation and .

v



e

. N 4

- ' N
in uptake acFompanied‘the cortical lesidn {Divac et al., 1977; McGeer

-

4 7 ¢ 3

i Qet al,,”1977). Similarly, it was also shown that frontal:cortical . oo
N s - ~

"ablation résulted im reduction of striatal glutamate levels (Kim et
y - 0y , , -

4 al-, 1‘977). . {/k Az t !

) ’

. Release of 1ébelied L=glutamic acid froﬁ rét striatum folldwing
£ ‘ . ] 4

~

"elecﬁrical stimulation of the frontal cortex has been demoﬂétrqted *
,with push-pull cgnnﬁla perfusion (Gedukhin et al,, 1980). " Concurrent
¢ - . "

stimulation of the SNC did not enhancé the release of labelled -

s

'

-
- ¥

Ywwe glutamate. Chronic dexamphetamine (DEX) treatment (5 mg/kg for 12 g
P t -, b fy .

12 ¢

1 f
+ days) increased striaga% glutamgte levels, leading the authots to . -
- Co B .y *
- suggest that chronic DEX Tesults in neduceg glutamate release in the'

[ S / . “ ¥ Jo

~

! striatum, which is reflected in the observed increases in glutdmate
., ‘ N ~ L ¢

h ", levels (Kim et al., 1981). ve o B

e
N N N [ " L
. v

. \ 1 - 1
The litératuye regarding receptqrs:for excitatory amino.acids ¥ -
- rd ~

LY
~

' - ‘ .
has been extensively reviewed (MpLennan,,lQSL, 19§2; Fagg‘apd Foster,

1

o -

. : ’
1983) and electropnysiological experimengs with agonists and g

antagonists have indicated the.existence of three réceptors. Both*

' A N 4 L . :

L - - P v 1
the N-methyl-D-aspartate (NMDA)-preferring and the, glutamate/ - .
. \ AY ’ P \

! quisqualate~preferring receptors are present on striatal\neproﬁs' ¢
. ‘ . ¥ -y » N -
(Lehmdnn and Scatton, 1982; Spencer, 1976).° ~ . .

» 13 ]
B A A

Cortical Modulafion of Striatal Neurot%ansgéssion ) <

A} - ~

b

The role of the cortex on.striatal’choline}gic activity appears ,

v ‘ * i 4

" . » Y » .
to be'modulatory., Following unilateral cortical ablation the high ‘
- * 4 .
. affinity uﬂtake of choline into striatal synaptoéoﬁes is decfeqsed coh

N ! Cu
(Simon, 1982). However, neither Ach levels (Hassler et al., 1982) or

K . .

1 ‘

* CHAT activity (Scatton et -al., y982)iappea€yto change. quthrmore, -
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_.ability’ of glutamate to emhance DA, release (Giorguleff et l., 1977;
» N N - ’ , . 5 ' » '
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4 RN - ! N s _'
the apomorphine~induged increasé,iq,stgiatal Ach levels,” or 'the

- - '

- - A ,»"l . h) " N
¥nhibition of K*-eveked release of [H3j-Ach from striatal slices =~ .
preloaded wish [H3]—choliﬁe, as well as the apbmbrphineﬂinduced Ve

1 4 4y N

decrease«of striatal RQPAC (dihydroxyphenyladeticracid) wefe -

- LN ~ > ~

< ynaffected by bilateral cortical ablatibn, Unilateral or bilateral e

x e . . v
cortical ablation also failed to affect efghen:bﬁ'levels (Hassler et” -
.~ ¥ y .ok -
al., 1982; Scatton et al., 1982) -or the increaée in DA Turnoven in o

~
[ =

response to Haloperidol (Globus\et ak., 19831, sugges:ing tha{ in .

contically aplated\animals2 the dopamine—acetylcholine axis is qpt ‘
+ 4 4 N " -
-~ \ + ’ ~
dffectdd. "N\, -
} “ Vi / v

] Y 3 L
«* On the other hand, striatal glutamatgs

.
. . t vy s

5 » -
\ding has been- found tb

ifictease approxiﬁEtely SQZ‘following'degepti ation but déhreases'ho%' .

Al

[ .
after nigral\ﬁ-OHDA lesions, sugges@t;i?nﬁe presence of glntamate - .

boe

' receptors on DA nerye terminals (Roberts et al., 1982), In SNC } v .

<
1

- felationship betWeen DA and glutamate*release’exists within -the

+

’ _— L -

lesioned animals 100 pM DA requced the'K+—evokedtrélease of ‘;,« '

v *
ks ‘ s

endogenous glutamate o a greater exﬁent in sliceszrepresenting the.

¥ s A (S . L
lesioned striatum than 1n those fr&m the intact side, suggesting .o -

rd

supersehsitivity of DA receptprs o gorticostriatal afferegts. ..

- . . . -, . . ”

Others have demopstrated the reverse relationship, ‘that is the’ <

.

Marien et al., 1983). .Thus it would seem thats a reﬁipéocal . .

-’ » . " v x

a
N ! J 4

striatum. Not only ¢an DA modulate the release “of’ glutanmdte | frOm Lo

IS EY
"

~

“prticostriatal afferents, but glutamate can also 1ncrease the‘amount

A \, -

’t \ M Vo 2 N ’ o
N ‘ .
of DA released from nigrdstriatal nerve terminals. oL ¢
;€ ‘. . “ N ' ’ . N ®, ¢ s
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Striatal Afferents From,/The PF~CM Complex N ’
- " - - - N I - A : . ‘ ot N
Anatomy . ~ “ :
. ' S i : .

. :' Striatai neurons recejve a maﬁor affesent proJeetion from’ the .

’
R “ A

intralaminar ‘complex of the thalamus, in phrticular, “the PF+~CM A
% ?
the cortical afferent prbjection, ]!llamostriatai fibere also exhibit
Y N e ‘ / o i
patch—like terminal fields (Kalil, 1978)a After thalamic )
. f - » - N
kcentromedian) lesions, degeneration of synapses at the. level of the”
\ y , . : Wt - /
medium spiny neuron.have beei observed“(Chung etval., L977)

- . - P

As w’eli

as projecting to the triatdm, the intralaminar nuclei aiso prOJectu

b e . - P -
Y . - \ ™ - A

1981)5 aud Herkenhar (19§0)7§as stiown that ghe enfire neocortex of-

v ’ o N ¢

‘ the rat receives pEOJections from these nuclei. Yot

- <

hl N “ M [ \‘ .
o Llectrophysiology of/the PF—CH Comg;ex ) - , R
' ¢ ~ 4 v i ) ' i
- . Althoug Uorrison and Dempsey (l942)tfirs; showed that :
A % . \\..\ . '

stimuiation of -the intralaminar guclei‘resulted in widespread
\\ i~ ! )
recrui tment- (excitation) of cortical neuroné it was notﬁuntil the,
[ v, A ‘.

pioneering work of Purpura and Malliani (1967) that it was ‘ *

i 4 1 i ' .
demons trated that there is an excitgtory thalamostria;al ‘projection.

B
’ - . MY
\ » . f

\ Buchwald et al. (1973) In the cat demonstrated.wlth intracellular

e 1o . .

4 I 5 a 1 ’
. recording that caudate'HEuruns respond to thalamic stimulatiog with

oo co s '

excitation. Silearly, Kitai; and assopiates (Kitai' et al., 19763

x f= y ¢ u.

Kocsis et al., 1976) stimulated the PF~Ld complex and recorﬂed >

ES . . -

monosynaptic EP&PS in caudate neuronk of the cat. ,The striatal

-

identffied as medium spiny neurons, I[lore recently, similar results

Iy

«complex (Wauta and Whgplock 1954; , Jones and Leavitt, 1974) v “Like -

. meurons beipg recorded, were labelled with horseradish peroxidese and i

c 3 - ) o ~ . L
to ghe cortex through ZSancbing axon chlaterals (Jinnai and !latsuda,
' 1 T

~

\



. . y TR (Royce, 1982) Co b Lt '

"
A}
r

_— «

~ g =z - P X . boe A\l \\ /
. . . ! DN T .
o > Y 'were also found in*the rat (Van der Maelen and Kitai 1981). . .

‘ N ! ' 4 7 f N / 4 v v “

AR ’ ¢ - Host PF- CM neurons receive extensive bilateral anuts and have '

' . \ .
- . N 1
R B S vl

. . ? * “been characterized as polysensory, qultimodal or sensory convergence
¢ * . - « ° A * g - A A
’, v A

Lo PR neurons. Studies in chloralose~anaesthetized animals have 7 T

- N .

\ f «
. ) s PR * t - v

‘ o yoo demonstrated ‘that 90% of -thes& neurops are nok sponﬁgneously active ‘

) | s ) . . .

\ . but d¢’ respond to a wide. range‘of sensory stﬂmuli (somatic,~auditory, '

v F . “~ ” X
P . R . PR , S0 } -—

‘ . . , visual) with a single spike or shott. burst dispharge (Kruger, L, and
. ; / . s + . ,
. . . P 3
S Albe—Fessard* 1960) po o . : '
' : . N -: D . [ SR ¥ ' ‘\ \ ' [ -

’ ." % The centromedian 4and parafasciculqr nuclei receive projections

. 4 - . . ~

T ! from”~ the cortex,\these prOJections arise from pyramidal cells in 3

- - ooy s ™ L4 Vs 3 14

. ‘ Layer'V and are /distbibuted. over wide areag of’ cortex (Royce 1983)
(LGN . e » «

The pattern by,which cortical neurons impingecapon these nuicléi bears
4 N ‘ ~ R vy ¢ -

P v P g a striking resembiance to’ that of the sortico-striatal prajection

.
A s } ~ +
“ - & ' A » . 4

‘ -
- .,

. - »
4 -
- Fa B v \ /

‘ s e ;‘ * The Transmitter for ?1bers from the PF- CM Complex to the

- ! / ' ’ « | ¥ V4 AR
. ’ S - PEES v ) ’ 4
N < s . trLatum , N ~ \ . R 8

- e -
I * 5 l} ' ’y - ‘

N .
¢ » “

Aol .  On thé basis of marked reductions in éhbline\ecet}ltransferase

! J
. . -
13 ° - - *

e - l’a'activ%ty in the head or‘tﬁe strietum/§:ﬁﬂveeks after el:ftrolytic
\‘.,_ \\: : j . ' Elesions of the bérsfesctcular nucleusg,slﬁke and Saelens (1977) |

) e T . . concluded that the fiber tract Between the parafascicular nuacleus andﬂ“

» Vv the striatpm was cholinergic. ‘psrng a-similar-approach, Hassler , . |

\, ‘. ' 1(19*755 had' reacned'ar'similar cenclusipn. However, in a recent( study

’ - 4 . . . . ‘ 5

", AR (Barrington-Ward/et’al., 1984) no reductions in Chol}neﬁ

. . N . N N p

N ' 'Acetyitransferase (bpatj activity in the striatum could e
- v L] . s L ! . p
, vt . ,demoﬁstrated following leslons of the PF-CM complex. Furthermore,

- N N

hd ‘

<k .

Jj: . (interryption of*all”aftereﬁt‘connections to the striatum does not .
\ /s




- e -

¢
significantly alter striatal Ach levels (Kataoka et al.,‘1974),

- . thereby supporting the concept that Ach tunctioas only as the . .
’ i “ 1 ) -

i
7 . transmitter of 1nterneurons of tye striatum zButcher, 1977 Misgeld

» 4 A
« s “

. .and Bakf, 1979). . ! - P .

” rv DEXAMPHETAMINE AND THE STRIA'fUM . ¢ [ e o
- : A ’ = ) “ ) ) » .

Release,of DA by DEX ° : : " sy T, T , -

1 i N »

-
» h 1 - v

N . a §1ncé.the original demonstration of the neiease of striatal <7
-~ N \ ‘sr.x
’L W

- dopamine by DEX using push—pull perfusion (McKenzie and*Szerb 19682h

. ’ several gpoups have confirmed that DLX relee;es dopa;iﬁe (éerthol{ni, > -
} 1980; Glowinski et al., 1979; Phillips et al:, igag). More recencly, .
Zetterstrom et al.u(1983), using the intracerebral‘dialysis technique >
. . v N oo o7 « “
o have shown that in” freely moving rats an produces 'a 14=-fold inerease . -I
‘ [‘ ..' in tﬂe release of endogepous st;iatal:DA. ;giéilarl;;'Eorni and * . ' "

*

[N

Nieoullon (1984), using in-vivo chtadmetry have shown thdt in the

’ 4

e freely moving hamster, DEX enhances the,reléase of DA: .It-is.thus ’
ra t A Y -
P e . . . \

- . - clear 3that,DEX releas,es"stri'a*tal DA"bot'Q in freely moving and

» ' a

’ ! \ > «f » v > kY
- immobilized animals., v ; "

[
V4 -

.
- ’ N £

1

. * Stereotypy ang the Striatum - ~

\ » ' - . -

+ i y - -

o * Some authors argue that the striatum is the primary site of dfug o
! & - gction for, the induction of stereotypeﬂ behevior (Ernst‘and Smelik,-

* - o v )

‘é’ » > " » Vv . 4 ¥ N ;
- . “ 19665 Fog eu al., 1970; Asher and Aghajanian, 1974; Creese'and v R “

» Y e < - - LR N

o 0 ' Iversen, 1974) while others maintain‘that mesolimbic nucleieare - - . :

*
- . P ’ . ¥

- . primarily responsible. McKenzie (1972) sh@wed that bilateral , :

- [
. M » ~ . .
A il 4 . A

; destruction "of the striatum did not affent stéreotypy Whereas Tesions o .
' . s M ’

- 5 of the olfactory tubercle either eliminated or greatly qeduceﬂ

vt ¢ - .

\ . ' stereotypy. Direct 'injection of dopamine .agonists iato the nucleus , .
] 3

- - / “« Y . ” « .

o * * »
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.ﬁ “" * . "‘ - oot - e £ . , o Tl S
! . e, T " FRET ”" L ., N —f . “ . M | N
PR PR . e f‘ *' ' l. - ' b ) ., ,
- s ° ~ i “__'»‘ * : . T 3 T . } 29
. N -, 4“ [ { bl ' - 1 A \-
7 . ) accumbens-results in stereotypw'and h§peractiy1ty*(Costall and '
P w < » . _— ) o / -~ MY : !
S0 N : ; :‘ ~  Naylor,- 1974), Lastly,'enhancing GABA-ergic transmissionﬁin the o
. ¢t noe - . . s »
5 S \ striatum'by pretre&unent with amiuooxyace;ic acid‘@r muscimbl LN . )
- N N -, . L | |
/3 . -ehhances DEX—induced §tereotypy'but nnhibies~sgridtal~neﬁrdnal i
! P . A *r e uz .- -
T . ) T *discharge& (dc&enzie and Haosen) 1980§..'Such evidence,rtakem , ",
w O § 2 N
[ 0 =~ + * N I -
¢ e collectively, argues against a primary role for ‘the striatum 1n “the AR
- [ R o~ P ¥ ' “ N
s EN a LA - » AR . - [N
Yy : . L 1ndnction of drug-induced~stereotypies. ;" R v
“o.( » |\ ) *U. ¢ ""’
- N . Amphetamine,and the DA Theory of Schizoghrenia, LN Dot .
n - * %
o - 5 b v X - ’
, e Repeated administrationxof amphetaminhs in humans fay elicit.a’”
" I D v s 1 -
v . ) psychatic spate akin to paranoid schizophrenia (Lonnell 195&) .
e % - "~ } X i
LT - leading many to hypothesiae*thdt DA, holds~a central position in the v
N : x R s ’ ’ 0 +
¢ v étiology of qchizophrenia,ang ppssibly other affective disopcqrsﬁ In » -
13 - * . . - . . . . . . ~ IU
t - addition, in Parkinéon'étdisease and* livntington's “chorea where <

' .
.
v [ ~ . ]
<

- * dysfunction of brain DA systes has been documented *afﬁébtlve

1 d v P - % PR -
- s : . disturbances and cognitive abnormalities have alsq been described

A
% -~ [ . ~ L . - v ‘. v
! < ”
N L4 [

- Se ~ . e
; : (darsden, 1982b) o, s - ' . . Pt
. , } [ . . .
o\ MY v - Y
3

T .ihe DA theory of, schizophrenia is based on the féllowing‘ o
. . » . . . ¥ . : . ® . -
- + observatipng:’ . . . . . ., !

" « . oo ‘ .

! l):Scnigephrenic symptomatalegy 1s greatly rediced: by

.
o~ . ;

.y . ‘) ® -

- ¢ * 4 D 4 N
L ' » bﬁtyrbpheﬁones, which are known to block DA receptots.

v ‘. ' - ;

; . -
. A 7 2) The relative potengies of neurolePths in blocking D2,|

. : “y * raceptors correlate very’ closely with their relative clinical ’

potencies*(Seeman et al., 1976). . o

»

"

! > 3)‘ﬁeurolepc1c drubs enhance DA turnover in proportion to their

. Lo ' clinical potencies (Carlgson and Lindqvist, 1963). .
’ : / »

v
L * »

' ' . ' neurgleptie drugs” such as .the pﬁenothiazines and .
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4 “ *

\ 4) Agents that decrease functional leveéls of DA, such as

« reserpine (depletes ﬂopamine)‘or a~methyl-p-tyrosine -
3 f

“

(ighibi%s catecholamine biosynthesis), lower the therapeutic
X -

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

u -

} low doses of-apomorphine, which inltibit DA release, :
- alleviates schizophrenic symptoms (Taminga et lﬁ&, 1978).

« 5) Wherea§ neuroleptics diminish-schizophrenic symptoms, .
v, - ] ' -
amphetamines exacerbate them (Angrist et al., 1980); in fact

!

chronic use of amphetamines leads to psychosis (Connell, -

~ .

€

1958). Sincé‘DEX can release noradrenaline as well as DA

.+ {carr and Moorey 1969) it may be argued that it is '

'

o
4 insuffieient to assume that DA is responsible, However, that

‘ - .

.DA is more likely to.be involved 1s supported by observations”

k] ~ i

that 1-dopa, which elevates DA levels in thé gfain aggravate’s

. A3
0

..~ - schizophrenic symptoms (Angrist et al., 1973). .
™ N r
Although some authors (§nyder, 1982) contend that no unequivocal

v 4

abnormalities in brain DA systems in schizophrenic patlefits have been

-

demonsﬁfated, others have demonstrated that striatal Dy receptors are
- ' ! ’

selectiyely Increased in.schizophrenic brains Sgwen et al., 1973;

,Cross et-al., 1981); Hore receat studies (Qwen et al., L934) have

, a ¢

sliown that nigral Dy réceptors also, increase in schizophrenia; this

. ‘ K
Y 3
«

PRI

increase is sebn in brains of both ngunoleptic~tteated and untreated:

\ \

,sehi‘zophreni’cs."' Thus, the evidence implicating labnorma,lLtieé' of ° '

Al 3

brain DA systems in schizophrenia suggests .that Dy receptor fupction

has been altered. ’ T
. v .

v
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Lo ,y* Effecbs~of DEX on Striabnl Nennonal‘ActIvity " o ’ S
Singlé—ﬁnit Studiesiin Immobilized Aninels_ i' b ‘ : - ':\ o .
\ ' . ThEougbouE Fhe last deoade; gebec; gnoves;/gnd co—wonkegs have ,Ns . : .
. ) . stndied thehreebonsee of single neunqns i&;ehe‘ftﬁintun to(DEX_(forj : , - a
) ) :eviews see Groves, 1983, .and Groves'and,Teppeﬁ 1983).. fThese o . -
b studies have all)beenkcarried*out an immobilized paraleed ) ..r o : g )
¢ ‘ ’ artificially respired rats. “Ir the abeeqce of ' beh%yior st:iatai ! > ‘ ,“f

N -

. neurons display litgle variation JAn spontanéous firin& rates,‘the

‘.
¢ a N - ~ ' .
1 oo

. . aggregate mnean from 11 published reports (Table Iy) being 2. 05 = (0,33 - ’

¥

' spikes/sec {rarige = 0.34=~4, 23 spikes/sec) LT
. ; - . . N : . “ .

A ’ It was initially reported {Rebec atd Segal 1974) that striatal v
. 3, .' ? v 7 ' . ' «
v ‘ neurons respond t¢ DEX only with inhibition preceded by a brief.

N d « 1
- ’ - N PO + v -

-

t : period (5-10 mim) of increased firing, the duration of the inhibition . .

/

N - - - : b

appeared po be dose—dependent (d.5~4.0 mg/kg).~ Rebec and Segal Iy AP

~ > . v

oo N oo (1978) " reported that at a dose of 2. 5 mg/kg of DEX, 83% of all . o !

'

N .o ‘1eurons tested responded with inhibition, but at 5 mg/kg inhibition .o

(S \

* ' . - ’was seen_ in only 337% of all neurons.\ MopeVer, at a.dose of 7.5 ' -

' v+« ‘wmg/kg, iohibition could not be seen at all, having been'replaced . .
’ ‘ gompletely by excitations In another report (Baebore et al., 1978) ;/’—“//kﬂ\i
ounly 64% of striatal neurons responded, with inhibition to DEX, 2.5/

ks . 1 Al -

mg/kg. In contrast, Alloway and Rebec §1933) feportedithai only 36% ‘

P

o4

. of striatal neurons showed iahibition at a dose'0f 1 mg/kg ‘but at the’ . :

- A b

v ' higher dose of 3.0 mg/kuy 4% of all' neurons responded with' v o
& ' .
inhibiiion. Thus it wodld seem that the estimates of striathl Lo

L] / e -

. neurons neSpondinr to DEX with excitation or inhibition vary ‘-1 v .
., ‘ . ) 4
- ’ i

considerably from study to stndy and that more, etriatal neuroms

r ¢ . - " i
* -

/ » PR
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Table IV ~"SUA oF Striatal Neurons in Immobilized,, 1Arytiﬁically—R‘esp:l:‘red Rats .o .
£ - > . ¥y
-y ; - . - - . - ' ,iq A
Spontaneous Neuronal Activil% ~, . Ve N - . .- )
(Range, mean or mean *¥ SEM in spikes/sec Réferguce "o , < :
- ° . ‘ . N - I ~ M * , - - - ~
3.0 £ 0.44 . . 3 Groves, Rebec”and Segal, 1974 :
. 7 3412 % 0.65 ] - \ Rebec and .Groyes, 1975 - - ;
: ’ 2.27 £ Q.72 Rebec and Groves, 1975° - .
- 1.10 -.1.95 - . Groves ;- Rebee and Harvey, 1975 *
p . . <7 - N ’ .
1.63 - 6.83 - - . "+ Groves, Wilson, Young and Rebec, 1975
ty 4 ~ - . N
. . 1.06 - 2,37 - 7 . " + Rebet and Groves; 197% .
0.08 - 13.9; 2.43 . "Wilson, Juraska and Groves, 1977
-~ — * }- . « .
0.8Q < SR Rebec and Segal, 1978 -
. ‘e ‘ .. . ; :
] ™1.52 £ 0.5 . Bashorey, Rebec and Groves, 1978
s © 0.34 % 0.16 - 0.61 * 0,15 ) - Rebéc, Bdshore, Zimmerman and Alloway, 1979
- * ~ l
-~ - [ ’!
- T 1.60 £°g.28 ° § .+~ Alloway And Rebec, 1983
K - o7 J N £
. - ' s ' A . g
* . ) - -h ¢ - ‘; PR - N
. A ’ By - i ! . * - N e N -~ ‘
- o 14 “. » - \Q » ) N ¥ K 4
. _ ,é*‘ B .~ 2 - % . R -
- - v ¢ ) ’ v ~ 3 ) . ’ ‘) -

v
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N - - . . . IR ~ b= ‘
" . respond 'with excltation as the dose of DEX is Increased. :- ' vy
' ' T, ~ i : . <7
The role of dopamgné in_ striatal~neurona1 responses to'D@X‘in -

- . v

immobiliZed animals-has not’ been adequately examined. In a study by

‘ ' P N . -
’

' 'Groves et al. (19753),'electrolytic lesions placed in the ‘

i34 [ [ fay

nigrostriatal DA bundle, (l) atteuuated but did not abolidh the' oyt
-~ . Ay \ /»“’ -
] ‘1nhibitory response, (2) did not affect spontaneous discharbe rates

- v
> N

of striatal neurons, {3) did npt affect the transient ,excitatory ! .
) response followlng-DEX and, (4} resulted in a'dectease in " i
[ ~ a! * n\”v,l

telencephalic DA dontent of\approximately 554, = o

Al 2 ~
[N . ' :

*, Effects of' DEX on MUA ofr Striatal Neurons_.in Fréel& HMoving |

(3 N

+ Animals . RS R o e

v

N Lo . -
: Hansenr and McKenz}e,(lQ79)\found f¥at in fréeely moving rats BEX.
. i . B ) o ‘4 . “ §

- * v - - L] > ’ . A % »"' . . , N
' produced excitation of striatal neurons as measured by multiple unit

" : A b . @ B E4
% - I p

» recordiné. “The excitation”of striatal neurons Was dose-dependent and
et L e [
- paralleled DLX—indﬁced locomotor activity and stereotypy, leading the,,

£

- ' - ’ ,! %

authors ‘to point out that stereotypy is accompanied by striatal

v v 4

activation. ‘Howewver, in a further study, McKenzie and Hausen (1980) '

.
>4 “ ®
- -

Were'able to abolish DnX-induced excitation of,striatal neurons by

a
. ) y !

_\enhancing striatal GABA-erch transmission while aﬁ the same timet .

v v ¢ « ! ) + !

observing anxincrease ‘in stereotypy. Therefore, it appears xhat ,

©

N .

" striafal activation can be dissociated from behavioral activation. ' .

-y v ’ .
* - ¢

7, * Effects of DEX on SUA in Freely Moving Animals B

[y ’

* Hansen (personal communiéation) found that‘90%‘of striatal .

L - [N

N ' 4 t

Aeurdns of freely moving. rats 1ncreased their discharge rates in

.
B e N L) . . B
- * -

, -‘response to DEX: Simgiarly, Trulson and Jacobs (1979), found that in
t" . - A

freely moving cats, 704 of all striatal neurons recorded, respond 'to




~compared o spodtaneous discharge rates in immopilize

.

.

neuronal activity.” These observations ar
X ‘s

that the striatum subserves sensory as‘well as motor functions

t
AN

DEX with excitation in

. .

v, ?

P * - g ™ - 4
a "dose-dependent manner. Furthermore,
s * -

~ v Al . -
I
.
X ! -
¥ -
. ERY
x
1
. - .
» y
. ~
~ )‘
.
o 3%-
. R
.

s

d animals,

Al

striatal neurpns in freély moving animals exhibit higher‘spantaneous

w L { N

“
1

"

. , _ .
discharge rates (4.4 - 13.4 spikes/sgc; median =

- . s

that behavior played an %mporuant inf%uenc
L ‘ o -
'S -

L]

-

v

i

» “ A \

.~
» i4
(Krauthamer, 1979), .- . I
.
. D . 1
/ * -
. v «
+ - .
A * y *
T \ ¢ »
o 1 4 S
A3
4 - ~ ¥ -
, t -4 N
* L) #
* = 0 “« t
4 N /
<
" - -
\ ” ~
.
5
4 ’ - - .
. >
’ . . ] .
4
B . .
vl - LI N
PR ’ + .
.
>
4 .
. 1]
¥ s »
8
- \'
- . -
3 » l y
’ .
i P + - ¥
[ ’ [ N » .
5
7 “«
s ’,
- N -
v ™ ' ’ LN '
N »
. ¥ + -«
n -
.
Y
: N
* ® -
v Y. -
[
\ 5
k3 AN ¥
'
' » v
. N
L] 4 v
4 - . -
”
v 1
- L] PR "
*®
» ¢
f
,
»
i . *
t . N
« ) it »
o
/ ’
R .
.
[y . ' *
w . 4
w
P .
) . %
*
¥ i

7+6), sugggst}ng t

¢ on spontaneous ‘striatal
¥ v 1

L

FEERS
¢ ¢ ¥
1 x
A X
1
.
1
-
A
LN )
5
®
.
r
1 .
¢
! A
- a
.
A !
- :
0
?
«r e
t
v i«
*
.
K
, B 4
.
N X
A
. -
‘ »
»
-
.
2 [
e
x
¥ L
¥
. -
v v
' .
L3 Al
¥ -
I3
.
14
s
P e
4 *
- s
.
‘Q
. .3
o
&
'y
’ N
3
*
’
i 3
s .

-

4

e in aceord with the concept

4

*



. < y 1 - Yoo, . o - L ¥ & P
- - . - ~ 3 s.‘ .. , - .. < . .
. [ 9 R x R =
‘ l-’ oo - s “) . [ ’ ¥ " fou 4 N T r A
- “ * Dl i "
v ’\ s § et -0 L U - ‘ ’ » . f~ -
. . - . . .o - . ! N . “ ’ -
N N I3 - ) W P » .
w1 x f LN . -2 » k e Ad
x . " . - < e ey .
~ = o ) ,“‘ * R Aoy . e,
¢ ] ' A ‘ ¥ 7 v N 35 ‘
- ® »< + . - - - » y - -
. o [ * . , - «
P " ' K Y. 3 » -
. 1, Yy . OB,JECTIVES OF THE PRESENT STUDY.. s ¢ .
u N ~ . ' 7 -
L. 5 . " 9
- T - % hd Ed - . . A N »e ”V v
) [ N
" v “; - . ’ ¥ .~ . B w
-~ “ ; - , - .
! ' %, The effects of DEX on striatal neurdnal activity appear to be 4
. - - ! ] ’ N ¢ N

Lo L ¢ 4 * o) v B - -
 -fundamentally different, depending on whéther experiments are cdrried-
e / nt o~ r

- -
'

oit 1n_immobildzed or ?keeiy'moving‘animals. Whereas™excitation i, R
[ - ~ ‘ e \ < i

3
< P
. «

. . ‘ . Y 5 N s 4 ™~
., the prevaleut.neu%onal response to DEX in freely moving animals, “
- ., - . ¥ A - \ AN ~ 7 N - *

N P - » . - * i
< o 1nyib1tion has been reportéd o *be ‘the more predominant’ meuronal PO

/"‘ ~ ~ ’

-

« v .’ M .
o respofise fn immobilized an}malsf _The most likely eiplanation for -

- - . . | . < -

" 1 - * t r - LA | »
. fhis,markéd difference may lie in_the fact thgt the immobilized N .
- " animal is 1nhapaﬁle of expressing either normal or’dfug—induced’ :
¥ ) ' . o et PR

v M
" A L -

béhaviof., I drdef to postulaﬁe 5 role for behavié}, or for that -

T P . P
(I 4 A N P ‘e " * - ‘ “‘
-matter sensory feedback arising from drug-induced behavior it is 4 . ’
v « - ' * : ‘ N N . . s

+ necessary to ‘identify the ‘possible ueural substrate(s) capable of «
) .~ « .

. N . ’ 4 ”
conveying feedback to the 'neurons of” the striatum. >ince striatal -

" 7 ) N, A ‘ K - - -
.

- ? i [T
~ mneurons receive considerable afferent projections from other brain -

! N

N

regiops the objectives. of this s&udy were defined as follows: v “
" S .

~ v
. ’ -

” - o * ! e v
. 9] To "delineate more precisely the effects of DEX on striataly -~ T
4 W - i . - “ "~ R <

(// - neurons in freely noving vefsus impogilizgd animals ‘using

f N - v

. the myltiple unit recording technique. S . .
) ”
N * ] s v .
\ . 2) TFo assess the roles of the three major afterent projections

i h .

'
¢ to striatal neurons, le. those originating in.the cortex, ! “

#, A

tne Pﬁéqn complex of the thalamus, and the pérs compacta of -
1 (3 ’ Y * v

. . * the substantia pigra, by examining the effects of %esidn§

» , ¥ ¥
. \yithiu these structures on the striatal meuronal ‘response to _ , "

. ) 1
' .t v -

; ’ DEX in freely moving animals. . -

) .
~ 3). To extend further<the analysis of the role of striatal o -

e

o ¥
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Ty i <y o
o

é’fferénpsyatems by attempting to understand the belavioral ,

" B L4 -

and neurochemical consequences of disruption of the three

[

major afferent projections,6 of the 'striatum,

4o attempt to define pharmacologically the role of the

, y R .

algrostriatal system in the DEX-induced activation of

» . ' -

striatal néu;ons as it is well estéblished that DEX releases

striatal DA in ffeely movin% animals. . "
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2 MATERTIALS AND METHODS, I R Yo ' -
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ANIMALS . : . s e a
Adult male Long-Evans hooded rats, weighgﬁg 240+400 g5 vers ' o
“used. Animals were kept on a 12 hr day-pight cyclé and were-given ' .. - ~
access to food and water ad libitum. oo ‘: « )
. T ——— ¥ N - " o . 'ﬂ o r
DRUGS, REAGENTS AND MATERIALS s W e _ .
— " ."' .o - " ) ¢ S
Drugs, and reagents and matg;iafs uged iq this study are llsted Lt .
[ . {:‘" * w7 "‘ . EE PR A f
in Appendices II and III, respectively.  The names and structures of . A
+ - v “
DA  agonists and antagonists are g;ﬁgn i Figlire 2. ~ ' v .
v "8 » .
STERKOTAGIIC APPARATUS Tkl . - t
) - 1 -y "'.1 » 4 N - s, R
a . [} \
. A rat stereotactlc apparalus. (David Kopf“lus{rumentéﬁ wag “used ’ .
in this study. The incisor bar was set 5.0 mm above the interaural
. : pL ‘ .
line when rats weighing 280 g or more were used. For animals . . .
« R v, N L » 3 b B 1
wefghing less than 290 g the height of the incisor bar was determined . .
‘ ~ - - o N v
% the,formula of Whishaw et al. (1977): R T
’ -_,, W' \ . . : > ) . ‘
. _ , L] ) % : 'vo * . N “ .
/' Hi = UK ) AR P v e i ".\ , ’ R .
where Hy * height of incisor ‘bar et T - ’ X s
\ ¥ v ? . .
. % * - B .
. D = distance from the back of the incisors to»the . .
, . » - ” : » !
; interdural line with the incisor bar set’at 0* J , -
* ¥ 1] ~
#»X = sine of the mean anglérbetween the hgrizontal plane’ of, v .
Fi Yo ._“‘ - . , *
. the interaural liqg and the incisdr bat set at 5.0 mm '
- . " , . r L ¥ " ' L.
o (x = 8029'; sin x = (. 147> ¢ R ® o ¥ . s
* N *. r -
~ 4 h : * »I . ' 3 . %
* The bregmoidal intergection was uysed as the anterier-posterior zero -
’ ' 3 r" % ’ ! i ' ¥ . w
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FIGURE-2, Structures o D, and D DA rgcébtor agonists’ and
. antagonists uqe& in thlS study. D] agonist = SKF' 38393
.«D9 agonist = LY 171555. D1 rantagopist = SCH ”3390 >
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reference aswwell*as npe medio*la‘teral zero, and the sygfade of the
- N 1

¢ v, - . N " \ N
xdurawtaken as *the dorso—ventz;al zero reference‘, All co*ordinates N

@ Y \

were rtaken. from t;he eltlas of Pellegrino and Cu&ﬁnart (196?)
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LESTONING TECHNIQUES i - ) S
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L)c;pamine-Depﬂ,eting‘Lesions . ’\. N o L
. ' > , ’ , ] N
s 6-Hydroxydqpam1né (6-OHDA5 solutions were 1nfused into ‘r}xe brain !
L™ / .\ . , \ ~ 3

through a 30—gauge cannula connected\ with polyethylene tubing (Pr. 105 s ’
- N 1Y
\ to a 10 pl Hamilton syringe capable of acmﬁrately delivering 0.5-10 N
' \ ~

'ul. Using this apperatus small volumes (2.0 or 4.0 u]\.) were infused -°

slowly tuus m‘iniqni.zing’ tlssue damaée“ at the Infusion site. , . :
- ¥ , _ ] « - i rs
Yy “Nigral Eesions oy , ) L e T /’ o \ 4
o All animals dsed ir; t:biis pert of ﬂ,le stqu weighed 280—310 g to

by

minimize stereotactic err;or. N Unilateral 6—QHDA lesions (Sptler et’

\ ] ‘ \

’ ’

al., 1’973) were placed m the SNC a,t two yoints, one r:o’stral’ and one -

# i .

caudal ‘to 'the midpoint of ‘the nucleus (-3. 0 AP, & 2 4 ML -8. OQ DV and ~
~ t i
-3.8 AP, + 2.2‘ML, ~8,5 DV). hach lgcus received 8’ug 6- OlIDA (dBr
’ k) -
:sa],t) in 4.0 gl of 0.9% séline containing 1 m‘g/ml ascarbigz acid.
"L‘hi‘s volume of: 4,0 1l v;as infused over 104min:'and r:he ::annqla left

= ~

in Place for an additional 10, min. td allow for adequate diffusion. N

[ v )

{
fAnimalq vere ﬁreated with 30 000 I.U. penic:lfll»in G- i m, and\Jgiven -

-
- »
- “ N } LI .

15-21 days to recover before electrode impiangation. Y r

- » -
. '

t
, Control afiimals’ cons‘isted,’of normal anima;e (Nfo, hormal
. v { . o . ¢ i N

M * - ¢ - 14
animals bilaterally implanted*with electrodes in the striatum’ (N=2)7 At

p ¥ \ N fo ]

~ »- - rd - Ay
and amnimals in which unilateral sham cannula‘tio‘ﬂ? of the substantia RN

»

v * ’

- nigra‘vas carﬂed{out (N=4). - M .
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Intrastriatal Lesi - N Y ; Yo
, ) nrrastriata es10ons o N . ; s,
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. Fifty pg of 6~OHDA (HBr salt) in 2.0 pl pf.ﬂ.QZ sakine T .
# - % \,‘ , ® b
* contalaing 0.00001 N HCl and 0.1 mg/ml sodilm meta-bisulfite {final

) pH 6.6) was infused unilqﬁérally into the.anterior striatum (AP + ¢ «
v . N

e

- » -

" ) 2.4, ML * 2.5, DV - 4.3) over 20 mini; and the,cannﬁl& ;eft in ﬁiabea\

» oy

: ascorbate alone may be neurotoxic. Tge volume and dose of 6-OHDA .

 fox 5 min. to aliow for diffusion. A§£0rbate is an anti-oxidant was\‘

hY
2
. .,

N avbided because of the report of Waddingtom and Crow (19792 that

< - ” -
4

“

-

P2
e
N . B " - [l .

r * 7 ’
\w,' ~ chosen as selected on the basis of the work-of Dunnett and.Iversen ,
Ay - * ‘t\ P

: {1,982) where a volume of 2.0 ul containing 4.0 ug 6—QHDA was shown tg +
/
5 deplete an area approximately 1/7 of the.area of'the entire striatum

T or . .
\ »

v o s I‘within a glven coronal*séction. Animalsmthenwreqeivgdﬁa prophy}actic

w

{om. lijection of 30, 000 L4, Penicillﬂn G. 'Following recoverys from ,

N “
“ .

= -~ .

reference, ! Control anlmdls CN~ﬁ)vreceived a unilateral b ot

- \,

intrastriatal infusion of 2" ul of 0,9% sdline containing 0.1 mg/ml S

- - -~
.t ’ A ¢ ’ ‘

~ - - -
s - a

¢ _ ' sodium meca-bisulfine, adjusted to pH ¢ .6 with Q.OODOl uﬁucl. ) .
! . AR > ' v
v \;h contrast,to nigraLIY*leaionéd’animals, sttiatally—lesioged ‘x
Toey = - e B 1 ~
* te ' wt oo !

Yoot ‘implantqtiona fhe allotqed recoVery the was shortened fQE ng .
[ '.‘ .‘ P . ' 3 4 ¥ \ " ‘(” -
reasonss. - . A PRI ‘ P
. N T - > b ’r ) .o ! n . N " ’7 r Y i
PR k.~ The possibility'of regenération within the depleted striatum-
- . P . .
. (Imrshall et Al., 1983) . R v o,
, * i . ,, ] § . ' ’ N )
Y 2. Phe pbssibility of increased activity of nigro—striatal .
! N H Ll & s’
' P fibers priginating’frdm tHe cqntfglatefalvshbspantia nigra
o . - ¢ LY ' -
! * " ' 7 i( . e )
' ’ (Agid et al. 9 1973)“. ! . ¢
., " = . , ’ ‘0 » i
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animals.were, given only 7 days to reqover Qefore electrode‘

LY AN
] ’ N N l
¥ s 1 - » t ~

~



-~

- o . ) . . - > . N
3 v * * h
/' . "’ : . >, , o ®
/ - - 5 R . P ’ ' % . o~
’ ¢ 3 v | X . o~
Yo 4 . ! ¢ , -
S - - “ S
v ‘ . “ 4 !
Wt . - ) ¢ - : B ' 4
. I 4 , ., " X .
*Cortical Lesioms - _ & - ]
. + - A - .
N ¥ N
v+ In all cases cortex was remgved by aspirat¥on through a curved
P x v - * .
¥ f .
. Blant, 18~gauge needle. . Unilatefgl lesioqs were restricted to the
LN 4 - Y -~
N - ¢ i <, >
~ *left side as ‘previous wgrk JAndicated that suctiom lesiéns of the ’
- e e ! ¢ - 4
R _— . L .
. cortex on the right side or infarction of the-Tright middle cerebral
.+ ¥ lartery résultedin a behavioral syndrome of hyperactivity as well as

PO . . \ N .
ol ,dgcreasz%s i subcorttcal catecholanine levels, (Pearlson and Robinson,
T N ’ h

! . ’

~ . L
1981; Robinsoniand Coyle, IQBQ)’. 'Top’og'raphigally,%lesions vere /

. ’ 8

restricted tb the dorsal surface of the brain because it pa{d been

> 7 ¥ i
N ; . .

s showr‘xjthat focal ventrolateral lesions decreased monoamine levels im
[ - 3 ‘ ¥

the strialt':um ipsilateral to the "lesion (Fj:nkelstériﬁ etlaf.,«1983).f

.
- i "

Unilateral Cortical Ablations - / o P '

1 I3 . )

) . «

- The calvarium overlying the arka ?f cortex“to be gbla{:ed was

< Y .

. - hy 3 A
‘removéd by means Jf ,a-dental drill used in the manner, of a r&uter. Lt
’ . . § *‘ ¥ . ‘ . » |
- s i
The"dura was cut and reflected, qm‘cor;tex then removed by W
&l ° : '

] ¢ \f g’ - » - ~ .
M aspiration. The resultinf cavity: wis packtd with a piece of Gelfoam
Vos - 4 - M v ¥

cut“e}pproximately 207 larger than -the' area of removed cortex
was therf appro'ximated and su‘tﬁred. ‘Animals_ received- 30,000 I.

s \ - v ; . . oo .
. Penicillin G intramuscularly and were, given 15-21 days to recover .

» -~

prior to electrode iimplantation. ' K o ! .
Bilateral Cortital Ablatim{s . rL

4 . 2 - - ., I

\ Only one,type of bilateral:lesion was used throughout these '

sh{dies. Bregma was magked with“ a' find de&t;;ll dri}l before’ skull

-~ ¥ oan

bone was renlnf)ved. A'migline:strip of bo&e, approximately 2.0 mm wide

4 o A A\
was left in place for.two reasons: 1) the marked bregma point was
. .J . \‘ 3 ” N

’) * ¥ ~
” needed for futurgl stereotactic procedures, and 2) the midline bone

-y o

] N o

N
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) . strip served fpr'anchoring of’ the electrode assembly with "dental .~ at

I [}
N r

. acrylic during subsequent electrode implantation 15~2l days-posﬁ- .

s r
K
to. .,

. v - g - , N - L -
- ¢ ablation. = - X "o~ v \\ A .

i N - N < . RS . d A & -

~ ‘ v » The dorsbventral ‘extent of all cortical Jesions wanrestricted .

[ .I

%
e l ” -, i

» A - L)
w 4 s 3 ~ ' «

. e ~at the level of the corpus callosum at the time of ablation.

4 { - ” N T v .
- N ' « 7 ‘ - %
8 IS Fimbria<Fornix Lesions . - . . R N et
EY . « A . ~ S
» -~ . N

&
« X Ay 13
' g ) , Before the calvarium was removed,~a etereotactic measurement was

~

»‘QK ; L x\ v oo »

- - ”

- « carried out to locate a’ point I~0 mm posterior to Bregma. \This ! ;
. Ty N ® - Y : ' 4 4
« , eanterior—gosterior @oint was‘then‘marked with a scalpel on the

- - W ~ I
. m»l\“ , N o

v ; ’ —-central suture of the ﬂddliREﬂ Onte*® the skulr‘had been removeﬂ R
- y . v e p

P
I hd ' - —~a

LT (except the midline bone strip) a fine pair of iris s;issors (Irex)

a
N ~z

X L4 . . -

: A " was aligned with the bone marking on the centfal bone §trip~and

LI » B ¥ ’ N
l » Jlowered until the tip of the scissors was level wlth the fhrnix~whieh
. ’ . P ﬂ.’ P !“ nt

€ ,was then severed. The corordinates for this lesion were taken fron :
H e L . " , . > , ~
e ¥ d ~ ! - 4 «

b Waalas® (1981) . o L . 4

o Once the fimbria—fornix had been severed bildteral cortical' O

P -

- PR

. ablation was carried out.* . . o
* ) ' " ' T ’ “ »
: Parafasqicular—Centromedian Complex Lesions . .
\ ' . . :
. v Electrolytic lesions using w radio-frequency generator R

N

e r ~

‘o (Radionics' Burlington, Mass) were placed ‘at mhe follqwing thalamic \

- +
L) =

’ oo o-or&inates. AP - |2, 5 LM % O 9 and DV ~- 6 0, which represented the

»

* v . i

» - approximate midpoint of the parafascicular-centromedian (ﬁF—CM) ’ R

M -~
4 f

' ‘ conplex. Lesioning parameters employed vere as foliows: 75—100 sec.”

. v
»
“ 1 -

. " at.a prabe tip temperature of 65°C. Animals were treateq with a

<

a

[

" . v prophylactic inJection of Penicillin. G (30,000 1.U. given -
' - * 4 ! < ' “
v intramusgularly) and allowed to recover 15-21 days pripr to electrode
¢ . 1t 4 4 ¥

»
B - . i

- implantation, . S .
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ELECTRICAL RECORDING ‘- N .
»
o & N ‘ B - 1 ‘
Electrode Assembly . s
y Electrodes, were manufactured from Ehé components listed in . -
Appendix II1{-and constrdcted acqordfng Lo the féheme of Table Vi .. T~ 5
-« * §

~

Ground screws to be used during implantation (4/animal) were

b . L
prepared by ‘soldering ‘treated, (flamed to remove lacquer imsplation) -
+ . It . -
ground wires, approximately 4-5 cm in length, to pointed-end —

- -+

Jewellér'g screws (Lomat Watch laterial Co., Montreél, Que. ).

4 -
Phosphoric'acid was used to treat all surfaces being soldered to,
? N 7 \

assure proper fluxing. - . !

t ” ¢
+

ﬁlectrode Implantation v 4 -
§ . . 4
Animals)were anaesthetized with halothane and positicned in the ¢ w~
s l ¥

- A v LI ~

stereotactic apparatus. A midlime incision-was made on the skul

A . B ¥

¥ ¢ Al ¢
from the bone overlaping the olfactory bulbs- to the posteriorwmost ! :
Id * " M ‘ * f
* » * ‘-~

aspect of the ceatral suture. #ll skin and conmective tissue were ' - ., -
; :

] -
¥ L N ’ + -

reflected to the sides of the skull, -and all wépnd 9dg§s treated'withﬁ~ - )

v w PRI * [N }

N PR ~ K < ”
Styptic to prevent 'oozing.into the oberational field. The top of: the .” -~ -

. N ’

skull, was “then gdaﬁbéd‘withf702 &thanol -to ﬂiyl}he surface and the ” - . o
, P ) « [ -
, ;

. . * o ow /
bregmoidal intersection located. The electrode assembly{wag aligred . -

- - <

¥ 4oy [

¢ LI .
with bregma and the corresponding zero references established. The'. .. °. ‘

s
. ‘ g
N . . ) - « Yoy .

-~ }
electrodé assembly was then moved to.the desired &nterior-posterior : ‘
] 1 - v - 4

~ s ¥

/ v M - » 2 ’ -
ahd medfo~lateral co~grdimates, overlying the striatum, ‘aid the points
W 4 A L . Py ‘ ’ - B
on the skull marked with a 'fine tip indeliple pgrke?. Using 4 dental’ R >
;‘ ’ ' “ * 4 ’ 3 ‘ '
. <« A A ) “
drill, burr holes were made }t the corresponding marked points, .0 ; .
. . - » I} -

’ - 1
[ . PP W | -

taking care notﬁto\pierc% the diura. The dorgo-ven;ral,zerO‘point.on
- . M ’ 4 oL
L] .t - P v - 4 *
- the surface.of the dura 'was then determined, and the electrode, - , '
. A \ . \ o ' ¢ 1}
v * # ‘ 4 !
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‘Table;V., Electrode Manufacture
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3., ‘Soi&er'hiré;intb'a@pheﬁpl'talé’piﬂs, ‘

\

)

B

~

Solder grouhd wire 1nto amphenol tale pin.

1

X

.

.

v

r

Reméve léqqef\insplagibn bx.ilaminéhffoﬁ groﬁnd wrfg.,

¥

- Cut glectnéheﬂwire§ %o'dpsiréd length (7.0 - 9.01mva

i

Twist teflanicdggéd:wire to make bipdiaf'cphfféﬁrapiqnﬁ;

r

¥

s

Apply orthodontic resin'(mixture of powder and 1iquid) for
- ' cementing in, place.

‘

|-

.

" Hessure drstance betwgen the two electrode. wires and set to~5 0

\ 1N N . :‘ \' "‘vl d
Rémove’ teflon coating at the end of electrode wire~(1.0 =v1.5-mm)w

' ,Push ground wire and electrﬂde pin‘qssemblies into threaded male -

-~
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assembly removed ﬁrem the field. . . ’ oo T '

Four holes were then made. in the skull, two ahead and two behind. *

.
i
+ , v »

- - the electrode assembly holas using a small hand drill. ‘The gr\'ound‘ oo, -

a
i ’ .
- ] - 4

' . » S screws, with attached ground wires, were then” serewed into the P .

“ x [ 2

e e e ", . holes. All four ground emplacements were covered -with dental. .
\ . . " * N

N ’ T acrylic, care being "taken not to occiude the “burr Ilo'les‘ﬁesigﬁated S

. N . © Por the elegtrode wifes: T : . -

. ' 1. »

ey : The dura was then pierced aid the electrode wires lowered 'to -the. '

'
s
“ - + - -

) « - i . v

L B . desired depth within the unde:rlying striatum. Dental acrylic¢ Was

N
- ' -
I3 . B N . - - A P -

‘tien used o encqpsu]ﬂte the electrode assembly’ extending from the ' .

'
.
~ \ AN v u N

~ -

: bottom of the connection to the skull surface. At the same time
' - - L v, . ! e I

¢ o, , den‘talt_ ;acr§lic was “also used to build a‘bridge between the ground

. 1 s U N ,3‘ emplac:ements and the electrode assembly. Approximately 20 minutes *

. R -
<y ® e w ~

' e were given for the entire shaped mass of dental acrylic té set /
w \‘ A T ® v
‘. Lo properly.' The grour;d wires' yere then bent along the contours of the "

N7 - A L4 v
+ “w ~ N 1 \ 4 v ' ‘e

: R electrode asgembly-'dental acrylic fixture and twisted to,gether pehind
' the fixtdie. ,,Thj.s £0il of wires was then cut with wire cutters and

- . 7 . ' . " ‘s " 4

P < t‘he‘ commoh '‘ends of the stump soldered. ' The grour}d was then bent Into

= \
. -
L] A »» N » 1 -

. the dﬂwnwa'rd‘ com:ou“r of thé fixtufe. Furacin powdef (approximately = -
s . , 7 l()O mg,) was sprinkled along the wound edges.and the skin re~opposed
. . X . . ~ ] ¥
e, N . with simple discontinuous sﬁtures both ahead and behind the fixture.

P . .

Ao ., 4Reinforc1ng sutures we.revplaced 1mmediately proximal and distal “to . .

s

-

.

) / the electrode fixture. f}nima;s wére, then given 30,000 I.U.

e N r 4 - M A ] .

R feﬁicillin G intramuscul'arly“ and aliowed 5-7 days to recover prior to

PN ., the acute recqrding experiment, ‘

=
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b : “ K . v - . oo . :" (R ‘ 4\6 ’
- s " « ' ) N N
\ L v 4 - L4 s e ! . .
. Al L o * o~ 7 nl"'
‘experiment§ with two. exceptions. First, inbilateral corxically - - , . |
N * - ' N - e - , “ , N ~’ B r V] . , ? .
ablated animals the absence of- considerable bone' surface area .. voe
14 - % - - “»

« \ » * , * L . ' .
necessitated the uge of larger pmounts of demtal acrylic on.the . -
< < Y. s, PR ' - - . -

. E - PR ' T
ground emplacemelits and the bridge structure between tnem in order to o

v vy RS
.

R U T N ,or
; anchor adequately the electrode assemoly, :Secondly,.in experiments

‘ 4 . - P w

,ﬁitﬁ'intrastriétallé—oﬁdA lé§ion§,,ihe burr hole for the infusion- * -’

A - A 1 B

' ’

¥ canmiila was also used ﬁor'the electrode.' Dorso-ventral zero was..' -

.
“ - K .t h
+ v ~ 4 x . ’

§ “ N ) . '
-+ qbtained for the elecirode wire on the contralateral dura.

‘ L}
3 - t .
\ - : 4 »

Signal Processing . AR - .
¢ . . . e oL, o
» -Neuronal action potentials were first amplifieg by a' . )
[ PN - - [ !
1 5 - W e N oo R
preanplifier (WPI Instruments Inc., dew Havén, Conn}’ and then ~ .

“
W N 3 v - & ~

idifférentiail&‘amplified by a Tektronix oscilliscope*(Tektronix Inc., .

-
AZE ) !

, “‘Beavertom, Dre) before being passgiilito a band pass filter (0.3 =~ 10

.- - -

kHz) (AP Circuit Corporation, Wew York, N.Y.). The filteredwsignai B

v

’

- was then fed to a window discriminator (Mentor Gorp., Hinneapolis, - - t

.

* Minn) and the multiplexed output displayed on an oscilliscope.

’
s

i)

. Signél-to—noise ratios of less than 2.5:1 (peak to peak) were deemed
- .

.

undcceptable. Kach standard pulse generated by the window

: discriminatqr, representing an action potential was recorded by an

Ortec counter (Ortec Inc., Vakridge, Tenn.) and accumulated

four-minute bin totals printed out on elédtrosensitive paper. A

schematic summary of the recording and signal processing procedure is

» ’

given in ﬁigure 3. - '

.

In most experiments, an analog output was sent to a-polygraph

(Grass Instruments, Quincy, Mass.) to obtain a ratemeter record.
1 el »

Ratemeter calibrations were obtained from the test function of the

L]
*
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. . . Behaviofalfﬂecording O [ “

, . v - T ,‘»7
Ve R “a Lt N - = * -
. ~, , - .window-discriminator, which de111v'ered* a test signal at frequencies ™

¢ N ‘I k) . . ., B N - R V ,h‘ =
N - '~ ‘correspordding to 1800, and/or 3600 spikes/miﬁ.

o, Ao e “*

y 14

.
o “

* - «
ne X [ . -~ PR

V , s . p -~ N I
-0 e Behavioral activity was monitored in most experiments using a
- - ¥ - h

N ~ AP - s

R % -

’ N - N P . . ke N
.o *., .Grafs Polygraph'counnected’to-the analpg output of, a Stoelting

f 1 ; - . v [l . . i L. . N
. . 0 % °  activity mdnitor (Stoeltiny a'j!:nc.}, Chicago, “Ill.), placed*under the, -
\ ¢ ¥ ) v, . J "\ . . “ . - - : . . -~ B
; .. Trecording chamber ‘and .sét to detect movements larger than .
- ! N - s " “ - v Ty

. - -

-

. t b} . - . - ~ ‘“
. C s respization. | C ) s,

* w 4

. <K rd.me‘ntél’Pauradigm.énd’ Data Analysis. . * foe

’ ~

N N . + - o
. ", *Once discrimination criteria were established.recording of
. A I *

v / PN - » \ 3 ] }

. neurenal- activity commenced. Frée]:y mov;Eng animals were allowed to

. ' \, * |( ’r . 4

. " _ . s . . X i
. - nove freely in the test enclosure (cardboard cylinder - 25 cm Dx 30

‘ - ! TR " ~ FalN « !
, , ‘emi) for at least 32 min while recording SUA"or MUA«to establish a
PR . . .- -
baseline. . The bin toﬁfals from the 8" consecutive 4-min intervals

- . CoL o v - . L i
Vot immediately pt’ceding any drug treatment were .avéraged to obtain | ’

*
y vy » ,

Y ‘ - 4 t
. spontaneous’ multiple-unit activity (MUAN and “the mean valud set as
N '3 kY 1 - . K . . .

+ < 100% '(control). , Throughout this thesls this value is referfed to as

.
. 2 A) i »

, , ' spontaneous HU’A’. gplonta'nequs_ IUA of several animals were a.v'eraged to

i ! L4

: obtain. meap spontaneous MUA. -All data points were then expressed in |

\ H

) J . i o : 4 v . v
terms ‘of '/a of coatrol.
» ¢

v
[ /

)
n

s , Vg ~ S .
For group 'comparisons %.of control values were averaged to “
’

s obtain a -mean t SEM. . ln evaluating drug treatments, post-drug values

. ; \ " . # < & »

‘ were compared to the value immediately preceding drug with an

1

by

- ® nt
i ' ~ f

‘ ¢ analysis of variance and the -Student-Neuman-Keul test for: multiplé

s ' comparisons. A P value of 0.05 was considered éignificant. s i

.
. - « o /

FAl

. I

. Statistical analysis, sh'owed fhat all the values obtained during the

L4 e 1
“ [
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Lt < control periody including the last interval, were-equivalent., o
\ R N \ . . ;‘ . -~ -1 ~ e . y:_ ~
N L. . o s bt -
* In situations whéfe data was evaluated qualj,tatively, sugh as™in, -
y x “ ~ " s i . -
S & Y » . - . ’ 3 . - . o " * L# - ‘.
; » (consideration’af ‘neurqonal }‘es,ponsg patterns,‘.the” quantitative - ,
-ty hd ‘ T ' 4 1 - ~ -~ ’ ¥ : - "‘ o
, - %  criteria of-Table VI were used. - -, A S
P - » - . * ™ M - -~
e - " » - e
- *» B - A 1 LA -y . y = + M v -
F 4 ) T ,,Stat?.stical cowparisons winvolving resporfse:' pattern sub-types - |, #s .,
N . . ) b RS . P SRR SRR
! , were carried out using 4 x Z contingenlcy tables "and the X %-test for .
v LN L v - . i F * . 4 . Lt
o = » x » l-
& v independegce; a P value of . 0.0) was, considered significamt. |, Vo e
\g e . - - N ot
. . - [ [N N ’ ! o . * R . oL . "
. Thrdughout this thesis'N = number of Janimals. .and n = nunber of - ‘.: "
- I3 ' - > Ad -
. ! - ’ ! " . T O NRT
% v recording-sites. b, L . N
. « ™ ‘ PR S K
NN - . Drug-Admipistration - " T, ’ . e s
1' - .l L} ’ ¥ " " * t - *
¢ » - . . S . . . . X 4 B . .
. ' .Unless otherwiSe stated, animals received DiX only once. ‘With
N ~ ’ x P voron - S * —~ \
é 1 .~ “ “ “
N - P o s k4
¢ - 'exception-of the halothané dnd mitrous oxideroxygen mixtures (704 -~ | 7
. v - \ - ’ -
» .~ 4 * » 1 P
o - \ ’” . S . . ~ 7 . 3
( v . JNp0-30% 0g) all drugs were given i.p. A mikture of 3% halothane in
~ ~ A . . - . ’ » tr ) " i’ * ) ) - ) . -:
g ailr »ag’ obtained. using a Fluotec Hark-2 (Fraser Sweatman Inc., ' * o
- ce T e ey . R
L . Buffalo, Hew York).' The test.cage vas’sealed within-a plastic o
o ' T ” i “a ~ X ‘
tL . <y .
. _ garbage bag (approximate volume 6-7 litres) and the halothane mixture -
- B s R voor - ! « .
. K . " . delivered through onéd tube and ev'p.cuat’eﬂ through anot'her‘tsube at.the ,
. N - . . N . / " «
. L} P wl A
y ,bottpm of the cage such that, the rates of inflow and outflow werfe [ - .-
» IO N - N L “ ¢ “‘ . ¢ ! - -" - g v i #
Juatched. -, « . % v N
. . 1 P # v " N -
N N ’ . i LA
. . Nitrous oxide and exygén mixtures were obtained with a "
[ * " K
x W - v . i \ ’ L P ': y “
v Kinet~-o-meter manifold (oOhio Chemical and Surgicad Lquipment Co., -
= " ] X 1
- ! Y ¥ .
> » . » * -
o Madison, Wigconsin) to achieve a 704 Wp0-30% 0, mixture. The mixwurg |,
- * s 1 r ’ N
¥ . s . .
‘ was‘ delivered by a side-pprt to ‘treely ‘mpving animals in the test «
' A " * w‘ ' S ' @ * > :,, ‘s.
. N , cage sealed with a, plexi-glass cover at a‘“rate of.150¢ ml/min. “Ten’
. i1 A A - v k £l - L
s s # - “
= 1
, minutes was ¢onsjuered sufficient time to £iIl the 6L volume”of “the
v v ’ v "
R 4 ‘ ¥ . r - L . .
£ - >
test cage. In immobilized animals, the np0=0g mixture wag delivered
R € 4 N .
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N , ! ! s , ) ‘ . » . " i
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' / . » . -
v . £ » * - ]
¥ ¥ § ¥ - ", . o«




;2
M 3 L 4 - H * [ X “

* bd
] L . N ' s T s \ . TN “ . -, 1 i
. s . LI . + s ,,* ; - W oy . , « - = v, ¢ .
. - , . ¥ 3 . N k4 N o s 3 £, + ., + » R . RN " . - " =i .
e, , * Table VI. Criteria’for Evaluating ‘Striatal Nepuronal Responsés fb- .’ . R LR
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. ' ' 5 4 . » S : ‘ 3t W et , .
Type of Response v+ Evaluation Pargmeters s : PR LA at
' — % ot * ¥ P
2
. . Excitation ' Sus:ained‘!‘»iqgreased in firing - s . Ce A
‘o rate’grdater than 120%Z of control f R
' = b = ¥ ¢ * ¢ ’ 1 LR
3 . LI 3 * L] 5 AN *
] Inhibition Sustained decreage in firing . Y ' s e )
. i ) t rate less than 80% of control : o ! ¢ oL .
< ' T ‘\ ¢ 4
. Neo c'hgange - A maintained firing rdfe between . L ' ’
© {
. 1 . - 80 and 120%Z of control - . v,
‘1 * + ) b ) » ' *
Biphasic . Combinations of the above three . . , Y
i - - *
- T - T N
.- +The quantitative assignment of “sustained" w’as" dependent on the dose , .
B of a given drug. ) ¢
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Appératus, Dover, Massachusetts). . v, - .
4 . . . : “ v v ¥
. Immobllization Procedures AT . '

EE - - -
r

¢ °  In animals anaesthetized~with 3% halothane applie¢ through a s

L
» -

Ed ‘. o,

nos cone,.the trachea was iselabed and a glass tracheal cannula

« - ¥

A3 - -
>

inserted. MmﬂswmtMnmeawwwmmmsmyuMndOS

x -~ ~
% o ¥ "

ml sug nylcholine (lQO'mg/ml in 0,9/ saline) and‘ventilated with 704

.

ﬁzO-BOA 05 delivered by a small animal resDirétor. Xylbcaiﬁev .

- S ,L - . »

ointment was applied to all wound surfdces and warm physiological

saliné applied periodically xo‘jhe dyes to, prevent corneal !

. - N

-

- discomfort. Animals were blankgted with Kleenex andsa circulating

-, - v ¥ s .

" hot-water pad (Hami Lton’ Industries,QCinncfnatti, Ohio*) contralled \by

» LY

T a rectal thermistar (YSL telethermometer, Gorman Rupp‘Industries,‘

% -

Bellgville, Ohio) used to maintain body temperature at 32 * 0,5°C,

- “
A »
»

Behavioral Testing-Catalepsy - Lt .

4 s v >
v

° Catalepsy produced by‘haloperidoi or mbrphineo@as measured by,

’
3
“ "

determining the amount of time animals nemained motionless when their

x Py » *

forepaws were placed on a box 4.5 cm high. Reagingp wefg’taken every

. s

30 min. and the upper limit cut-off was deflned ab 300 secs of

P
]

catalepsy. Betweerd observation perioeds animals Were returned to )

. ” "
%

v £ >
their home cages. The behawioral observations on lesioned animals

’

ifre conducted prior to eleqprode img}antﬁtiqn, ie., 5-7 days prior

- <

to theg acute elecErophysiologicaf experiment. Age-matched tontrql
..

-

animals were tested with the lesioned $roup. Catalepsy data were
¥

evaluated using the Mann-Whitney U lests .

"

-
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J . v+ HISTOLOGY ' v . s ‘ -
PN . -~ . E . \
" & ) K = \l; K -1 - ~
» . . £lectrode Placements g . . L . .
) ’ / . ( N .
N At the.completion of each experiment, lesioiﬁngxcurrent was ’
i 1 . o LS
’ ¥ 1 ” ! b ! -
=,y . passed through the electrode and anfmals anaesthetized with PN
3 -~ f . -

’ -
»

halothane: "The rib cage was cut and the sides reflected to‘expose
; ~ ' fhe‘pericardium. An iIncision was @ade in the right atriuh and‘¢ 50
o P ‘ . . % s
) i ' «ml of 0.9% salide ipfused through the apex of the left ventricle.

« - :
- : . ~ p;

’ N P “Fhis ,was fbllowe@*w}th 50 mlx of 10% formalin. Brains were stored in- .-

3

L 10% formalin until ver}fication of lesions and/or ‘electrode sites
‘ . - R ;" { ’ ! + N \
. . could be made. g \ | ,

M - ¥

RN . Brains were removed from the skulls and frozen and then

.
1
. -~ - - -

. . y )
. ,sectioned on a cryostat (Reichert Instruments, Austria) to obtain

'( O consecutive 100 um sectione. Sections were then examined,on a

! ’ projector microséope and the electrode lesion located. Locations o
¥

" werk determined by comparison to serial section photographs in the ‘

-

) ! A\ ’ > 1 3 - '
o \ - atlas of Pellegripo and Cushmdn (1967). , -
A . + L '
L Cortical Lesidns . . . . :
¢ . e
by © ' Fach lesion was éxdmined norphometrically and the placement of

1 ‘ L the lesion cetermined to witgin 0.5 mm by measurements based on the

) . " * «

\ . . ) . A ~ ¢
. . following anatomical landmarks: .
] . 0
N . 1. Distance from the anterior-most margin of the lesion to the
frontal pole . ) " ;

-

2. wvistance from the posterior-most margin of the lesion to the

0

v .
v

erebellum

B ¢

) tance from the medial margin of lesion to the midline

o -

4, Width of the lesion from the medial rmrgin to the lateral

' »
.




P
“~
-
€
T
-
t

{ margin . , N . e e - e
-
+ » v . 3y = “ >

+ 5. Depth of the lesion in relatiou'to the gorpus’ callgstm, =
. L ) 5 .

S ' ™ R
{ - S
’ Fimbria-Fornix Lesions . ' J

N
" -
a

3 h »

Lasion placement and depth were.determined mopphometrigglly

L v P . ' 4 -
using the guidelines established for cortiéal lesiens and 100 ym -~ s

kY 4 ¢~ » S

' sections examined for severing of .the.fimbria-formix. Co. :

. ~ v
. n
. .
N 2

Parafasciculér-Centromedian.Comﬁlex Lesiong : » v
! LN 1 A - A
1 % &

. P Lesions were verified histologfcally by examining sérial 100 um

- \ N S < s .

- Septions and determining the lesion size morpnomemrically using ‘the
. ) ¢ " " N
Ay, ~ vy % 4 1 v

follawingzcriteria: - v oo vl 'Vt

~

* a4

N ¥
% ) “ N ~ . . - v

1. Distance from the,midline to the me@iél margin of the Tesion.

‘ 4
. ’ .

. 2. Distance from the‘overlying hippocampus to, the dorsalr-most

. -

- -

v - 4 ~
3 - - aF -
4

. margin of the lesion , .

M
- . r < - ¥

, - v # B
‘ v.3. Maximal medio-lateral width Jf the Jesiqgn . s

- - TP - ¥

* ;“; Maximal dorso-ventral extent of the lesion N

4 \

L9

b > 4 ’
. 5. Maximal anterior-posterior extent of the lesion ",
' 7 4 * :

, BIOCHEMICAL VERIFICATIONS OF LESTONS , .

-
. . ’ -

. Dissecting Technique . .

RN - ~

-

Striatal tissue samblesbaftef cortical ablation or nigral 6—OHDA
- =

» -
v Y

. '3 rd
e 3 &+

lesions

Yoo s
- - N . s

After decapitation, brains &ere'repoved, put on ice, and
: \ 4 I} » ' .
separated into right and left halves. For striatal dissections, the
0 . R » (

- 4
genu of the corpus callosum wds firdt-located and a coronal cut made

4

-

. posterior to this point. A second cut, !;ﬂfﬁximately 1.0 mm .

pasterior to the first-one resulted in a slice containing anterior

@ N B

striatum (corresponding to approximately 2.0 - 3.2'mmaet§€iior to

r

N -




Bregma). ,Finst, the ventraI quartdr 6f the slice was removed thus
eliminating\the nucieus accumbgns., Then thettisque lateral and

v - i 4 .
medial to tﬁe striatum was re?oved. Einally,‘overlying cortex with

ﬁ’” . £ ) . - .

<
the underlying éorpus callosum was” removed, xleaving a roughly square
3 \ - -3
blbck of striatal tisaue ranging Ln wet weight from 10 ~ 50 mg.’ "The
4.ty
orden of dissectién (ie, right- vs: left) was Varied uniformly within a
. ) -

given experiment 50 as to avqph 1ateral bigs. oy y
kY

A

-
A

Tissue samples*of;striatum and other brain regioms after
¥ ¥ N ~

".intrastriatal 6-OHDA lesioms ' N

First, " olfactory tubercles were dissected accoeding to the . ¢
guidelines’of McKenzig (1972)-and tubercles from 2 ag}mals
» .
correspond;gg to the lesioned and intact sides were pooled
respecfively. Brains we?e then halved down the midline and
individual striatal samples dissected out ae 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.»(l983) and were again pooldl such

.y

¥
that the material from 2 animals was represented in each sample.
: ]

Amino Acid Analyses ) .

S

After obtaining wet weight, the tissue representing an .
individual striatal sample was placed in 2.0 ml of cold 80% ethanol’
(y/v) and homogenizéd in the cold with a Brinkmann Polytron

(Brinkmann Instruments, Lucerne, Sthzerland) One ml of this -

A
¥

homogenate was then transferred to a 1.5 ml Lppendorf centrifuge tube
(Brinkmann Iustruments) and centrifuged at 4° C at 12,000 x g for 10

min, in a Brinkmann microfuge. 100 ul of the resultfng‘bupernatants ~e

’

.

w2
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were taken for sibsequent analysis.- _ ., R ., " . p
P r . ¥ N X +
Y v . o~ -~ . ’
For amino acid-.analysis, the method of Turnell and:Cooper (1982)
' ‘ [ AT # 1 ) ' . :
’ was followed. 100 ul samples of stria}allsupernatants at an _ «

- B
. -, [ .Y s/ - »

i ~ > J - - 1 .
i appropriate dilﬁtion*weqe‘reac;ed with Reagent A (500 g orpthalalde~ :

hydefzn 10.0 ml methanol'+ 90.0 mls. 0.4 M Borate buffer to which was !
added 46.Q:#1 meérE;ptoeth§noI? and applied 1.V mig'afger“?iﬁinéfté '
*an:OB-gA reverse ;hase C~13 column ksphéri -5 um)i(Brdhniee Labs, " .
,Mi§sissaugg, o;c:) éuard;d By a ére—coluhn (Brownleefhabs.) and i;"
* " o . % . .

Lt [ / . .
series,'witn an HPLC éump {Waters Assoalates,Inc., filford, Yass.) and

’ ’

N an Aninco filter flggriméter éhal&zer (Aminco, Silver'Sprinés,‘

R ]

N N R ° .

\ - & . ¢t
3 Maryldnd). The mobile phasé consisted of buffer of the following

-
)

cgmpqsition:' 0.05 If NagHPO4, (.05 i Na acetate; 1%0 ml of me{hdhol, v

70.0 mls of acetonitrile and 20 mls of tetrahydrofuray, all adjysted

i

to pH 7.7 with acetic acid.‘ The, temperature of- the run’was
N w A

' +a /

“

1 -

1] ~7

malntained at 35°C with' an-LG-22 temperature controller ‘ ‘ '

-
- - T

’ (Bioanalytlchl Systems Inc.). Flow rate was maiﬁtpined at 1.5 nl/min’ " \
‘¢

b r ’ \ - -

L4
and the detector set at 1000, yhich was equivdlént to the.,analog _ ' )

A v .
" '

output of a 10 mV baseline. Runs were carried.out at ah operating

i o, LY i1

‘ pressure of 2.5 - 3 thousand p.s.i. Quantification'was obtained from .

-

a spectraphysics Integrator-recorder (Specfraphysics, Piscataway, - 1
- t - v

5

N.J.). A typical chromdtogram is shown in Figure 4. A representa- ’ .
tive standard curve 1s'shown‘in Figure 5; Table VII glves an index of .
’ + ‘.

the goodness of fit as ﬂetérmiqu by cqrrelaﬁion analysis. . ' ' !

v
i
N 3 S hd . i

Dopamine Analysis T ,l - '

" JIndividtal striata were weighqd, and homogenizéd with a Polytn‘%

-

in 2.0 ml éf cold‘d.l'N perchlor}c agid (PCA). Pooled olfactdry !

~

v
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4
. A

LI } tubercles, piriform or cinguldte cortices were sonicated in 250, ul of-

) * . 0.1N (sonifer Cell Disrupter, llodel W185; Heat Systems and

7 N 3 .
L.

'3
“, 7 N Ultrasonics Inc., Plainview, d.Y.). ,

! . Lo . All samples were then centrifuged at 4°G at 12,000 x g for 10
- ¥
- -,

K f - min. 750 ul-aliquots of the supernatants from striatii and tubercular
, * ¢ x g ']

: IR . ‘samples and 150 pl-aliquots of the cortical samples were frozen at

+

ST ~-70°C until HPLC analysis. ., . ;

-

Vo] - \ popamine was quantified using HPLC with amperometric detection.

. ) r a -
- . 20.ul aliquots-of PCA supernatants representing the various tissue

. r \
« ‘
' . i < .

e Ty ';': * ° pamples or authentic standards were applied to a Lichrosorb rP-18 (5
- IS ‘. - A —

N f " ym),column hooked in series to a HPLC pump (Waters Assoclates Inc.,

< A > v

b e Milford, Mass.) and an amperometric detector-(Biloanalytical Systems
BRS . ) : Inc., West Lafayette, Indiana). The mobile phase consisted of puffer
S hd -~

‘ N of. the followinifcomposition: 0.1 ¥ NaglPQ4, 0.1 M citrate, 0.1 mM

A - EDTA and sodium octyl sulfate, 100 mg/l. pH was adjusted to 4.0 with

R D%

e . Na'OH.
) ’ . ‘ Flow rate was set at 1.5 ml/min at an operating pressure of 2-3
) '

-
\
’
A
—

L ]
. v thoysand p.s.1. rhe detector potential was set at +0.70 mv with an

v

N
" . - % ‘

b . . outpui of the detector.was recorded by a Kipp and Zonen BD-40

. %
T . offsét of 0.004=0.006 and the sensitivity at 2-5 na/v. The analog

¥ M "

. :
) ! recorddr (Amsterdam, Wetherlands). A representative standard curve
* LY &

. % .
. is shown in Figufe 6.

£l

3
‘ ‘ Statistidal Analysis

‘ N )

N A -

Right-left differen&es were evaluated usidy the paired t-test.

. [ . ()
! A . Gomparisons between groups were examined using the unpaired t~test,
- 4

.
. e . \ .

’ 1y \

-

.
[r— T——
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FIGURE 6. A representatiye standard curve showing the relationship
] . , "
of peak height to ‘dopamine concentration as measured by
HPLC with electrochemical detection., Each point represents
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- Receptor-8inding Studies ! - L S o
/ [ N L Vo ' h " .
Preparation of Strlatal P9 Fraction - . ~ - . *

&
K ¥ L i
Al
B N v - - A\
.

Striata from sham-operated and bilaterally.cortically ablated’ )

’ ~ . ’ 4 -
- . .

I
animals were dissected out as described previously: Striatal )

-~ LN ~
- A , *

f { ) oy 1 ‘
samples, representing each group were pooled, weighed and homogenized -~
P - N -, P

in 10 volumes (w/v) of cold 0.32 M sucrose with 10 strokes of a . o

-

Teflon pestle homogenizer. The resulting hémogenates were then °- Y

4
AN - - 14

céntrifuged at 1000 x g for 10 min at 4°C, The supernatants-were, v

decanted and then centrifuged at 15,000 x g for 20 min"at 4?@. The . -
pellet, representing a érude\synaptogomal fractian (Py) was then , - : A

- resuspended in 0.32 H stiérose to give a solution contalning 200-300 «
- } »

x
-

ug protein per lOO”ul.yv . ) ' ; R . i

( Bindiné Assays ) . , ) " . \ . - fl

3 ) . The géneral grot;pol toliowed in the binding assays is giv?n in | J
' ‘ Table VILL. Lach binding assay is describeé séparapéiy,below ine 77 *
) terms of; type of Yadioligan&,.displacing’agenl, gssqy buffer, and 7o !

- + ¥
~

conditfoni’of agsay. T ' ,

.

Oplate Receptor Binding Assay '

I
4 +
.

Radioligand: l3HJmet—enkephalin LTyposyl-j,5-3H(N)l-enkepha;in'n ’

i '

(5-L-methionine). Supplied by New England Nuclear (NEN), sostom,
- ., Mass. Specific activity.= 30.5 Gi/mno 1. Radioligand concentration
was varied over tﬁe qpncentratio; range 1.6 = 55.5 nM. , ’
bisplacing agent: Methionine-enkephalin, 1073 oM.
, Assay’ buffer: Sodiup—free buffer contalning 5 M HﬁPES (pH
: 7.6), V.32 M sucrose, 0.5 wM MgCly, 0.5 mM CaCly and 1072 M
: .

. . puromycin. Puromycin, an aminopeptidase inhibitor,avaa included to

i
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Table VIII. Protocol for Receptor—binding Assays ~ .
R - . - .1 = et
- - ¥ 4 i -~ =
- « 6 " - - ~ __l 5 ., N - .:J , .
. . - .t . -Tubes <, N
> 4 * - 2 >~ ‘. h * M
. . - . 8
1 2 - 3 — Y PR * 4 5 6 ‘ s .

- d13placing agent . Lt : . + displacing«agent - .
(Total binding)a ‘ ’ - - -

’ he .o

Each tubelgontained: i ' R - - . ,Each tube containéd: ’
JOO 1 buffer . - - L .. ; 700 ux buffer': . . ’
100, ul of appropriagg solvent , =« 7100 ul of solvent containing .

used to disselve displacing O > a kanown_ ¢oncentration .of .

‘ agent’ zf. - v - displacing agent2 .- -
L ! « ¥ - e ’ ) : - N a
100 ul of radioligand 4t the ' 106 uI of radioligand at the .

approprlate concentration h L. appropriate concentration
~ 100 ni of corresponding N . ‘L, &09 ul of corresponding ’
striatal Py fraction o striatal Py fraction* .

A3
-

a;bsﬁecifié Biriding = Total Bindiqé-’ on-specific Binding . -~ ¥
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prevent deuradation of Met‘Lnkephalin. Buffer was kept
rd

w

>

i

sodLum-free f

Qgcausé it has been shown that the presence of sodium significantLy
a \ 2

decreased specific binding of lMet-enkephalin (Law gt al., 1&74);

Conditions of assay!"

s -~

volume) in silanized tubes 'were incubated at 30°C for 20 min in a
np -

shgkingawafer bath;(Gallenkamp, England). ”The boundrradiqﬂlgand was

”

¥

r

(Whatman, Bngland) gldss fiber filters,’

The incubation mixtﬁres (1000 pl*total

! v

i

»

(3

>

.

>

L3

-,

s * “a

separated from the free by rapid filtration under vaguum through €¥/B

doth tubes and filters were,

rinsgd with 2 five ml aliquots of ilce-cold 5Q mM Tris-HCL buffer (pH

LY

7.4), and when dry placedtin mini-scintillation wials (Beckman Inc.,

<

»

e

3Fublerton, CA.) to which was added 7.0 mls of Ready-solv fluor.

-

-~ -

*
-

Dopamine Dy Receptor Binding

i

tetrahydronapthalene. Supplied by.NEN.

Specific activity =

_mmol. Radioligaqa was diluted to a specific activity of
N n 7 - Cw

4

approximately 300’dpﬁ pnol~l with non-radioaltive ABIN, Final

"

v - " -
radicligand: concentrations lay’in the range of 0.4 - 10 po,

r

¢ ~

Y oo

Displacing agent: dopamine, 1073 (1.% E

-

~

»

*

‘Radioligand: *|3u]ApIN (2-(5,3-3H|-antho-0,7-dIhydroxj-1,2,3 4=

26.1 ci/

-

e

- *

,s . Assay buﬁfér: Puck's, Dy,salifie solution containing's mM~ HEPES .

(pH 7. 6), 137 md NaCl 5 M KCL, 0.17 ‘i Na2L{PO4, 0.22 mM KHpP@y, 6"

3

[ . "

mM glucose and 59 mi sucroseq

xbonditions “of assay:

"

in 1 5 nl Lppendorf microfqge tubqs were

in a snaking water bath

, free by'a 5 min centrifugation at ;0 000 X B

5

t
*

L

*

» r ®
»

Incuba,tion nixtures (1000 ul total voldte) '

-«

12

*

‘bate’d at 30°C For 30 m€ . .

‘

ﬁound radibliéand was separated from thé %

*

Y

Pelleta were was%_)

with ice=cold Lris—buffer, rasuspendeﬂ in 1% Triton §-100



. . .
- . "
SO e . . .o . ' 64
LR . 5 < . -

-~ ’ * -
- v & - . N ’

.

PRSI ‘ " transferred to ?nifni scintillation vials, and 7.0 ml ;f Ready-Solv

o oy . . o . * PR -
L L v “
- DA - a&ded- - -
« EE -
.

El
- . - N N * -
PR

L b St anamiﬁe Dy, Receptor Binding

e x
- P ‘a8

L R . ", Radioligand: [3H]spiperone (benzene ring-3i). Supplied by

Tl e o T NENS Spectfic activity 31.7 Ci/mmol. Radioligand concentration was
< - . e ' )
*  w« sa, . wvaried.over the range “§.2 - 12,0 oM.

) ”

- ¢
- - e «, Displacing agent: domperidoné, 107 M dissolved in 1.5%
" - A i L]

v " » tartarfic acid solutiom’in a volume equivalent to 10% ogpthe final

-

3

. A
x v - " N
- " w“y ™ 1

. -~ * idctbation mixture. « B "
LY . . - »

»om - »

P " Assay-buffer: Puck's D saline solution.

had k1 - 3

] *

«  Conditioms of assay: Incubation mixtures (final volume 1000 ul

L

in disposhble glags tubes were incubated In a shaking water bath for

M » L «

[’* ff 30 min at 30°C. -ﬁoundafnd free radloligand were separated by vacuum
filtration through Whatman GF/B filters and tubes and filters rinsed

-« » twice with(g;o ml aliguots of dce-cold 50 mM Tris buffer. ﬁglters

+ were plagaa}1n‘mini—sciﬁtillation vials and 7:O ml of Ready-Solv

P77 added. e o g

[ y

Ld .
Counting of Samples and Analysis g

-

- ’ Radioligand concentrations were determined by counting

»

. - :H to establish binding isotherms. All samples were countedgin a Mark

- Le e e III liquid scintillation gpectrometer (Searle Ani&ytic Inc., "Des

werg converted to disintegraéions/min (DPM) using the standard

- . "

1 - ‘channéls ratlo (SCR). Data were analyzed by phe method of Scatchard .
¢ . .

(1949), plotting Bound versus Bound/Free. Protein content was

< ~«!:ri.ﬁ]:i.t'.ate aliquots of radioligand at each of the concentrations used

Plaines, I1l.). Efficiency of counting was 30-35%., Counts/min (CPM)

3
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. * values by 88.min. after drug.”, o

»

* striatal neurons in freeli'moving anlmals are shown in Figure 7.

# N “ -~
by , L s
. , X \ - 66
, T RESULTS . ) -
7 - : ¢ v
»
Striatal MUA in Freely Moving Animals , o

Examples of action potentials in a multipﬁe unit recording from )

x

i 3

.

Inspection of theée‘records shows that these are typlcal extracellular
action potenbii}s - biphasic and assymetric about the zero potential

line -and having waveforms legs than 0.5 msec éhration. Passing.a N
1esién1ng‘cgrfent through the electrode resulted in,immediate
disappearance of neuronal #ction pot;ntials (Fig. é), thus
establishing that the waveforms observed were notvartefac§ua1,'e;g.
arlsing from recording-lead or muscle potéﬁtialg.b ;

3
[

Changes in MUA Following DQX ot

' A représentative équ;iﬁeqt showing the response of striatal

neurons as well as behavioral changes to DEX, 2.5 mg/kg, are displayed

in Figurés 9 'and 10. Pooled data (N=5) showing the variability in the

[

tesponses to DEX, 1 mg/kg, are shown in Figure 11. At a dose of 1
mg/kg, pea%/gzsponye,.representing 130.2 % 10.7% of control (mean * W

'SEM), was reached between 19 and 32 mini'aféer injection., Discharge
a . . coe
rates were no longer sigmificantly different from pre-dfug comtrol

4

ki

»

At the higher tlose of 2.5 mg/kg a peak response of 17].8 % 19,7%

of .control (N=3) wi “reached betwean 34 and 64 min. after DEX. As the
drug~induced néuronél,actiﬁationAdeciﬁned, digcharge rates became
v

»~ -

progressively more variahTe (Fij, 12). However discﬂgrge rates were

statistically {ndiétgﬁgulshaple'fioﬁ pre~-drug contro{ values by 164




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.
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Striatal neuromal 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 differenceg in meX{i
spontaneous {(UA or peak response between left and right sides could be
demonstrated (Table IX).

In.10% of all animals, the strilatal response to DEX was not

. 8xcitation. Table X summariges the intcidence of various response’

«

patterns in freely moving anlmals.

Effects of Xﬁéégthetics and Analgesics on MUA

3 >

-

» Before attempting immobilization studies, a suitable analgesic or

. M s

anesthetic had to be identified which would, on the one hand, reduce -

- .
the pain and siress accompanying immobilization procedures, but.om the

e other, have no effect on spontaneous or DEX~-induced MUA.  'To this end,
several analgesics and angesthetics, commonly used in
L electrophysiological studies, were) screened for their effects on ,
. striatal dUA.. \ u : ‘ . ,
. Halothane k
Co ’ Pooled MhA data sh;;ing the effects ?f 3% halothane ave depicted
. in Figure ii. In the first 3 min. follo&ing introduction of ,
halothane, animals underwent locomotor hyperactivity; with no chanée
in striatal neuromal firing rates. As animals .lost' the righting ’ _‘”,~,//////
/ reflex, striatal firing rates declined, reaching a maximum depressiony - N
. .of 90 ¥ 4.5% (mean * S%?) of controi. Thirty four min: after
discontirtuation of Qﬁfgthane, discharge‘rates were no longer
significaﬁqu differept from pge-anaesg;etic‘control ~alues and all
L] v ! «

I

: Aniﬁa‘{(‘tﬁgained their righting reflex. , ’ '

w » - .
Péntobarbital " .
Pentobarbital )

. & 4

“ : Pentdbarbiiai‘s (35 mg/kg) effects on MUA were similar to

v

T N B . 'l?
[ [

3.




< *® 4 ~ s

. . . -
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

) s - o

. . o <
. Left (n=19) Right (n=10) Pooled- -
Spontaneous MUA} . 5554 £ 6673 ° 5594 % 1660 5574 % 702
Y -
Peak responseZ 183 £°8.7b . 188 = 25,7 185.5 % 10.3

.
-~ - 2

1Spom:aneous discharge rates of striatal neyrons were
determined by obtaining the_mean £ SEM of the elght
consecutive 4-min counts Iimmediately preceding
administration of dexamphetamine within each experiment. ~
Meéan values obtalned in this way were then pooled and the
resulting mean £ SEM expressed in thig’ tible. This
convention is followed throughout this thesis.

’ 2peak response was determined as the maximum increase in
discharge rates following drug amd expressed as % of control
based on the mean obtained from averaging the elght consecutive
4-min counts immediately preceding drug. Values.obtained were
then pooled and the resulting mean * SEM expressed in tgis table .

.. This convention is followed throughout .this thesis. ; .

3

-~

x

a bNot signficantly different from the right side (unpaired t-test). o .

A * s [
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) ™ 4

Dése of DEX (mg/kg)

1..'ﬂ (n=5) o 2.5 (n=33)

Excitation 5 . "29
i * » » » - 4 s
Inhibition 0 ’ 1
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FIGURE 13. Effects of halothane on striatal MUA, Results shown

[N
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here #te based on 6 recordings (4 animals). Mean
gpontangous MUA was 4267 * 1342 spikes/4-min interval.
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halotﬁﬁne,vwigﬁadischarge rates reduced to 5.7 * 2.lZ‘of‘go;trol (N=4),
LI ’ ’

N 0 <

s . #
by 20 min. after drug (Fig. 14). However, ‘pentobarbital-induced |
. Ve : voe T '
depression *of neuronal firing was more protracted gpan halothane, ) . s
“ . . ) \
. lasting 140 gin. . i oo , .
' Urethane® - . . - > .
Ureihgpe, 1.5 g/kg, depressed MUA to 9.3 % 3.6% of control and T

remained depressed, :g. below 25% of control, for 3.0 hrs (Fig. lb){
] . .“ g

’ ) ’ N +
Apimals did not recover the righting reflex'ﬁgking~this,time. b
» > . ¢ : e . *
Chloral Hydrate oy L : - ,
» " - : - * -
. Chloral hydrate, 400 mg/kg, depressed MUA to 5.2 * %~7Z‘of .o '

’
«. .“control (Fig. 16). Peagk depression occurred 8 miq{ after injection - .

and essentially no recovery was evident by 3 hrs, Animals. did not
& . AN ’

PR 4 ~
’ » -,
. Lo eras ) < .
recover their rightingi¥efléex. e . )
s .
' . 3
Horphine N ) (

* - ! Al
The dose reiatignship between morphine and iHUA is described in

t

Figure 17. Whereas 15 mg/kKg produced a peak depred®sion of striatal

' neuronal firing of 54.4 * 6.2% of control, 5 mg/kg did not

A}

significantly affect discharge rates. Depression of firing rate .
- § .

2
"

following 10 and 15 mg/kg morphine 'was accomp&nied by catalépsy. In a

-

separate group.ﬁf animals, morphine, 15 mg/kg, induced'a cataleptice

response, the time cougif of which paralled the depression of MUA
(Fig. 18). The depression of [{UA produced by 15 mg/kg of morphine
¢ !
d f
were immediatély reversed by 10 mg/kg of naloxoné (Fig. 19%. The .

»- . .
catalepsy was -also Eeverﬁé;. . ' \ ©
Ketamine ’ . .

1y -~ g

Ketamine, 50 mg/kg, activated striatal ‘meurons resulting in a

. W
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Fofloqing elther’ dose of morphine, énimals‘became Eﬁiet but not .

cataleptic-at the time of administation of DEX.'JNevertheiess, all

/ " Y

« animals responded tq DEX with behavioral actintion.
! . Y Y .

’Nitrous oxide . ° Il

- ° )

DEKJ“ mg/kg, in freely moving'anlmals and in the"presgnce of 704- '~

“~ o *

) ‘ * [ ® .
N90/38%*09, produced a normal excitatory response, reachidg 129.8 % -

1 .
a
N v

' 10.9% of control (N=5; Fig. 23). Fer comparison, untreated animals .

‘gave a mean ‘increase of 130.2 * 10,7%. Striaral discharge rates
- ! * »

. " -
- *

returned’ to pre-drug values by 33 min. Again, the behavioral response

.= .
.
o - fl

.

to this dose of DX was not different from untreated animals. * ° .

® 1

vffects of Immobilization on the Response .of Striatal'Neufgns to DEX

] 3 r 3 '

Jdean spontaneous [UA ineimmobi;izéd animals was not differents

N - -

cumparéd to JJUA in the same animals while freely'moving or while

L
v, -

freely moving with nétﬁoys oxide (Table XI). ‘Howev%r, DEX 1 mg/kg,
. . Y . ~ ¢
» «did not induce an excitatory re’ponse in the striatum when
L] e, * *

Wireadministéved.td'immobilized-animals 48 hrs. after an initial frial |

1

with DEX while freely moving (Fig. 24).- - ’

N ' n ) ’ F3 ,
. A - ° . i .
Fo ‘test .the higher Jose, 2.5 mg/kg, additional animals were again
. R L . . . .
tested as freely moving and rétested as immobilized 43 lirs. later.

. ]
PR

There was ao change "1n spountaneous J{UA- between experiments, i.e. 5838
. * k - . .
¥ 1930 ﬁpfkes/4 min. vs. 6602 £ 1110 spikes/4 min. However, at this

dose of DLX, striatal neuwrous showed a multipllcitj of respomses,

t . N

rangin‘,rom excitatlon (H=4) to.inhibitiog (N=3) and includiné no
’ch;hge (N=5) as well as Biphasic responses (3=6) (Figs. 25, 26} 27:

'Zand 28). No difﬁerences ware found betwgen'hnimais which weré . ‘

,iﬁmobilized without a previous~pEX,chéllenge (druéinaiveudnim;ls) and

& , .o R ' ¢

@hose anilmals receiving two DEX trdatments (Table XIL). .
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A comparison of striatal neuromal respohses ta DEX in
ﬁhe same animal during freely moving (FM) and
“immobilized (IMM) 48 hrs. later.
¢ the response in the immobilized animal consisted of
Spontaneous MUK (FM) was 8367 * 750

sp1kes/4—min, spontaneous MUA (IMM) was 5416 17429

exc1tation

Splkes/4-min
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A ;:o;nparison n:f s .atal neuro -1 responses to 'I;EX

immobilized (IMM) 48 Pws. later. In'thi® *mstance
the response to DEX in the mobillzed animals was .

inhibition., Spontaneous MUA (FM) was 4891 i 134 and .

spontaneous MUA (IMM) was 4272 * 168 spike§/4—m1n.
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Table XIII demonstrates that the response of striatal neur0n§4to)" - %i

P N

. Tﬂf}DEX, either freely moving gr 1mmobil£zed animals, was not modified by v N

- A' V“ x Fl
‘ r
the Previous administratidn of DEXS, Lastly, in.ﬁmmobilized animals o :

y
H . P
' “,_( S ~ < 7‘ . v

receivihg DEX, 2. 5 mg/kg,.and where ng- change in striatal neuronal ‘ '

“discharge rates could be detected, this lack of change was R .

¢ E) A
N

?yfstinguishable ‘from immobilizedfanimals that had received saline ‘
7

B
Ve v .

s o - N
/ - . ) .
Es v - - ¢ %4

* -’ ’ » L]

saline-treated contrql

buly (Fig. 29):
1 ¥ o r

¥ 1

- . However, neurons in these ‘immobilized;,
: - - N . ”

Dan}malsfsﬁill'nesppnded to ketamine, 50 mg/kg, with excitation (Fig. P
- -~ ¥ ! * a o’

¢ 3
30).{‘ . . K s . = N m oW

e - 4 " "

w v ¥

N . . .oy PN i
* Uniléteral Ablatiou N . ' \ g * i

The behavioral response to DhK 2.5 mg[kg, was unchanged 21 days ot e

¢ " PR . ‘"

- ( PO ? +

/ lesiohed aniMals was significantly Qecreased on . the lesioned 'as

P . . <

compared to, the intact side in,animals with frontal but»not parietal

~ x . Vo

" lesfons Qmable XIV).

' 4 - R

intact sides no longer’ consisted preddminantly of excitation.

- N Y N,

<various respénse patterns of striatal neurons were not udiike those,

. > -
PRt N 1 A ¥

- ' . seen in 1mmobilized animals and are depicted 1n Appendix i, Figures s
’ ‘o 71 72 73 and: 74 On the lesiofed side the incidence of excltatldn -
. *y v .,n‘ LI -

was reduced to 35% of all observations (11/31) whereas the incidénceé oo .

A v M . v
‘. . v

of inhibition increased to 48% (15/31) (Table XV)« ‘ _— T

. . 4

.

iqn nas seen’ .« , ",

x . 4

hd I3

‘ ‘were significantly less than normal aniﬁals (Fig. 32).. Spontaneous.
]

]

!

i

© o, Of the 11- put af- 31 ablated animals’in which acti

%

e

LY
-

-

-

t .

' * on the lesiponed side, 5 of the elaven showed peak DLX responses which
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Compaxison of Striatad jNeuronal R

orseas toq}EX, 2.5 mg/kg, in Freely Moving

»' Control and Umilateral Cortically lated Rats N
F - A .
- 7 A . R = .
oo . - Dailateral, Cortitally Ablated {(n=31)%
- t ‘ re . " T i g E) /
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< 2 + 4 . * . h
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Inhibition 1. \ 15 . g
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No change 2 .2 9 i
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-, '*'Ineludes\ bsth frontal and pirietal legioms. . .
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