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self-stlmulatlon-of the brain and the 19catlon
the brainstém noradrenergic and dopamine%gic _Ej
"systems was studied in 110 male rats of the. Spvdﬁ
e .‘,. . -GDawygy strain. A moveable electrode was used to|test
& muitiple sites alohg a single electrode penetrat¢6n.
1£1ectrode placEmenus were verlfled using the ) \\\

Ei '-u:'glydxyllc ac1d hzstofluorescence method. j

] ) -Self—stlmulatlon was not obtained from the locus

coeruleus, 1nstead, repeated stimulation at sit s

in or adjacent to the’locus coeruleus sometlmes'

~

produced a behavioral syhdrome that was
.charaéterized by increased fearfulngss.QQQQEQt er

" - ! , ’ L . . . ..
- regiops ¢f the pons and midbrain, self—stlm ation!

.- was not restricted to the boundarles of the
noradren%rglc.systems. .ngh self-stlmulatlon current

thresholFs were often assoc1ated wLIh areds rich in

noradrenerglc neurons while low self- stlmulat 6n

thresholds were often assoc1atéu wlth ’!eas c
[ ) ) JEPO .

ntaining
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feow noradreneﬁglc neurona. These results suggeét

that noradrenerglc systems do not medlate bralnns s 7

‘stlmulatlon reward.’ A system of gusfatory-v1sceral

flbers ar151ng from the solltary nucleus was

sugggated as a possible candidate system for-the

ey,

self-stimulation previbqsly attributed to activation

_'of,nor-):lrenerglc neurons.

ngh rate, low threshold self—stihulation *AW.
was obtalned from the AlD d amlnerglc cell group 3

$.

and’ at 51tes along the trajectories of the mldbraln
dopamlnerglc systems. Nelther }he A8 notr the caudal
portion of the Al0° cell groups supported self-
stlmulation.. Antarlor-medlal A9 elgc;rode
placéments-sﬁpported'self*atimulation while some -
posferioﬁ-laterai plaaéménts did not.

In summary, the present data would appear to
exclude a role for noradrenerglc systems in brain-
stimulation reWard while they support the claim.that .
the dopamlnerglc systems' are 1nvolved in self-
stimulation and other rewa;ds. It was suggested that
dopamlne and other neurotrahsmltters such as serotonln
may modulate goal-directed behavxor by 1nteract1ng

with spec1f1c sehsory systems such as the gustatory—

v1scera1 flber systems

'd
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In 1954, Olds and Milher reported that

.

1ectr1ca1 stimulation of certain regions of the rat
brain resulted in the ‘animals returnlng repeatedly to
" the reglon of the test chamber, where the brdin | )
sfimulation was delzvered. ThLy also trained'thelr
subjects to press a lever that dellvered the

stimulation to thelr bralns via a. chronlcally

1mp1anted electrod . These observations suggested

that the brain stlmulatlon produced a p051t1ve

L

affective state by activating the same neural circuitry.

thak 1s actlvated by cOnvent10nal rewards'SUCh as.
food, water and sex. The self dEIlVEPy of brain
stlmulatlon, or 1ntracran1a1 self-stlmulatlon _—

-tiCSS)'as‘it is now called, has been demonstrated
in a wide variety of species }ﬁcluding man .

Whlle it is clear that thlS braln stimulation has

powerful motivating effects on behav10r, it is not

clear whaf specific processes are.being activated
L : L

by the stlmulatlon . It is possible that it arouses

specxflc sensatlohs such as tastes or odors, or
1nstead ;t may produce a general feeling on state. .
of well being. Sub]ectlve accounts of brain’

stlmulatlon in man tand to support the latter notion,

P
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although only a few brain areas have been tested
(Heath, 1964). . |
A prlncipallgoal of the early ICSS - studles
was to attempt to identify spec1f1c neural systems‘
that supported ICSS. .The 1n1t1a1 ICSS mapping
. studies of Olds and his colleagues (01ds, Travis
and Schwing, 1960; Olds and Olds, 1963) found fcss
to be readlly obtalnable throughout.much of_the.
rat brain;,thé'aimbic sfructures énd the médial
.forebrain bundle Beingﬁﬁavticularly effective as
_ICéS-sites. Thesé studies were_éomplemented by

- pharmacologichl studies i attempts were made
! .

to identify the neuroc

substrates.

bstrates. . These new

_histochemical mgthods allow visualization of

certain neural pathways ‘on the basis of their —_;:_’/////

neurotransmitters. Thus, a convergence of

pharmacological and anatomical evidence can be

directed at asse551ng the role of particular
I
)
systems, such as the monamine systems, in ICSS,.



while general aéreement does not exist about the.
'c;itical neural systems underlying'ICSS,'thé
central noradrenergic (NA) and dopamlnerglc (DA)
systems collectluely known as the catecholamine

. systems, haVe recelved the most experimental
attention.(German and Bowden, .1974; Wauquier and
‘Rolls, 1976; Hail, Bloom, and Olds, 1977). The view

that ICSS results from the direct activation, of

one or more of the catecholémihe systems will here-.\

after be referred to as the catecholamine

hypothesis of 1cSS. While this hypothgsis was

——

" formally stated in its current form by German and
Bowden (197“) its orlgln stems from the eff$rts of

numerous 1nvest1gators all of whom suggested some'
¢

role for-the catecholamines in ICBS (Dreese, lQGGa,
'b; Crowy 1972 1973, 12763 Steln, 1962, 195u !
Stein and Wise, 1969, 1973, Poschel and Nlntemanﬁ,
1963). The catecholamlne hjpothe51s of ICSS 15'thé

“subject of the present lnvestlgatlon. The

pertinent pharmacological_aqd.anafomical data will

be discussed under separate Headings. ’

Pharmacorogy'of ICSS

Drug effects on 10SS are most gommonly

scaled in fgrms of changes in 1ICSS rates (e.g. 'lever °

...'

 m Deamage s L e T T



" of lever pressing have been inferpretdd by some

. Tﬁese interpretations, though perhaps correct, are

o D T e,
pressing) or ICSS current thresholds. ‘It has been
Qidply assumed thﬁf‘lcég rates anh thresholds are,
measures of the reward value or reward magnitude

of the brain sximulatééq. Before proceeding to

examine: specific drug effects on ICSS it is first

necessary to describe the aséumptiohs Béhind the use

of rate and current threshold me&surti, "High rates

as indicating that the.brain stimulation has a high

reward value, whereas low rates of lever pressing

are intérpreted as indicating a_loﬁ reward value.
not the only possible interpretations (Valehstefn,
19@3): Response rates are also determined by a
number of other factors such as th; response
topography and thé generél,health of the animal.
Th;¥ is,,the partigulaf motor réspénses

inadvertently elicited by the brain stimulation

- may impair the animal's ability to lever. press at

-

a high rate. Moreover, Hodos and- Valenstein (1962)-

‘have shown that rats implanted with several ICSS

’

electrodes do not necessarily choose the electrode
that yields the highest rates of ICSS. Despite .
these considerations, response rates continue to be



"y

widely used in ICS8SS studieeq .

'-

The other dependent measure'frequently employed

in 1CSS studles an an 1ndex of reward magnltude .

is the gurrent threshold This. measure

is the

current at whlch ICSS rates fall below some pre-

.7,

determined level, The 1eve1 chosen®may

be a ',

percentage of the.animal's maximum possible"rate

or it may be some fixed rate of responging. - ° ..

(e.g. 20 lever presses per min.). While¢ no.

single definition of clrrent threéﬁ&_%fé#éﬁhered to,

« . ’-
’

it may be defined as the current inténs

by séme degree, less than the .current it

ity that is
£

htensity

required t# maintain reSpending at a particular

'criterion level. The current threshold\seems a

better measure of reward than response rates since

-

hl

the current’ threshold is leSS affected by responsgﬁp _ ii

topography and other rite'llmltlng factors

i

dlscussed above. With the rate measureS and current

‘thresholds defined, the pharmacologlcalédata bearing.

on ICSS ‘can now be dlScussed.

- e

v
-

&

"The flrst,lndlcat;on thaththe catecholamines

might be critically involved in ICSS came from the

pharmacological studies of Olds and associates

. (0lds, Killam, and Bach Y Rita, 19563 Olds and

’
.-T.,ﬁ .

N
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'Travis;_IBBOmehomshowed that low doses of

_—— -
—_—

chlorpromazine,.a catepholaﬁine reEEptorHQ10cker,
., reduced lateral hypothalamic .ICSS rates without

.caﬁsing obvious sedative effects. - Stein (igBZ)

g,,%féﬁlicated the above finding and went on to -

AN

demonStrete that no ICSS occurred after resenpine

pﬂ%treatment, a drug that depletes norepinephrine,

dgﬁamine and serotonin stores. Furthermore, ICSS i

seemed to be particﬁlarly sensitive to the

effects of central nervous system stimulants ’ ¥

such és the amphetamines. The general pharmacologifpgl

‘profile of ICSS that emerged from these earfy ~

studies and numerous others which followedt(see

German and-Bowden, 1974, Olds, 1976) was thathdrugs'

that prolonged or 1ncreased the syneptic action of

the catecholamines both increased ICSS rates and

decreased Icss current.théesholds. Drugs that

-

shortened or decdreased the action of the catecholamines

-

decreased ICSS_rateq/gnd 1ncre4@ed ICSS thresholds

Ealling into the first catefgﬂé are the.catecholamine

-

releasing agents sqeh as-the amphetamines, the
catecholamine reuptake inhibitors such as cocaine, °

and’ the .direct catecholamine receptor agonists

-

-

such as apomorphine. Into the Léprr category fall
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the catecholamlne neurotoxlna such as b= v,

hydroxydopam1ne, the' catecholamlne sygthesis‘ v

inhibitdrs such as alpha—methyl-paéaqtyrosine;éhd .

. l ‘ '_ . ., : -, /’ v
the catechqlamine receptor antaggg;sts such \as ./ .
. AT . - . ‘

chlorpromazine. ", ,/// . T t

The above eV1dencg or the 1nvolvement of the

catecholamlnes in the neurq}_ggﬁgiraiﬁa_nﬁ reward

*;“““f-;H

1s rendengd less conv1nc1ng by the fact that it is
based solely on increases or decreases in ICSS rates

or current thresholds A drug-lnduced decrease
4

of ICSS does not necessarlly mean that the reward

.

value of brain stimulation has been rqﬁuced by. the

. Argg,'that ig, thét:the drug has produc;d a ' -
,mbtivatiopgf-or'reward.deficiti‘ Instead, the ‘
animal ma§ have ceased to respond because of a
dwug produced general malalsg, motor deficit, o
sensory-deficit or an attentional defidit; Fhat is,

what -has beceme known as a performance deficit. '
Sihilarly,an'ipgrease in ICSS rates need qof be
interpreted a; indicéting that the drug tfeatment
increased the rewarding,value of the‘brain

i -
stimulation. Perhaps the inerease in ICSS reflects /////

a general activational effect on all behavior. '1//‘ .

Thus the drug induced decreases and increases in-



. -

-f

ICSS rates could be the result of an alteration of
the animal's, ability to|perform tasks such ,as lever
e e : ’

'pressing rather than an alteration of the rewarding

LI "bvd

m?gnltude of the braln stlmulatlon.

The problem of whether drugs cause performance
def1c1ts or reward def1c1ts is- best 1llustrated
by the followlng example: Wlse and Stein (1969)
reported that dlsulflram, an inhibitor of dopamine-A
hydroxylase,&markedly reduced lateral hypothalamlc
Icss nhtes. This attenuation could be reversed
by the 1ntraventr1cu1ar administration of 1-
noreplnephrlne. Wise and Stein (1969) 1nterpreted
these findings as indicating that NA rystqms were.
medieting the okserved ICSS. Another interpretatidn

of these data is that-the disulfiram caused a

-

performance deficit that reduced the animals'

~ability to maintain responding. The fact that 1l-

norepinephrine temporarily reinitiated responding'

may merely indicate that the l-nopepinephrine
temporarily reversed the disulfiram induced
performance deficit. This latter interpretation .
is supported by Roll (1970). She too observed that

disulfiram reducej ICSS rates, but also noted that



'the.animals appe red letharglc. .When tﬁese

‘at normal rates on to gradually fall aaleep

once again tRoll,.lQ?b).' Wh1}€~%he data presented
by Roll (1970) are by themselves 1nconclu51ve

. singe she baged her observatlons on only a few'

" anima » they ‘do 1dent1fy the néed-to separate nenq

spec1f1c performance def1c1ts from reward or

mo?ivatlonal def1c1ts, -

A 51mllar problem arises when one attempts
to attribute decreases in reward to a reductlon in
DA synaptlc functions Low levels of brain dopamlne

are assoc1ated with Parklnson s disease

»
-~

(Hornyklewlc;, 1966) ang profouqd sensory neglect

(Ungerstedt, 1971b; Marshall, Richardson; and . .

Teitelbaum, 1974). Even normally important
incentive stimuli do not appear to have their
usual activational effects. Indeed, other

(=Y

investigators have at!riruted the reduction og ICSS
rates .by G-hydroxgaopamine, DA receptor blockers
and catecholaminergic synthesis -inhibitors to
intérference with volitional movement (Rofls, .
Rolls, Kelly, Shaw, Wood, andDale, 1974) or to

reduced ability to initiate and maintain motor



’ . ) N . ¥, *
behavior (Phillips, Brooke, and Fibiger, 1975;

.'Fibiger, Carteﬁ; and Fhillips,“l&?ﬁ). Similar data j'

have been 1nterpreted by Fouriezos' and Wigse (1976)

to result from a reduction in the reward valqe of the
. - q

. stlmulatlon. These 1nvestlgators observed

]
ext;nctlon—llke patterns df respondlng in ICSS

N U LS

'tests after pzmozxde pretreatment.- The nesponse LT

patterns of the plmpzlde animals were smmllan ta-

PL ot W

the response patterns-of drug-free anlmals followlng

0'

reduction of the stlmulatlon currents’ tog subthreshold

values. However, these data are open to other
interpretations. The fact that the animals
responded initially at normal ratfs when put in the

ICSS test chamber could be agcounted for by® the

arou51ng effects of the handling and the powerful

incentive cues of the test chamber being sufficient

(O

+tb temporarily overcome the debilitating effects

of the pimoz}dgl It:is commonly known that the |
Parkinsonian patient sometimes responds to highl;\
motivating.stimuli_by exhibiting brief periods of
controllé& volitional movement. ,édmonds and
Gallistel (1977) have also developed a paradigm

that seems to separate reward and performance

ef fects. These authors found: ev1dence supportlng
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the notiop”pf both keward‘and performaﬁ;e deficits

'in.rafs bretreated_with albhahméthﬁl-para-tyrosine.

" However, their test drug-is known to have non-

uPElelC side effects (Olds, 1976; EdhondsIAnd

Gallistel, 1977) and thus thelr results are not as

”

. helpful as they might have been had,they_used a

more selective drug such as pimozide. It is.'

interesting to note, that NA receptor blockers such

‘as phenoxybenzamine 'do not produce the extinction-

like patterns of responding seen with DA receptor .' .

blockers but instead produce a uniformly

' suppressed pattern of responding indicative of a”

true performance def1c1t (Fourlezos, 1976; Note #1).
The studies of Fouriezos and Wise (1976)_and
Edmonds and Galllstel (1977) have by far come the

closest in adequately dealing with the reward

" deficit-performance déficit issue. -

In summary, reduced DA function has béen linked
to inability to iﬁiti?te a;d maintain voluntary ,
behavior, to a reduction in.the activa;ionél effects
of sensory evenﬁs and to deficits i? affect.

Perhaps dopamine is required for the normal

. expression of all of these functions. In any event,
. . [}

the validity of the -catecholamine imypothesis of
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ICSS w111 hot be settled on the basis of the
pharmacologlcal ev1dence alone.

Anatomy of ICSS . !

Whlle the catecholamlnes were -implicated in -
'iCSS prlmarlly on the basis of'phermacological
data, several researchers noted that ICSS sites
‘correlated w1th those areas of the. brain hlgh in
catecholamlne content (Stein, 1962, Dreese, 1956a,
Crow, 1972) The descrlptlon of the ascendlng
NA -and DA systems 1n rat braln by Ungerstedt (1971)
and Lindvall and Bjorklund (1974%) prompted German
and.Bone; (Ié?u).te replot ekisting ICSS.maps-onto _
theee newly described.catecholamine maps. This
enelyéis revealed'a substantial overlap'between
IC§S'siteé and the loci of the catecholamine
systems that is, the cell bodies of " orlgln, efferent
fibers and synaptlc termlnals. ‘

-

ICSS has ‘been obtained repeatedly f;om'kh
reéibn'of the substantia nigra and interpedundiflar
nucleus (Dreese, 1966a; Olds et al., 1660;

Olds ane Olds, 1963; Routtenberg and Maisbury;
1969; Huang and Routtenberg, 13871; Crow, 1972;

Prado-Alcala, Kent, and Reid, 1975) wherein are

located the A8, A9 and Al0 cell groups that give !

y
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rise to the nigros%riatslg mesolimbic apd meso-
cortical DA systems (Uhgerstedt, 1971} Lindvall
and B?orilund,‘197u). In additios? ICSS has been
demonstrated along the fiber bundles of 'the DA
systems as they run through the mgdial forebrain
bundle and msdial fo.or wishin the tip of the
internal capsule (Olds et al., 1960; Olds and.Olds,
1963; Routtenberg, 1971; Prado-Alcala et al., 19757,
1CSS ‘has also been observed from the caudate
nucleus (0lds et ali, 1960; Olds and Olds, 1963;
Routtenberg, 1971; Phillips; Carter, and Fiﬁiger,
1976), the sucieus acpﬁmbens (Philliﬁs et al.,*1975; 1.

Dt Routtenberg, 197;;.01ds and Olds, 1953) and the o

frontal, cingplate'and entorhinal cortices  °

(Routtenberg, 1971 Routtenberg and Sloan, 1972,
Colller and Routtenbgrg, 1977; 0lds and Olds, 1963).
All of the above areas receive substantial '

" ' ,_projections from the midbrain DA cell groups.

""" In summary, 1cSS appears to be rellébly

obtalned from all levels of the three major DA

systems. The same relation does not so clearly

-
characterize the NA systems. .
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- o ' co T
. The ventrgl NA efstem (Ungerstedt‘ 1971)

has its origin in the medullary-pontine Al, A2

A5-A7 cell gpoups. Attgmpts to obtgin 18ss

frém the Al, A2 and A5 cell groups with (Anlezark,

Arbuthnott, Chrlstle, Crow, .and Spear, 1973)

and wlthout behavloral shaping (Clav1er and

Routtenberg, 197“) have not beeén éuccessful " Ritter °

and Steln (187%) have attributed ICsS from caudal
mldbraln 51?es to gctlvatlon_of the Aﬁ and A7’ .
combonenfs of the ventral NA bunJle. Despite this
claim, it is generally thought that the ventral .
NA b%ndle does not participate in ICSS (German!and
Bowdén, 1974; Clavier and Routtenberg, 1974; Crow,
1976). . .,

The qvidencg that has_begn inte;pfeted to
implicate the dorsal tegmeﬁtal NA system &QOrsal
NA bun?le of Ungerstedt, 1971).95 ICSS is _
substantial, but controversial. The d&és;l-
.tegmental NA system has.its origin in tﬁ; NA A6
cell group, 'an arda that corresponds t6 the locus
coeruleus (Ungerstedt,'197;;‘Lihdvall and
Bjorklund, 1974). ICSS has beem reported from the
'locuslcoeruleus (Crow, Spe?r, and Ar?uthnott, 19?&;

Ritter and Stein, 1973; Miéco, 1974; Ellman,
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SRS

' ' 6
i and Steiner,-lBTM), .

Earber,‘Mattlace,

Ackermann,
brain yrajectory of the dorsal
T 19723

. froém the mid
I
Crow et al.k

egﬁental NA bundl

d Steln
of the dorsal te

e, (Crow, 1972,
as well as from
gmental pundle. 8

1913) variqus

thter an
uch

o

termlnal areas
and 0lds 1966) »

Ursin, Uraln

he hippocampus (
1963), and the

as t
a {(Wurtz and Olds,

the amygdal
cingulate cortex (Olds and Olds, 1965;
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The anatomical data relating ICSS to the

catecholamine pathways ar;:pﬁbblematic since they
s . were. derived from the pﬁ&rmaCological data ‘
discdsse¢ earlier. The approach taken (e.g. German.
. . ., 1and Bowden, 197“, Cpow, '1976) hag been to use the
/P*’T”d‘r findings of pha;macologzcal ‘studies to 1nfer the

neurochemical (e.g. npveplnephrlne) basis of ICSS

and then look for supporting biochemical or
- . .

anatomical evidence indicating thgf NA s?steps do.
-~ occupy those regions of the brain from which ICSS
can be obtéined. This line of reasoning is
. ".weakened by the afo;emeﬁtioneg ambiguities in
interpreting the ph?rmacologigal data. Moreover,
lnot only do the catecholhmine systems occdpy a
small Qortioh of overall brain circuitry, they are
charactérized by their widespread and diffuse
projections (Ungerstedt, 1971; Lindvall and
Bjorklund, 1974). The striking correlation -
between iCSS sites and the loci'of the catecholamine
system is not surprising when one consideré the
"diffuseness gf these systems.
* In addition, none of the investigators

who héve attributed ICSS to‘activation of

, particular catecholamine systems have used the

o

)--



fluorescent histochemical techniqnea that afe
necessary for the vieualization!of catecholamines.,
Ins;;ad, the procedure has been (Crow, 19723
Crow et'al., 1972; German and Bowden, 18743 .
ﬁitter and Stein, 1974; Crow, 1976) to transpose
existing ‘1CSS maps (0lds and 0lds, 10633
Routtenberé'ﬁhd-Haleﬁr?yy 1969 Routtenberg, 1971)

onto the catecholamine maps of Ungerstedt, (1971)

-~

and-Lindvall aﬁdeﬂjorklund (1974). Thls type
of analysis is problematic for several reasons.

First, the ICSS maps have been based on the’ ;
results of studies in whlch the ICSS'eurrent
jevels were high and the histological data were of
poor quality or jacking in detail. Foﬁ“example,'»

—

0lds and Olds (1963) used 51nu501da1 currents
of 50 pa with electrode slfes spaced at 148 T *f‘"““‘*\
intefvals in mapping ICSS sites in the ” ey
diencepheloﬂnand rostral mldbraln."The use of such
high stimulating cu?%ents which may have an -
effective spread of a 1.0 5m (0lds et al., 1960) - °
makes it difficult tO'spec1fy the neural systems
that medlate the ICSS. The lack of finer steps

between electrode .plagements adds to the problem.

Atrens (1973) has also eriticized the aboqf study



on the basis of the stimulation currents a8 well
as the small number of electrode Bitqs tested in
cach area., Routtenberg and colleagues
(Routtenberg and Malsbury, 19693 Routtenberg, 1971
'ﬁhang and Routtenberg,-197l; Routtenberg and Sloan?
1972, Clavier and Routtenberg, 1974) have avoxded ‘
aome of the proflems of other mapplng studies by
‘employlng low ICSS currents in combination with
small dLameter stlmulatlng electrodes. However.
“Routtenberg and asspcxates do not shape or train
'thelr animals.to le?er press for brain- stimulation
as is customary in most ICSS laboratorles.
Instead, the anlmals are placed in the test
\ chamber for fifteen minutes per day and are left
to acqu.lre ICSS without experlmenter fSSthﬁﬁde.,
These procedureé:thbugh allowing comparisops
between'positicgisites, mdke the interpre{;tion
of negative data difficult.. Ihat is, ICSS may
b? ohtainable-froé some‘Eiffir?nly if the
animals are sﬁapb&”;o'éelf-stiﬁulate. It appears
that shaplngamay be necessdrytln order'té ébtain‘
ICSS 5Eﬁ;;tes in the~dorsa1 po;tlne tegmentum

(Crow, 1976), the caudate Hucleus.gPhillips et

al., 1976) and the medulla (Carter and Phillips,

s Y

Wt
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191?). In addition, the uge of a single, low
current intensity may have preJentee Routtenbeig
and associates‘from obtaining ICSS from regions
.in which'the systems underlying ICSS were diffusely
arfanged. ;In such a qegien,‘curpents of more than
25 ee may be necessary to reach ICSS.threshold
levels. In other regiens.this current level may ‘
ee‘too high and thus stimulation may be dversive.
The reiative imprecision and ahbiguities |
of the early ICSS mapping Stedies make it difficult

to wélate them to such diffuse neural systems )

»

as the catecholamlne systems

° A second problem is that the-categholemine ;

l haps as described by Uhgerstedt (1971) ane Lindve}l
-and Bjorklund.(i97u) are highly schematic and of
.purposefully exaggerated promlnence with respect

' to . the rest of the braln. Llndvall and Bjorklund
(1974, pg. 33), made the followlng statement,

"to  a. very large extent, the adreperglc pathways

"}follow - along’ or reciprocal to ﬁ-well established

. - ! .

. non—adrenergic fibre tracts. Thus a number of
fiber systems, well known from the-classical
neuroanatomy, also carry adrenerglc axons...". .

These observatlons did not prevent. some
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o

systems occupied” a algniflcant-portlon of "the

K
stlmulatlon flela beneath thelr I1CSS electrodes-

anCBtiLatOPS from aaaumlng that the.eatecﬁo ;;;;;‘5“““*~\\\\\\

For example, thter and Steln (1%7“) attrlbuted *ﬁ”

. ot
1¢SS at caudal mesencephalic 51tes to actlvatlon N

of the ventral NA bundle as descr;bed by - s

'Ungerstedt (1971) and Llndvall and Bio klund

.(197u) The ventral NA bundle fibers whach are”

themselves loosely arranged, occupy the wventral
portlon of the central tegmental tract whlch . -
consists of -both ascending and descendlng

non-catecholamine fibers (Lindvall and Bjorklufid,
‘ ~
1974). The dlﬁiuee nature of the ventral NA

bundle*suggests‘that thter and Stein (197u)

. .
~ were unjustified in‘clalmlng that it was this

system that was supportlng 1¢Ss.

Thlrd the demonstratlons of 1screaseé
catecholamlne turnover following ICSS (Steln and
Wise, 19693 Holloway, 19753 Arbuthnott et al.,
1971; Anlezark et :al., 1975) in themselves, do'aot
causally link the catecholamines to ICSS. th;er,
these data herely demonst}ate that catecﬁolaﬁise-

fibers occupy some portion of the stimulation

field. . It is likely that stimulatioh at a variety

By

’
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of 1CSS sites would result in increased turnover of
GABA, hlstamlne, acetylchollne aind numerous other

putatmve neurotransmltters since these compounds

-

are located in brain regions that support ICSS. =
¢ Flnally, it is now questlonable whether any

NA systems support ICSS at all, since there is no

v

.1oqger ‘certainty as to‘Fhether the dorsal

tegmentél NA system supports ICSS. While ICSS

,.

A . e

“has beén-reported from tPE'region of the locus ;,
_Eoeruleus (Crow et al., 1972; Ritter and Stein,
1973- Segal and Bloom, k§76) the nucleus of origin
of the dorsal tegmental NA system, both Amaral and
Routtenberg ¢1975) and Simon, LeMoal, and Cardo o
" (1975) failed to obtain ICSS from electvodes )}
‘localized to the locus coeruleus. As pointed out by
Amaral and Routtenberg (1975) most of the
fepresentatﬁve.locus coeruleus electrode

P

placements” in the studies of Crow et al. (1972)

and Ritter and Stein (1973) lay outsideﬂt?e locus
" coeruleus. Also questioning the view'that‘the

locus coeruleus supports ICSS are the findings.by
-Clav1er, Phillips, and ﬂlblger (1936) and Corbett,

Skelton, and Wise (1977) that lesions of the dorsal

tegemental NA bundle fail to disrupt ICSS from the
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region of the locus coevuleus. Cooper and Breese
(1976) were also unable to dzsrupt ICSS from the
region of the locus cogruleus despite extensive

whole brain depletions_of norepinephrine. While

these data would seem to virtually preclude a role

*

- for the aorﬁa; tegmental NA system in ICSS, they

22

do not. The investigators (Amaral and ﬁouttenberg,"

1975; Simon-et.al., 1975) who failed to obfain‘

1CSS with electrodes in the lecus coeruleus did-not

use behavioral shaping techniques, a method that

’

may be necessary to gbtain ICSS from certain brain
reglons (Crowﬂ 1976 Ph;lllps et al., 1976' Carter
and Phillips, 1975). It is possible that* ICSS can
be obtalned frgm the locus coeruleu;‘only after
careful and extensive behavioral shaplng;_,THe"
failure of-dorsal tegmental NA bundle Tesions
(Clavier et al., 1976; Corpett et al.’ 1977) or
whole brain depletions‘of norepinephrine (Cooﬁer
and Breese, 1976) to affect ICSS from the region
of the locus coeruleus may rgflect the multi-
plicity or redundancy of the re;ard éircuitry
(Valenstein, 1966; Lorens, 1976).

In sué&ary then, it has to be canluded that

the purported correlation between the catecholamine
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systems and ICSS loci is at best approximate.
A;‘discusaed abové. many of the original ICSS
‘mapping studics‘weré‘}mprecise with regard botP to
ﬂtimulatioh parameters and to histological dhta.
In addltlon, there has been a widespread failure to
apprecxate the diffuseness of the catecholamlne
systems. Flnally, there is controversy rggardlng
the re11ab111ty of part1cu1ar flnd1ngs. These

. general criticismsJof the anqtomlcal data together
with the difficulties of intéfpreting'the
pharmacological data suggest that the cateéholamine
hypothesis of ICSS as expressed by German and
Bowden (197&) and Crow (1976) is no longer
convincing at least on the basis of existing data.
‘ The present theéis reflects an anatomical
approach to the queggion of whether'IC$S is the
result of the activation.of onéfop more catecholamine
systems. Mapping the catecholamine systems for
1CSS more precisely and systematically than has
been done ﬁreviously (Ritter and Stein, 1973;

Cros: 1972; Crow et gl.[ 1972) might provi&e
information that would assist in the interpretation

of the pharmacological data. In addition,.present

pharmacological methods do not distinguish between
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neural systems Qh;ch~have th? same neurotransmitter.
That is, a DA receptor'blocker'does not di§tinguish
between mesolimbic,.meﬂocorticél or nigrostriata%
DA systems. By carefully placing the stimuiating
clectrodes and utilizing 16w current intensities
it should‘be possible fo'pfeferentiflly stimulate
some of the DA systems.

Since fhé approach’ in this thesis is to
éorrelate changes in ICSS rate and thresholds
with the loci of the catecholamine systems it was
decided to use fluorescent histochemical methods
to directly verify electrode p}acements. The

shortcomings of trying to transpose ICSS electrode
placements onto the éate?holamine maps of othegs
are obvious. If catechof@mine-systéms do mediate
ICSS, then ICSS should be ;gstribted to the
boundaries of these systems.\\Aléo, éhe magnitude
or vigour,of IC§S might be expeéted to be
propgrtional to #he density of catecholamine
elements beneath thg elecfrode'tip. ‘Thus iéSS@
rates might bé-higher and current thresholds
lowe? in areas where the ca%echolamine density

is high, while ICSS rates might be lower and

current thresholds:higher in areas where the
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catecholamine density is low. Even if a high
correlation were always found between ICSS sites
and catecholamine systems it would be difficult
to interpret. Such a correlétion would not be

necessarily meaningful since the catecholamine _

In order to circumvent °

-~

systems are so diffuse.
this problem, a moveable, rather than a fixed
stimulating electrode.wégiemplogéd: This elect;ode
tWise, 1976) following.implantation, could be'
lowered in steps of 125 um or 250 um for a total
travel of z.q'ﬁm. . Multiple stimulation‘sites
could be tested'}n the same animal and Iqss rates
and thresholdslgt each stimulation_siég correlated
with the relative cateéholamine density along the
electrode.pene;fatioq. .While.there is not yet

: —_ ‘gv"‘u
any pqecise means for de#grm?ning tlie distance
that current spreéds from an electrode, the beit
estimates. at present (Raﬁck; i975) for the currents
used in this’thesis’aré in the range of 100-500 um.
Howevef, since the.stimulating electrodés uséd in
this iﬁvestigation are not fixéd, it is possible
to stimulate different nqura} elements by, lowering

thelelectrode. The-hse of a moveable electrode

allowed within-subject comparisons of ICSS response

- . .

.
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rates and.cufrent thresholds with electrode

location, a distinct advantage over fixed
electfode,mapping studies where comparisons
necessarily have to be made between subjects. - -
These latter comparlsons are not as precise since
dlfferences in electrode conflguratlons, emotionality,
response topography, ... etc. could all )
cqntribute fo.differences'iﬁ response rates
and current thresholdg; | o

The area mapped for ICSS extended from the
?audal level of the locus coeruleus to the mid-
hypothalamic level. In view of the considerable 1

controversy still squoundlng the role of ,the

‘Jocus coeruleus in ICSS (Crow, 1976, Hall et al.,

©1977) it was decided that the locus coeruleus

area should be remapped for ICSS with behavioral

shaping techniques and the greater anatomical
. . _

precision offered by the moveable electrode to

finally determine whether or not ICSS can be

obtalned from the locus coeruleus 1tself. -_ffx )
X
partlcular interest in the present study was the

M .

examlnatlon of the suggested correlatlon between

ICSS sites and the midbrain DA cell groups

(Dfeese, 1966a; Crow, 1972, 1976; German and g



- Bowden, 1874). These DA cell groups have been

regarded as being equally caprle ofisupporting
ICSS (Crow, 1973, 1976; German and Bowden; 1974).
This assumption is somewhat ﬁurprising considering
the m#rked anatoﬁical dif ferences between the
nigrostriatal, mesolimbic and mesocortical DA
systemé.. These anatomical d;fferences also seem
to reflect maiked functional differences since
dysfunction 6f the nlgrostrlaéal DAszstem ‘seems
assoc1ated with movement dlsorders such as -
Parklnson s dlsease (Hornykiewicz, 1966) whereas
the mesollmblc and mesccortical DA systems seem
concerned with affective tone. Dysfunct;on of
these latter systems has been ‘hypothesized to play

a role in schlePhrenla (Snyder,’ Banerjee,

Yamamura, and Greenberg, 197&).

.
-

27
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METHOD
Subjects:

One hundred and ten male Spragﬁe-Dawley rats
3bta1ned from Canadian Breedlng Farms Ltd. and.
weighing 250-450 g at the time of surgery were used
in the present e*periment% Surgery was performed ‘
under sodium pentobarbitol adesthééia (60 mg/kg,
i.p.) in combination with the mugcarinic
antagonist drug atropine sulfate (.3 mg/kg, s.c.).
In addition, all animals received 60,000 i,
(i.m.) of Penicillin G following surgery. Each
rat was iﬁplanted_ﬁith a ﬁonopolar.moveable
electrode. The electrode was constructed of 254 um
diameter stainless steel wire concentrically |
soldered ;nto é male Amphénql connector which had

been threaded externally with a 2-56 thread die.

3}

The electrodes were insulated with Formvar except
at khé electrode tiﬁ which was’sharpened to'a_ |
conical point. The threads of the Amphenol pin
were Iibefally covered with stopc?ck grease (Dow .
Corning) prlov to screwing the electrode into a
threaded nylon recéptacle 10 mm in length and % mm

..in diameter. Additional stopcock grease was applied

to the base of the receptacle until 2-3 mm of the
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protruding eloctréde shaft were inoulated. When
the electrode assembly was implanted the stopcock
grease formed a scal between the skull and the'
nyfon receptacle thus preventing: (1) dental
cemént'from encroaching upon the electrode *shaft;
and (2) éerebrospinal fluid from seeping up the
nylen receptcle to the uninsulated threads of ther
Amphenol pin and shorting the stimulating electrode
t6 the skull screw grgund. Once implanted, the
électfode could be lowered in steps of
approximately 125 um or 250 pam by grasﬁing the

2-56 threaded Amphenol pin with a pin vice and

rotating it clockwise ¢ or 3 revélution. A thin
line of.nhil-polish painted on the Amphenol pin
serv;d.as a guide for determininé the degree of
rotation of the pin vice. Thé mgximum ventral
travel of the electrodé was_2v0 ﬁm. This distance
could be achieved in eight 250;pq steps or
sixteen 125 um steps. A qkulf.screw served as the
indifferent electrode.

. The afeq mapped-for.ICSS extended from the
caudat level of the locus coeruleus to the mid-

hypothalamic level. This area corresponds

approximately in the deGroot plane to the following
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coordinaton dcrivéd ffom Brespma: nntcrdor-
pniteprior: = 0.4 mm to -8,6 mm; medial-lateraly .
7.0 mm to 2.5/mm; and $.0 mm to 9.0 mm ventral
trrom the dural surface.

Lach animal was allowed at least 3 days to
recover from surgery before testing for IC55
%w&a initiated. - .

CApparatuls:
Self-stimulation testing was conducted in
standard operant test chambers equipped with &

ficrbrands lever (Part #G6312)°that when depressed,
trigrered %'SOO msec trainhof 60 Hz, $ine*wave

. ‘s

stimulation.
: !'l‘uc-_‘(lut:‘__c_:

The procedﬁrg consisted of two phases. ‘Durinn
Fhase 1 the animals were screencd for ICSS anJ any
animals’who self-stimulated were tested until

responding was reliable at which time the animals

wore switched to Phase 2. FPhase 2 was a standard

rate intensity paradigm. Once
“witehel to Phase 2.it was nev

nnless of course the animal fJfiled to self-

- -

)
s

a1t was returned to Phase
Y

for a few

A
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additional days of training. Following completion

of testing at the fipst ICSS site of Phase 2,

the electrode was lowered and‘fhte-intensity [ /
teeting was begun at the segqond elect;ode site.
The electrode was 1owered in this manner until ‘the
animal no longer Felf stimulated or the electrode
had been lowered to its full extent. At this time
the animals, were sacrificed. C . L

| Phase 1 consisted of screenlng the animals

for ICSS lnsdally 15 min. test sessions at

current intensities up to but not exceeding -

50 pa. The daration of screenlng at the first |-
electrode site in a given an1ma1 was determlned

by the behavior e11c1ted by “the st;mulatlon.

(1) if Low current stlmulatlon (e 8- 20 pa) was

clearly aver51ve, the electrode was 1mme¢gate1y

lowered (250 pm) and screening resumed at the

.! -
next site 2u hr. 'later; (2) if the stlmulet on.

 appear \\a\neutral at currentSfup to 50 pi for two

consecutlve days, the electro e was 1owered to

—

- -

the next site and screening resumed 2u hr. later;

(3) ;p.the event that the stlmulatlon appeared
A-’ ‘.

to have possible rewarding properties a§ indicated-

by increased locomotion, approdch to the iever,.

-

-
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“inten51ty data from eath ®lectrode site tested
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pnawing, ete., screening was maintained until the
; < L3
animal bepan to pelf-stimulate or until further

shaping neemed pointless ( {n the latter case, the

nlectrade washloyered to the next site) or, (q)

|

when 1055 was obtained"the’énimuls woere .allowed

/ -
2=5 dnyu of responding 1n 15 30 m1u1 test sessions

unﬁll rq,pondlng was. rellable,'bcforc beLng ffnfﬁh
.

. . t-"_ . I‘_

awitched to, Phise 2."
'-..._,_—J-'A .
Phn‘e 2 cons;sted ‘0f the collection of rate-

L) . .
.

= -

in‘each animal. Testing at each electrode gite ‘ “

was of '3 days duration, (this wa%s later increased

to 5 days).. Thé-ddily, test sessions were 35 min.

- T

in duration. A descendfng series ol up to seven -
Yy

g

different current intensities was used in cach 35

. &

. . * . . ’ »
min. test session. The ranpe of curreng®
j*ﬁensities selected for each animal had been -

detérmined during Phase 1. At the end of each 5

min. segment of the rate-intensity test session

the current was reduced-by 3.0 ﬁa (1.0 pa at -~

pys

tateral hypothalamic'sités).'“Thé first current .

N

intensity that failed to maintain a résponsc'rate
nf 10 rn"ponses per min; was considered the .

th!" ihold current for ICSS "The same stimulation
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' - was prepared for hlstologlcal.exaM1nat10n. -

. \ N : . 33

currents were used on each of the 3 test days.

-

Followlng the collection of the rate-intenaity

data .on the third test day, the electrode was

P

lowened to the next electrode site;. rate- ,
1nten81ty data were collected for 3 test days, the
electrode was 1owered.to the next 51te, vaes_cte.

Testlng was terminated when “the -arimal no longer

. self-stlmulated or when the electrode had been

. ~—

lowered to 1ts maxlmal travel of 2 0 mm. When the

ICSS at a partlcular electrode site was .of special
1nterest (e. g. low threshold ICSS) the electrode
was not lowered at the end ‘of the 3, days of .rate-

L - .
1nten51ty data collectlon.r.Instead the animal

If a marked ‘thange in ICSS current threshold or
rate‘occurred as the résult of the electrode being
%?wered through some ooundary reglon, the rate—
1ntenslty data WEre collected for thi site and
then “‘the animal was sacrlflced o

In—the early tages of this study it was ‘¢

observed that lowerlng the electrode lQS.pm

N -

'generally did not result in substantlal shanges

h
in elther ICSS thresholds or rates. Thus tha' -

remaining:79 -rats had their electrodes loweré&d

T

i

e
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iﬁ oteps of 250 pm. ‘Since the total mapping time
was reduced by loweripg the electrodes in steps
af 750 pﬁ, the rate-intensity test days, at each
electrode sife were increased from three days to
" five days. Tﬁcsé procédqrél changes are included
with cach‘anima}'s rate inteqsi{y and threshold
data. ’ |
Histology:

At the conclusion of testing, 67 of the animals
were anesthetlzed thh sodium pentobarbitol
(60 mg/kg) and perfused with physxologxcal Sa11n8,
followed py 10% formalin., The brains were removed‘f
and séored for a minimuﬁ of 3 days in a 10% -
formalin.solution. Frozen, 40 um brain sections
were cut in the deGroot_plane'anq'staiged with
thionin for examination and subsequent ]
reconstruction of elgctrode placements. -

The remairing 43 animals were treated with

the glyoxylic acid method of Battenberg and Bloom

. - " , .
(1976) for the .demonstration of catecholamines.
‘Thc method was as follows: 7=21 days after the

last lbwerlng of their electrode, the dﬁlmals

were anesthetlzed WIth chloral hydrate (400 mg/kg,

»
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1.p.) and perfused transcardially with an ice-

cold (2-4°C) phosphate buffered Ringer's oolution
containing 0.5% paraformaldehydo and 2% .-
glyoxylic acid. A total of 250-400 ml of

perfusate was rapidly'infused (90-120 sec.)

in each animal by using compressed air as a.
propellant. Following the perfusion, the brains
were rapidly removed, blocked and frozen'on dry

ice before being placed in a cryostat. Seria1'20
um scc:ions were cut in thé cbronal plane and

thawed onto pre-chilled glass slides which were then,

quickly "immersed in a 2% glyoxylic acid bath
solution at 2-u ¢ for 2-5 m;n. The slxdes were
removed from the bath solution, dried in a warm
air stream until just visibly dry and -then

‘ ncubated in a covered glass contalner at 100 C
for 10 min. - The sections were then examined with a
Leitz fluorescence microscope using epi-
illumination from a 200 W mercury lamp sdurce in
combination with a 355-425 nm excitation filter
and A L60 nm baprier filter. Photomicrographs |
were taken using Kedak Tri-X film which was

processéd noLmally in Microdol-X deve{oper.
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' » RESULTS

A total of 676 electrode sltes wgre tco{éd for
ICSS in 110 rats. Two hundred and sixty of theée
'\clectrode sites (38.5\) supported ICSSAwhile the
remaining 416 nitog.Tﬁl.S\) did not support ICSS.
The besults are described in relation to the NA and

DA systems.

1CSS_in Relation to the Asccndigg_ﬂﬁ Sys tems
. Twelve animals had electrodes that had passed
through or were adjacent to the locus coeruleus.
These electrode penetrétiong:ii‘weti*asnall other
clébtro&e placements in the regidn of the locus
coeruleus are represented in Figure 1 (cerebellar
placements are not included).- Since the move?ble

s

electppdes were lowered in steps of 125 um or 250 um,
several sites were tested for 1CSs along the dorso;
ventral extent of the locus coeruleus. Figures 2 and.
3 areg combosite'fluorescent micrographs of the locus ’
coeruleus clectrode placemenis of animals f49 and
#106. Figure 5 shows adjacent brain sections taken
from the same animals but stained with thionih.

Note that #u9's electrode has passed along the nmedial

edge of the locus coeruleus while #l06's electrode

is in the dorsal aspect of the locus coeruleus.

LY



Figure 1. Hori:ontal reconstruction of
electrode penétrations in-the regiopn of the locus
coeruleus. Abbreviatjons: DTG = d::éal,tegmcntal
nucleus of Gudden; IV = foﬁrth ventricle;

LC = locus coeruleus; Mes, V = mesencephalic

nucleus of the trigeminal nerve. .

o
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Figure 2, Composite fluorescence Tnicrograph
of the electrode tpact of animal #49, Electrode
.t‘ip is dindicated by an arrow. Indicator bar -

1.0 mm. Abbreviations: LC = locus. coeruleus.
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Figure 3, Composite fluorescence micrograph
of the electrode tract of aniﬁal #106. Electrode
tip is inqicated by aﬁ arféw. ~Indicator bag =
250.pm. Abbreviations: LC‘= locus caeruleus;

PCS = superior cerebellar peduncle.
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Figure 4. Composite fludrescence micrograph
of the electrode tract of animal #51. Electrode

tip is indicated by an arrow. Indicator bar =

1.0 mm. Abbreviations:; DTB = dorsal tégmental‘

noradrehergic bundle; PCS = superior cerebellar
. / - -

A ]

peduncle.
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"Figure 5. Thionin stained seqtibﬁs of the
electrode tracts of an;mals 49, 106, 34, 37, “?2,351
’NB, and 51. Electrode tip is indicated by an arrow.
Abbreviations: L& = locus ceeruleus; Mes. V =
mesencephalic nucleﬁs_pf tbg_;rigem;ngljnébye;
Mot. V e motor nucleus:of the trigemingl ﬁerve;‘M
PCS = superior cerebellar peduncle; RPO = nucleus
" peticularis poptis oralis. '
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, S1x deferent eléctrode Bites were testod for ICSS

in rat #UB mqying a total of 21 test sea&;ons (one pevf

day) Rat #106 was tested for ICSS at only one-
4)

'electrode 51te for a duratlon of 19 teat se551ons.'

.Nelther anlmal displayed ICSS but both exhibited

vigorods gnawing upon delivery of priming stimulation;

’“rThlS gnawing undoubtedly was the result of current

—

- prepared with' the glyoxylic acid-methed and wege’ ;

spread to the nearby mesencephallc nucleus bf the
trlgemlnal nerve .1es. V).

-

Theﬂbralns‘of 'six additional animals were
found to have glectrode placements that traversed -
or. terminated in one of the NA fiber bundles

runnlng through the pons and caudal mldbraln

Five, of these placements are schematlcally 111ustrated

.
[ ]

in relatlon td the obsgrved catecholam}ne

-

fluorescence for each individual animal in-Fjgure 6.

The corresponding thionin sections of these
R

. animals are shown in Figure 5. The ICSS thresholds

~"and rate 1ntenQ1ty scores at each electrode site for

four-of the an1mals“(#'s 34, 45, 46, and u48) hre

shown in Flgures 7, 8, 9, and 10. The flfth animal

(ﬂ37) d1d not sel{-stlmulate The remaining animal's



8

Figure 6. Schematlc reprcscntation of the .

-

electrode tracts of animals 34, 37, 4%, M4, and ua

-

The eleétrode penetration is shewn in the left of
: e

each section and Fhe observed catecholamine
fluorescence is shown in the right of ¢ach 'section, -

Filled circles indicate se%f—Stimulation sites.
gy .

The. number of the self-stimulation site (e.g.

firsi; second, etc.) 1is shown by arrows. Animal ‘#37

'dld not self-stxmulate. The most dorsal and ventral

electrode sites in this anlmal are 1nd1cated by open
circles. Abbrev1at10ns: CTT = central tegmental
fract;_DTB = dorsal’ tegmental noradrenerglc bundle,

LC = locus coeruleus.

~
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Figures 7-11, Self-stimulation current 4
thrcshéld;and rate-intensity déta at each selk—
&t{mulatiéﬁ site for animgla 3u,'us, u6, 48, and 51,
- The current thfcshoidp'at each electrode site are
showﬁ in the upper lyft panei. The response rates
at each current intbn;ity'(Eate-ihtensit;)\‘at each - .
of thc.firstlthree self—stimu}ation sites are shown |
in the upper right pancl,'fhc fourth, fifth, and
sfkth sclf-stimulation sites in the lower left panel,
and the remaining qeif-stimulation sites; in fhe.
lower right panel. Fill®d circles, triangles,
and squares indicate the first, second, and‘third o
electrode sites respeétively. Thig sequence 1is
repeatcd.fof each of the two remaihing rate-~intensity
panels, Tﬁc jntervsl-between cach self-stimulatiof
|

site was 250 um.

_—Eh. ~
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clectrode plécemenf is depicted in a composite -
fluorescence montage (#51, Figure 4) and the

'adjacent thidnin st;ined'ébctionxis shown in Figure 5.

Thqeaho;d and ﬁﬁte-intensity data for this animal can be
found in Figuré 11. N _
| The density of NA flﬁorescencg within a 500 um
d;ametér sphere was rated on a three point scale
(Appendix II) for each electrode site supporting '
ICSS from the ab:ve animqla (#'s 34, u5, 46, PB, and’
§1). There was no correlation between the density
of NA‘pchal elements an; the ICSS current:
thresholds at these electrode sites (Spearman
rhé = .03, not significant). _

Fgrty-two of seJenty-nine (53.2%) electrode
ﬁlabeﬁ;nts in or.adjéceﬁt to the dorsal raphe nucleus

.webe found pésitiye for ICSS. High rates of ICSé
with low current thr;sholds were obtained frém
rostralpportions of this nucleus (e.g., #5, Figurés -
l?land 13) whereas low rate, high}current threshold
iCSS characterized caudal portions of the dorsal

- raphe nucleus (e.g., #9, Figures 12 and 1u).

The distribution of ICSS'loci within the superior

cerebellar peduncle (PCS) was not uniform. High rate,

’
~—
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- Figure 12, Thionin 8tained gections of the

f

._ 91qctrodc tracts of animals 5, 9, 33, 35, w7, 123, '
124, and 1up, Electrode tip is indicated by an ar;ow.
Abbfeviations: DMH = dorsomedial hypotﬁalamic

nucleus; DPCS & decussation of the superior
cerebellar peduncle, Mes. 'V = mesenceplialic nucleus

of the trlgemlnal nerve, Hot. V'- motor nucleus of the

i trigeminal nerve, MR = medxan raphe nucleus}

PCS = supdrior cerebellar peduncle.
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- ) -

Figures. 13-16. Self-stimulation current .

threshold and rate-intenaity data. of .animals 5, 9, 47,

ahd .35. The interval between each self-gtimulation
site was 125 um in animals 5 and 9 and 250 um in

animals 35 and 47. The data are illustrated as

described for Figures 7-11.
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Examples of tflese Mot. V placements are shown ip’

' ' b4

low thronhold 1CSS was obtained from mcd*’i portions

of the PCS ag -it merged with thu pontine togo/ntal

gray, these latter two areas being intcruoctod

" by the Mes. v (e.g., lu?, figures 12.and 15).

Stimulation of medial portions of the PCS tended to.
yield low rate and medium to high (35 pa - S0 pa)

current, threshold ICSS. Far-lateral port1ons of the

Pcs generally did not support 1css (e.g.; 035

Fxgure 12).

Self-stlmulatlon was obta1ned adjacent to the

_‘mld—rostral aspect of the. Hes. V (Figure 1) as well

as dorsqrmgd;al to’ and wlthzn the medial portion of .

the ﬁotér nucleus of the trigemina;;nebve‘(ﬂot. V).

Figure 12 (¥35)° and Figure 5 (#34). ~The ICSS -

';qushold and rate-intensity data for #35 are

illustrated in Figure 16.

Among those areas found negative for ICSS, in
addition to those men;foned.abdve, were the facial

nerve, the dorsal tegmental nuclei of qudéﬂ; the

.

‘dorsal”half .of -the periaqueductal gray, the

.inferior peduncle and the ventromedial layers of the

-

cerebellum. Interestingly, one electrode placement



L

] ) - L ’ .

,.that wat localizcd qo the median raphe nucléus.

failed to aupport 1CSS (ﬁluo Figure 12) Hodinl

N4
: hypothalamic placements in or ncar the paraventricular'

and dorsomedial hypothalamic nuc1e1 did not support.
1c5S. Fluarescent, composite photographs of bach -
electfqdc placemcnts ape shown i} Figure 17 (ﬂ}23)

and Figure 18 (#124) ., The correspondxng thionin

t't.:ineci sections from-thesa two an;mals (#L23 and '

- s

ﬂl?u) are ﬁeen in Flgure 12.’ Addztxanal examples of

‘-thc above placements can be found in Appendix I

(dorsal raphe, Flgure 43; PCS, Mes. V and Mot. Ve |

. Figures, 50, 573 peri-coeruleus, Figures 63 and 65).

I'CSS in Relation to the Ascend1ng DA Systems

- One hundred and twenty-one of 252 electrode sites .

‘(u8%) W1th1n the area extending from: ‘the substantza

nxgra to the mld-hypothalamlc level, were found .to

.support ICSS. Self—stlmulatlon was more readlly,

obtained from DA sites than from NA sites

(x2 =< 14.73, p&L-001). Summary maps of the DA

'electrode placements are ilqutrated in Figures 19,

L.

20, and 21. The ICSS current threshalds and rates N

shown in each cell of these figures are median

scores that were‘determined'from the median ICSS

. v 65
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. Figure 17, Composite fluorescerice micrograph
of the electrode tract of animal 123. Electrode

tip is indicated by an arrow. Indicator bar =

250 pm. Abbreviations: PVH = paraventricular

nucleus of the hypothalamus.

"

\‘_r__‘
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Plgure 18. Composxte fluorescence mlcrogrgph
of the electrode tract of an1ma1 12w, Electrode

tip is 1nd1cated by an arrow. Indizator bar =
i

250. pﬁ. AbbreVLatlons. DMH = dorsomedlal

"N~ 1‘\

nucleus of the hypothalamus, FX ¢ fornlx






- Figure 19,

Summary diagram of self-stimulation )

current'throlholds (left plate) and rates

" r L]

(right plate)

. The numbrer in

?

at the mid-hypothalamic level.

the left hand corner of each bvain

gsection indicates th@*anterlov-posterior

distance of the brain section from bregma’

(Pellegrino and Cushman, 1867). The numbers in

the right hand corner of each brain Sectlon

identify the subjects that were used in

L]

compiling each plate. The numbers in each cell

of the left hand plates are medlan self—

stlmulatlon curTent threshoidsq Filled circles

1nd1cate self
responses -per
responses éer
respohsester

responses per

that the area

stimulation rates greater than BO

1

minute, filled squares 50-79
minute, filled triangles 20-43
minute, and filled diamonds 5-19
minute. Open cells_indiéate

within the cell was not tested for

self—stimulation. A minus sign indicates that

the majority of placements within the cell did

not support self-stimulation. Abbreviations:

DMH = dorsomedial nucleus of the hypothalamus;

-

FX = fornix, 1¢ = internal capsule; MFB = mediai
. . - b



forebrain bundle; ML =

medial lemniscuo;

" 0T = optic tract; PVH = paraventricular

hypothalamic nucleus;

hypothalamic nucleus;

VMH = ventromedial

21 = zona incerta.

k2
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Figure 20. Summary diagram of self=-stimulatian .

thresholds and'rafes at the posteripr hypothalamie
level. The data are iiluqtrated Aé described
for. Figure 19. Abbreviations: FX e fornii;
FR = fasciculus retroflexus. 1C = infernal capsule;
» MFIB = medlal forebrain bundle; HL e medial lemniscus;
'.HT.g mamlllothalamzc tract; VIN = ventral tcgmental

nucleus.qf TSBI; 2l = zona ;ncerta.
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4

thresholds and ratea at' the level of the mldbraln

dbpamine cell groups, The data are illustrated
as descrlbed for Flgure 19. Abbreviatipﬁs:

1P - terpeduncular nucleus; ML =

b L)

medial lemniscus)

‘RN =hred'nuc1eus; SN e substgntla niéra;
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current thresholds and rates of individual animals
with electrodee that entered a particular cell, 1In
the case of electroda sites ;ot suppdrtlng ICSS in
a cell in which there were also positive sites, the

negative placeﬁent_was assignéd a threshold score
' 1

. of 50 ma and an ICSS rate of 0. Instances of

overlapplng positive and negative 51tes were rare

and usually occurred at only the most dorsally
tested sites. Open'eelle indicate that the area

within the cell was not tested for ICSS. Cells

‘-
contalnlng a minus 81gn indicate that all or the

~majority of sites tested, Wlthln the cell failed to

- support ICSS. - o

.

At the mid-leyel of the subsﬁantia nigra
(Figure 21, Plate -3,8) ICSS was obtained from the

ventral portion of thé periaqueductal. gray at the

' most dorsally tested electrode 51tes, ventrally to -

the dorsal aspect of the 1nterpeduncular nucleus,

and laterally to the medial portlons of the ”

' substantla nlgra, pars compacta. The area dorsal to’

the 1nterpeduncular nucleus and extendlng latenally

to the edge of the medial lemnlscus contalns the AlD
»

DA cell group-(Ungerstedt; 1971; Lindvall and

P

: 77
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Bjorklund 197“‘ Lindva
1978). Fluorescence mi
electrode placements ar
23 (#130), 24 (#101) an
fhion?n stained section
(ﬁl?ﬁ, #130, #101, and
The threshold and ratei
subjects can be found i

‘At more rostral le

Figure 21, Plate ~3.2)

reglon dorsal to the - in
vehtral tegmental area
of the substantia nlgra
electrode placements. in
Flgures jh (#100), i2 (
Thlonln sectlons -of. the
shown in Flgure 26. Th
threshold data for thes

Flgures 34-36. There- w

78

«

11, Bjorklund, and Divac,
crogrephs of four AlD

e ehown in Figures 22 (#128),

d 25 (#139). The corresponding

s of these electrode placements

.#139) are shown in Figure 26.

intensity data for these

n Figures 27-30. .

vels (Plgure 20, Plate -2. 6,-
ICSS was obtained from the

terpeduncular nucleus, the

of Tsal, and medlal pOPthﬂS
s pars compacta. :Examples of
these - areas are shown in
#133), and- 33 (#102)

se electrode placements are
e rate—lnten51ty sd@res and

e anlmals can be seen in

as a 51gn1f1cant negatave 4

correlation (Spearman rho = -.70, pL.- 01 two-tailed

test) betweeL density o
thresholds, the 1owest
rich in DA fibers and ¢

Y

e ad

f DA neural elements and ICSS
IGSS thresholdst were in . areas

61l bodies. The ratings of DA

|



-4

. Figure 22. Composite fluorescence micrograph

of the g}ectrode tract of animal 128, Electrode
tip is indicated by an arrow. ‘Iﬁdicgﬁor bar =
250'pm. Abbreviati@ns&.AQ-. nigpostriatél
dopahine cell group; AlO ='mesolimb%c and

mesocortical dopamine-containing cell group;

1P = interpeduncular nucleus.
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Figur§ 23. Coﬁposite fluorescence miérograpﬁ

»

of the electrode fragt of animgl‘lao. "Electrode °

tip' is indicated by an arrow. Indicator bar =

H

?SO_pm. Abbreviations: Al0 = mesoiimbicland

mesocortical dopamine-containing cell gfoup; | '
1P = interpeduncular nucleus. -
P
. PR
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Pigure 24. Composite flugrescence
mlcrograph of the electrode tract of animal 101.

Electrode t:r.p is indicated by an arrow.
Abbrev:.atlons :

Indlcator' bar‘ 250 am.
mesol:.rnbic and mesocortical dopamine-

* ALO0 =
containing cell group.
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Figure'25. Composite fluoreskence microgrgph‘
of the electrode tract of animal 139, Electrode

L}

tip is indicated by aJ arrow. Indicator bar =
250 jm, Abbreviations: A9 m nigrostriatal dopamine-
containing cell group; Al0 = mesolimb;p and

 mesocortical dopamine—-containing, cell group.

L] ,

T ‘ .
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Figure 26. Thionin stained secticns of the
electrode tracts of animals 100, 101, 102, 128, 130, .
=133, and 13&:. Electrode fip.ﬂs ingicated by_an_avrow.
Abbreviations; 1P = interpeduncular nucleys;
¥B = mamil;ary bodies; RN = red‘nﬁcleus; SNC =
substantié nigra, pars compacta§ SNB =.subéfanfia
nigra, pars reticulata; VIN = veatral tegmental
Qu%leus-of Isai. N )

e
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Figures 27-30,, Self-stimulation current

threshold and rate-iptens%ty data of ahimals.lia,
130, 101, and 139. The ‘interval between each
self-stimulation site was 250 um. The data are

_illustratéd as described for Figures 7-11.
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‘of the electro le tract of animal 100 Electrode

.tlp is 1nd1ea‘ed by an arrow. Indlcator bar =

250 pm. Abb evzatzons. A9 nigrostriatal'dopamine—

contalnlng ‘ell group, A10 mesollmblc and

mesocortlcal dopamlne—contalnlng cell bodles-"

SNR = substantla nlgra, pars'retlculata.
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Figure 32. Composite fluoreséence @ic;o%rdbh T

-
- -

of the electrode tract of .ahimal 133, ' Electrode « .

.
' i o . . . "

tip is indicated by an arrow. ‘Indicator bar 'z .

250 pm. Abbreviations: Al0 = mesolimbic and

mesocortical dopamine-containing cell 'group; . . "“ :
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) MB - mamillary bodies. AR
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"260 um. Abbreviations: AS - nigrostriatal
" dopdmine-containing cell group; SNR = substantia.
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, den51ty at each of the ICSS sitee of the animals

used in thls analysis (#128, #130, #101, #139, f100,
#133 #102) qgn be found in Appendlx II

ll

In the hypotbalamus, ICSS was obtained from an

-area boundeo by the fornlx in the medial direction

and the medial portlons of the internal capsule in the

. lateral direction, In the dorsal-ventral dimension, .

ICSS was obtiined from the subthalamus to the base

of the brain (Figure 19, Plates -~0.2 and -Q.8;

'Figure’?O Plate -1.8). Thlonln stained sections

of all’ hypothalamlc electrode placements and associated
threshold and rate 1nten51fy data can be found in
Appendlx I (see Figures 71-90). : .

Self-stlmulatlon was not obtalned from the

L
r

A

caudal Al0 cell group or the laterally located AB

.cell group (Figure 21, Plate -4.85). Composite

fluorescence micrograph \of such electrode placements
§$% AlO) and Figure 38

are shown in Figure 37 (
' ’ ow ,-'r/_-—_“"-.
(#1313, A8). The correspondlng thionin St&lﬂ&d

“Ts®ctions are illustrated rﬂmFlgure 39. ' The mid-

‘- '.y;

lateral. porq%ons of the caudal A9 cell group did not -
" ; "

support ICSS nor did the lateral_porfion of the

.antefior'AQ_cell group. TFluorescence micrographs of

&
~#y
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qf the elgmtrode tract af dnima1'135. Electrode

105

.
¢ L)

jf‘ . . . j

Figure 37. Composite fluorescence micgfgraph

tip is

gated by an arrow. ‘Indicator bar =

250 pm. Abbreviations: ABS :-dopamine—cdntaining\"
: - J .

cell group; AlO = mesolimbic and mesocortical

‘dopamine-containing cell group; 1P = interpeduncular

~nucleus; ML = medial lemniscus,
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' 135 Electrode t1p is 1nd1cated by an arrbw.

a3

Flgure 39. Thionxn staxned sections of *the '

electrode tracts of animals 103, 117, 131, '132, and..

-

Abbrevzations. CP = cerebral peduncle- 1P = "

1nterpeduncular nucleus, ML = medial demnxscu5°

RN = red nucleus, SNC substantxa nlgra, pars

compqcxa;_SNR 'substantxa higra, ‘pars retxculata.

-
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Len B
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111

o, :
theso bl@cemento-abe illustpated in Figurna 40-u2
(ﬂi32 f117, and #1p3), Thionln-staiaed aoctions
of these placements are ahown in Figure 39,

Othcr areas found not’ to support ICSS were the zona
‘reticulata of the substantia nigra, the- intcr-'

i peduncular nuclaus, the medial lemniscus, the red
,hucleus and ‘the’ periventricular hypothalamic
ﬂarea'(see Pigures 19, 20, and 21)

Behavioral Observat{ons : ‘- '

Repetitive jaw movements were a;socxated with

ICsSs from most regions of the dorsal pons. Animdls
wlth electrodes in th;s region oftenm deprcssed the
‘ lever by graspzng it in their tceth and rockxng 1t u
and down. However, gnaw1ng and ICSS dxd not always ’
occur together, In any given eledtrodc penetratlon

a4 number of the stxmulated sxtcs y;ﬂlded vigorous
gnawzng but not ICSS, 1In addztzon, stxmulatxon at
qxtes in the dorsal pons, lateral to the locus
coerulcus elxc;ted licking responseg, These 11ckxn§~’
responses often occurred 1ndependent1y of gnawxng .
and tended not to be locked or bound to the stimulation.
The licking was usually directed at the lever or_éhe

floor jand walls of the test cage. Marked behavioral



Figure u0.

k]
. Ex

Composite fluorescence’ micrograph

of the electrode tract of animal 132, Elcqﬁrodet

-4,

txp is indicated- by an arrow. Indicator bar =

250 pm., Abbreviations: A9 -»nxgro*trxatal

dopamine-containing cell group; SHR « substantia

nigra, pars reticulata. .

-
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f
Figure u4l. Composite fluorescence
octrode tract of animal 117.

micrograph of the ele
is indicéted by an arrow.

Abbrevidtions: A9
group;

Llectrode tip
/
\

Iﬁﬁicator bar = 250 um,

n%}%ostriatél dopamine-containing cell
socortical dopamine-

Al0 = mesolimbic and me
SNR = substantia nigra,

vontaining cell group;

pars reticulata.
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'

dfigurevui; 'Cohposite-fluofescencg'mrcrogmaph'

of-théielectrodé tract of aqiﬁal 103, .E%éctrode:
tip is indicated by an arroé.‘ Indicator bar =

250 pm; Abbreviations: A9 = nigréstfiatgl_ﬂ ’
;dopahine-qontainihg ceil grgup;-AlQ n‘mesolimbiéal
ahd mesocortical dopamine-qonfaini;g'cell group;
SNR = substantia nigra, bars réticulata; - !

116



. 117




118
e&cifation was almost never associated with ICSS
in the pons.
A peculiar behavior pattern was sometimeS'-

observed with repeated daily atimulatlon at

electrode sites 1n or adjacent to the 1ocusfcoeru1eus.l
JE

These animals 1n thélr flrst few shaping sessions
_would sometlmes gnaw on the lever after receiving
priming "stimulations. This gnawibg pressing response
might be ma1nta1ned for several minutes or occa51ona11y
for the duration of the té&{\feSSLOn %15 min.). On
subsequent test days, these animals spent less time .
engaged in lever—pressigg;'or faiLed to approach the
lever altogether, Aftempts'td induce approéch

by priming stlmulatlons were not successful.
Inste;d many of these anlmals now struggled
vigorodsly before being placed ;nto the test Hox and
exhibited increased respiration and evacuation|.
These behavioral symptoms intensified with further
testing and none of these animals were again induced
to self—stimulate. |

Self-stimulation was rapidly acquired by
animals with placements in or near the dorsal raphe

nucleus. Reliable ICSS was ushélly obtained akter a
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few minutes of behavioral.shaping and was
characteri;ed py high rates aﬁd behavioral excitation
simiiab_in form to that exhibited at mid-lateral or
.pb;i—fornical'hypofhalamic ICSS si?es. Dopaminergic
ICSS sites in and near the Al0 cell group yielded
‘high rate ICSS that was characterized not so much

by beh&vioral excitation but by its highly
stereotypic’ form. While all ICSS is somewhat

" stereotyped, ICSS from the region of .AlD éppeared

to be locked into a particular pattern more.s§ than
ICSS at othef.brain.sitbs. Electrode sités in the
laterai hypothalamus yielded high rates of ICSS at
‘low current thf?éholds. These animals‘diéplayea
marked'behavioral excitation, often biting,the lever
' and displaying ICSS rates in excess of loq.;;gpdnses
per.minute. The range of ICSS current intehsifi;s'
tolerated by the laferal hxpo;halamic‘animal was
often harrow. Thus,'for a partiqular éniﬁal tﬁe

ICSS current threshold might be 18 pa; with an
incréase in current to 22 pa tﬁe animal would press ‘ .
the lever at very high rates and repeatedly jump out

of ‘the test chamber. The only other brain regions

in which narrow current ranges had to be: used were



1CSS sites in and around the doraql-raphehnucleus

and parts of thé midbrainlreticular formation.

120



'DISCUSSION -+ | « '“f'}. _..' E
In keeping with the organiza ien throughout thiq':f
thesis, the evidence ralating ICSS to-the NA and DA

systems will be discussed separnf&ly. boginning with
P L. .

‘the NA systems. .o o
The view that NA systenms mediate pontine-i!fﬁﬁ::;l

tegmental and caudal midbraln ,ICSS (Crow, 1972, 1976

Craw et al,, 1972; Ritter and Stein,, 1973 19745,

» German. and Bowden, 1974) is based on the observatxon ﬂ7fff7:7"f’

that a number of ICSS sites in thest areas are'
traversed by one or more of thé’NA systems. Suveral
findings in the present study suggest thaf NA

systems do not underlie ICSS obtaxned frog the.f"“

dorsal pons and caudal midbrain.' A Lo

First, it was not possible to%obiain ICSé }:ﬁ{
from the locus coeruleus, the nucleuq of 3rxgln of
the dorsal tegmental NA system (Ungerstedm 1971a,
Lindvall and Bjorklund, 1974). Thls fallure would
seem somewhat-surpriéing in view of the numerous
publlshed reports of ICSS attrxbuted to actxvatxon
of the locus coeruleus and the dorsal tegmental

bundle (Crow, 1972; Crow et .al., 1972; Ritter and

Stein, 1973; Anlezark et al., 1975 Segal and Bloom,



: . A2z

197é; Micco, 1974 Ellman et al., 1974). ‘Failure
to_abtain ICSS from the locus coeruleus is not
witﬁoﬁt precedent. Bqth'@mafal and Routtenberg
(1975} And Simon'af al. (1975) were unable to obtain
ICSS from electrodes well localized to tha locus
coeruleus. Because thgse investigators did not ’
cmploy behavioral shaping methods their findings

have been criticized (Crow, 1976, 1977) and have not
had substantfdl ihpact. In the present study,
testing for IESS at each electrode site in the region
of the locus coeruleus was often continued, for five
or six test days and sometimes longer (e.g., #'s ug
and. k06, 21 and 19 test days reébectively). It is
thus unlikely that the failure to obtain locus
coeruleus ICSS was due to inéuf{fsient behavioral
shaping. It is possible that damage fo.the locus
coeruleus because o} implantaﬁion or lowering of the
electrode could be extensive enough to preclude ICSS.
The locus coeuruleus is only 250-350 pm wide, 600 MM
in depth at it's maximal point and approﬁimétély

900 pm iong {Swansson, 1975; Aﬁara} and Sinnamon,
1977). Such an explanation seems unlikely, since a

number of electrode placements were in close proximity

l’ .
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to the locus coeruleus, hnd no 6b59rvablo eytological
damage to locus coeruleus neurons was sean (a.g.,
106, Figure 3; nu; Appandix I, Figures 63 and 65):‘
Even in animals in which damage to the locun:
coeruleus was evident (#u9, Figdre 2; #79, Figure 63;
#82, Figure 65), stimulation at the initial alecirode
sites (dorsal to the locus coeruleus) would pﬁabably
have bceﬁ sufficiént to have spread to.xhé locus

' .
coeruleus before the electrodes were lowered into

“and through the locus coeruleus.

It is known that the anterior portion of the -

locus coeruleus gives rise to efferents which form the

- _
dorsal tegmental bundlg and contribute to the-centra

tegmental tract and dorsal periventricular system
(Ungerstedt, 1971a; Olson.and Fuxe, 1972; Lindvall
and Bjorklund, 1974; Pickel, Segal and Bloom, 1974,
Jones and Moore, 193@). The posterior portion of the

locus cderuleus projects to the spinal cord (Hancock

and .Fougerousse, 1976; Satoh, Tohyama, Yamamoto, .

Sakumoto, and Shimizu, 1?37) and.ce bellum

LS

(Ungerstedt, 1971a; Lindvall and Bjorklund, 1374,
Pickel et al., 197U)J. It might be that these

anatomical dif ferences underlie functional differences

N
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within the locus coeruleus and that stimulation.
of ‘the anterior but.hot the posterior pole would lead
to Iqss. The data from the present study do not .
pupport this suggestion. The digtribution of poaitive
Zind negative 1CSS . placements within the locus
coeruleus region are shown in Figure 1, There is
clearly one animal (#66) in which ICSS wag obtained
from the extreme rostral pole of the locus coeruleus.
1t i{s interesting to note that some of the locus
cocruleus placements of Cro; et al. (1972) and Ritter
and Stein (1973) were at.tho same anterior-posfcrior
level as that of #66, or eve somewhat more rostral.

On more careful examination of the electrode

placcmcgt of #66 (Appendix I, Figure 65) it can be

seen that the electrode has passed directly through

the locus coeruleus which at this anterior level

(Swanson, 1976).. The unimplanted, contr

locus cocruleus of #66 is also shown i Figube 65. :

Note the absence of any distinct groug of coecrulcus
neurons that is evident at mid levels of the locus

coeruleus (e.g. Results, #1106, Figurel3; Appendix I,

- —
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'
Figure 62, #'s 52 and 77). , From 1nspection of
Figure 65 it can be seen that IBG self—stimulated

at five different electrode 9i599 each gseparated by
250 pm, At'the mont'dor;al 1CS5 Bltes (f's 1 and 5)
the current thresholds were higher (36 ua and 30 pa)
than at the most ventral sites (18 'ua and 18 pale

- These observations suggest that the locus coeruleus °
iz not the ICSS substrate in thin_rugion. If the I§Eps
coerhleus supported ICSS it would be expected ;hat

1CSS thresholds ‘at sites just dorsal to the locus
coeruleus (ICSS sites # y.qnd.Z,_Fiéure 66) would be
relatively lou; this w#s not the'case. More
1mportant1y, it might be expected that once the locus
COQTUIQUJ had buon‘:amaged by lowering thc electrode,
1CSS thresholds should at least increasc, if ICSS

did not cease nftogcihe?. -jhin clearly did not

happen, Self—stiéulafion fhbesholds aéqroascd:

despite the fact that the anterior poli-éf-thc locus
_cberruleus was destroyed. It woyld appear';hat some

as yet unidentified non-nora%rcnergic neural syst&m
coursing in close proximity to the anterior pole

of the locus coeruleus may bc.rcsponsiblé for 1CSS

from this region. This possibility has recently been
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. ‘4
, Buggested by Van D.r Kooy ‘and Phillips (1977) uho have
attributed 1CSS in the-region of the locus )
toeruleus to activation of the hearby Heg. v.

An’ examination of 1CSS sites in other regions
of the pons and caudal'midbraié further ‘argues
against involvement of NA systems in ICSS in these
regions. [Fluorescent histochemical examxnation
of rvpresentative electrode plicements 8Cattered .
throughout the pons and caudal midbrain revealed
that neither the maghitude nor the présenc; of
1CSS was reliably ;nléted to the boundaries or
density of NA systems. For example, rat #3u
(Résultn, Figures 5-7) gelf~stimulated at sites
dorcal to and within the PCS, where ;bundant NA
fibers were seen leaving the locué coeruleus and
cou;sing laterally in and through the PC35,
presurmably en route to the ce eliunm (Ungerstedt,
1971a; Pick?l et al., 1974). At cach of the next
seven olectrode gites thérc was.a slight lowering
of IC55 thresholds. This occurred denpite.thc fact
that the NA density was greatest at the D05t dorsal

.8ites in the PCS, and decreased consideradbly at

the more ventral stimylation sites on the ventro-
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pestfal edpe.0f the Not. V. At the tenth and mont
vynirnl site, animpl #JU ceasnd to Qelf-nti@ulnln.

& cimilar pattern wags ohaerved with rat #u6

(Fesnits, Figures, 5,6, and 8). .Thisa animal failed to
melf=ptimilate at any of the firnt six ggimuln!inp
Cjten ol Yhe electrodé penetration, Stimalation at

. I .
L iten 7-7 yielded high rate, lewe threnhold TCHE.

e Bhemn in Figure b, rat fu6 first began to self-

tirmlate (position 1) when ita rlectrode had. panzed
theouph the dorsal tegmental HA bundle. At the
clectrode was lowered to poritions 2 and 1, w tatal

q1=tance of 500 pm, the 1ICS5 fatrs and threshold.

temained constant. CIn this animal, 1CH5 first

-

necyried and continued unabated, after the eclectpeode
Wl janned through the dorgal trpmental HA bundle,. ,
finaliv, Tat #37 failed to aclf-atimulate even Hmn"rh

P
the mos ! wentrally tcsgvd-clv"lrndc giten in thi-

animal were amidst fibers of the dorsal tegmental

’

A Lunetle and central tepment al t!‘.l(.‘t. {Revuylty,

foeures S oand 6). In fact, hi. animal vacalize !

) I
At gttt getgd te leap out of the test chaaber ot
S t3mulation currents between 5-1% pa at each ol the

Gy et centyally testeg slectyode nites,

s

RS S
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The above examploﬂ_illustrate'that neither the
presence nor the magnitude of ICSS is related to
p:oximity to or density of NA fibera in the pons
is difficult to

and caudal midbrain. While i#
precisely qu&ntifg the donsitﬁ of NA neural

elements in a hiven area, it was found (see Results):

that ICSS current thresholdsw re not aignificantly
correlated with the estimated density of NA neural
elements at electrode sites sampled from five

representative animals. These Tesylts and the fa11ure

corroborate findings from éever&l lesion studies
(Clavxcr et al., 1976; Corbett et al., 1977
Cooper and Breese, 1976) which also suggested
that NA systems did-.not med1ate,pont1ne Eggmgntal

. - -
IC55, These latter conclusions were based on the

failure of electrolytic (Corbett et al., 1877), or
6-hydroxyadp&mine (Clavier et at., 1976l-1esions

of the dorsal tegmental NA bundle‘or whole brain
- T

deplctxons of noreplnephrxne (Cooper and Breese, 1976)

to dxsrupt ICSS from the reglon of the locus coeruleus.

. If HA systems are not involved in pontlne

. =,

tegmental and midbraip ﬁQSS, what systems mlght be
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supporting ICSS in these areaa? van Der Kooy and
Phillipa (1977) have shggeeted that activation of

»

o b et Rt

the trlgeminal system may account for the ICSS ’

provious&y attrihptgﬂ to the losus codruleus.

" Their hypotheaia rests on observations of ICSS

within or medial to the locus coeruleus, an observation \' .

from eltctrodes dorao-medial to and within the
. ’ .- . ) .
Mot. V. B Gnawing is often assocjated with ICSS r o\

throughout the dorsal pontine tegmentum (Crow et al., \

-

1972, Crow, 1976 chco, 197“‘ Van Der Kooy and

Phllllps, 1977). The preaent flndlngs are also

con515tbnt with the aboVe observations. Self—

»
dorso-medlal to the Mot. V (Results,
Figure 12, #35). - As evident from Figu ‘1, 1SS

was more readily obtained from electrodes that were

3 . .
,lateral to the loous coeruleus than frof electrodes

also made- by Ritter and étein (1973). It would .
appear that ICSS in the dorso—lateral pontine |
tegmentum 1is 1rnked wlth activation ofithe trlgemlnal
system. Van Der Kooy and Phillips (1977)\offer ‘the
observatign, of a,relatlon between gnawing and ICSS as éﬁidence

e ’ L J
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. that performance of a species-'Pecific motor activity

' F' -such as gnawing is in "{tself reinforoing, a view .

-inherent in reeponse-oriented 'heoriea of reinforceme
(Glickman and Schiff, 1967; ¥a enstein, Cox, and
Kakolewikl, 1970).' The above ‘view is inconalstent

¥ w1th ob ervatlons 1n the %resent study of gnawxng

v
: at 31tes that falled to aupport 1CSS throughout the
dorsal pons and ventral layers of cerebellum. It
gdould appear that gnawlng and ICSS are‘not related
i in all reglons of the pons. Perhaps the relat;on
between gnawxng and ICSS reported by Van Der Kooy a
.and Ph1111ps (1977) reflects wldespread and diffuse
pro;ectlons of the trlgemlnalﬂﬁystem. Unfortunately,
Tordittle 1s known about the- central projectlons of the’
‘the Mot. V (Daman—Smth 1973) Ano})‘t
' 1nterpretat10n of these data is that trlgemenal

stlmulatlon may contrlbute 1nd1rectly to ICSS by

-,_act1Vat1ng a behavior, gnawzng, that is easxly

, ‘ 130

A

3

Mes. V, other -than 1ts monosynapt1c pro;ectlons~%o S~

* .
-shaped towards a manlpulandum such as a'lever._,- ;

ﬁIndeed ‘the lever-preaslng response of pontlne e

_~f‘ tegmental self¥st1mulatlon is characterxzed as much

-
L4
»

Py gnawing of the lever as 1t is by ppe551ng th@

. <.
. --...n-.',_u-h--.u-‘

. 54

.t

-
o
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lever with the forepaws.

If the functions ‘of the main sensory nucleus

s Y

“of the trigeminal and the Mes. V are to convey

. .

-somatosensory and proprloceptive information from
:thJ head region (Darian'Smith ©1973), it would seem ‘_
‘necessary to search for other neural systems which are

_perhaps more likely to support pontlne tegmental

ICSS. The most promlslng candldate system 1is one

orlglnatlng in the solitary nucleus that carr1e§

.,botp v1scera1 and gustatory 1nformat10n from the

intermediate branch of the facial nerve, thf
glossopharyngeal, and the vagus neryves (Torvik,
1955,. cited in Brodal, 1969). The second order

neurons of this gustétory—visceqal system project

to the parabrachial nucleus.-This‘nucleus is 1ocated

.Just dorsal to and within the med1a1 portlon of the )

brachlum conjunctivum ok PCS (Norgren, 1978) at the
level of the locus coeruleus. The second order flbers

from the solltqry nucleus project to and around the

Mot. Vv, ventro-medial to and Wlthln the PCS, the Mes.

V, but not to fhg'locus coeruleus (Norgren, 1918);

-

. The third order neurons arising from the parabrachial

nuclei ascend in the central tegmehtal tract largely.

-

—
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followxng the route
bundle’throughout th

Unlike the dorsal te

o - 132
of the dorsal tegmental NA
a midbrain (Norgren, 1976,

gmental NA bupdle, the. thalamic

third order gustatory-v1sceral fibers terminate in the

ventrdba%al,gart of
nuclein(Norgren, 197
tegmental NA bundle

thalamlc nuc1e1 such

the thalamus,and various midlihe ‘
6) whereas fibers of, the dorsal

malnly innervate the dorsal

as the anterlor, paravgntricular :

and rostromedlal nuclei (L1ndva11 and. Biorklund,

TL1974; Jones and Moore,_1977) . Both the tertiary

: gusfatory—v1 ceral fibers and the dorsal NA bundle

flbers in erVﬁte the central amygdélold nucleus

(Norgren, 1976 Jone

g and Moore, 1973). .Other areas

traversed and perhaps receiving gustatory—visceral

terminals are the subthalamic nucleus, which 1is’

L

nestled in the dorsomedlal parf of the internal

capsule, the stria t

erminalis, the far-lateral area '

of the lateral hypothalamus and the substantia

1nnom1nata (Norgren, 1976) . 'From the above.

descrlptlon it is ap

pons and midbrain ‘co

parent’ that icssS sites in the

rrelate just as well with the St

'loc1 of, the gustatory—v1scera1 flbers as they do with

‘the trlgemlnal syste

m (van Der Kooy an +11ips,; 1977,

e
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_the dorsal NA system (Crow, 1972; Crau et al., 1972;;
thter and Stein, 1973), or the ventral NA bundle;
(thter and Stein, 197“). Indeed it is rather f
surprising that Van_Der Kooy and Phllllps (1977)

offefed the trigeminal system such a paramounp ‘4
role in pontine tegmental 1cSS, in view of the’

report from their own laboratory of ICSS from the

region of the solltary nucleus (Carter and Phillips’

'

As,mentloned equ*ﬁﬁi;gziggifziii.at many
A Y

sites 'in the dorsal pontine tegmentum elicits

;975).

licking responses’wﬁich can be obtained independently -
of gnawing responses™ induced by trigeminal activation.

It can be seen (Appendix I, Figure #'s 50,-57, 653 to °

§5) that a number of PCS, Mot. vV, Mes. V and: pe;l-

" coerules placements found p051t1ve for ICSS '
encro;cﬁed upon the pariipadhlal nucleus or areas .

tr;versed by the seconaafy and tertiary gustatory- . D

visceralnfibers originating from the solitary .

nucleué.' : |
| In conclusion, it seems that the solitary.

. nucéleus and its effefent projections appear to be the

-most promlslng candldate system for the support of

1CSS in the pons and caudal mldbraln Additional

-,'

i s e A



. the mid-lateral hypotﬁalamus. Animals stimulated

systemg and ICSS,

”

A second systeh.from which

is found along the raphe of the caudal midbrain.
Self—éf@mulatioﬁ was reliably obtained from the dorsal
raphe-nucleus, particulafif-its mid<rostral aspect
(Appendix T, Figu{? #ua).' Moreover, ICSS ?ated and
current thresholds in the rostral dorsal raphe

(Figure #'s 13, 44=47) ﬁgre comparable to those of™r*

-+

in the dorsal raphe.nucleus exhibited extreme

behavioral arousal',.bitiny the lever, pressing in

short bursts, and occasionally leaping from the test

chamber. = These behavioral responses were also,

. common to animals with mid-lateral hypofhalamib

electrode placements. The dorsal raphe nucleus
is the origin of the B7 serotonergié cell group
(Dahlstrom and Fuxe, 1964). The dorsal raphe nucleus

and surrounding area is innervageq by fibers from

. both th? locus coeruleus and the dorsal periventricular

NA system (Lindvall and Bjorklund, 1974; Jones and
Moore, 1977;'Sakqi, Salvert, Tour;t, and Jouvet,

1977).. Since inhibition of serotonin synthesis by
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' ' 13%

.
’

$rotreatment with the serotonergic synthesis

F

inhibitor, parachlorophenylalanine (PCPA), incroauoa
rather than decreases dorsal raphe ICSS rates

(Simon, LoMoal, and Cardo, 1976) it has been

‘concluded that the catecholamine systems, rather than

the serotonergic B? céIl-group are responsible for
dorsal raphe ICSS,““The dorsal raphe nucleus
cont;ins some NA and DA cell bodies (Lindvall and
Bjorklund'l197u Saavedra, Grobecker, and Zivin,

1976) and prOJects to the neostriatum (Pasquxer,

~ Kemper, Forbes, and Morgane, 1977; Geyer, Puerto,

Dawsey, Knapp, Bullard, and Hande144;1976). It is

not known whether the dorsal raphéﬁhpostriatal

pathway is serotonergic, DA or NA. DéSpite these

facts it is not possible to rule out a diredt,role

for serotonih in dorsal raphe ICSS since.PCPA'does
not redhce,tryptophah_hydroxylase activity by more
than 70-80% (Harvey and Gal, 1974). Thus, sufficient
stores of serotonin may be synthesized to sustain
ICSS for test periods of 30 min. as used by Simon et

1..(1976). Support for this view %tems from the work

‘of Miliaressis, Bouchard, and Jacobowitz (1975)

who observed that ICSS rates from the median raphe
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nurlénn or 88 serotonergic cell group (Dahlntrnﬁ
and T'uxe, 1964) wara not reduced by PCPA during the
l:rnt 30 min. of the teat sension but declined
dramatically over the rcmaindcr of ihe lhreq.hour ..
tests nension, Longer test sespions have not an yet
Been used to study dorsal raphe I1CS5. Whatever

the neurochemical basis of dorsal raphe ICSS, it
should be noted that it'rqccivcs,pnojcctions (rom the

nucleus of the solitary tract (Aghajanian® and

..Wd"ﬂ, 1977). | ‘-
, A : .
Anothcr‘intcrcsting observation made in the
present study was the development of a bcha&ioral
pattern éharacterized by fearfulnegs that occurred
after rcpcatéd.stimulation over a number of tent
'days with certain pqri-coerulcus‘electrode
placements, lnitially gbch animals exhibited
hhawinn which-was sometimes-directed towards the
lever, All of these animals however ceased to
"respond nither after several.minutéﬁ or several test
neectsions. Attempts to reinitiate responding by
A livery of priming stimulations failed. These
ahimals Stopped appr@aching the lever and, with
yvyvdteq testing,, appeared . to exhibit more ang mnre

3
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fear during the tast aossions.. This heightened .

fear wan ipdicatgd by rapid raspiration, increased

..

avacuation, flattening of the ears and incraased
difficultylin handling. This .general syndromd has
not been reported pruviously {n ICSS studiegs, Buf
seLeral rog;archors have noted that it is more -
difficult to obtain ICSS in. the pontxne tegmentum

than at many limbic sites, as well as the abrupt . )

,cessatxon of ICSS responding from per;-cocrulcus

placements without apparent cause (Crow et al.

-1972; Crow, 1976, Ritter and Stein, 1973). The

difficulty’ of obtaining pontxne tegmental I1CSS

might be caused by the activation of a neural systcm
that induces a behavioral state of hexghtened
emotionality. ‘Such an jidea has been suggegtqd by
Rcdmond and his colleagues (Redmond, Huang, Snyder,
and Maas, 1976) who have reported that stimilation
of the locus coeruleus in the stump-tailed monkey
elicits a behavioral pattern similar to that el;cxted
when these monkeys are exposed to sham threat from
unfamiliar huﬁans. Furthermore, lesions or -
pharmacological,inaétivation of the locus coeruleus

reduce responsiveness to anxiety-inducing stimuli

. . W
‘J

-
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' o
(Redmond, Muang, ‘and Gold, 1977, note #2), " In

support of this hypothesis the antllgnxiety agent ,
.dlazepam..induceu non-saelf-atimulating rates '
aexhibiting heightonéd emotionality to initiate
snlfﬁff%mu}ﬁtion after a few pr{ming stimulations
(Co;Lott, 1977, note #3). It is tempting to'’
attribute the "release of ICSS" to the anti-anxiety .
propértiea 6f diazepam n;d.to furfbcr speculate

jhhf Shese anti-anxiety properties may result from

the dfazepam-inducad inhibition of loqus coeruleusn
neurons vi.’; action on presynaptit‘: ol ~adrenergic
receptors (Cedarbaum and Aghajanian, 1977;
Aghajanian,'cédarbaum, and Hang: 1977). 1f activation
of the locus coeruleus hinders or prevents the
acquisition of ICSS in the dofso-l&teral.pontine
tégmcnfum, then lesions of the locus coeruleus

or the dorsal tegmental NA bundle mlght be .
expected to-potentiate ICSS rates from other brain
arcas. Such seems to be the case with lateral
hypothalamic ICSS sites. Rates of  ICSS aré
potentiated by lesions of both .the dd}aal'teghentnl "o

KA bundle (Corbett et al., 1977) and lesions of the

locus coeruleus (Corbett, 1974, .nota’ #4; Koob,

Balcom, ‘and Meyerhoff, 1976), L ) -
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It appaarg that the HA systems do not support
ICSS and may in fact inhibit or {nterfere with
1CS5. In céntrant.‘therevidence from the present
study and ?rqm numerous other-studiea in iﬁe

literature strongly supports the view that activation

"of the midbrain DA systems underlies ICSS. Self-

stimulation was reliably obfained in the region of the -
DA cell bodies surréunding both the interpeduncular'
nucleus and the ventral tegmental area‘of Tsai. As
well. I1CSS was reliably obtained from sites along

the diencephalic routc of the DA fiber systoms.
Moreover, it was found that ICSS current’ thresholds
decreased and ICSS rates increased as clectrodcﬂ

vere lowcrnd towards the DA cell bodich and fxber
systems In fact, a strong correlation was - ‘found
betuecn ICSS current thresholds and the densxty of .
DA neural clenentn beneath the clcctrodc tip. The _

AlQ0 cell group,_uhqu gives rise to the mcaolgzbic‘
andimcsocértical DA systems (ﬁnscrstedt,-lQ?la;"_
Lindvall and Bjorklund, 197u¢ Lindvall et 51..'}97eq.
Thierry, Blanc} Spbci. Stinus, and Glowinski, 1973;

Berger, Thierry, Tassin, apd Nayne, 1976), -

a2 -

connistently supported ICSS. By examining
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I‘igureg 23;30 (#r128, #130, 7101, and #139) it can

be sean that the threeg ;nimp}b (#128, #130, and #139)
1n.uhich the electrode tips were in closest

proximity to tﬁe Al0 cell group have mosi similar
155 fates and current thresholds. Rat #101 in which
the electrode was domewhat fgru dorsally located

"than in the other three animals began at the most

ventral position of the electrode ‘to exhibit

'-comparable IC5S rates aﬁd current thresholds.

Animals #'s 69 and 70 (see Appendix I, Tigures 20,

9%, and 96) with gimilar electrode placements

"in the Al0 area showed eimi}ar,ICSS'Eatgé and

currcnt'thrcsholan, Note that #69's clectrode
was, if- anything somewhat ventrally located.with
respect to 470's electrode and was, therefore,

somewhat closer to the AlQ cell group. This

dif{ference may have resulted in #69 exhibiting .

“ alightly lower ICSS thresholds .apd higher ICSS rates

than #70.

.« 1]
it is important to note, however, that the

-'l éAudqr-po}tipn of the AlO0 cell group did not supjort

ICSS (Results, Figures 37 and 39; Appendix I,

_Fiéurcibh $113 and fL15). It could be argued that

2
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.
the Inilnro to Sbtain 1CSS from the cau@nl part of
A0 paflocts the less dense packing of the DA c¢ell
foojirs in this reglor and that the stimulnllon wan

et nélivating 9urficiént numbers of DA cellé to
rlictit 155, If this were the case, it uo&l& bhe '
Viftieult 1o explain the lack of 1C5S by animal

1115 (ner Réshlta, Flgure 37) in which the electroda
Was in Lontnct with and had been lnuer;d through .

A Area rtnll rich in DA cell bodies and [ibers.

© Horvowey, in animals #'s 113 and 115 stimulation
currents up to 50 pa were ineffective at evgh the

moi wontrally tested electrode pites. At thin very

h:;ﬁlru:rvnt level it would be nxpectcd'that the
timulation field, assuming a currcnt brﬂad of 0.5
- = 1.0 mm, would incluq’/lhc caudal AlQ ccll grougd as
awell oo the A8 cell group. Despite the use of
jnerea.ed current, only §115 Jdisplayed approach
-bvhuvinr Thxn animal would orient touards the lever
ati] nhess nome sn:!fznp bvhavzfu at a currnnt intensity
RN [T *ﬁh electrodes were not faulty in these
anirmale, w!imulation at current intensities belews
2% pa elicited a varxoty ol 1esponses including cye

|
ttjmt o, ce ' 1ing of the head to on® 1d(‘. *tC.. .
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Intorestingly, the m::j/ﬁp sal of tha electrode
sites in these anima ylolq/ﬁ extreme escape

reactions., A{}/~ ree animals Ieapt from the test
chamber at. curronta ranging from 15-20 pa. Prior |
to the onimals leaping from the test chamber, \

//,pupillary dilation, increased respiration and_:'

e rapid contraction of the anal musculature was . l.T‘“
observed. These alectrodé;a%tes.appeareﬁ to bg;der\)
the most caudal part of the ;ea nucleus, pafs )
magnocellularis. Aversive étimuiatioﬁ aites.in or
near the red nucleus have beeq_noted.preﬁiously
(0lds and Olds, 1963). Other investigators
(Dreese, 1966a; 0lds and 0lds, 1963; Huang and |
Routtenberg, 1971; Cr;w;.1972;.Prada-A1cala et ;1.,

. 1975) who have mapped the Al0 region for ICSS have’
only mapped the mid- rostral aspect of the AlQ0 tell
group. Thus, the present data suggest that ICSS may

_ not bé equally”supported at all levels of the Al0
_cell gl"Olfp. -

: Tﬁe role of the A9 cell group-%n-ICSS is unclear
from the present dafa, Part of the uncerféinty_

arises from the lack of a distinct houndary between

the A9 and Al0-cell groups, a feature. that has led some

L
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(e, g.,,HOOre'and Bloom, l978)ito drop the terms -

. AB, A3, and Al0 and to speak only of meso="

.xelencephalic DA aystems. However, in order to relate
the data in the present. study to those ‘of othev
ICSS mapping studiea, the A8, A9, and AlO dis%xnctions

" will be retalned. \The Al0 area is deflned as the \

. area apove the interpeduncular nucleus and extend&ng

1aterally to the most medial part of the zona _)" 
compacta. . Thus the ven;ral tegmental aréa of Tsai

is included wlthln the AlD area, whlle the AS ce11
group conforms to the zona compacta. At the rostral
level of the 1nterpeduncular nucleus, ICSS was found _'
just lateral to the ventral tegmental nucleus on the

medial edge of A9 (see Results, Flgures 26, 31 and 34,

ﬂlOO). Evenlmore rthrally, at. the leyel of the

mamillary bodles, .ICSS wag ‘obtained from the’mid- 1

.

A
lateral reglon*pf A9 ‘(see Results, Flgures, 26,- 33, ‘and
36, #102)= Note that there was a sudden drop in ICSS

quﬁrent threshold when “the electrode was moved from '

1cSs site #1 (31°pa).to ICSS site #2 (22 pa). This

" drop.in ICSS thre:hold c01nc1ded Nlth ‘the electrode

lemniscus. More caudal A9 electrode placements gave

being lowered through the ventqal‘portion of the medial .




.. 1CSS pbserved 1n‘3:ha.s animal 'was the result of ¢

-spread to the medzally "located AlQ0 area. Such an

mixed resulta.. Fohr An{mals'(ﬁloa, #117; #129, aod
#132) with electrodes located in the mid-leteral
part of AQ failed to exhibit ICSS. Three ,others, )
howeveé: (#58, #13“, and #138) all with A9 pjlacements,
displayed ICSS. The electrode in rat #58 (see-

Appendlx I, Figure 81) was somewhat medlally

'located, wlthin approxzmately Soo‘pm of the vent al

tegmental nucleus. Thus 1t “could be argued that(the

g explanatlon could. not: account for the ICSS obserwed

1n'an1mals #134 aﬂd #138%. The electrode placements

of these animals were similar to the electnodew

‘placements of the four animals dLscussed above

(#103, #117, #129, and #132) none of whom self-

stimulated. Careful examlnatlon of the electrode '

placement in ariimal #134 (Appendﬁx I, Flgure a0)
reveals that. the electrode had Just passed %hrough . .
the zona coMpacta 1ntc the zona.retlculata. This |
e;1m31 self-stlmulated at the most dorsally tested
electrode site (1.e: the zona compacta) but abruptly
ceased respondlng when the" electrode was lowered

-t

250 pm (see Appendlx I, FlgLre 93). This sudden

.
- “c..._‘.“....‘n—-#-' -
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cesaati?n of responding may: not ‘be s0 aurprising
when one considers,the factJthat the . zona compacta . .
in the rat is at moat 250 um thick in the horlzontal

plane, This latter observatxon is further

o comp11cated by the recént réport (Fallon, Riley, °

e '
and Hoore, 1§78) of dorsal-ventral subdivisions. ° ‘ .

W1th1n the zona compacta 1ts$1f A dorsal sheet-

.

gontains fusiform shapqs ceils w1fh dendrites o .

restricted to £\h zona compacta. These eells project’ e

to allocortlcal reglons of - the basal forebraln

such as the olfactory tubercle and amygdala. . @

The cells of the _ventral sheet progect to th

'strlatum and arenpyramldal in sHape, W 1th den rltes

'dlrected towards the zona retlculata. These two eell

types can ‘be d15t1hgu1shed in- any of. the Ag-Al
. ’ N

montages. Thus, the failure to obtaln ICSS from . //,,// .

certain A9 placements.(e g. #129 Flgure 90 Appendlx t‘ﬁ
I) could be_xhefr€§6i¥ﬂof the electrodes piercing -

'one or both layers of the zona compacta on/;mylantatloﬁ. .
Another factor contrlbutlggr:o the failure to obtaln o oL
IQ§§;ﬁpom«%at€?§TI;’located A9 placements (e. 8- #11? v
see Results, Figures '39 and u4l) is that the flbers_of

the' AY cell gboup tend to run mediail& towards ths-

e ol s P TS

R
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ventral tegmental -area, away from laterally located
electrode placements (Lindvall and Bjorklund 197y),

In view of the number of reports implicating
W

the A9 cell group and the nigroatrlatal system in

”

.

ICSS (Crow, 1972; Prado-Alcala et al,, 1975;

'Ph1111ps et al., 1976a' German and Bowden 1974)

1t mlght seem’ surprlaing to questlon these flndlngs.
I .

' It ;s the case," however, that most of the poszt1Ve

. :‘;;-_—-f;-'-‘s-.".‘

‘notion that the A9 nxgrrstrlatal system supports

/

A9 placements reported in the above studies (Crow,

1872, Prado-Alcala et’ al., 1975, also see German

and Bowden, 197&) actually border upon,the AlO area,
Reports of ICSS from the caudate nucleus (0lds and
. _

0lds 1963 Routtenberg, 1971 Phllllps et al. 197Ea)

have been 1nterpreted as prov1d1ng support for the

J/

~

ICSS/ﬁBhiiilps et al., 1976a; Crow, 1976;
German and Bowden, 1974), These data’ must be

recon51dered in llght of ev1dence descrlblng a
o;g;g@tlon of the AlQ cell group to the caudate

ndeleus (bome51ck Beckstead, and Nauta, 1978, note
HS). Also, there is evidence that cells of the dorsal _

raphe nucleus prOJect_to the caudate nucleus

'(Hiller, Richafdson, Fibiger, and McLennan, 1975;

2
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Geyer et. al., 1976; Rgaquief/ﬁt al., 1977,
It is interesting to note that the dorsal raphe
projectioh is .to the medial and ventro-caudal part
of ,the ceudate (Pasquier et al., 1977). Self-
stzmulqtlon ratee from this part of the caudate
nucleus ‘are greatly reduced followzng pretreatment
| with PCPA (Phlllmjs et al., 197Bb) o |
In summary, the present data suggest that whlle
some A9 placements (ante’lor-medlal) support ICSS
other AS placemente-Cgosterlor-lateral))do not. It
is not possible to decide-whether theée discrepancies
'h reflect functional 2&fferences wlthln the A9 cell,
group or compleﬁlties of the anatomy of thlS area
(Faiion et al., 1978) not prevzously appreclated. '
| It appears from the present study that the AB .
cell group does not support ICSS. This finding is in’
agreement with those of Huang and Routtenberg (1871)
who failed to obtaln ICSS ffom the area now known to
_contaln the Aé cell group Thls cell group unllke the
,Ag and-Al10 cell groups does not proyect to the .
neocortex, rather, 1ts prlmary pro:ectlon seems to’ ‘be
to the latera% part of the caudate nucleds\
(Lindvall et al., 1978). : ' o
,,‘_'; S S

/



In the hypothalamue, I€SS was obtained alopg
the route of the medial forebrain bundie as it
courses through‘the'lateral hypothalamue. High ICSS
ratee .and low current’ thresholds were obtained
just medial to ‘and within the t1p of the internal
capsule (see Results, Figuree 19 and 20 Plates
-0.2, ~0.8, and -1. 8) Thls latter area is

:traversed by the nigrostrlatal mesollmblc and

'mesocortlcal DA systems (Ungerstedt -1971a;

o

Lindvall and Bjorklund 1974), An example of an

electrode placement on the medial edge' of the

1nternal capsule is shown 1n Flgure 71 (see Appendlx

I). In_thJs anlmal (#87) ICSS was: obtalned‘from flve‘

-,

different .electrode sites (Appendix I, Figure 76). .

'Slnce the electrode was lowered “4h steps of 250 pm,

the most dorsal ICSS 81Ie would-probably have been

in the zona 1ncerta just dorsal to the internal

‘ capsule. Note the very high ICSS rates dlsplayed

'7:by thlS anlmal and ‘the gradual 1ncrease in current

,;fthreshold when ‘the electrode was.moved from the most
)

dorsal ICSS 51te to the most ventrally tested ICSS

sxte.;fynfi-.‘ L C |
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ro
 High'rates of ICSS and low éﬁrrant fhreahold;

were also found at electrode sites medial té the DA
'ffbevs.. A perifornical electrodg placement, medial
and caudal-to the electrode placement described
above, is shown in Figure 81 (Appendix I). Self-
stimﬁlatiPn'waa obgained at five electrode sites in i
this animal (#111, Figure 8?5.' The most darédl

ICSS site was probably located mid-way between the
fornix and the mamilrothalamic‘tract. Th&s animal
could not be ‘tested at current 1ntensit1es greatar
than 22 pa at any of the five ICS3 81tes. At higher’
curﬁgrls, the animal would leap from the test
chdmber. At I1CSS test sites #2-5, current |
iﬁtensities above 20 pa:couia not be used for the same
reason. Nh%le }f‘is.f?ue that ICSS can be obtained .
from siteg tr&vers;d by DA fibers in the lateral i
-hypothalamus and internal dépsule,‘kt is unlikely'.

that the laterally located DA systems could underly

medidl, perlfornlcal hypothalamlc ICSS Thls.last
. poxnt raises several 1mportant questlons regardlng

the role of themdopamlne systems 1n.ICSS. : ‘

First, it seems reasonable to ask, is activation

of DA systems a necessary pferéguisite for obtaining

”
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1¢SS?7 1t seems clear that not all ICSS can be '.'
accounted for by the direct activation of DA J}utams,
yet ICSS from non-DA areas in'the dorsal pontine
tegmantum is eliminatéd follouiﬁg pretreatment-

with the DA receptor blocker, pimozide (Corbett,
Yokel,wand Pouriezoa, 1975, note #6). The findxng
that ICSS at non-DA sites is ahminated by v ’ )
manipulations that reduce DA synaptic function has

led some (e.g, Cooper,rKopbol, and Breese, 1978) ;o
'con¢1u¢é that'dopamine.is_no; involved in the
rewarding aspects‘bf ICSS but in” the'control of métoﬁ_‘
J‘.n'ce.c_r,rus;lt:i.(_)n.4 fhis viéw 18 contradicted by the -
~fesuats'of-pharmacological studies that hav :

some e#tent dissociated reward and perfqrmdg
deficits (Fouriezos”;hd Wise, 1§76; Foﬁriezos, \y
.'Hgnsson; and Wise, 1978, note #7)._ - ,

| PerhapgiICSS from sites not.containiﬁg DA

" neurons can be accounted for by the indirect
|aétivgtion of the DA,sysfgms across one;oé more '
syﬁapseé: 'Nhi}e ghere is énatomiéal evidence ?
indicating monésjnéptic conhections.between ceftain

non-DA ICSS s;tes guch as the dorsal raphe nucleus

'and the mldbraln DA cell group (Conrad, Leonard, and
t., K . L
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Pfaff, 197“- Bunney and Aghajanian, 1976;
JPnaquier et al., 1977 Hooro. Halaris, and Jonos,
1978; Azmitia and Segal 1978) no monosynaptic
connections have as yet heen described linking 1CSS
sites in cerebellum, hippocampus and pons with the
midbrain DA syatems. In fact, the innervation
of the midbrain DA cell groups by caudLlly
orzgznating fibers is aurprlaingly sparse - | Y
(Bunney and Aghajanian, 1976). Of’course, currently
availahle anatomical tracing techniques reveal only
monosynaptic projections. _
Self-stimulation has been: demonstrated Ldlboth
the thalamic animal (Huston, 1975) and in the [
precolllculaé; heml-decerebrate animal (Huston and f
Ornstexn, 1977, note #8). Such results suggest ,
that ICSS may ex1st 1ndependent1y of braln DA |
systems. 'The results of the present study as
-uell as data discussed earller (Corﬂett et -al., 197#
Clavier et al., 1976; Cooper and Breese, 1976) seem
to exclude a role for-NA systems in.ICSS. The* '
seppt:§brgic_system% Orlglnatlng in the dorsa{,and

' median raphe nuclei both seem capable of supporting

'1CSS. Self-stimulation hasé been obtained from the

) : i . ’



162

nuclel'df o$ig£n of these oystems (Margulen; 1969
Miliaressio et al., 1975; Simon et al., 1975,

1976) as well as élong'their‘offerent trajectories,
and from their terwinalxareaa (Phillips et al}. 1976a).
The trajectorles'and terminal éitka of thé gerotonargic
nyatﬁma are for the most part coexten;ive rifh;the
trajectories and éermina1 areas of the DA systems
(Conrad et al., 197h; Hoofe et al., 1978; Azmitja

and Segal, 1978). Hofeover, £CSS in the hippocampus
(an area not innervated by DA systems), the median
raphe nucleus, and: the caudate nucleus has been ‘
shown to be dzsrqpted by senotonin depletion
(Miliapessis et al., 1975; Phillips et al., 1976b;
Van Der Koo ,‘Fibiger,:and Phillips, 1977).
Activation\&the sero—fonergic' systems that course
medially to the DA syéfems throughout the hypofhalamus
(Conrad et al., 197" Hoobe et al.; 1978; Azhifia-

and Segal, 1978) may in -part, underlle "the medial |

or perlfornlcal hypothalam;c ICSS observed in the
prg;ént study. ( |

' -1t was avgued'earlier that gustatory-visceral

fibers orlgxnatlng in the nucleus solltarxus

(Norgren, 1978) could perhaps account for the - ICSS

.
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in the dorsal Pops. Al though 188 eites in the pons.
and midbrain appear to follow the trajoctory.of the.
gustatory-vlaceral fibad syotems, there ig more
compelling evidence tO implicdie this system in
1¢SS. Rolls, Burton, and Mora (1976, 1977) have

. described neurons in the far lateral aréﬁ of the
1ateral hypothalamus and in the subatantia .
innominata that alter their flring rate- in

response toO food., Some néurpns responded best to
uafer placed onthe tongu; and nog at all to a-

‘sucrose ;olution. The activity of these neurons

was not affected by olfactory st}muli nor b§
volitional movemnﬁt. Yurthermoﬁé. the magnitude

6f the.ncural résponsé correlatqd with food

- preference; 4 greater inhibition or excitation
.océurrcd in the prdsence of highly preferrcd foods .
These neurons did not respond when the animal was
satxated. Othefr neurons part1cu1ar1y in the laterAl
hypothalamus did not respond to the tasté of food,
but instead to the &ight of food (Rolls et al., 1976,

"1977) . Thé:gubstantxa innominata is an area lying
on the edge of the optic tract, just ventral to -the

F

internal capsule (Nauta and Haymaker, 1989)‘ of
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particular interest are the afferent projections to .
this area. Third order gustatory-vipsceral fibers
plerce and innervate the hedtal tip of the iﬁternal
' capsule, subthalamic nucleus, lateral hypothalamus 4
and substantia innominata (Norgren, 1976).
All of these areas are "also heavily fnnervated by
DA and serotonergic fiber systems (Ungerstedt, 1971a;
Lindvall and Bjorklund, 19743 Fallon and Hoore, 1978;
~ Conrad et al., 1974; Hoore et al., 1978; Azmitia and |
Segal, 1978). Finally, the'substa;tia innominata
receives direct input from the habenylar nuclei
(Heébenhan and Nauta, 1977%). The habenular input
is of interest because it has recéntly been reported
by Sutherland and Nakaj}ima (1978, note F#9) that the
habenular nucleus and its efferent pathuay,.the
fascicggus retroflexus support 1CSS. rurfhernorc.
" they found that lesioning of the nidbrain raphe
;nucle{ in one animal abolished ICSS from an electrode
that was located in the fasciculus retroflexus. The
habenular nuclei are rcci;rocally conncc;ed With the
dorsal and median raphe nuclei, the ventral tegmental

,aéca of Tsai and the interpeduncular nucleus. To

- - ’ .
summarize, a'dorsal and a ventral pathway are scen



e,

' ‘ . , '
1inking the midbrain DA and serotonergic systems /

with the;substgntla innominata and surrounding basal’ -

olfggiory area, Bpth of these pathways are

‘coextenniVe with, or under the influence of

ascending gustétory-vlsceral pathways (Norgren, 1976).

It seems likely that thc.DA and ﬁerotonergic

systemb are no.organlzed as to interact with

gusfatory-viacoral and oifactory gystams in the

gubstantia innominata and lateral hypothalamus,

he would.be interesting to investigate the nature

of this interaction.and in so doing turn to a

Qtudy of the role of sensory factors underlying

ICSS and reward processes in general? The work of

" Rolls and associates (Rolls et al., 1976, 1977)

suggests that such an approach @ight be fruitful.
Implicit in the above discussion {s the notion

that DA 9nd perhaps giso serotonergic aysten; may « -

.have moduiatory functions in ICSS. This raises the

sccond question, and that is, éiwen that‘DA syétémg .

are involved in ICSS, what is the nature of this

involvement? It is clear from.drug seif—é&minisgration

studies that increasing DA synaptic{fhnction

produces rewarding offdéts (Pickcnn and Harris, 1968;

[ ‘ . »

N s
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Baxcer; Gluckman, Stein, and Scerni, 19iu; Yokel and |
wiae,-1975)‘that presumably contribute to ICSS at '
' sitps rich in DA neurdné.. Attention to'Pertieuiar.
‘environmental stimuli (selective attention) seems
to be directly or intimately ad%ociated with DA
synaptic function, That Ea: animals including man ‘' B
exhibit reduced orieetation'and attention to .
environmentii’stimuli Qhen brain DA leVelé are
greatly reduced (Ungerstedt, 1971b; Sachsy 1976).
Increased DA synaptic funotion results in increased v
attention to particular environmental stimuli |
(Robbins, 1976). The two behavioral extremes of 5
reduced and increased DA synhptie function have been .
~ " termed sénsory inattention (Harshgl%{gt.al.,.197u) .
and steﬁeotypy (Randrup and Hunkved .1970)l
Indeed, ICSS in the regxon of the midbrain DA .
systems appears tp be more stereotyped or locked in
than medial hypothalamlc, dorsal raphe, and .
lespecxally pontzne tegmental ICSS. Self—stzmulatloh
is acqulred very rapzdly at most sites contq1n1ng _
abundant DA cell bodies and fibers (caudate ICSS
being an 1mportant exception}, shaping is not ’

neces ssary, and the ICSS once obtained is rel;able

g | 7 |




L3

p 2 [
-y S (Y
| . : . ' ' L i .
and not eacily disruptible by external stimuld. : . o
. In contrast, . ICSS “in the pons is acquired s}owly, S .}r

chaping is usually necdaaary, and ‘the ICSS seems

par%icularly sengitive to disruption by extcrnal "%‘
st%muli. Al80,. ICSS at these gited’ seems td‘iack }
tﬁe combulsive or locked in character that typifies L

rcss from @A ICSS sites. 'It.may be that.ICSS, . Ny

el

at ponflneltegmental si;es has a primarily sensory .

substrate, such as the ascending gustatory-visceral S

-flber systems. Lateral. hypothalamlc ICSS on the o

other hand may result from the direqf activation

of.Dy fibers, scrotonerglc fibers, as wcll as S i

§pecffic gensory systems (olfactory and gustatorx-‘ ' ‘
! ‘ \ .

!
visceral). *There is a great deal cf evxdence ‘to e

 'support .this v1ew. Lateral hypothalamlc ICSS has e

.The reduction of" whole brazn DA levels to less than

been extremely re51stant to ‘disruption by -an§ but the

most massive® 1esxons (Valensteln, 19663 Larens, 1976)

19% of control levels 1n1t1a11y ellmlnates lateral .

hypothalam:.c 1CSS but the ICSS rates .recover over a .

" period of. six weeks toO approxjmately 50%_ofAthe pre-

‘lesion rate of .responding ‘(Phillips and F1b1ger; 1§760.

Recovery of ICSS from the reglon of the A9 and 'Al0 cell



"hydroxydopemine induced lesions of the ascending

‘mesocortical and mesolimbic dopamine levels., -

- 158

groups was complete 8-10 days after 6 e

‘DA fiber eyatems deepite etrietel dopamine levels

‘being lowered to leee than 3% of control values

(Clavier and Fibiger, 1977). Since the 6~
hydroxydopamine was injected into the hypothalamue,' -

exteneive damage to the mesocortical and meeolimbic

. DA systems would eleo be expected. Unfortunately,

Clav1er and Fibiger (1977) only measured striatal ~ .

dopamine levels, although they mention that Similar v

i L

'lesions produce approx:mately 90%'depletions of .

&
The above data suggest that other, non-DA

systems are involved in lateral hypotﬁalaAEC'and :

[ ] :
substantia nigra-ICSS. It could be argued that" °
v .

'the remaining stores of dopamine and’ the development

of DA receptor supersen81t1v1ty (Ungerstedt, 1971c)

- "_.

could account-for the failure to completely

'eliminate lateral hyrothalamic (Phillips and
.Fibiger, 19?8) and substantia nigra. (Clavme; and

Fibiger, 1977) ICSS. It 15 not possible t@ refute

thlS 1nterpretation since it 13 unlikely tnat any

lesion would. coﬁpletely deplete all. brain dopamine

4 — '.
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of multipie

_linked dorsaliy qnd'veﬁtrally b& a variety of inputs

)
‘. t . ‘ B . lg'g

stores and even if this were possible, the ‘animals

probably would not survivi{ It should be ‘}#

’

rem mbered that aome _of the. brain dopamine remaining
-3

s

after 6- hydroxyd pamine 1esions is dopamine EXLBting

in precursor form in NA neurons. Thus the actual
. .

levels of brain DA in surv1v1ng dopamlne neurons is..

probably less than the publlshed values. A. more'

reasonable 1nterpretatlon of fhese data is that
]

expressed above,

amely,that the DA syst%gﬁ are
capable of’ouppo ting ECSS but''more 1mportant1y '
they modulate o baas all goal—dlrected behavzor.'
This modulatlon may be shared with other, putatlve

neurotransmltt rs such’ as serotonln and the:

) endorphlns. S lf-stlmulatlon at dlfferent sites

would depend :o varyzng degree upon DA systems.

This, the failure to eliminate lateral hypothalamic

or substantid nigra ICSS may indicate the presence

on-DA systems which contribute to ICSS

in these regione, :As,was discussed earlier, the

lateral hyp thalamic-ventral tegmental areas are

-

of olfactory and‘gustetory-visceral origin (Nauta © - .
and Héym r, 1969; Norgren, 1976, 1978; Herbenham and

™ . : ° .

*»
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Nautd/.d977a,b)., Any of theee eyeteme may . ,J
/ v ','
contriﬁﬁte to ICSS. Indeed 1atera1 hypothalamié .

/r

stlmulation triggers a variety of cephalic reflexes ;‘ﬂgv

(Powley, 1977) and it has been reported that '

vagotomy. decreaaes iCSS rates from certain

hypothalamic electrode eltea (Ball 197#).,.

1975) .and thls effect is not due to 1nter'

of the ascendlng NA fiber. systems (Ph 1p55:1§75;

note #LO) Self-stlmulatlon at gltes in the

t;p of the 1nternal capsule is greatly reduced

N following lesions that encroach upon the ascendlng

gustatory-visceral flber systems (Farber et al.,;, {,‘

Do It would appear that non—DA and n serotonerglc o
'systems partmcxpate 1n ICSS from s:::iaz;;tar 1”'_*,7

- hypothalamus, 1nternal capsule) thought,to have a

\

DA substrate (German and Bowden, 1974 Crow, 197$}
In vlew ‘of) these data and the flndlngs reported 1nl
thlS thes:s, 1t seems that the catecholamlne

hYPOthe51s of reward (German and Bowden. 1974, o R

I;A

W



.;’-.; S _of the substantla nigra and the mxdbraln raphe nuc1e1 =

pontine NA systems were fbund notito auppovt ICSS.;”;':fT

p Inatead, a system of gustatory-vxsceral fibers ia

suggested as a candidatﬁ'syatem for ICSS 1n theae

;ﬁﬁf“.@ﬂf areas. ThlB aystem may also contrlbute to ICSS _;fﬂfff}ﬁﬁﬁ‘”'

substantxa 1nnominata) Self-stlmulation Qas readlly

obtalned_from thefﬁlo DA cell'group and at sztes

»\- N

were equlvocal, some sztes suppobted ICSS Dthers

dld not.- Thls may reflect a- functhnal dlvzslon

L ...._-— a C— ‘"l‘—-—" -

"Q ~ -wlthmn-the AB cell grdup ob 1t may reflec «the now

._ 'ap@arent'anatomlcél c0mplex1ty of‘the DA systems

CLlndvalL and Bjofklund, 197“ Llndvall et‘al 1978
o Noo%e andoBloom, 1978).. The cauda1 DA cell group
A8, and Gaudal pole of A10 d:r.d n.ot su_pport ICSS

. An argument was made fbr the multlpllcity of fhe reward

-:f e o c1rcu1try wmth DA systems belng ascrlbed an 1mportant

but not exchsmve bole., szen the common orlgln

mldbraln UA systems Rgsults w;th the AB cell group T
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(Lenn, Halfon, and Rakic, 1978) and their connections
with ‘the- habenular nuclei (Herbenham and Nauta,.
1977a,b3. it would seem’ best to viﬁh these |

:f monoamine systems as componants of a midbraih limbic :
system, rather than as reward systems existing

in splendid iso;ation. . ' .

L XY
P
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_'Piﬁupé 43, Thionin sfnined sections of €25,9’4
electrode traété'of.dhimaleyl 5:3,456 7,8, and-10.

Electrode tip is indicated by an arrow. Abbreviations:
[
= dorsal raphe nucleus, DTG - dorsal tegmental

nucleﬁs of Gudden, PAG = periaquaeductal gmy

PCS, = auper;or cereballar.pedunclg.
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Figures 44-49,. Self-stimulation current!,
threshold and-raterint;nsity data of animals -

1: u} 6, 7, 8, and 10, The interval between ‘each
. . R a

self-stimulation site whs~125lpm. %he.dataj

are illugtiated as described foi_Figufea_7ﬁl},
‘1' ' ‘ . -7.0
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-'PigufaASO, Thionin stained sections of the

elecfrode tracts oflanimals 11, 12, 13, 15, 18, 19, |

26, 30, and 32, Electrode tip is indicated by an

_arrow. Abbreviationa' LC = locus coeruleus,

Mes. V = mesencephalic nucleus of the trigeminal

nerve; Mot. V = motor nucleua of the trigeminal

.. . nerve; PCS = superior cerebellar peduncle,
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'Pigurés'31-56. -Solf—stimuiation current

threshold and rate-intenqity data of animals = ' -
12, 13 ls, 19, 25, and 30. . The interval between
each self-stimulation site was 125 um. The data

are illustrattd as described for Figures 7 11.
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l Figure 63. Thioniﬁ stained sectionQ of the I
electrode tracts of animals 25, 29, a}','so, 52, '
76, f?, 78, and 79. Blectrode‘tip is indicated
by an arrow. Abbreviations: LC = locus coeruleus;
Mes. V = meaencgphal?c nucleua.of:tha trigeminal -~
nerve; PCS » superior cerebellar peduncle;

VI = facial nerve. i ' ®

" s ————



N




r N
L

Figure 64, Self-stimulation current threshold
and rate-intensity data of animal 25. The

+

_interval between eath self-stimulation site is

I25 pm, T?g data are illustrated as,described
for Figures 7-11. o
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rtgurt 35. Thionin stained sections of the

222

electrode tracts of animale 68, 82, 107, 121, 122,

and 141. Electrode tip is indicated by an arrow.
Abbreviations: CER = cerebellum; IV = fourth
ventricle; LC a locus cocrhlqnl; Mes. V2

mesencephalic nucleus of thi_trigcninal herve.
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riguna 3-89. Sdfnti.mJ.Ation cmmnt
thrﬂhold and mto-tntonuty data of miuh ‘86,
121 122, and 181, The interval betwedn oach
) selfsstimulation site h 250 um., The dntn are
ill‘uutntod u dncribod for I‘igunl 7-11. :
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'_‘Pikuree 70;7l. Thionin steined eectione of the
electrode tracts of enimele 39, 42, ua, 53, 55, 105
and 118 (Figure 70) and of animals 59, 60 62, 87,.
sa, 89, 97, 98, end 110 (Figure 71). Electrode tip
is indicated by an arrow. Ahbrevietions.-‘A y
CER = cerebellum, FX = fornix; IC = internel capsule-

IV = fourth Jgntricle- LC = locus coeruleus;

. Mes., V g meeencephelic nucleus of the trigeminal

'nerée; MT --memillothelamic tfect._
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- Figuma 12-00; Self-stimulation current’
threshold and rato-intenslty datl of animals
59 62 97 60, 87, 88, 89, 98, and 110, The

interva.l between each salf—stimlation site :ls
| 250 pm. ‘The data are illui:_trated as descrlBlsl
fér ?1gma .7-11.. ) ©
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High = 13

Animal #

NA Fluorescence Intensity

Medium - 2; Low = 3

269

Fluorescence "Rating

Electrode Position

3 1 1,
2 ‘1'. .
3 2
m 2
5 3 .
) 6 3
7 . 3
8 ,‘; 3
’ 9 3
- 10 ‘ 3
y 45 ) 1 1
. 2 2
N 3 2
y. - 3
: 3
‘ ) - 6 3
) & |
. 7 = 3 .
8 ) 3
. - A 3

R
A



270

Y

Ratings of NA Fluorescence Intensity

High &« 1; Medium = 2; Low m 3 . .
Animal # i Electrode Position Fluorescence Rating
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Ratings of DA Fluorescence Intensity

High = 1; Medium m 2; Low = 3
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