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. ABSTRACT
The e'ffec‘ts of unilateral intranigral y\jections of substance P and

the newly discovered tachykinin substance K, were conparcd using=a rotometer
A ‘ +

“"ito measure circling bhehavipor in rats. Varl'ox_xs. solutions were lnjected

¢

’
—

1
. i
!
!

)

"direetly into the right substantia nigra 'p'a'rs _i'erticul_ata (SNR), wvia

chroriically ilruplan'ted guide cannulae. Substance P, sebstanee K, eporﬁbrphine

H ’ -

and saline we‘i:“e admiﬁistered' sequentially in each rat?™ Thie srepeated

y

P )'-‘fi
.

-

measures des 1gn aLlowed for comparisons ;o be nade with respect to, l:he effecfﬁ

- »

of jeach solution on c.ircling; ~Separace groups were formed so. that three:

-

‘different concentrations of substance P and substarce K could be tested

(Groups A, B, C received 8, 12,'16 ug / .5ul, in that orcier‘)-. “Groups A, B.a; and
h SR o i

C were pretreated with d-amphetamine, while Group"D was ﬁot «-» All groups.also

received intfanigra.l lnj-ectiéns of aporn'orphine (15 ug. i_Li_uLLand_saline-
At.a concentration of 12 ug, substance K significaﬁtly lncreased the amount of

coutralateral circling when compared with the effects ‘of_ control

administracions. These are the first data to indicaCe that qubstance K can

elicit contraversive circling when adminietered unilaterally into the SNR.

Concentrations of eight and 16 ug of Substance K did not siganicantly
 {ncrease contralateral circling. None of the three dqsee of SP\ elicited
significantly me::e ci::clipg &than did saline. Ap.‘omo:rpllaine .waskineffectl\:'exat
increasing circling in thre'e‘ groups, vghiie it s{.'g'hificanc'ly'incrc”aaed

v »

contraversive circliing in one group. In examining -the results of the

——— 4 — ‘ L

experiment, the effects of each solution are discussed. 'Explan'eu fons ‘t,h'at N

. . [

may serve to clarify inconsistencies are proposed, And an effort {s also made -

to reconcile these results with those re,p()r;e'd in the relevant literature.
. m . . . N ' . ’ N
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’ INTRODUCTION )
L &.l
. " Tachykinins o .

A

During the last decade there has been growing' %ntere'st in

. . . [ . . . * .
neuropept{des and the role they may pldy in the neural cohtrol qfelbehavior. A

L . . S BRI .
}. recept estimate suggests that over 40 brain and/.gx_gu.t pept‘idee"'m;ay play-roles
™

i

. many of these neuropeptidee although a number of them have beeri!implicated in

/L DL
- the contro} of specific behavio‘rs (eg. anglotensin and drinking (Fitzsimons,

S
4
z
. . . + il
. .
. ,

\ 1980)). -

13
\‘ Recently interest has been generated by one particular Eamily of
R -

heuropeptides y the tachykinins. Members of this family_‘ ehare ‘a common
\ . . .
’ a;nlno-acid sequence ‘at their carboxyl-terminus (_C-t.erminue)k_(Phe-X‘-Gly-Léu-

Met~NH2, where X is a hydrephobic or aromatic residue). s'qs'ubstam:e P (SP),
/th‘e most studied of the tachykinins, was discovered by von Euler and Gaddum
(1931) 1n alcoholic extracts of equine brain and 1ntestihe. *Its sructural

"f

charactertzation followed later, in 1971 (Charg, Leeman, and Niall 1971)

Other members of _the tachykinin family include eledoi,‘sin, physaelemin,

\l

kassinin, sub?etance_&_(SK, neuromedin L, neurokinin—A)_”er}d neuromedin K (Ng(,

. nelirokinin B). Table 1 shows from which tyne of ti-as.ue.' each of the latter

. neuropeptides was'-.first isoldted.
' §P. and SK can, in certgn cases, be part df the same polypeptide

-precursor molecule. Nawa Hirose. Takash:‘a Inayama, and Nakanishi (1983)
were “able to clone cDNA sequénces that were complementary to mRNA sequences
‘#* y
enpoding for 8Sp. Following the analysis ofgthe nucleotide-sequences of the

-

in a number of- inlpo:'tant‘behaviors (Krieger, . 1983) Little iJ known about ¢
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'TABLE_E Some members of ti\e tachykinip -fami'ly and the corresponding types of®
tissue.from which they were fitst fsolated

» 1

. ‘ . d ———

' Substa_'ncé P Horse b’rain and intest'i’ne ,.._.._....

Eledoisin
Physaelemin . : . Amphibian skin ’
[] ' N .
~
. * M 5
- Kassinin - Amphibian skin. . .
- .
— Q R
" Substance K Pig spinal cord
: "
- . ?
Neuromedin K S Pig spinal cord
¢ .r N



Mlwate F
L

oo
<
q
[

cDNA it was discovered that bovine brain SP precursors are encoded by at least,
. o two different mRNAs. It is known that che‘precureor.Alpha-preprotachyk'inin
r.&A-PPT 119 amino acids) 1s a precursor to SP, while a second precursor, Beta-

y .. preprotschykinin (B-PPT: 130 amino acids) contains copies of both SP and SK.

,4 . . Both preprotachykinins_ have’ 111 emino acids in coemon, and within these 111
: }! ’ reeidee the SP peptide. The remainiitg 19 amino acids present in B-PPT alone

1
i

Lt - .
g;;a;}‘ contatn those 10 which characterize SK. 'rhus certain neurons that contain
¢ . '

BTPPT are ?ndidates for releaeere of SP.and SK, . L *
’.‘___‘ e L,:" a‘ / ) L. : . . L ) T ,_i,’
LT .Tachykinin Receptors and Immunoreactive Brain Sites ' ]
R I P . X . .
gt oo T A number of reports have deacribed "the binding properties .of
5 ; ' |", B i .

, . techykinine end the one or more receptors that mediate their effects-.
I

Varioue pathways conteining tachykinins have also heen 1dent1fied. Results

l LY

from these studies will be described since they bear on the experiment to- be

Y 1 4 , . . ¢ ‘
SRR ‘preeented leter. : : ’ '
» 3 -'l. . . ’ ¢ .-
ST 3 i ? b Both peripheral and brain tissue prepereti‘one have been studied in
i e b
”‘ ;’,“ ! ettempts to ﬁenty:'y techyk:‘.ni.n receptors’ and probeble subtypes.‘ The guihea

| ‘3 ‘4 lpig 11eum(; urinary bladder, and ret cerebral cortex are examples of-euch
. h 4 ]
[
prepetetione- Based on experimentel work using a number of bioaesaye and

i -"- . other phermeclogical aystems two wtechykinin receptora were originally
S0 propoeed. the SP-P and SP-E receptors.. The SP-P receptor (' P' deeignating .

iphyeeelemm), it was shown, bound phyeeelemin, SP kahsinin, and e].edoiein
A

i ‘
{ {w thout preference for any one of these t:echykinine. The SP-E receptor ('E"
l | ]

1

designeting eledoisin), on the other hand was f0und to bind eledoiein and a .

‘lgeseinin preferentially (Ivereen, Ranley, Sandberg, ' I,ee, Pinnock, ' end'

Do Hetesm, 1982). - . \ : . , _;..‘\"

— 1



. the SP~E- term replaced with a’more general term.

- 'Burcher, Chase, and o' Donohue, 1985)

5K binding

_certain areas of the cortex (Shults et al., 1985; Mantyh et al.,; 1984).

Recent work on the receptor binding charactertstica of radiolabelled
tachykinins has1’ﬁ6wever, suggested binding patterns iuﬂicatlve of a third
tachykinin recentor (Buck, Burcher Shults Lovenberg"pnd o' Donohue~ 1983;

v

HanCyh, Magglo, and Hunt, 1984)2

=compet1t1ve inﬁibitioh as a.tool in binding studies and~reported bindinﬁ:

patterns shown in Table 2; it therefore appears that SP P, SP-E, and SP-K

& . .

receptors exiat (the endogenoua ligands being SP NK and SK reopecttvely)

Quir].on (1985) has notede- that a more logical class-.t fication scheme would have
L -

Theﬁreasoning is that the

N -

, SP-E redeptor bLnas a number of tachykinins aanehowa the highest afPinity

for NK; suggeeting that it 18 wore likely.to be a NK receptor.‘ Hence, the

three receptors woqfh be SP, SK, and NK receptors. 1Lt-ghould be noted that’

" the possibility that only one receptor type exiets }@ith multiple hinding

a

: siteq) has been raised (Growcott 1983)

In the tat brain autoradlography,has heen used: to locate specifig

~—3

tachykinin binding sites; whereas cell’ bodies,

containing these peptides have béen located Jsigg 1mmunoeytochemiabrya sP

binding sites are ?ﬂre widespread than SK blnding sites (Shults, Buck

2

Areas showing a high\density of SP

—

binding sites include the striatum, dentaEF gyrus, certain regions of the

¥ .
amygdala and septal area, locua coeruleua; superior colliculus ‘and doraal

~

parabrachial nucleus (Quirion, Shults, Hoody, Pert Chase, and QPDonohuef

1983; Mantyh et al., 1984; Shults et al.,

[ ]

sites include the subatantia nigra (pars  compactaj,

L

{nterpeduncular nucleus, suprachie;matig nucleus, ehpraootic nucleus, and
i .
&

. :
. [
‘ \ :
. —— \ L :

Buck,et al.(1983) used the proceas.pj.

1985%)., Areas with a high density of

. The \

. v .

fibers and terminals R

*a
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R L \TABLE 2: The relative ‘binding potencies of a number of tachykinins with
ST e o spect to three pxnposed tadhykinin receptors {(based on work by Buck et
- B aI..l983 and Quirion, 19.6) .

-

T .
L] )
L. - r [0} . #
b . ' ot " . L . .
e, t . - R . . . N .
[ : . . . . R .
‘e B . .
P R ty . = S "
. ‘ . . . . :
* _' LN \ N > \. —— .
- .
‘. . . . . .
L . . . N . ' “,
. R N

: ok " RECEPTOR TYPE "+ RANK'ORDER (BINDING POTENCY)

wo e ‘ | . N
: .o ~ - . ~

. +. Substance P SP > Pt s » SK > Ele > Kass > NK
"‘ . . ) . s rd A
. . . " ‘ .
w . ? Substance K % SK > Kass > Ele > NK > SP > Phys
. . * . . . A
. .. ) ‘ _ R
. & ° '
- . . . ' d ' )
y ~ < . ]
R _ Neuromedin K NK > Kass*> Ele > Phys > SK > SP
'] i .
. . [ 1Y ) ' ‘
‘. \ 3 ’
>, | . : .
”‘ L3 <
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external layer of the olfac;ory bulbh, and the dorsal horn of the spinal cord

-

hoth show a large ‘number of SP and SK binding sites.

Although sites that bind SP are more widespread than those that bind

SK, the distr%u'tfbns of both peptides overlap to a large extent, Shulté.v

Yajima, Gullner, Chase, and O'Donchue (1985)_have gshown that concentrations
of 9P and SK weffe maintained at a fixed ratio throughout the majority of 20

brain areas dissected (SP:SK, 211).
[ _ \ < . _

N . .
[ . -~

Some Behavioral Effects _o_f_ﬂand SK - ) .0

Work on mammals, more specifically rats, has tended to Ffocus on

behaviors. For e&ami)le, _depending on the dose and the particular pﬁ}}n

—_—

threshold of an animal an intrathecal injection of SP can bring about either

an analgesic 6;‘_ hypoalgesic response (Frederickson, Burkes,'Harrell, and

o

Edwards, 1978). In 'aéi‘dtcion, SP has also been fmmd’c;) facilltate lordosis

- three tachykinins---SP, SK and NK. SP has been implicated in a mimher of

when injected into the midbrain cé;ltriu gray (Dornan, Malsbugy, and Psnney,?'

submitted: for publication); eliclt circling when t'njectecll ints the
s:ubs tantia nigra (Olpe and Koella, 1977; James and Starr, 1979}; and {ncrease
lf)comotora accifzii:y when' adl'l]inisl:ered into the ventral teg‘mental areal."(VTA)
(Scin.l;s and Kelly, 1978). Administratlion of 5K into the VTA r\as also been

repor'ted to 1ncrease locomotoor actlvlt}y and a comarison with 5P has sho;m SK

—

to* 10 times more potent‘. in this respect (Kalivas Deui\, Maggio, Mantyh,

and Roth, 1985). This latter form of comparison, fn conjunctiopn with reports

,that suggest that many types of tachykinin receptors exist,, made it of

- .

interest to compare the effects of SP and SK on circling behavior. Prior to

- describing this experiment, informa;i.?n relevant to the ‘anatomy of the

L ] ' .

-
-~
~

»

~
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i /

substantia nigra, and its function in eirclifg behavior, will be presented. ——

-—

The Substantia Nigra

——

* o

Thg SN is a bilateral ventral midbrain structure that lies dorsal to

. ——

the cerebral neduncles. It has commonly been included ia d scriptions of the

—

basal ganglia, along with theﬁcaud,at_e fucleus, putamen and globus pallidus of

the forebrain. . :

PO

"o In order to fully understand the role of the éubs_tantia nigra (SN)

-~

with reapect to beha({ior, espeéially_gi.rclinﬁ behavior, knowledge pertaining ‘

to its'stru.ctural aad chenical anatomy 1s es‘senEi.al.A The various afferent
. * p
and efferent connections that involve the SN and electrophysiological data

also give clues with regard to its function.

, .
’ i
P

h\
Cytoarchitecture

L ‘.

Cytoarchitecturally the ‘SN has traditionally been separated into

——

/’,- . . i
-, three regions: pars compacta (SNC), pars reticulata (SNR) and pars Tateralis

(SNL) (Gillian, 1943). The SNG lies dorsally and is made up of a thin layer

————

three to five cells thick. This layer contains mainly dopamin‘e (DA) cell

bodies, and is sometimes referred to as A9 (according to the nomenclature of

]

Dahlatrom and Fuxe (1964)). The SNR, on the other hand, makes up the ventral

-—

pqrtion of the SN and contains a lower density of cells in comparison to the

SNC. ~ Although the SNR is the largest region of the SN, 1t contains relatively’

few DA cell bodies, ‘the bulk of it belng neuropil. Lastly, the SNL 1is
‘phylogenetically the oldest region of the SN and containg a relatively small

- numbetr of neurons (Dray, 198\0).'



Although there have/ been nur;ierous studies of theA morphological
characteristics '(;f‘Sl_\l nesrons, a controv‘erszy exists régarding the exact
dimension\s‘of neurons found in the three regions: of the SN. For example,
Gulley and Wood (1971) identified three types of neurons in the SN: small (II-
26 micrometers (um)), medium (19-46 um) and large (45-74 um). Small and
medium-sized neurons were found to be present in ail three regions of the-SN;

-

whereas large neurons were found ?nainl.y inl. the SNR _anﬂ SNL. .Hanauay,
McConnel, and Netasky (1970) ;:ould: t}ﬁly'identify two types of REl‘ll'()nS In the
SN:.a small-sized type.(B—ll u:;\) present in -the SNR and SNL, aﬁd a; med {um=- \
sized type (12-17 um) Dres;ﬁ;- in all three reélons of the SNi J’g:i'nska, J !.
. Wilson,‘and Groves (197l7.) identified three types’ of neur’ons:‘small-sized ‘ _
néuronS' (11-20 um) present ‘in all three areas of the SN;' medi;xm—s ized neurons
(19-46 um) present in the SNC and SNR; and finally, 1;ge-s ized neuroﬁs (45-74 L
um) present in the SNﬁ and SNL. l ot \
Recently, Polirier, Gigﬁere, and Marchand «( 1983) have sﬁggeste?r‘buo\\

possible fgctors that might explain many of the dlscrepanciés in the result;
reported above. To begin with, the fact that too few neurons were s.anplled
from each of the SN E‘egiqns may have led to tnaccurat‘e generalllzatiuns with

regards to their size and distribution. Secondly, tissue preparatfion

methods varied cons{derably between studies so that varlability in the

-
]

results could be expected. .
According to Poirier -et al. (1983), .the s ze of a neuron cannot bé

used as a re‘e‘l.—{abln.z predictor of its location in the fN. In their own study of ¢ .

the SN Poirier and his colleagues {dentified four types of neurons based on a

number of cytological charactetlst‘ics (size, shape and amount of Nissl -——

substance). The neurons were categorized as being elther compacta~type

gy

iy
e



neurong, reticulata-type neurons, intermediary-type'neurons or globular-~

type neurons. The name of each type of neuron imp‘lies its Yocation within the

SN, except in the case of the glog:lar-type neuron. Table 3 summarizes the
3

characteristics of each type of neuron and their number {n-the rat SN.

Efferent Projections .‘g_f_.the SN in the Rat

Beckstead, Domesick, and -Nauta (1979) used the method of'

. '

autoradiography to map out the ef\}\%_rent connectiong of t:h_e SN in the rat.
L Y

Small amounts of tritiated -amino aclids (leucine and proline) were injested

L4

* iato both the SNC and SNR. ' o

. !
—

Both the SNC and SNR were found to be the origins of asceading and

»

descending filb'er projecti’ons. With regards to the SNC the ascending
"projections were p%serveg to termi'nate in the striatum, globus pallidus, and
venl:r,omedia\l and mediodorsal thalamic nuc'lei. The nigrostriatal orojection
wa.'; organized so that fibers originating from medial regions of the SN
terminated in medial parts of the striatum while fibers originating from more

latetal regions of the SN terminated in more lateral parts of the striatum.

In terms of the rostro-caudal organization of the projections the authors

—_—

concluded that the location of a cell body in the SNC was not a good predictér*

) of ity terminal field in the striatum. Eeisencially, all parts of; the SN
project to‘vari}?ué areas of the striatum .al.ong the rostr;o;-éaudal plane.

Descending projections of the SNC were also found to terminate in a wide
variety of areas. These included the ;nedian raphe nucleus; dorsal raphe
nucleus, pedunculonontine nucleun central grey matter, and locus coeruleus,

With respect to the SNR both its.ascending and descending projections

were found to be somewhat different from those of the:SNC, although some

.
——
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10

TABLE 3: Cytological characteristics correspdriding to ea 'f the four types
" of neurons identified 1in the substantia gra by Poirier et
'al.(1983), and their nimber tn the rat .

>

Neuron Type and number: COMPACTA (9 925: 44% of total)

" Shape Of Soma: triangular, fusiform, pyramidal, polygonal, oyoid ar plump

Other Cytological Characteristics: 1) relatively large pale nucleus that is -
often not centrally .located, 1i) large amounts of Nissl
*substance distributed in patches and 1i1) mean la-gest
diameter of 17.2 um + -

~

Neuron Type and number: RETICULATA (3,122: 14% of total)

Shape Of Soma: multipolar, triangular or ovoid

Other Cytological Characteristics: i) large amounts of Nissl subastance, but
not as much as the compacta-type neuron, 11) a more centrally
located nucleus and 1ii1) a mean largest diameter of 20.0 um

Neuton Type and number: INTERMEDIATE (3,227: 14% of total)
Shape Of Soma: elongated, triangular or fusiform

_Other cytolggipal Characteristics: 1) thinner processes than either of the

above neuron types, 11i) the darkest nucleug of all types and
141) a mean largest diameter of 16 0 um,

Neuron Type and number! GLOBULAR (6,258: 28X of total)
Shape Of Soma: round
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_pverlap was evident. For example, although the SNRprojects to the striatum;
| ¢

| -
the gize of the projection 1is relativelx' smaller. Other ascending
L ]

~

projections from the SNR include those going to the paralamellar zone,
ventromedial, mediodorsal and parafascicalar nuclel of the thalamus, and
globus pallidhs. ThEAEeséending projections %f the SNR.terminate mostly iﬁ
the superior coiliculus ,pedunculopontine nucleus, periaquéductal-gﬁey) and
feticular formation.

To mofe accurately fdentify thes location .of nigrai' neurons
projecting to the superor colliculus, thalamus. and striatum (/hree major
reclpients'of nigral output) Faull and Mehler (1928) injected horseradish
peroxidase (HRP) into the three latter regions. Sinc;.the enzyme is taken up
by terminals and Is subject to retrograde axonal 'cranébof:, ‘the cell

distribution of‘fhe three specific efferent systems could. be mapped. The

authors reported that 1) distinct cell aggregationq characterized each of the -

three projections and i11) the mean size of the cell diameters was different
for each aggregation. Nigrotectal ¢ells were of medium size (16 um) and

were found mainly in the ventral part of the SNR. Nigrbthalaﬁic cells had the

'largest mean cell diameters (19 umf and were located in the lateral and

Ld -

céntral SNR. Lastly, nigrodcriafhl cells' Had the sma11e9t méan- cel{

- diameter ([4 um) and were almost exclusiveiy located in the SNC. It s

\ .
uncertain whether "these cells correspond in any wa§ to those described

earlier, based on the work of Poirler et al. (1983). 'In'additlonvto all of

the above it has been’ reported by other authors that .the SN also projects to

the cerebellum (Chén-Paléy, 1977 in Dray, 1979), amygdala (Fallon, Riley, and

Moore, [978) and tortex (Avendano, Reinoso-Suarez, and Llamaé,_lQ?E).

- -

N
ey

RS - ' .

%



Afferent Projections to the SN in the Rat
: {
Following the microlontophoretic administration of HRP into-the SN

Bunney and Aghajanian .( 1976) were able to identify sources of afferents to the

SN. The authors éategori;ed the deasity of the sources of afferent
projections as eit?her high or 1orq<tiensity areas. High c‘!ensuity areas ﬂ‘uggest
largedr SN 'a'fferent pachways‘, while lower dens;cy ai'eas suggedt a smaller
aumber of ptojei:t_ing fibers are 1n;.'o]:ved. High d;qa L’r.'y areas in-c:_luqed the
caudate nucleus, gloims ballidﬁs nucleus accumbens, central nucleus of .the .
amygdaloid complex and dorsal rﬁphe nucleus o Low denslty areas included the
cortex (layer 5), habenula and hypothalamus. ‘

Other authors have repofted that the cerebellum (Snider, Maiti. and
Snider, 1976), l:ocus coeruleus (Sakai, Touret, Salvert, Leger, and Jouvet. a
1977) and subthalamus (Kanazawa, Ma"r:c.v,hafl, and Kelly,1976) also proje'ct-«t-o—---—-- —_—

the SN. Table 4 summarizes some of the nigral afferent projections and the

transmitters believed to be of relevance in each of these. N

Putative Neurotra'nsmitters in the SN and Effects —Following 'the

Microiontophoretic Administration o_E__ Some g_f_ These

A wide vari'et:y of .potentfal neurotransmitters havg: Seen fdentified
in the SN. These include SP (Powell, Leeman, Tregear, Niall,.and Potts,
1973); SK (Shults et al., 1975); GABA (Perry, Hansen, and Kloster (1973); DA
(Anden, Fuxe, Hamberger, and Hokfelt (i966)'; acetylcholine (Chehey, Lefevre,
and Racagni, al97.5); gerotonin and glyclne-.(Dray_énd Straughan, 1976);
enkephalin (Inagaki and Parent, 1984); a.nd dynorphin (Kha;:haturian; Watson,
Lewis, Coy, Goldstein, and Akil (1982).‘

' Ina review, Dray and Straughan (1976) summarized the effects of some



g vin

fﬁﬂLEiii Some sources of nigral_éfferents and neurotransmitters believed to be of importance

e

. ] ,
‘ .
Origin of Nigral Afferents Neurotransmitter Used .- Reference -
) Striatum " GABA ‘ . ' " Brownstein et al.(1977)
Substance P Cuello et al.(1982)
’ Met—-Enkephalin . Khachaturian et al.(1982)
. Acetflchoiine .. - ~ Olivier et al.(1970)
Globus Pallidus GABA ] Hattori et al.(1973)
. . _ |
Substance P Cuello et al.(1982) ~
. .//‘
- Nucleus accumbens l GABA : ; Fung et al.(1979)
. ’ . [ ’ ’ .
) Raphe . Serotonin : . Fibiger and Miller (1977) -
Amygdala ) “Unknown o .
Locus Coeruleus ! NA o . Collinbridge e;,ai.(l979j
‘Hypothalamus ' Unknown o . .
. ~- . : B w

RS AR

b
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\'\;‘ .
of ese¢ substances following ilontophoretic administrat{on into the SN.

""GABA, noradrenaline, and glycine, when administered into the SNC, all

produced inhibition; whereas acetylcholine excited ¢ells. 1In the SNR

-acetylcholine also increased the baseline Eiring rates of neurons, while GABA

and glycine inhibited neurons. Serotonin exc¢ited and inhibtted- cell firing.

L

fn the SNR. | 1 o

Data concerning the effects of iod\tophdret:ically applied SP on -

single unlt actiyity in the SN are more difficl:ll: to 1ntemrét.< It has been

N Ny ' [ i
reported that fontophoretically applied SP e‘?ccitgd more than-85% of. cells

L . . ) i i .
tested (Walker, Kemp, Yajima, Kitagawa, and Woodruff, 1976). However,

Pinnock. and Dray (1982) could only demons trate,excitation in'30 to 40% of the

U

cells they tested. More recent reports have either implied that SP has no

* . *

effect on cells situated in the SN (Innis et al,,1984) or, at best, ve.ry

inconsistent and weakly excitatory effects (Lir:horn, O'Donohue, Shults,

Chase,.and Walters, 1984).

Jones and Olpe (1985) have hypothesized that inhibitory responses

following iont.opho.resis of SP in varlous areas of the CNS, includi_rlg__mt’l'\e SN,
may be due to a SP-dependent release of an inhibitory substance. It has also
been sugges‘ted that SP's excitatory effects might bg mediated by some other
excitat:ory. ‘t‘ransmitter (Davies and Dray, 1976). Cellular responses

foll‘Owing SP io'ric-ophoresis.in the SN are characterized by a slow onset and

) L ’ :
prolonged duration (Lanthorn et al., 1984). These observations, inaddition

to those tegarding the scarcity of SP .receptors. ir the SN (Quirion et

*

al.,1983), have provided support for the view that SPpotentfates the pelease
o . e
of other substances that in turn affect receptotrs in the SN (Jones apd Olpe,

1985). Others have-sugg'eated that"cellulat responses to SP are dlower than

4

.
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those seen with ot-t:er subgtances possi,biy because SP ig a larger mlecple, and
therefore _exhiBitB a slower rate oE-diffusion (Guyenet, Mroz, Aghajanian, and
Leeman, 1979). ' : ey

- The effects'of ifontophoretically appiied SK orf™SN reurons also seem
yariable,’ although very little research has“.been done with regard tq SK.
Innis et al.( 1985) reported that Sl('pr;_ciuced ‘excitation in approximately 50%

of DAergic and non-Diergic SN cells sampled; whereas inhibitory responsés

were recorded in only 3% of cells., Both SNR and SNC neurons responded in'

simiiar ways to SK. .This lat:tér observation ;logs"nbt agree with results’

which'sﬁggest that a geli'é 'ana'témical location within the SN correlates with'

its response to SK (Lanthorn ét al.,1984). Cells in and around the SNC were

reported to be excited by SK; although these cells were not belleved to be
DAergic. Within the SNR Lanthorn et .&11.(1984) reported inhibitory’
responses. Therefore, although it can be suguested Cthat .SK has both

excitatory and inhibitory-effects on SN neurons, conclusionsregarding both

the neuron types affeceed and their location in the SN can only be tentative.

v

— It has been reported that DA neurons 1in the SNC are depressed when DA

is iontophoretically applied (Ruffieux and Schdltz, 1980); whereas neurons "

. ‘ \
in the SNR are both inhibited and excited by DA (Dray and' Straughan, 1976).

" DA has been regarded as having a crucial role in the SN. It has been
shown to release [3H]-GABA from nigral slices (Reubi, Iversen, and Jessell,

1977), as well as modulate GABA's activity in the SN (iv'aszcack and Walters,

s
———

1983): Perhaps most, importantiy it has been shown that DA is releagsed by .

'denc.lrite's in the SN. This release ft'oml non-terminal structures has been

h_\[nothesized to have a number of possible functions, the most intriguing of

which are auto-inhibition and lateral inhibition of SNC cells that project to



(Hess, 1956).

3,
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the striatum (Cheramy, Leviel, and Glowinski, 1981). Geffen, Jessell,
r

Cuello, and Iversen (1976) have also suggested that dendritilc teleaseof DA Iin

the SN may'Have a ro lejjggplay in the control of regenerative sprouting and the

"r-".‘!::?""; ‘
establishment of new ’g,y,-:‘tgpses. Y

o

'The Neural Basis of Circling

i 13
———
Turning produced by the stimulati.on or lesioning oE vnrioug brain

“ -

sites has been—reported over 'the course of more than 50 years.' Ingram, .

e Ld

Ransorm, and Hannett (1932) r.eported the ipsiversive tutni'ng of head and trunk

ae *

in the cat following the electrical stimulation of the tegmentum dorsal and
lateral to the red aucleus. Ipsiversive ‘turning has also been reported
EBllowing"eit:her the removal of the'head of the caudate nucleus or the globus
pallidus (Mettler aad-Mettler, 1942)., A large number of other structures.
ha\";e been implicated, at one time or other,’in turning or cireling behavior;
these 1include the substantia nigra (Anden, Dal?'scrom, Fuxe, and Larsson,

1966) ; ventral tegmentél area (Holmes and Wise, 1985); nucleus accumbens

(Kelly .and Moore, 1976); thalamus (Garcia-Munoz, Patino, Wright, and

Arbuthnott, 1983)} periaqueductal grey (Reavill, Muscatt, Leigh, Jenner, and’

Marsden, 1984); superfor colliculus, reticular Eormation (DiChiara, Morellti,

Inperato, and Porceddu, 1982); red nuéleus (Muassen, 1934)4 and zona incerta

b

Based on the tesearch tools used, studies concerned with cireling og

turning behavior can-be divided into two categories. The firat catégory '
b ' ' »

includes those studies based on methods which deétroy tiLsue (extirpation,

electrolytic lesions, or {;hemical leqlona); lwhite the second category

r
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Includes thase studies which involve the direct stimulation of brain tissue

(electrical or themical stimulation). A brief look at the results of some
. * L .

21

studies will follow. . -

It should be noted at this point that a distinction 18 usually made
between turning and cifcling (rotating) behaviors. Turning involves
- 4 N s

postural deviation or bias, where’as" circling typ_icail.l,y involves full 360-

degree rotations. f ) .

"~

s ' t e

Studies Based On The Destruction: Of Tissue .- L a ®

v em————— €

The first stud); to implicate a apec'ifivcvpachwa’y in &urning behavior

.

‘was that of Andén et al.(1966). Using elec:roldytic lésions at the level of

the mammilary Sodies the investigators were able toproduce unilateral damage

to DA pathways travelling in the crus cerebri. The” sysi:gmi“c administration

e

of different drugs following the latter experimental maninulation was found
to affect the direction of curnihg. For example, injections of 1-DOPA, a'gA

precursor, in combination with a monoamine oxidase inhibitor nroduced’ a
El f M

turning of the head and tail towards the lesioned’side (ips fversive turning).

The authors: dongluded that the asymugetries observed following the

2

experimental manipulations wete,presumably due to an effect on the function

“of DA in the strlathr'n, and that lesions of the nigi‘ostrtatal pathway were

] ¢ "
e

responsible for those agymmetries.

3

»

Since the nigrostriatal pathway was presumed to play a role 'in\\ '

circling behavior,. subsequent studies by other investigatars attempted to

il

confirm and add to the data provided by Anden et'al.(1966). The dopamiﬁ.erigi_.c

nature of.the hfgms triatal pathway (Dalhstrom and Fuxe, 1964) allowed for

E3 2 .

the use of more specific lesioning techniques, . namely the use of 6-

’
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hydroxydopamine  (6-OHDA). 6-OHDA has been- shown to destroy

. L. ©
catecbolaminergic neurons when {njected into.the brain. Therefore, fits

v

adminis tration into-the pars compactaAof the substantia nl‘gra, where DA cell

bodies are located, enabled the specific destruction of DA-—cells.

- - : Through the use of 6-OHDA lesions Ungerstedt and Arbuthnott (1970)
. N A A

" ghowed that unilateral d'amage to DA-containinig.cell bodies of the substantia

nigra (pars compacta) caused-animals to"circle towards their lesioned side

when dis turbed by handling or when injected with d-auphet:émin’e". 4 Tﬁe authors

hybol:ljes ized that such ipsiversive circling miglit be due to a DA gmha'la;\ce

- < : b'etw'een_ the left and right striata. This explanation suggested that the
% 1nta§t, non-lesioned side contained mora DA thah the lesioned sideso that the
. ‘ ] g T—— 4 .

fnfluence of the dnnervated striatum “overpowered” that of the denervated

side, thus resulting in a circling bias. o . T
. ' . , ‘
Howevetr, although. this& teaditional view has maintained that_an

animal will elrele towards the 6-0HDA-lesioned side, tt was rep orted‘y Anden

et al.“ (1966)jand Ungerstedt (1971) that the direction of circling was ‘also a

function of t( 2 amount of time that had elapsed between the day of tite. lesion

V-J_ " and the test skssion. For. examp le, Anden and his colleagues reported that l-

DOPA'sdmetimes elicited’ turning contravérsive td ghe les;im;\.si.te (away from
the 1esioned; de). The concept of supersensitivity, well-d’Ocumented th

- —._gtudles o; the peripheral ne?vous syatem wag u.sed to _'explain ;uch circllﬁé

- be.hav‘ior. It was reasoned ‘that the lagk of DA aotioﬁ onstriatal receptord on

4

the les Loned aide' caused striatal tissue to become,more'séﬁeitive to DA than
- . - . . I .
would normally be the case were thestriatum innervated. It was subsequently

shown that the number of DA recejtors under $uch circumstances increases
oo .

(Creese, Burt, and Snyder, W77). It wéuld follow then thai:’ any

»

a e
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administration of DA or DA Precursors would have a strongergeffect on the

1

,Benervated striatum. Cir7

v Ungerstedt (1971) found that DA terminals lost their contents 24 to

48 hours following che’admintstyation of 6=-UHDA. A period of weeks followed

during"which the sensitivity of striatal tissue to DA and DA agonists

-

Increased. Ungerstedt reported. éontraversive circling for&oding the

. administtatiﬁn‘“of. apomorphine and .i-DbPA. Additional evidente , that

caﬁtialétefal dircling wés due’ to supersensitive _DA receptors 1in the

s
=4
ilpailateral sf?idtum came from the fact that when the ipsilateral striatum
; ‘. N

was electrolytically coagulated following the - 6-OHDA leaio low doses of

:apomogphlne had « nio effecc on' circling. The destruction of otentially _

4 .
.{ecéptor sites eliminated the-possibility that they

might be stimulated bﬁl in this case, a oost-synaptlc DA agoniste

supersensitive striatal

-

[

‘Once the role of the SN in circli~ - behavior waq firmly established

regearch efforts were directed toﬁé?ﬂs a further elaboration of the neural

. b
basis of circling béhavior. Efforts were made to identify other important

:A...

pathways and areas 1n the brain that are involved in circling behavior.

Marahallﬁand Ungerstedt (1977) blocked the rotation which followed
unflateral'6-0HDA lesions-of the nigrogtriatal system by using selectively
placed knife-cuts. ‘They reporced that cutting striatal efferents to the
substantia nigra which travel in the internal capﬁﬁle ot destroying a major

-»—ﬁpart of the striatum, blocked circling.

". The*role-bf che‘striqtontgral pfojection discuéséd above is not-.

. coupletely undersc°od. A number of‘invésttgators havé'suggestéﬂ chat-the

T strla:onigral projection gerves as a feedback loop ‘and {n this way;arovides

—~n-DA cells in the SNC with information that affects DA turnover 1argely in the

N

L4

7
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ipsilateral striatum.. A second group of investigators has shown that a

striatonigral pr'o‘jection which is GABAergic carrles striatal output to the

" SNR. “In this case the SNR could act as a relay station that sends 1its own,

.

efferents to other areas (1.e.§1alamus, superior colliculus and reticular

o . .
formation), and, in this widy, may itself affect circling behavior. The Fact

that little change in DA metabolism results from the unilateral trangection

__o_f_‘the'GABAergic pattfway, while at the same time ipsiversive circling is

eiicited,‘ sup'pdrts t(kls view (Garcia-Munoz et al.,1977).

_While the nig‘rq'sttiatal pati\way i1s involved in turning, the full

aQ ,

circling response involves o‘thgt'sc.tuct:ures as well; these include the
P) ™ ‘ - ° ' e '

-

-mesolimbi¢ DA system, nucleus accunmbens, vgnt'romedial t,halamus,' s‘uper_ior

-

colliculus, and reticular forgation. —— -

.

[}—’ has been sugges'ted that circling can be elicited when.two

conditions are satisfied: postural asymmetry (turning) and a state of

v

{ncreased locomotor acZzb&t ty. The pogtural bias defermines the directfon of

£ircling while the level of locomotor

s IS

il ! ~ Rl '
magnitude of circling. The bilateral destruction of the nucleus accum!’ens

gtimulation will determine the

El

(a forebrain 'structure that receives DA pro}ections from the VTA and .that

¢ —

sends efferents to the SN) in unilaterally lesioned 6-0HDA'an1mals reduced or

'gompletefy-abo-lished any cirdling previous'lly elicited by DA ;m,on',tét:s.

Unilateral lesions of the nucleus gccun;bens did not affept circling
responses. Kelly and Mgore (1976) regarded this.as suppo:‘tA for the argument

that, activity in the nigrostriatal DA ‘'systém determines the direction of
S .

clircli'ng whereas activity in.- the "mesolimbic DA system determines the
s . -1 .

magnitude of circlin;; seen. This line of reasoning 1{s embodied in what is

q_omel:imes.,t%gred to as the two-component system. One component, the SN, .

M
- . 1

-~



« . inftially elicited by e kainic acid lesion.
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exerts an effect on the scriacal DA balance and produces turning, whereas the
other component exerts an effect on .the level of locomotor activity (Pycock
and Marsden, 1978). ' |
‘—;.ngother impor tant l.ine of research has focused on a second
Euncti.onally distinct system in the SN that was alluded to earlier. DiChiara
and his cofleagues have croposed that a nigral efferent system thag
originates In the SN(R functions in a manner cpposite to the nigrostriatal
DAergic system. It has been demonstrated that tﬁe superior colliculus,
thalamus, peciacquecluccél grey, and reticular formation all receive input
from cells_-thac originate in tf\e SNR (Beckstead et al.,1979). ‘
DiChiara et al.(1977) first repprt:c_d that the -adminictcation of

Iiain{c‘:id (a neurotoxic 1inalog of glutamate) into the SN resulted in

contraversive circling (6-;0;{DA lesions produce ipsiversive turning).. When

B rats were given bilateral 6-OHDA lesions of the SNC following a unilateral

. Vd - "
kainic acid lesion of the SNR, the—-tontraversive circling which first
appeared following the kainic acid Lesic'n persisted. This suggested that a

non-DA systez was involved since 6-OHDA had no effect on the circling

o
-»

3]

The 6~OHDA lésions lowered nigral tyrosine-hydroxylase activity (the"

ra-te-limiting step in the biosynchests of DA) by more than 85 percenr..'

Gluumic-acid-decarboxyl se activity (reflecting GABA syathesis), however,
» ] m—

- IS

was not affected. Thesd results suggest:ed that bABA may play an Important
rale in this particular 5N system, which 1s functionally opposed to the role
of '}:he DAergic’ nigrostriatal system.- It has been generally accepted that

excitation of the nigrostriatal pathway produces, contraversive circling. A

similar formof contraversive circling can be elicited by the dgstruction of a

, N
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presumed nigral GABAergic efferent pathway (DiChiara et al.,1977). This
G::.EAergic pathway 1s believed to strongly inhibict activity in other arcas

re«éeiving the projection (eg., ventromedial nucleus of the thalamus (VMT)).

J
» P

One h9pqthpsis tested by Garcla-Munuz et al.(1983) was that i{f the VMl had an
%,
excitatof?l influence on other areas (cortex ?), and was normally inhibited by
the GABAer,'gic projection in question, then destruction of the {psilateral VMT
P

should dr.(asl:icélly reduce the amount of contralateral circliing seen when ~

animals were administered apomorphineé systemically following unilateral-6- -

OHDA lesions of the nigrpé‘tr-iatgl pathway. The hypol:'h'es_ié.wés confirmed.

Addj.ti.o.na.l tests of thié SNR model have .been car:'ied out, again the
idea beiné that 1f one remo‘\‘ies' the inhibitory liinAl‘c -provided by the SNR
efferent system (dis inhibition)‘, contraverslve circl{ng results; whereas the
destruction of GABA‘-recipien; areas Wwill reduce their excltatory output,

resulting in ipsiversive circling. DiChiara et al. (1982) used kailniec acid

to specifically lesion areas of the superior c¢nlliculus and reticular

formation 1in normal rats. These groups of animals all expreésed a

significant tendency to circle ipsiversively following the systemic

administration of low doses of apomorphine. These same lesions reduced the

amount of contraversive cit:cling when animals were administereq apomor phine

—

following unilaﬁeral 6-0HDA lesions of the rostral SN (where nigral eff(’erents
to the striatum conver‘ge prior to projecting to the Btriatun:'). |

| On the basis of all the experimental results discussed above it can be
conc luded that at.least two distinct s/ys'temé exist in the SN.; and that both of
these a::e lnvglved i;\ circling (Starr, Summerheyes. and Kilpatrzck, l9lB3').

liowever, the majority of the studies discussed so far have used various forms

of SN lesions to affect circling "pehavior. The following subsection will

f
B
~
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include studies dealing with direct stimulation of SN neyrons.

Studies Based On The Direct Electrical And Chemical Stimulation Of The

Substantia Nigra

Arbuthnott and Crow (1971) reported that electrical stimulation of
the medial substantia nigra produced contraversive circling. Vaccarino and
Franklin (1982) measured circling. responses following the  unilateral

electrical stimulation of the SNC and reported results that suggested the

existence of a functional .difference between the lateral and medial SNC.

Contraversive circling resulted from stimulaging the medial SNC, whereas
3

ipsiversive circling ré/sulted from stimulating the lateral SNC. Gratton and

{

W!:se (1985), using a moveable glectrede to stimﬁlate‘ various reglons of the SN
along the dorso-ventral plane could not reproduce Vaccarino's and Franklin's
tesults. One possible explanation for this may. be that. the lateral
stimulation sites reported by Gratton and Wise (1985) were not as lateral as
those reported by Vaccarino and Franklin (1982) (Frankiin, personal

communication).

L

Although the coritentibn that both ipsiversive and contraversive
been fu.lly confirmed, the elicitation of contrlaverslve circling following
the electrical stimulation of the SN in general has been widely accepted.

,A large number of other. studies have involved the use of dil;ecr:

o -

chemical stimulation. Whereas electrical stimulation excites all types of

_neurons, chemical stimulat;.;n technique gives the investigator the optionof

stimulating a distinct type of cell within a larger neuronal population.

As described earlier, a large number of potential neurotransmittel':s

’
4

. clreling can be elicited, depending on which SNC :egibnﬂis stimulated, has not -
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and /or neuromodulators are found in the SN. The list i‘ncludes, s, SK, ‘GABA,
DA, norepinephrine, enkephalin, dynorphin, acetylcholine, glutamate, and
sérotonin. Table 5 summarizes the effeets some of these have been_reported
to have on c:ircling behavior -when administered intranigrally.'

The data shown in Table 5 can be explained If one makes use- of
findings discussed earlier (p. 21), which suggest that two functionally
op—posed systems are present in the SN. One system includes those DA cells

_“that ate present in the SNC and that make up the nigroatriatal projection;

whereas the other system includes those GABA cells that are present 1in »the SNR

and that project to the ventromedial thalamus, superior colliculus, andyg -

reticular t‘b’i—héc’ion. In the case of the former system, intranigra

adminiscrations of drugs that unilaterally excite this DA systen presumabl»l'

increase impulse flow along the nigrostriatal pathway. +As a consequence of

this 1increased neuronal output, DA levels 1increase in_ the ipsilateral

striatum and contraversive circling results (James and Starr, 1979). This

is 6fie hypothesized mode of action for substances such as SP, DA, amphetamine,

-

mor phine, dirnorphin, and met-enkephali:‘l. Using similar reasoning, it can be

seen that_ unilateral intranigral administrations of drugs that ianhibit

impulse flow along the nigrostriatal pathway elicit ipsiversive ‘c}tcling
(1.e. a;.{oinorphine). ;

With respect tH the GABAergic system drugs that increase the output
of 'GABA cells in the SHNR (theréby increasing the inhibi’tory output to the
ventromedial {halamus, superior colliculus, and reticular formation) alicit:
ipsiversive cir;!l.ing (e.g. picrol:oxin), while those drugs that reduce the

output oE.VGAfA cells originating in the .SNR elicit contraveraive cirecling

(e.g+ GABA and muscimol).’

——
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TABLE 5: Effects of various substances on circling following thefr intranigral administration
Al

Substance

Substance P

Dopamine

Apomorpﬁihe

Anphet;mine
Morphine _—
Dynorphin
Met-Enkephalin
GABA

Muscimol

Picrotoxin

Glyéine

Site

of Injection

SNR

SNC

SNR

SNC (lateral)
SNC :(medial)
SNR

SN ,
SNR

SN

SNR

SNR

SNR

SNR

Direction
of Circling

Contraversive

Ipsiversive
Contr}versivé
rd
!
No Effect
Ipsiversive
Contraversive
Contraversive
Contraversive

-

Contraversive

\\\pontraversive

Y
Al

Contraversive

Ipsiversive

Contraversive

 J

"Reference

Olpe and Koella, 1977

James ahd Starr, 1977

Mendez et al., 1976
Vaccarino and Frankiin, 1984

Viccarino and Franklin, 1984

. Jackson and Kelly, 1983

Jacquet, 1983

x

' Herrera-Marschitz et al. 1984

Jacquet,. 1983
,
Kamata et al., 1985

Oberlander et al., 1977

Olianas et al.,1978

" Mendez et al.,1976.

St
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Although SNR injections of SP have been hypothesized to incre
impulse flow along the nigrostriatal pathway, SP's precise mode of action is
not known. As mentioned earlier various tachykinin receptors are
hyﬁothes,ized, 'and in addition, the SNR has been shown to exhihlt
'immqnoreactivity to both.SP and SK1 antisera .(-‘Shults at a‘l.,l985). A

consideration of the above, in conjunction with the fact that SK has already

been shown to be 10 times more potent than SP in elicicing certain behavloral

responses (Kalivas, Deut‘ch Maggio, Mantyh, and Roth, 1985) has -1ed a numbér

of investi-gators to 'express reserve ccancarning‘ the ‘interpretaiio'n of
previous reports on the effects of SP administrauona. The réasonlné behind
.such reservations rests on the possibllity that effects caused. by SP
injections might be due to the activation of receptors whosg affinitymight
still be highest for other subgtances, i.e. SKor NK. (Innis, Almlirade. and
Aghajani'anr 1985). Research suggest_:ing that different tachykinin receptors
exist and that each may be dif Egren'tially sensitive to a number of r.achyklnlins
can help explain certain puzzling results. For example, when one compares
published descpiqtions of the distribution of f"eceptor binding sltjs‘ w.ith
deacrilptigns of the ;listributions of cellular immunoreactivity to SP and SK,
’ st;riking differences are noted, especially wit.h'respect: to the substantia
. .

nigra. Although the SN receives a deng'e SP innervation from the striatuui.

few SP receptors have been located in the SN (Quirion et al., 1983); whereas

SK bindifig sites have been visualized in this-area (Mantyhet al., 1984). The’

possi‘l‘)ility .thér,.efore exigts that some pathways containing SP may also
contain SK' and that behaviorf'eported to -be due to SP might also involve SK
(eg. circling behavior). Inniset al.(1985) have speculated followlhg the
discovery of SK receptor sites in the SN, that SP effects {n this region may

—
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have been due to -SP action on: \
- 1) sparse but existing SP receptors, or,

ii)abundant, but SK-preferring receptors that show some affinity

for SP.

oot
*

An experimental model that may be used to test the hypotheéis that SK

+ can elicit behavioral responses similar to those elicited by SP is the

* e¢ircling or rotation model. It has been shown that microinjections of SP in

the SNR elicit “circling_contravers,ive to the site of. -ihjecr.ion (Olpe and
Koella, 1977 ..lalﬁeq and .;Starr, 1979). It was therefore of interes}t in the
present .study to .'mic;oin,’!ect .‘.“;K ‘int}:anigrally and compare its effects to
thovs‘e obtained with SP injections. Such an experimental manipulation is

described below.

METHODS -

L4 .
Animals and Housing

One hundred and twelve male rats of the Sprague-Dawley strain
weighing between 250 and 350g were purchased from Charles River Iné.

(Quebec). Upon their arrival at the laboratory animals were raﬁdomly

divided into<Zroups of three or four, and housed in a transpafen’t plexiglas

cdgés (44 cmx 23cmx 23 cm). Food and water were available at all times. 1In

addition, the light cycle in the animal/testing room was reversed (lights on

at 21:00 hrs and off at 09:00 hrs), and the temperature was maintained at 20

degrees Celsius. Animals were given a minimum of £ive days to adapt to their -

new living quarters. This period enabled them to adjust to the reversed

light/dark cycle and to recover from any stresses assoclated with their
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transport.

L 4 _.

Screening Test

)

Following the adaptation period some groups of rats were tested for a
natural circling bias, expressed as a tendency to circle preferentially in a
particular direction. On the day prior to the screening test each rat was
hand]:ed for a period of five minutes at the end of which it was placed in a
cylinder (30 min.) that was part of the apparatus used to quantify ctrcli_ng
behavior (describéd below). The latter was carried out during the dark part . )
o‘f the light/dark cycle, as were all other r.est.-rekéced procedures;_:__

On the screening test day each animal was given a subcutaneous

injection of d-amphetamine (1 mg/kg) 20 minutes prior to being tedted for a

—ctrcling bias. D-amphetamine has its peak effect 20 minutes following its

subcutaneous administraction (N, White, personal communication). Following

this 20 minute interval the mnimal was-placed 1in the circling apparatus. and

o the magnitude and direction of clrc},l_gg aver a 20 minute period was recorded.

Earlier work suggested that between 20 and 25% of animals within any group

wiill show a marked tendency to circle -repeat:edl'y Ln‘one direction when
administered a low dose of d~amphetamine. ‘I~n order to screen out this latter
gro'up of animals, and yet retain a large enough sample Qallow for subsequent
testing, a criterion of 15-turns was adopted. That is, If an animal's
cumulative number of turns was biased in one diFé”EE'io.n by more than 15 turns
this animai was not included in the e:;perin.:ent. Certain subgroups of
.;nimals were not screened for c.ircling biases since it was presumed at the

time that a subcutaneous administration of a low: dose of d-amphetamine would '

not by itself elicit circlingf
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Surgerz

Prior to surgery each animal was weighed and anaesthetized using
gsodium pentobarbital {Somno tol:, 60 mg/‘kg). A suppl'.'emencal administration of s/
the anaesthetic was given when r;quited. Following ;he induction of
anaesthesia hair on an& around the piéhned site of incision was clipped using
an electric hair clipper.'.Tﬁe animﬁl was then placed in a stereotaxic
1ris.trument (KO?F).- A midl‘i‘ne incision appvroximatrzeiry 1.5 cm long wz;s made and
under lying membranes were cut and pushed aside to expose the céional suture
and bregma. Two holes, iarge enough to accémodate stainlegs:steel screwé
Plaatig Products), were fhéﬁ drilled through the skﬁll. Steel screws-were
1

used as anchoring sites for acryllcihement.

Following the placement of screws a 25 gauge guide cannula (Plastic

Products) was lowered through a third drill hole. The guide cannula was placed

uging coordinates iﬁitiaLly obtained from Paxinos and Watson (1982F, and
modified following a numbe‘r.of test operations. The coordinates for' the -
substan;ia nigra pars reticulata'were as follows: a.p. -5.4} mele 2.0; dav.
9.3. All codrdinates were measured in relation ;QNPregma except the AOtso-
ventral coordinate. It was measured with respect to tﬁe surface of the skull
overlying the substantia nigra. In addition, the nose bar was set at ~3.5.
The gulde cannula was cut so that lts tip would lie approxiﬁateiy one
millimeter above the center of the substantia nigra.

Once the cannula waa.loyered into place a weak stream of air was
applied to the exposed skull to obtain a dry surface. This facilit&téd the
adheslon of the dental cement [Sybron (Kerr)] when it was Finally applied

ettt

around the base of the cannula. Following the hardening of the acrylic cement

T \\"’"‘
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the cannula was released from the holder and a 28 gauge obturator was screwed
on and remained in place until test day 1.
Animals were given a period of at least five days to recover from

surgery. During this recovery period they were housed individually in

' ‘

plexiglas cages 1dentical to those described earlier and- handled at least
once, for a period of five minutes. Following the recovery period, and one
day prior to the first test session, each animal was placed {n the circling

éylinder. for a period of 45 minutes.

A]:_»Earatus ' .

-~ The apparatus used to quantify circling was similar in construction
to one developed by Vaccarino and Franklin (1982), and is shown schematically
in Figure 1. The apparatus consisted of threemajor components: 1) a plastic
cylinder 30 cm 1‘.n diameter and 38 cm high, 11) a harness attached to a plastic-

covered wire that served to provide a connection hetween the an{mal and the

cireling counter, and 111) a circling counter consisting of a rotating tube, a

silk thread, and a calibrafed scale.

The harness consisted of a velcro strap attached to a plece of
plastic-covered ex;eﬁsioﬁ wire. The gxt-ensiori'w_i‘ré extended ve.rticall'y and
was attached to a metal clip, the latter being fastened to a c:n: 1 ml t\;ytinge
shell which fit through a hole in a supporting wooden plaqk. Evel)'y turn

completed' by the animal caused a single turn of tgsyringe shell.\ Silk

thread was connected to the syringe and wrapped around the latter in’

accordance with the number of turns completed by the animal. Rotations were
‘represented in a cumulative fashion on a calibrated wall; this is also

depicted schematically in Figure l. The direction of turning could be

Sl
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EIGURE 1 A schematic diagram of the apparacus used to measure the magnitude

and direction of circling following the intranigral administration.of four
solutions, .The basic apparatus 1is qomprised of a plexiglas cylinder,
turning mechanigsm, a d'ca1§brated wall, The enlarged section shows ()atl
cc syringe shell serving as channel t;hréugh plank; (2) a 5-cc syringe shell

~ suppotting (3) a 1 cc syringe shell allowed to rotate; and (4) a metal pin

supporting a paper clip which in turn supports a plastic-covered metal wire.

.



32

’

ascertained by noting the direction in which the sglh thread wrapp'éfl‘around

the syringe. ¥ |

Mixing Solutions \ o

Five different solutionSuwere uged in the experimentsi— These
included SP,,,Sf( acidified saline apomorphine and d—amphetamfhe solut.ions.

Substance P was purchased from Sigma Chemical Company (Lot lZ_%F 59201) its

mo legular welght was 1348 ('bare bones': sum of amiglo acid res{due weights).

N "Its pept:ide content was 85% (sum of amino acid résidue weights / weight of - .

anino-acid residue weights + solvent: used in lyophilization) Its purity

was 99Z%. Subscance K was purchased froam Bachem Inc. (Lot: 1085A). and i-us

s peptide content was 85%. Apomor‘phfpe hydrochloride was also purchased from

Sigma' (Lot 14F-0555) and had a malecular ._weight- oi; 303.8. D-ampheg:amihe

' ‘ sulfate (Lot 51DXS) was !cindly donated by Smith Kline and ‘(Eench Canada Ltd..
A number of important facts- were kept in m'ikd while m'akihg solutions

. \ o .
Ce contalning SP or SK (Stewart, 1983): C — )

4 L]

ii) they are very hydrophobic and‘as a redult do not dissolve well in

kad

M

water, especial]fy when high concentrations are desired. Acetic.acld
. ' v . ~

a

heips to inorease thelir solubility,

= i11) low pH preserves their biological activity, and ) ,

< . . .
iv) sterile techniques prevent bacterial degradation and preserve

the biblogical activity of these peptides. A
" o , :
Peptide solutiods were usually prepared shortly before they were
b ’

v
\

’

» _ conta/iniﬂ 20-30 microliters (ul) of the solution were prepared in, advance
L .

0
-~ e o - . PS

1) both tachykinins behave 1ike basic polypeptides. .

» .
administered.. In\he' few instances where this was not the case, aliquots
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counterbalance the order of intranigral, administral;ions, . The opder of"

.other. Due to the faet that damage to neural tissue increases with the number

.5; 33

and were #tored in'a l{quid nitrogen freezer (-60Q degrees Celsius). Ilso,
>3
solutfons were kept in a ref‘?igerator whenr " ndt being used ( i.es during

-

between-test intervals within one particulac session). ‘ ’ t

As noted above, Rte use of ‘acetic acid improves the solubility of SP
.. ..

and SK. Acidfﬂied physiological, saline (0.9 % saline) was made by, mixing 0.6

' ml of glacial acetic acid into one lit:re of distilled water and. adding 9g of

*

NaCl. A Einahupuard adjustmenr,,.?f pH to 6!.22 was arri\'red at by t:he dropwise

I\.

addition of sodium hydroxide (in eO 9 Z saline). Finall.y, t:he acidified'

[
saline was al:erilized using a Sybr:on (Nalge) filter (pore size = 0 22 um)

’l‘he apomorphine hydrochloride was .found. to be most soluble in waters.

———

When attempts we{'_ggfde to mix small -amounts in 0.9 2 acidified saline, or 0.9 .

x phyaiological saline very poor solubility rebul:ed. Since apomrphine is
highly suscepcible to auto-oxidation, solutions were used quickly (within 10

or 15 minut:es). D-amphetamine was mixed in 0. 97 physiological saline in a

- f 2

concentration bf 1 mg/ml.

«
]
-

" Regsearch Design and Testing Procedure o
e

‘The reaearch-design used 18 shown in Table 6. Animals in Groups 4, B,

and C received d-amphe;amine (sc); whereas animals in Group D did not.

i Saline (Sal) and apomorphine (Apo) were adminiatered intranigrally to all
groups. In addition Groups A, B, C, and D receibed 8. 12, 16, and 12

~ micrograms (ug) of both SP and 'SK res,pectively. Sg*was always ‘administered.

first. ALl groups-were Eurther divided int:o tmlsubgroups in.an effort to
\'

. administ:ration was Sal-SK;_%’-Apo for one subgro*’ aud SP-SK—Sal-Apo for- the

3
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TABLE 6: Experimental research design depicting drug cofiditions assoclated
—— with Groups A, B, C, and D. Groups A, B, and C received d-amphetamine (sc)
prior to all intranigral injections (**); whereas Group D did not (#)

_ ‘ ‘ GROUP A** - SP (8 ug) ,
A . ‘ (n=17) K. (8 ug) - !
: - APO (15 ug) AL ' . -
.' _.-""'ﬁ B . Sal °
v ‘ . , 4
K . | 4 1 .
. . ’ a
. _GROUP B** SP (12 ug)
. _ . .
(n=17) ' Sk (12 ug) P
' v AP0 (15ug) -
" Sal .
) : ., GROUP cg P (16’ ug) . ‘ — -
g (n=14) « K (16.ug) . ‘
: « AP0 (15 ug) T
AY ’ *
Sal
. .o GROUP Dff SP (12 ug) SN .
| °  (n=8) SK (12 ug) o B
[] . . . . /
\’;",4'—\\ AFO (15 ug) - ' N
e , B _ | sal ’ .
.’ l’\\ \ -
; 1 e ) R
\ s ’ ‘ , ! ‘\-‘ » . -
e 4
(, ' 3 -
IS t \ ¢
- A - F
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qof injections gi\;en, and since our interest lay mainly in compariﬂg SP with
R ~ -~

SK, Apo was given last. As mentloned earlier a number of animals were not

prescreened for circling blases [subgroup of A (n=8); B (n=8); C (n=8); D

«

(n=8)).
A

The testing procedure included the following:

1) a subcutaneous injection of. d-amphetamine (1 mg/kg) (Groups

A,B,C) followed by a .20 minute waiting period, |

fi) an intranigral 1njeet10n of one of four substances: a vehicle

solution, SP, SK or apomorphine, and

’111) a 15 minute post-injection period during which circling was

recorded.

All injections were made using a 2 ul glass gyrimge (Dynatech) .
Tubing (OS5 mm = 1:d., 0.9 mm =o0.d.) was attacheé t? the injector cannula at
one end, and, at the, other er{d, to the glass m}crosyringe. Prior to
connecting the ‘glass microsyringre the tubing was gleaned with a few
injections S 95% alcohol; fil__lowed by injection of air; and‘ finelly, the
tubing waa‘filll.ed with sterile distilled ;.rater. The diistilled water was

L]

passed through the tubing.until the investigator was confident, following

visual inspection, that air b§bbles were not present along the length of the
~»

ya ) /
t:ubinﬁ. The tip of the 2 ul syringe was then inserted into the end of the .

tubing just as the syringe containing distilled water was being removed.

, %
Again,- particular care was taken to emsure that no air bubbles wer‘ present
. -

along the length of the tubing. The plungen of 'the 2 ul syringe was then .

e—slowly pulled back so as to allow 0.5 ul of air into the injector cannula.

Follow_ing this, 1.5 ul of the 8olution to be administered intranigrally was

drawn up into the injectorgannula. , Prior to and following each intfani,grall

A -
a

ad .-
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7

. -
injection a check was carried out to make sure the cannula was not blotked.i} ~

\\/‘—:’4:’\%
, All injections were made manually. A volume of 0.5 ul was {injected over a ™~ \

period of 60 seconds, and the injector cannula was left in place for ‘an )

-

additional 60 seconds in order to avoid an improper diffusion of the
'a‘dminister_ed substance. Animals were ret’;t:ralne& as little as possible
during this 2 minute period. Following the removal of the injector cannula
the obturator was replaced and the animal was placed in the appaxatus so that

circling'ldurlag the following 15 minutes could be measured. Approximately

48 hours elapsed between intranigral injections.

Perfusion and Histology

Animals were first deeply anaesthetized using sodium pentobarbital

{(Somnotol 100 m;;/kg). Immeckiately prior to perfusion each animal was

\
injected with a cresyl violet dye (.5 ul).s This allowed for a more accurate

“sessment of the injector cannula.(i.c.) tipr location. Eachanimal was then
perfused intracardially with 0.9 % saline (for approximately 30 seconds) and
10 % phosphate-buffered. formalin (for approximately 10 minutes). Following

" decapitation brains were remo“v“eka and kept in a 10 ¥ formalin solution for at

4

least one day.
> X

Using a cryostat,, sectllons 46 um thick were colleeted on glass

slides. Evei:y third or fourth sectlon of the brain area of interest was taken
4 . .
’

and,®n average, ten sections per brain were collected. Sections were left

f

' . w
to dry for at least one day, following which they were atained usding a —

metachromatic Nissl stain procedures  Cannula tip locations were tdentiffed
. : ».

-

usi‘ng a microprojector. g

o \ | .



HISTOLOGY AND RESULTS

Histology o

A total of 94 animals were implanted with cannulae. Three died
shortly after surger)‘;, while another l;'animals had cannulae that dislodged
+during testing. Of the remaining 88 animals, 56 were found to have the
injector cannula (l.c.) tip in the SNR. Two main criteria were used in

deciding whether or not an animal was included in subsequent data analyses: i)

> the location of the i.c. :tip (based on stain diffusion’) and 11) the extent of

nigral damage. Twenty-eight animals were rejected on the basis of the
location of the {.c. tips: 13 were found to have the 1.c. tip located outside
and dorsal to the SNR; 11 had the 1.c. tip ventral to the SNR;'and 4 had the
i.cs tip in the region caudal to the SNI;.. With '1'espect to the second
ceriterion, 3 animals wﬁ rejected due to massive destruct'ion of the SN, d;le
to thygfact that a small number of guide cannulae were cut 1 mm too long. -

The 1.c. placements of the 56 animals considered in subsequent data
analyses were categorized on the basis of their medio-lateral and rostro-
caudal location _in th; SNR, Withrespect to the ;nec_lio—lateral plane the i.c.
tip was consideréd to be either-in the medial, central or lateral SNR as '

-

depicted i{n Figure 2. 1In afjition, i.c. tips were judged to lie mostly inone .
' wh
”

-

of threg¢ planes along the rostro-caudal axis, as shown in Figure 3. Table ‘7
LT L

¥

" .
shows the distribution of placements, and includes all animals whose data was

used in the statistical analyses. All groups showed similar placement

distributions, with the majority of the sites o‘ccdpying the central and
. o ! -

med!.al portions of the SN at a level 5.8 mm caudal to bregma (based on Paxinos

and Watson, 1982). ‘ R

s
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FIGURE 2 Coronal section of the SNR depicting the arbitrary classification

system “used to describe the location of Injection sites along the medio-

lateral plane.

. P
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FIGURE 3 Three coronal sectlons upon which the classification of injectiod

sites along the rostro-caudal plane were based (the top section is the most,

rostral). Abbreviations- cp, cerebral peduncle; 1in, interpeduncular

nucleds;~ml, medial lemniscus; mn, mammillary nucleus; paf, periaqueductal
grey; .p, pona; rn, red nucleus; snc, SN pars compadéta; snr®, SN pars
reticulata; vta, ventral tegmental area (based on Paxinos anqhyatson,.l982).
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TABLE 7 Distribution of SNR injection sites in animals tested

&

—_—— N

| L
]

v
.
—- MEDIAL CENTRAL ., . LATERAL
R K,
*
\ - DORSAL: | 1 0
1 ‘
5.3 ap
. VENTRAL 1 S 2 . 0
DORSAL 1 .oy 0
F ) '
' 5.8 ap
VENTRAL 15 T 25 1
: s
. DORSAL 0 _ 0 0
6.3 ap
VENTRAL. | 4. 0
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Statistical analysis: Figure 4 summarizes the mean circling totals for Groups

A,B,C, and D during a 15 minute period following intranigral injections of
either saline, SP, SK or Apo. Tﬁg Friedman two-way ANOVA was used to test for

within-group differences: four c!hputations were carried out, one for each of
° A

the 4 groups: .A signiftcant’aifference between solution effects was found

with respect tb Group, B (p<.02); however, analysis of the data from Groupé

A,C, and D showed that within egch of these groups‘animals respondad to all
intranigrally administered solutions in a relatively similar fashi;n.
Sincé‘the Friedman two-way ANOVA suggested that animals within Group
B showed circliqg rates that varied deéending on which solutlon was
administered intranigrally, further tests were carrled out to compare the

various solution effects within Group!B. For such tests involving related

' samples, the Wilcoxon matched-pairs signed-ranks test was used. Statistical

differences were found between’thé circling rates of animals injected with SK
and Sal (p<.005), Apo and Sal {p<.U005), SK and SP {p<.005), and finally with
Apo and SP (p<.005). Differences betwg!% Sal and SP, and between' SK and Apo
were not significant.

Table 8 shows.the number of animals that turned contraversively,
ipsiversively, ;r that did not turn at all following the lntrnAigral
administration of the tested solutions.

An examination of the mean clircling totals shown in Figure 2, in

addition to the distribution of turning tendencies, suggested that animals

raceiving a d—amphecﬁmine preireatment (Groups A B,C) on average, circled

more than Group D which-d4d not receive a pretweatment. Since these groups

represented unrelated samples the Kruskal-Wallis One-Way ANOVA was uséd'}ow¥
. ]

Lo

\ ‘ A} .
{ ' _ \

wa
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contraversive turns
O t ]lo 1 210 'l 310 1 410
sp 8 ug
. sk 8 ug
GROUP A
. Apo 15 ug
Sal
/
GROUP B
GROUP C
"\ -
Sp 12 ugfit
sk 12ug 'n=8
GROUP D v
| Apo 15ug
Sal
&- »
1 . o
] . '

FIGURE 4 Mean circling totals for Groups A, B, ‘C, and D following a 15 minute
testing perifod. A statistical difference was found in Group B (Friegman two-
way ANOVA, p<.02).



TABLE 8 Direction of circling following the intranigral administration of
SP, SK, Apo, and Sal. Circling tendencies of animals not pretreated with d-

amphetamine are also shown (**%)

SUBSTANCE * IPSIVERSIVE
SP g_gg l
(n=17)

SP 12 w 3
n=17) !

SP 12ugwe | !
n=8

SP 16 ug 4
“(n=14)

v

SK EE& 20
{(n=17)

5K 12 ug 3
n=17) -

SK 12 ug % !
n=8

SK 16 vg :
n=14)

APO 15 ug 3°
(n=48)

APO 15 ug ** 2
(n=8) ' 4 ¢
SAL \ 7 °
(n=48)

SAL ** 1
“(n=8)

[

CONTRAVERSIVE

15

12

14

T 13

11

e

S

L]
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I
* .
‘determine whether animals' turning rates were affected by d-amphetamine.
Q

The difference was not siknificant. However, in this respect, the small

number of animals in Group D may have prevented any statistically detectable

!

difference. . -

DISCUSSION !
- bttt \. 3 Y

[~} }
. ?

ey

w1th1n-grou;,i. comparisons shobed that in G;'ouphB contraversive
s cireling inerdased significantly Eol'lowli'ngﬂ:he a.dmi‘n‘isttation of a 12 u.g dose
of SK. These are the £irst data to i;ldicat:e that SK may act within the SNR t:;
produce contraversive circling. Within Group B Apo also elicited’ '
- contraversive circling. Animals tested with 8, 12, and 16 ug of SP; or 8 a;\d.
16 ug of SK d}d not show significant differences in the hmgnitude or d;rection
of circling with respect to saline injections. Apo's effects, like thbse of
$K, vere incgnaisr.ent across groups.

Increasing‘che doses of SP and SK (8, 12, 16 ug) did not bring‘ about
;;roportional increases in ci_rcling. Dose-related. increases in circling
m';\.ve, nevertheless, , been réported using different conkentrations of SP.
injected intranigrally (2.5, 5, and 10 ug / 2 ul: Olpe and Koella, 1977; 1, 2,
4, 10'ug / +1 ul: James and Starr, 1979).

I

In'examining SP's apparent lack of effect on ci.(rcling behavior, a
number of factors will be raken in:o consideration. ;'Ifhese will {include
qu;astfions regarding the bfological activity of the peptide solutions and-
their enzymatic degradat'ion,. in-ject:ion sites, the injeg;ion proc.er'dure, tj

. .~lastly the d-ampheta’

ﬁ pretreatment.
Intranigral P€ptide inject'.'ions produced visible €lushing of the ears

. N\

.

. 4 \
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. N \\
and 'paws in the vast majority of animals tested. This per ipheral action has
+

been documented in other studies for both SP and SK (Pernow, 1983; Hol zer-
Petgche, Schimeck, Amann, and Lembeck, 1985) and Sug‘gests'that the peptide °
solutions were biologl{;ally potent. Procedures aésur’ing sterilitywere also

adopted to® minimize the possibility of bacterial degradation. In li.’ght of
-+

these observatlons ;‘gd precautions, an ar gument: baséd on the assump lon that

°

'
the peptide solutions used were not biologically active cannot be forcefully

o

! made. In addlq,ton, although peptidases have been réported" to® rapidly

degrade fntranigrally injected peptides, data reported ’S)y\ Olpe and Koella

>

% 3
.

v
i

(1977) and James and Starr (1977; 1979) suggesc that thls type of tnacctvation -~
was not likely to have occurred within the time perliod used Eor measuting
circling rates. .
# ™
The anatomical location of injection sites was“31so0 unl 1kely to have
‘ ) ~

been a contributlng‘ factor in SP's apparent lack of effect on cireling.,

———

‘Although 1injections of SP 1in the SNR have: been reported to srelicit

v

’<

. - » n
contraversive circling regardless of thelr locacion with respect to the «

roscro-caudal\’ and medio-~-lateral planes {(James and Starr, 1979), “the

lnjectlon sites reported here (the majority of which Yere dlstributed
throughout the caudal half of the SNR) did not ellclt cirecling. -

Certain data suggested however, that the procedure used may have

\’,) inf luenced the resulcs of the experiment. Table 8 (p. 43) shows that animals

injected 1intranigrally with saline displayed a distinct bias l(.n their

circling: 7 animdls turned lpsiverslvely; 8 did not turn, and 31 .!:urned

\
contraversively. These data are markedly different from those reported by*

Olpe and Ko'ella.977) and James 'nd' $tarr (1979), which suggested that, asa *

‘group, animals showed very little bias. A niiilks

r

¢

. ,
™ aiezt
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. N o v
explaln the circling response to saline seen-here: 1) the saline injection,

ii{) natural animal bfiases, iii)'nigral damage or 1iv) an};combination of the
. - ‘

G

above. .
The effect produced by control_ {njections fs unlikely to have been

due solely to saline's action on the neural circci-try involved in circling,

3

mainly because. saline has been routinely used a3 a control substance and has
been shown to have nd effect on circli'ng (James and Starr, 1977). One likely

cause of tv circling that foblowed ‘control injections involves anfmdl

\
.biases. Post:ural Ueviatinn and circling can be elicited in intact animals

Soe

phetamine (Jerussi and Glick b976. Plsa and Szechtman, 1985). “It has been-
- \° .

'suggesl:ed l:hat this nay "be.die to a natural hemispheric asymtnetry of DA

+ * )

receptors or - terminals. There s a. possibility,. therefore, that

-
pretreatment with d-amffhetaminé may have accentuated such biases. If this

hypothesis 18 correct, then i~t shou!d qulow t:hd‘ d-amphetaminees effect on

circling ®hould -not have dit'f-ered significantly from the effect of d-

)
§mphetamine when the latter was coupled with an intranigral galine injection.

[

Using the Neuman-lfeuls tent (post hoc) data from each subgroup of animals that

had been prescreened witi d-ampﬁetamine were used (A, n=9; B, n=9; C, n-6)'so

>
«that comparisona could be ‘made between the circling Bﬂtes of animals

receiving d-amphetamine alone’and the same animals’ circling tates Eollowing

4
‘ . - /

d-amphetamine ‘and saline. téubgroupa of Groups A and B showed differences
that were ot significant.ksuggesting tbat saline had no effect on circlmg.

However. in the case ‘af eubgroup C, although animals turned ipsiversively

~

fnllowing d-amphetamiﬁe\later tests using d-amphetamine and saline resulted

-

" in contraversive circling. This difference was aignifican*(PGOS) and

L

e

;when they are administered DA agonists subcutraneously, eg. .Apo or d-.

-

——

L4
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supports one hypothesis that was formulated during the analysis of the data;

that is,ragée animals were more }ikely to circle contraversively due to

e v

unilateral nigral‘gamage. Although a number of factors may have Lntervened

between thé)prescreening and the intranigral saline tests (eg. surgery,
-

habituation), it was thougl;t that damage to the SNR due tb repeated injections

was the factor most likely to have produced a contraﬁergive circling bias in

this subgroup. It is possible-that since the {.c. tips were generally

located in the central portiom 6f "the SNR, where nigrothalamic projections -

are known to originate (Faull and Mehler, 1978), Qamggé in this region may
have aévefsely affected niéraf efferenté. Kainic acid lesioné in this area
have been Shown to produce coﬂé;auersiveAcirciing (DiChiara et allll977);

"Therefcre, both fhimal biases and nigral ‘damage may have affected

. &~

ycircling responses, ?p hence. could have made SP's and 'SK's effects more
difficult to dembnstrate. Animal biases tend to be relatively permanent
since they are based on a biological asymmetry. However, the effect of the

fresumed nigral damage 1s unknown. All groubs of animals sustained

comparable damage té the SNR; the majority of animals had approximatiely 15°%

L3 *

. of the‘§NR.damaged, while a smali number of‘animals showed- either very little

related to the fact that injecrions were made by tand, rather than by a
motorized pump). If one considers the potential effect of this damage the

pobsibility is raised that SP's effect on circling could have been

overshadowed by a circling tendency resulting from the damage tE:t~waa

enhanced by d~amphetamine. That i{s, in a number of 1nst;hces where nigral

damage was considerable, a circling response elicited by any particﬁiar

]
solution may have been largely due to damage to nigral ‘efferents, nr some

o .

{

‘/damage (5 %) or much larger damage (40 %) (the variability in damage may be

)
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other circuit important in circling. Consequently, if the latter hypothesis

i8 correct the circling respo‘nses elicited in some animals may have been the

result of unllateral damage cégbined with the effects of systemic d-

_ amphetamine injections, as oppased to the effect .of any {intranigral

injection. . / ¢

SP ‘s mode or mechanismof action is unknown. However, if one ass;.lmes
3
forsa moment: that SP's effect in-certain regions of the S{‘{R is 1nhibitory, and
M v &

that this effect 1s mediate‘d by an inhibitory transmitter, (in a manner ° -

stmilar to that suggested by Jones and Olpe (1985) in the cingulate cortex), a

number of conditiohs follow. For example, one way_SP (or SK) cou%d eliecit
contraversive circ:ling would be by inhibiting GABA nigral efferents in the.

SNR that project?\g thalamus, superior colliculus, and reticular.

formation. This,type_,dof {nhibition has been hypot:hesized to have a

disinhibitory effect on the three structures; and if this.disinhibition is

pr——

unilat:eral, contraversive circling results {Starr et al.,1983). Now, if
- . * )
this source of efferents were destroyed, as 1s thought to have been the case

{n a numbér of animals,_SP (or SK) may have little ixddit:ional effect on
c‘:ircling 1f it were administered in- fhis region. This exﬂ'anatior; applies
mainly to animals that suste;ined nigral damage. Statisticalf)", only a
subgr:;g of Group C showed differences bétw.een pt;i‘treatn‘_l_e_n_t' (d-amphetamine

alone) and control (Sal and d-amphetamine) circling rates. Therefore, if

considering whole groups, Groups A, B,-and D did not seem to be affected by

nigral damage significantly. In these'anima]‘.s a naturaL{ias was most
L .

certainly thé cause of circling following control injections;

Similar reasoning applies to SK. However, the fact that SK was able

to ptoduce significantly r'w)re c¢ircling than that seen following saline
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injections suggests that it may be more potent Ehan 8P {n this regard, at
least at the 12 .ug dose. Experiments comparing the.effects of a larger number
of doses along a wider spectrum ({.e. including smallg} doses {n the nanogram
range ) would help elucidate the question of relative potency:with regard to SP

and SK.

It should also be noted that other investigators have used tdentical
. .
strains of rats (Olpe and Koella, 1977) and similar volumes and rates of

infusion (James and Starr, i977; 1979)., These two factors, in éqdltton to

. those of blological activity, enzymatic degradacion., and sites of {njection

v

were unlikely to havgﬁcted the results sighiﬂcant ly. However, a b.:mic
assumpcion‘made was that all injections would be locallzed compresély within
the SNR. The possibility nevertheless exists, at least in the case of the
more dorsal SNR injections, that SP and SK were diffusing dorsally along the
cannula tract and into the SNC. This type of diffusion, which isdifficult toe
predic;, would complicate the 1nterpr;tacion of the result&[ especially
since it is well known that neurons in the SNR and SNC often respond in
opposite ways to the 106cophoret1c administration of.parcicular substances
{bray and ‘Straughén, 1976); and especially’ since there are more SK than SP
1

receptors in the SNC (Mantyh et al., 1984).

[ 8 .
*
r

-

. w

An additional Factor that merits consideration i{s the d-amphetamine
treatment. The working assumption used during the design of the experiment
was based on the two-component model of circling behavior. (Pycock aqﬂ

Marsden, 1978). This model suggests that SN activiey, in particular, is

responsible for the direction of circling; wherega activity in ocher‘

structures (striatum, nucleus accumbens, and VTA) is reapa‘i{aible for the

—

0 . ) // :
v -— '
. 5

-
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sponténeous motor activity that accompanies the circling response. Since
pllot studies suggested that intranigral injections of SP alone_had no

apparent effect on clircling, it was presumed that this might be due to the

lac‘k of motor stimulation (that ia, although a bias may have resulted from the
1wranigral administraton of SP, its expression may~have been difficult to

measure in the absence of locomotor stimulation). It was therefore thought

- N

that the use of a low dose of d-amphetamine would serve to increase locomotor
- ' >

activity witfhout having any effecl; on the directia “elrcling. Although '

concravegs‘ive circling following unilateral ihcranigral administraton of SP

- ——

" in the absence of d-amphetamine pretreatmerent has been reported (Olpe and

' KoellZ: [977; James and Starr, 1977; 1979) the line of reasoning E\Scbressed

above is widely accepted, and d-amphetamine has been used for the same purpose
. 4

by _other.s (Y}a‘ rino and Franklin, 1984), The gesults of one other study
(Janes and Starr, 1979) suggest, however, a more domplex interaction between
-1ntranig 11y pdministered substances and d-amphetamine. James and Start

~. > s
'(1979) reporded that pretredtment with d—amphetamin& (sc) coupled 'with

unilateral intranigral administration of SP elicited a biphasic resl;c;nse.
Foll(wing_twhe SPp ’i.njectvion, an‘imals'fbirsc circled contraversively, but a few
min-u.;:es later began to cir;:lé ipsiversively. The axithors did not attempt to
explain this effect. 1In light of these surprising data (that fail to /()e
exnlaindd by the cwo-;component model of circling) the (d-amphetamine
pretreatment may also have played an important role in circling, a rcp.le that
was not |u{n‘iginally assumed. |
x,\ . ‘

With respec't to Apo, unilateral intranigral administration of this

substance has been reported to have no effect on the circling behavior of }

°



51

intact animals (Glick and Crane, 1978; Kelley and bbore.__ 1978; kozlo?wkl.
Sawyer, and Marshall, 1980). However_, Apo Injfctions into the medial SNC
elicited ipsiversive circling when animals were given d-ampheta;mlne prior to
Apo (Vaccarino and Franklin, 1984). Kozlowski et al. (1980) reported that
intranigrally administered Apo elicited contravereii.ve circling in animals

that were pretreated with a DA receptor blocker for one week prior to,, and at

the time of Apo injection. The contraversive circling that followed the

w N

“1atter q)anipulation suggested that Apo may have acted on non-DAergic celj

-~

believed to be'GABAergic since the circling was blocked by picrotoxtn (sc).
’

Kozlowskl et al. hypothesized that Apo could act on GABAer;,lc nigral
afferents (striatonigral) or GABAergic nigral efferents (nigrothalamic).

In the present study Apd significantly increased cnntraversi,ve

~

circling in only one of Your groups tested. This inconsistent Apo effect is
. '§ o
difficult to interpret for a number of reasons. To begin with, since our

interest lay mainly in comparing the effects of SP to thoge of SK, peptides

8 3
_were injected early in the series of injections (keeping in mind that the

x

probabllity of producing neural damage increased wifh the number “of
injections made). The fact that no comparison ‘could be made be tween Apo's
effect when injected first in the series, and its effect when J,n‘jeéted last

makes it difficult te draw a firm comclusion with regard to lts.[effect on

circling. . Vaccarino and Fr}nkun (1984) havé suggested that d-amphetamine

can condition animals to the effects produced by other drugs; that is, {f one

> . : .
consistently elicits turning in one direction by administering a substance

intranigrally after an animal has been administered d-amphetamine, d-

an:phetamine alone (i.e. in the absence of an intranigral injection) could

»

-~

later elicit a response similar to the one previously elicite by the

\
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intranigrally administered substance. Therefore Apo's effect on circling
could be explained by the latter conditioning effect, or, could have been due

N to some of the factors mentioned earlier (i.e. animal bias and nigral damage).

-

- . TN

General Observations

> Circling responses elicited .by the intranigral solutions

- administered here lacked a number of featu..u'es commonly observed follé)w.ing

- chemical stimulation of the SNR (0lpe and Koella, 1977), 'unilaterall 6~0HDA
lesions (f Jt:he n&grostri-at'al pathway (Ungerstedt, 1971) or. electrical

atimplation of the SN':(Arb.uthnol:t and Crow, '1971)'. Theéé la\t:i:erj

'mani-pulatid;ls havg ~b.:aeq reported to prodﬁt‘:e a fo;'m of circ.ling characterized

by rigidity and tight cfrcling, such that the affected animal's hind paws

remain relatively stationary, while its foreliml;s provide the required force

for mpvement. In our hands unilateral 6-OH_DA lesions and electrical

stimulation of the SN alsn elicit ;his form of circling; whereas .intranigtlal

administration of the various solutions described here did not have a similar

effecf. Animalg in this experiment showed wide circling that was frequently

f{nterrupted by gprooming and exploratory behavior. The compulsion t;x turn
seen, for examplé, fo_llowing ellectringl‘. stimulat}on-of _the SN was clearly '

N ‘ ~ absent. It -has been suggested that stimulation of §he nigrostriatal pathway
\ ' is more likely to produce ctrcling' t:hats is of the ambulatory type (wide
'

\ cii‘gling‘); whereas stimulation of pa'thways or stI:ructures closer to neuron
pools located in the spinal cord will bring al;out tighter and mor}a compulsive‘
circling.»r ;This,is presumably due to the fact that l_es;s Eine tuning occurs the

‘\\'Eurther'\we move downstream from the basal é;angli.a (Franklin,  personal

comnnunication). v
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4

’
In addition to these behavioral observations flushing of the ears and

paws was noticeable following the intranigral adminis¢ratlon of SP and SK.

Although flushing was not quantified, SP showed a tendenty to produca more

intense vasodilation than SK. This og;é‘¥::i°" agrees with recent fingings
(Holzer-Petsche et al.,1985). Flushing normally appeared 30 to 60 Seconds

following the start of the intranigral injection and on(a lasted 60

~
bl

.
visible §1g2? of

seconds. Saline and Apo were never observed to produc

flushing.

-

General Conclusions .

-

Afﬁhough a lérge number of studies have focused on the neuroaﬁatomy
and’ electrophysiology of the SN, descriptions of neuronal mechanisms and
interactions within the 8N are, at the moment, largely hypothetical. Both 5P

L) N .
and 5K probably play a role in the processing of information within the SN.
The importance and nature of this’role still remain to be eluclidated. For
example, although intranigral administration of SP increases the amount of DA

released 1in the striatum (James and Starr, 1977) and decreases the aﬁ?unt of

dendritically released DA in the SNR (Cheramy et al.,1981), its mode of action

within the SN is unknown. Does it act presynaptically or postsynapticagpyfﬂ

Does SP serve a neuromodulatory function? If so, how does it interact with

other neurotransmitters known to be present in the Shn"THese questioné

remain for the most partwsunanswered.
With respect to circling behavior, of key importance is the notion
that this behavior is the pro?uct of complex neuronal interactions that take

place within the SN as well as between the SN and various 6ther'struc;ures

(eg. striatum, thalamus, and superior coiliculus). thile studies_baséd on
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manipulations of intranigral systems benefit our understanding of circling
S .
behavior, the complex interplay involtin‘g a number of structures described

above 18 of crucial importance. \

- *
The study presented here focused o\n rv_intranigral effects of SP and

' ‘ SK on circling behavior, and an interpretation of the results suggested that
SK was more potent than SP in eliciting circling at a particular dose. The
importance of this new finding will only become clear as additional research

_. invalving SK is carried out. '
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