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ABSTRACT

1 em !
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) - - o “ l’
AN ANATOMICAL MAPPING STUDY OF BRAIN“STIKUIATION REWARD IN THE

°
.6

ANTERIOR MEDIAL FOI&BRAIN BUNDLE

Adina Blander

bl

Several levels of the anterior medial forebrain bundle were
mapped for brain stimulation reward using a dorsal;ventral
moveable elactrode. Rate of lever-pressing was tested at several
cur?ent intensities. Positive sites for self-stimulation were
found from 1.0 - 2.8 mm anterior to Bregma.\ Stimulation was
revarding at gites in the stria medullaris, lateral preoptic
area, diagonal band of Broca, medial and lateral septal areas and
the amygdala. Stimulation was not rewarding at sites in the

Th—— . .
anterior hypothalamic.area, arcuate nucleus and fornix. The

4

medial-latexal dispersion of posi%ive sites was wider at the more
rostral levels than at the more caudal levels. The data suggest
that the medial forebrain bundle brain stimulation. reward fibers

do not@rise from a“single group of nuclei in the anterior medial

\

forebrain bundle’y There are at least‘t\'vo distinct anatomical

]

contributions ‘.\co the medial forebrain bundle brain stinula'tion

revard mechanism, including éhe stria medullaris, diagonal band

-

of Broca-lateral preoptic area and the amygdala.
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Rats will learn to @erfom arbitrary responses ,rewardeci by
;, t:t.m déldvery of e;ecgtric;1 stimula;;ionfo specifiq regions of
their brains (0lds & Milner, 1954). S}Nen appropriate sités
.and stimulation pérméters, rats will press a lever for
stimulation x?vex:y' high rates and to the exclusion of other
¢ .behaviors. The behavioral phenomenon of working for electri_:;l
brain scimulatktqg\ is referred to as self-stimulation and the )
\stimulationr'tt‘mt supports such behavior is referred to as brain

stimulation reward. Brain-behavior scientists have hypothesized

that the mechanisms that mediate Hrain stimulation reward are

also important in the mediation gif he effects of natural rewards.

Stimulation of a varietyg of brai{ regions has been found to '
be rewarding. Particularly effective stimulation sites are found
— 1
along the course of the medial forebrain bundle, a central

longitudinal fiber pathway that connects the midbrain with the

forebrain. .The medial forebiain bundle has been a majc;r focus of P

attention in attempts to trace the neural circuitry of brain

'stimulation reward (0Olds, 1962).

1

- ' " There are some 50 fiber pathways within the medial forebrain
' bundie; each pathway comprisesv many fibers (Nieuwenhuys,
Ge_eraedts,‘ & Veening, 19825. These fibers are‘, for the most g
part, either lightly myelinated or unmyelinated (Nieuwenhuys et

al., 1982). The medial forebrain bundle pathways may be divided . ? :

N
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- into three classes. First, there are pathways ofiginating in the -

.

forebrain and limbic region that extend caudally to.join the
ma;iial forebrain bundle. ' These fibers originate from such i
lregions as“the olfactory tubercle, septal nuclei, nucleus of the . ’
‘diagonal band of Broca, interstitial nucleus of tf\e stria : -
terﬁinalis“and the nucleus aceumbens septi. A great majority of . . /1 '
these fibers funnel through the lateral hypothalamic area, a

region which is largely co-extensive with the medial forebrain

bundle over the central portion of its range.

The second class of pathways has origins in the midbrain

ﬁ - and ascends rostrally; the fibers within these pathways are )

interpolated with themdéscending fibers of the bundle. The
ascending pathw;ys originate from such' midbrain areas as the
ventral tegmental area of Tsal, substantia nigra, locus
coeruleus, nucleus raphe l(nagnus and pontis, nudleus of‘solitary

tract and other nuclei in the brainstem.

&

o

, The third class of pathways has origin within or near the
central reglion of the bundle. The cell \bodies of most of these
pacl-{ways are found in the lateral hypoth‘alamic area, th18 am:e'ri;n:
hypothalamic nucleus, posterior hypothalamic nucleus and lsteral - C B
and medial.preoptic area. Some of the fibers originating from |

~

these areas course in a rostro-caudal direction and others course ) &

in a caudo-rostral diyection. There are also fibers originating .

from the medial hypothalamus that enter the medial forebrain
A N
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' bundle and terminate in the lateral hypothalamic -area (Va'n Cuc, - .
Leranth, & Palkovits, 1979)" T S L
' ? The physlologigal psychologigt has beén confronted with two )
tasks .in att;mp‘ting‘to characterize the various g}em(;;\t‘s that .
.. ~make up the brain stimulation rewg.rd mechanism., The first task‘ '
is to identify tbé; fibers that are direct}y activated at the tip

q of the stimulating'eleccrode. The concept og fdirectly

activated" idenkifies the fibers that are dgpolarized by the

stimulating current.itself, ar the tip of the electrode. Since

. there are at least 50 fiber pathways that make up the medial

-

forebrain bundle, several will be directly activated by the ‘ N
. o § . -

current at th p of the electrode. Some of these directly
activated fibérs will, in turn, activate other fibers. The
{ concept of "directly activated" discinguish'es the fibers

1 activated immediately at the electrode tip, from the fibers "

¢ S that are f:rar}s-'synaptic;lly activated. X r . )
The second task is to identify which of the fibers ¥n the
. medial forebr.ain. bundle are relevant to the reward mechanism. The ’ J
¢ concept of frewgrd;relev;nce" implies that only some of the »
fibers that a;.'e activated by the electrical stimulation are
critical to the reward process. (Reward-rqlevan‘t fibers may be
directly acgivat;d or 19d1rect1y (trans-synaptically) activated;

the fibers are reward-relevant as'lbng'as they are involved in

L the mechanism of medial forebrain bundle brain stimulation

' Id




_ reward. It’ is assuméd that only a small fraction of 'the 50

pathwayd, in the bundle plays a role in brain stimulation reward.

AN o 1

' The fibers that are beth directly‘.activated and
revard-relevant are of parti'c‘ular interest to brain stimulation
reward specialists, ‘A convention has been established to refer
to these neurons as the /@t-;tage.neurdng. of brain stimplation
reward (ballistel Shizgal, & Yeomans, 1981). The fibers that

- are indirectly (trans synaptically) activated by the first -stage
~neurons and reward-_relevant. are termed the segond-stage neurons,
The numbet of stages in the xtectianism*for brain stimulation' '/

revard is at present unknown. The present thesis deals only with

7 e gt o o

Considerable attention has been given to the

the first- stage neurons

conceptualization of the first-stage neurons. It must be
emphasized, however, that the first-stage neurons for brain

stimulation reward are not necessarily the first-stage neurons

" for any.other phenomenon.. It may be that the neural circuitry
underlying brain stimulation revard shares common elements with

that of food reward however, this does not mean that the L

fi/r'gt-stage neurons of'these respective systems are the sam}a.
,’T;\e first-stage neurons for brain stimulatiori reward originate in
’ theqdepths of the brain, whereas the first-stage neurot\s for food

reward ori:g,inate in the periphery and are activated by th}' taste

of food. The first-stage neurons.for-food reward are quit<:e a

-
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possible that: the third- stage or the foutth\ntage or even ‘the

.fi.fth stage neurons of food reward correspond t:o “the first- stage .

. respective rewarding event. For the purposes of the pres;;zt . *

* nedial forebrain bun&le brain stimulation rewdzd.

whexeas other approaches or methc;ds only have in their capacity

LY .
distance, in terus of the pachways thac nerve impulses follow, . .~ ¥

fron ‘the first-stage neurons of Prain stihulation reward‘ Lt) i\"

neurons of brain ‘scimlntion reward. Thus the varigus "stages” N _/

of reward ciréuitry must be identified wich‘iespgéc to the

thesis, the first-staogemneurons of primary 1nteres:(are those of . a0

. ‘) &
Several different approacl?s have been taken to understand
. . ' | t o
vhich elements comprise the mechanism involved in brajin : -

stimulation reward. These approaches includg‘nethods useds in ‘ L

pharnacology, anatomy and electrophyaiology The degree to wh%
these methods have been useful in distinguishing between the —4 ’

various elements that comprise the mechanism of brain stimulation

reward has varied.” Some of these methods have in their capacity o

the ability to specifically characterize the first-stage neurons,

the ability to suggest a global involvemeng of some element in

the mechanism of brain stimulation reward. . N ke

*

" ‘ “ a,/ ©

A pharmacological gpproach has been used to ‘determine which
-

neurochemical systems are involved in medfal forebrain bundle
N ! ,

w - 4

brain stimulation reward. The medial forebrain bundle includes

-~

~

by : . . .
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§ Q fibers that contain such neurochenicals as dopamine and

norédrenaline{ (Niéuwehhuys et al., 1982). Should any 6f 7

these chenicals be iantrinsically involved in.medial forebrain
bundle brain stinulétionn rewvard, then its gotentiation or
nt_ten;mtion nhould'rest‘xlc in h"\éro;mes and decpas_es- in the
revhrding impact of braid stimulatitn reward, respectively. ', *
The first major‘ thec:retical framework' within which specific .
r;eurotrammitteme linked to t:h'e mechanism of brain : .
| séinulation reward comprised the var‘iousl catecholamine
theories (Steim, 1964; Dreese, 1966; rCx.'ow,~:1972n; Lippa,

‘Anté,lnan, Fisher, & Canfield, 1973; German & Bowden, 1974). ‘ A

(*

' Early studies demonstrated that drugs which impair the \ : =,

functioning of catecholamine-containing neurons (dopamine and

ﬁo.:;adronaline) generally disrupt self-stimulation, whereas drugs M
a -
which enhance the functioning of these neurons -enhance

0

self-stimulation (Olds & Travis, 1960; Stein, 1962; Stein,

964;: Poschel & Nintaman, 1966). The drugs that were pset‘i‘ in

these studies 41d hot act select::l\;ely on either dopaminergic or® ‘
© noradrenergic neurons and tl}us‘did not indicate which'class of
;neuron was Aivolved in brain stimulation reward. The ?ievelopma:n{: L ‘
'of drugs that acted more selective{y on either dop;mtnergic or

noradrenergic neurons and the discovery that both noradrenergic

and dopaminergic n.e:utons are found within the medial forebrain , 4

bundle led to two variants of the catecholamine theory--the

+ 4 v
N . s
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noradrenergic hypothesis and the dopaninerglc hypothesis. )
The no;:adtenergic hypothesis suggested that the first-stage

neurons involved in brain stimulation reward contained
‘noradrenaline as their g&agnitter (Stein; 1962). Various
_investigators ei}mined the effects on self-stimulation of drugs
that selectively interfered with the synthesis of noradrenaline.
Noradrenaline synthesis 1is ‘inhibited by drugs that block the

enzyme, @opmine-be‘ﬁa-hyglrol&ylase, ‘which converts dopamine into *
noradrenaline. Two such dopamine-beta-h);dtoxylase inhibitoxs . |
(disulfirut;, diethyldithiocarbamate) were shown f:o Idecrease

t’esponding for brain stimulation in rats (Wise & Stein; 1969;

Wise & Stein, 1970). This decrease, {n responding was reversed

when l-noradrenaline was infused into the lateral ventricles of

N

these rats (Wise & Stein, 1969). -

Y *

Interpretation of the effects of noradrenaline synthesis

inhibitors on brain stimulation reward was not clear, however.

Some \investigators maintained that the decrease.in rcspo.nding for s

brain st'inuln‘tién reflectéd a decrease in the rewarding impact of

the electrical stimulation (Wise & Stein, 1969), but, the only !
response measure used in these studies was rate of lever

pressing. Rate of lever-pressing can be altered by a variety of

drug effects, including motor incapacit:tionf, illness, sedation,

-

or epileptic seizures. This being the case, many drugs are

' likely to decrease the rat's rate of lever pressing without

-
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e necessarily altering the rewarding val‘ue of thg atimu%ation.

‘ R_uil. (1970) has argued for such an interpretation of the effects
on brain stimulation of noradrenaline synthesis inhibitors. 1In
support of this argument, Roll fepotted‘thnt\ disulfiran-treated
rats increased the frequency and dura::ion of pauses between
periods of active lever pressing for brain stimulation. During‘
these¢ pauses, she observed the rats to be sedated or asleep. If,
after a certain period of time,\ rats did not continue responding,
Roll picked them up and placed them back at the bar; they
ggnerauy resumeéd responding for a shox':t period of time, at a
rate that wa‘s comparable to that of nonfdrugg‘ed rats. The fact
that response rates could ‘resume to normal if the rats were
arou;ed suggests that noradrenaline synthesis 1nh1b11ti\.on—neraly
‘sedated the rats but did not alter the revarding impact of” ﬁxe

. {
stimulation. More recently, additional drugs (FLA 63 and P

U-14,625) have been developed-which interfere with the gynthesis .
of dopamine-beta-hydroxylase. These drugs do not decrease
responding for brain stimulation reward (Lippa et al., 1973;
Cooper, Cott, & Breese, 1974). Thus these d't;:lgl neither at;{:'ect
the rat's performance capacity nor the rewarding impact of brain
:tlmula\tion. The lack of response decrement f;llovgng FLA 63 and
U-14,625 treatment on the one hand is 1ncon#st\ont vith the
presence of response decrements 1;rodnood by disulfiram on the

other. All of ‘these drugs are dopamine-bata-hydroxylase

inhibitors, yet only disulfiran has been shovn to decrease

responding for brain_—'gtmuliéio‘ﬁ. The discrepancy between the ©

Lt
~ >

i . F
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findings of Roll (1970) on the one hand zhd Lippa et al. (1973)
an& Cooper et af: (1974)‘op the other makes it diffiéult to,
summarizé the effects of noradrenaline synthesis inhibition on
. . lever pressing perfornanc;,lbut it seems safe to conclude that
this inhibition does not, by 1tse1f,,sién1f1cant1y alter the
réwarding impact’of the stimulatjion (Roll, 1970; Lippa et alt,

N

1973; Cooper et al., 1974).

Another class of‘drugs that has been used to assess the
involvement of noradrenaline in brain stimulation reward is the
class of noradrenergic receptor blockers. Selective blockade of
centésl beta~nqyadaenergic receptors with propranolol has no
effect on self-stimulation (Hastings & Stutz, 1973). In
contr;at. drugs that selectively block alpha-noradrenergic

.,

receptors (phentolamine, phenoxybenzamine) do decrease responding

for b;ain’st;mulation (Hastings & Stutz, 1973; Rollas, Kelly, &

!

Shaw, 1974; Zarevics, We#dley, & Setler, 1977; Fouriezos,

-

Hansson, & Wise, 1978), however, these response decrements

' appear .to tef{ect sedative effects or perfornance deficits
b (Fouriezos et al., 1978). Fouriezo; et al. (i978) examined réé;
that.heté treated with varying doses of.phenoxybenzamine and *
' " observed signs of general malaise; rats exhibited symptoms such
as ptosis, bradycardla;.piloerection, and hypotonia. .

It can be seen that the response decrements observed

¢ . }
following alpha-noradrenergic receptor blockade or' ollowing

.

-\
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disulfiram treatment are similarly due to peffdmnce dai:icit:s

resulting from non-specific’ side effects of thése drugs. The . '

\
\

decreafed responding for brain stimulation is not due to a
specific inhibition of reward. The work by Lippa et al. (1973)
and Cooper et al. (1974) lends supports to i:hil conclusion in

that there were no performance deficits nor reward deficits

' observed following treatment with more selective noradrenaline

sjmthuin inhibitors, suggesting that more selective inhibition
of noradrenaline has ro effect on medial forebrain bundle brgin

stimulation reward.

The dopaminergic hypothesis suggests that the first-stage

‘neurons o‘f_brain stimulation reward contain dopamine as their

transmitter. Several investigators ex&inc'd the effects on brain
stinulat:ion‘ reward of drugs that selectively block dopamine’
receptors. These drugs have been coﬁy referred to as kg
nkurol;pticl. Treatment with neurocleptlcs has besen shown to
decreaséd responding for \buin stimulation rewvard (see Wauquier,

1976 for review). Several nesuroleptfcs have besn tasted,

including pimozide (Fouriezos & Wise, 1976; Ftlnklﬂin & McCoy,

cncr! -~

1979), spiroperidol (Rolls et al., 1974), haloperidol (Phillips;
Brooke, & Fibiger, 1975; Fibiyr,_cartor, & Phillips, 1976;

" Gallistel & Davis, 1983), butaclamol (Fouriezos et al., 1978) 5

-and clozapine (Gallistel & Davis, 1983). In general, the

effectiveness of thege drugs in decreasing responding for brain “

]

stimulation is proportional to their affinities for dopmini -

,f”'.

223




A . , . RV . v o '
. s . - » RN, . . . s
. S w ' v R ¥ P e . ,
. . DR K ¥ Sr o Spe - . .
! . ‘ t LA s A i w0 N - . '
- . P . B Y h . -
. & . F Lo ' - LI f
> “ .S M sy ’ . . . '
- ' k. g . . FETN
‘ . * PR i LT £ . o v
g [ R "
‘ N ¢
- .
o

!

a

receptors of 'the D-2 type (Gallistel & Davis, 1983).

L

While the work with (neuroleptics strongly supports a

dopaninergic role in the brain stimulation rewardl mechanism, the

nature of this role has been seriously questioned. Since '
dopaminergic neurons play a role in motoric output of behavior,

the question has been raised as to whether response decrements

folloving neuroleptic administration result from motoric
impairments imposed upon the rat or from reward decrements. ‘
There are several investigators who have shown that neiiroleptic
treated rats aradnot motorically incapacitated as to pfeclude the
noxnial output necessary to respond for brain stimulation.
E"ourlezoa and Wise (1.976.) showed that neuroleptic treated rats
decrease their responding for brain stimulation in an

. ..

extinction-like pattern, where responding is normal at the

a

beginning of the session and decreases or ceases as the session e

proéresses. Once the rats ceased to respond, tt;ey vere removed'/
from the test box for amten-minute petiod. Upon being replaced
in the test box, the-rats showed spontaneous recovery of ‘
responding. The fact that these rats showed spontaneous reco_veryl
of responding at different 1nter\'ral‘s throughout Athe sesfion
confirms that the neurolepfic treatment given does not
notoricall.yv incapacitate the rat. Other work has ‘shovm that
neuroleptic treated rats will reinitiate responding.for brain
1;tim;latidn only upm"n presentation of a light that was paired

with the availability of brain stimulation reward but not upon

11
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presentation of another light that held no- association with

reward (Franklin & McCoy, 1979). Using a wider range‘of

neuroleptic dosages and stimulation intensities, Zarevics and

Setler (1979) showed that thmal output of responding could

‘be maintained after neuroleptic administr;tion if the current

intensity of stiml].ation‘ was raised. The higher the neuroleptic

dosage glven, the more current was needed in order to mair:tain |

normal responding. If the rats had been motorically

incapacitated, a décrease in responding should have been observed
Yegardless of the stimulation intensity given. However, normal

response capability after neuroleptic-induced cessation of

responding was observed upbn increasing the current intensity.

Other demonstrations of normal response capability are based\ on

studiesl showing task-specific extinction. 1In these studies, rats

’ ';respond for brain stimulation in two different paradigms. - . | )
| Different tasks are lea;:ned in each of these paradigms. The rats LN_

are tested in both tasks following neuroieptic administration.

After rats cease to respond for’brain stimulation reward in the

first task, they are removed from the apparatus and ce;ted {n the

second task.' Reaponding is nor;lal at the beginning of this N
second test session even though these rats c\a\nfﬁpond in g
the first task. Thus the response decrements observed following

neuroleptic treatment appear to be specific to the response being

carried out but do not generalize to other responses (Beninger > i
& Freedman, 1982; Gallistel, Boytin‘, Gomita; & Klebanoff,

1982). : o
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It appears safe to conclude that neurolepi:ics do not . . -

<« Kiﬁ’
v N

N R
necessarily impair the performance capacity of rats. The studies

described show that neurcleptic treatment results in response

decrements that are suggestive of reward deficits. The evidence

is strong in support of dopaminergic involvement in brain

stimulation reward. Pharmacological studies of this sort,
\ .
however, give us no indication whether dopaminergic neurons are

~

part of the first-stage neurons of the brain stimulation reward

mechanism.

k]

a

Another major apprt;ach that has been used to determine the
various elements involved in the mechanism of brain stimulation

reward is the examination of the effects of various brain

lesions. Lesion can be'mad; in several ways including fiber ¥ ‘ /

damage, cell body damage and nerve terminal damage. Several
investigators have used the lesion approach to further determine

the nature of the 1n*:rolvem9nt of catecholamines in brain

stimulation reward, . %

%

Those investigators who were particularly interested in the
noradrenergic hypothesis selectively destroyed the dorsal or the
ver}tral noradtenergic systems. Neither ipsilatéral nor bilateral
destruction of the noradrenaline-containing cell bodies in the

locus coeruleus attenuates elf-stimulation when elec‘troq;e_ tips

are in the dorsal noradrenergic bundle (Clavier & Routtenberg,

~ -.’a -
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1976). Llesion to the dorsal noradrenergic bundle had no effect

i
£ on responding for stimulation in the locus coeruleus. This was

assessed in two studies. One study exaniqu the effects of

bilateral dorsal noradrenergic bundle infusions of

6-hydroxydopamine (6-OHDA), in doses that cause selective
destruction of caqacholamine:containing neurons, on respondinhg

for stimulation in the locus coeruleus. The lesion had no effect

on locus coeruleus self-stimulation despite resultant cortical

n&repinephrine depletions of 97% (Clavier, Fibiget, & Phillips,
1976). The fact that cortical ;orepin@phrine was depleted to t
AR I - ‘ 97s, confirms that the dorsal noradre;etgi; fibers were
destroyed; all cortical norepinephrine is thought to derive from
the terminals of the dorsal noradrenergic fibers (Ungerstedt,

. 1971)7"In a secopd study, electrolytic lesions of the dorsal . 11}

noraérenqrgic bundle resulted in no change in locus coeruleus -

ett, Skelton, & Wise, 1977). The ventral
noradrgnergic system was also assessed for its pqgs{blod
involVenent in medial forebrain bundle brain spimulation reward. ﬁ
Lesion to the ventral noradrenergic bundle failed t; disrupt »
regponding f?r stimulation in the dorsal .tegmental bundle‘
} (Glavier & Routtenberg, 1976). ) : Qé
, . _ * '
In summary, lesions to the noradrenergic cell bodies in the

locus coeruleus do mot disrupt medial forebrain bundle
a4

self-stimulation; lesions to the ventral noradrenergic fibers do ‘

iy not disrupt medial forebrain bundle self-stimulation; and lesions \

\
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bundle, originates from the substantia nigra and ascends .

to the dorsal noyadrenergic fibers do not disrupt ’ \
self stimulatiogh vhen electrodes are implanted in the locus
coeruleus. us noradrenergic neurons do not appear to p@a-

a

necessary role in medial forebrain bundle reward.. These findings

. are consistent with the pharmacological studies already discussed y

that have also failed to reveal any role for noradrenaline in

medial forebrain b\;ndle brain stimulation reward.

'I'n coﬁtrast, sev'eral workers have shown that lesion to the /
dopaminergic sys'tems has a disrup;:i/)ve effect on self-stimulation
in the medial forebrain bundle. There ;rc two groups of dopamine
neurons in the midbrain that course rostrally to join the fibers

of the medial forebrain bundle. One group, the nigfostri'atal

rostrally to. terminate in the cludate-i.\utgmen. The second group, ‘ -
the mesolimbic projections, ori'gimtet primarily from Atha ventral.
tegmental area in the midbrain and ascends to t':emino\.te in the
nucleus accumbens, olfactory tubercle, septum, bed nuclets of the
stria t‘erninglis,* amygdala and vari®us cortical ;rcas. Lateral

hypothalamic ulf-s.:tiuulatifm is disrupted when 6-0&\% 1s . g
unilaterally administered into either the ventral tegmental area

or substantia nigra (Koob, Fray, & Iversen; 1978). In order to

rule out the Npouibility of a performance defici,t, two electrodes
were implanted: one into the hemisphere :lplﬂateul to the lesion

14
and another in the hemisphers contralateral to the lesion.

v

Ipsilateral self-stimulation vas disrui;ted for the full duration

of poat lesion testing, whereas contralateral self-stimulation




‘performance deficits following the lesion,

16
vae initially disrupted but-was followed by full recovery of
responding. The response decrements observed froi the
contralateral electrodss were assumed to reflect general
The results suggested
thatjﬁgianinergic neurons are important in the mediation of
nediail%é}ebrain ;;nale brain stimulation reward since the lesion
critically decrease@ '1psiiatera1' reepohding for a longer
duragion as compared'co 'contralaterei' resﬁending.

Bilateral.caudate self-stimulation was decreased after
6-0HDA lesion to the subistantia nigra, however, self-stimulation °
from the contralateral hemisphere recovered feeter than
self-stimulation fron the 1psilatera1 hemisphere (Phillipa,
CarCer, & Fibiger, 1976), suggesting thét dopaminergic cell
bodies in the substantia nigra are ilmplicated in caudate reward,
Other data have not been supportive of ‘a dopaminergic role in
brain stimulation reward. Unilateral substantia nigra
self-stimulation was equally disrupted by ipsilateral and
contralateral lesions to tﬂe caudate nug}eus Eﬁlevier &

Fibiger, 1977). A unilateral lesion.to the substantia nigra =~ -

resulted in self-stimulation decrements when\elecsro&es were D
bilaterally implanted into the lateral hypothalamusg (Farey,

1982). " Bilateral recovery of self-stimﬁlatieh occurred .at tﬁe'

same time. It was suggested that the dopaminergic system .
interferes with self—stinuiation by producing a motor eeficit as

opposed to a reward deficit. Another study suggesting that

-

X
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dopamine does not play a role-in brain stimulation reward has

shown that when bilateral ablations are made to the dopamine
terminal fields, rats are still capable of parforﬁihg movsuents

to obtain brain stimulation reward in the lateral hyghthalamus
&

(Huston & Borbely, 1973). Thus, les;ona of the dopaminergic
N

4 .
terminal fields do not produce the major effects on

>

self-stimulation thatAwould be predicted from the dopnmigp

hypothesis. In summary, there are some lesion studies that tend -

#

medial forebrain bundle brain stimulation reward. These studies

to suggest some importance for dopamine in the mediation of

" do not, however, -tell us anything about whether dopamine is

involved in the first-stage rather than at some later stage in

the mechanism. ) -

-

L]
o -

The phariacological and lesion studies that have been
reviewed do not indicate whether dﬁpam%n?rgic fibers are directly
;étivated in medial forebrain hpﬂﬂlg brain’stinuLation reward.
Although dopamine appears to play” some role in the mechgnism of
brain stimulation, it is.quit‘:,}a”ssible that this role is not in
the firéc-stage of the process.. There are two methods that are
capaﬁie of distinguishing between tﬂe vari;u; élements that‘are

involved in this.-mechanism. These methods include anatomical

- mapping and behavioral electrophysioloy.

L .;5 .
% N
Several workers have systematically compared the rewarding

-

effects of stinuthion at different anatomical gites in the brain
" i ;

e .
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(Bruner, 1967; Crow, 1972b). The early mapping studies indicated
that ;:hera are either multiple first-staga‘neurpns--in a wide
range of regions--or that the first-stage neuro;ts have long axons
that traverse a number of nuclei. « - v S

- o

The anatomical location of ‘brain stimulation reward sites in
the early iapping studies were found in and around the medial
forebrain bundle. The discovery by Ungerstedt (1971) that

catecholamine fibers follow an ascending 'cougse in the rat braip .
% o .

". ahd are located within the medial forebrain l;undle, influenced

i . - .
qubsequent'map%.ng studies for brain stimulation reward. More

recent mapping studies were specifically designed .to test the

p »

‘hypothesis of vhether the boundaries of the first-stage system

L 4 .
involved in brain stimulation reward. correspond to the boundaries

N

of the catecholaminergic ngurons. If the catecholaminergic

neurons wgie the first-stage neurons of medial forebrain bundle

o

reward, then a close correspondence between the reward system and

v

the catecholamine systems should be observed.

&y

One technique that has been used in anatomical mapping

£y . V4 "
studies is to implant each rat with a moveable electrode that can

ered to test up to sixteen sites in the dorsal-ventral

When' testin .nultiple sites in each rat, the

dorsal>yentral distribution of the boundaries of the reward

 system can be estimated and the ‘degree of ﬂomogeneity between

N a

sites can be asgcertained. . -

v
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ks . Investigators who vere :lnt:Ke::ii in determining whether

e i noradrenaline was crit:’ically involved 1in med,ial\ forebrain bundle
brain stimglation reward, implanted movejble electro#@?«? “Ehre”.
region where the dorsal noradrenergic fibers are found (Corbett
& Wise, 1979). The dorsal noradrenergic fibers course

rostrally among the fﬂ‘:ers’of the medial forebrain bundle. When
behavioral testing was :con:pleted. the anatomical sites that’
sustained self-stimulation vere verified, by fluordscence’a
‘histochemistry, for thelir con;ribution to the ascending
noradrenergic system. This study showed no correlation between
‘the locus of the boundaries for thée rewarding si‘i:es and the
Aboundaries of the noradten‘ergic‘fibers. Nor was there any
correlatioh found between the density of the fibers and the
4goodness or threshold of the rewarding stimulatfon. The locus
cc;eruleus, the site of origin for :hg dorsal tegmental

PR noradrenergic system, ‘was mapped for self-stimilation in 12 rats.

. ~
.. _ Brain stimulation reward was observed in one of these rats even

vy -

though no consistent relationship was evident between the density
of noradrenergic cell bodied and peif-stimulation sites. The
remaining eleven rats did not éelﬂ;f-s.:imulate,despite the fact
that multiple locus coeruleus sites were tested in each rat. In

q\greement with pharmacological and lesion studies, these data
i

demonstrate that noradrenaline does not comprise a component of

°

the first-stage neurons involved in medisl forebr{a}n bundle brain
A

stimulation reward. P - f\\’ _
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Anatomical nmapping “s‘tudies of brain stimulation reward sites

in rclatién to the dopaminergic cell bodies in the substantia

L4

nigra zona compacta, zona reticulata and the ventral tegmental

area (Corbett & Wise, 1980; Wise, 1981) followed the same .

. \ )
procedure as that used in the noradrenergic mapping: study.

Moveable alectrodés were implanted into the regions of the

dopaminergic cell bodies (substantia nigra and ventral “tegmental

-

‘area) and of the efferent fibers of the dopaminergic systems.that

course rostrally from these cell bodies among the fibers of the

medial forebrain bundle. All region& that supported \

/..«—""3 N .
aelf;&imlation vere within the boundaries of the dopaminergic

L . : . )
cell bodies in the substantia nigra zona compacta and the ventral

tegmental area and efferent fibers as revealed l:;y fluorl‘escencq
histochemisgry. Self-stim{xlation was not observed when electrode
tips were dorsal or ventral to these cell bodies. The caudal
portions of these cell bodies did not sui:potjt: self-stimulation.

S / Y
The medial-lateral boundaries of the dognﬁi’norgic cells in these

Qreas were found to correspond with the lateral boundaries of the

brain stimulation revard system. These results strongly suggest

dopaminergic involvement in medial forebrain bundle brain -

.

stimulation reward.

Subsequent anatomical mapping studies of brain stimulation
reward attempted to understand whether the involvement of

dopamine w%s at the level of the first-stage or at the level of

dopaminergic n“mg‘ons lying efferent to the‘ first-stage fibers.

f.

. ’ o o
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‘ Ti\e regions of }he dopaminergic terminal fields were mapped for
sensitivity to brfin stimt;latio;x reward (Prado-Alcala, Streather
&, Wise, 1984; Prado-Alcala & Wise, 1984). Moveable electrodes
were implanted into eight regions of the caudate ‘nucleué, four
reéions of the éeptal area, tﬁe amygdaloid complex, nuclleus )

&accpmbens, olfactory tubercle, pyriform cortex, medial an;l sulcal
i)tefrontal Ycortex as well as in the e;torhiml cortex. Brain

stimulation reward waé found in:all of these dopamine-containing

regiots, hovever stimulation was also rewarding at sites in the

\.\\ \.:y}daloid complex and the olfactory tubercle in areas that did

not' contai‘n dopamine terminals. Fiurt:hermoré?, stimulation wa; not
revarding in some o§ the dopan‘ine-contain}ng terminal' regions.
In sharp contragt:‘tt; the work involving ‘dbpami,ne cell body
regions (Corbetg; & Wise, 1980), these studies revealed no

relationship between dopamine-rich regions and sites that

supported brain stimulation reward'. It was concluded
revarding brain stimulation in the dopaminergic regions Ytested is
not due to the direct activation of the dopaminergic terpinals;

&

the dopaminergic neurons do not comprise the first-st

4

neurons

"involved in brain stimulation revard.
Brain stimulation reward has been mapp d in some port:iims of

the medial forebrain bundle, between the regions’ containing the

dopaminergic cell bodies and .the dopapinergic terminals. Several

sections of the hypothelamus have been examined for involvement \—-.

in brain stimqlaéion reward (Corbett @ine. 1980; Gratton &




- Wise, 19&3) Stimulation was rewarding when ‘electrode tips were

~

i in a honogeneous region of the medial forebrain bundle at the
\

level of t:he lataral hypothalanua with the lowest thresholds .
' \

being conce\trated in a discrete region in the middle of the

‘medial forebrain bundle (Gratton & Wise, 1983). The finding of

) small region containing low threshold values suggests that the

ir t;stage system involved in brain stimulation reward is a

single substrate with maximm density in the middle of the medial
forebrain bundle. This does not fit with the view that the
// / i ‘ fibers involved in the first-stage of \mediai forebrain bundle

brain stimulation reward are dopaminergic. The nigrostriatal

P -~

dopaninergic fibers are not found in the same region as the brain

stinulation reward sites and the mesolimbic dopaninergic fibers

N

©are too diffunely distributed throughout the medial forebrain ﬂ

bundle so as to »f1n.d a concentrated region of low thresholds

. J O
sites.

.
. 1]

"

Based on the anatomical mapping data, it has'been shown that °

- . p tho dopaminergic cell bodies bsar a jlose relat:io;\uhip to the
' sites supporting brain stimulation reward, however, the
" dopaminergic fibers at the levels of the 1areral hypothalamus and
the, dopaninergic terminal fields do.not:. "It thus becomes evident
\ that the dopaﬁinprgic neurons are not the first-stage neurons GF
\ involved in medial forebrain bundle brain stimulation reward.

Dopimiqergic neurons are rel:vant to the brain stimulation reward

system as is evident from the finding of a close relationship \

[}

,
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between the boundaries of the sites supporting brain stimulation
revard and the boundaries of the dopaminergic cell bodies. This
finding as well as the findings from pharmacolog'iéal st:udi’es
nakes it clear that dopamine does play an important
reward-relevant role. e mapping methodology mﬁes it clear
that this role is not fn the first-stage of the brain stimulation
rewarci mechanisn. D} aninergic neurons may be reward-relevant in
the second (Wise, 1981), third, or some later stage. Since the
nuzber of stages in this mechanism are at present unknown, itlis

-

difficult to suggest at which stage dopaminergic neurons dre

B /i}&o lved.

S
-

A set of techniques that are based on conventional
electrophysiology and psychophysics has been used to examine' &y
some of thea%eurt;pﬁyaiolégical and anatomical properties of the
first stage neurons 1nyo1ved in medial forebrain bundl.e brain
stimulation reward and has provided the brain stimulation reward.
spec;al.ist vith valuable information. These neurophysiologicql

‘properties include the reff;ctorj periods, the conduction
;relocities, and the direction' in which the first-stage neurons
conduct in order to transmit their reward mess:jige. The /

methodology used to estimate these neurophysiological prop‘e/ties

£ .
. involves the adnini@tration of trains of paired-pulses tedted at

) different interpulse intervals (the interval between the two

pulses\ in each .pair). The rat's frequency threshold (that
stinulaig.on frequency that elicits an arbitrary t of lever
(g .

“— ~,
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pressing) 'is estimated under these paired-pulse conditions. The
behavior observed under these ‘condition'n is then used to make
inference to some of the neurophysiological and anatomical
properties of the first-stage neurons.

! The administration of a single depolarizing pulse to, an axon

results in an action potential. Following an action potential,

there will be a pez::lvod during which a second action potential

"cannot be generated. This pexiod is referred to as the

fefractory pef“fzc’l“of the axon. The refractory periods for ' &

different axons can vary considerably.

Electrophysiologists have used the paired-pulse technique to
e:timate “the le’ngth of the refr;ctory“peri'od of single meurons.
The paired-pulse technique ca.n also be used to estimate the
refractory periods for the population or populations of
first-stage neurons involved in medial forebrain bun‘dla brain
atinul;tion r:'eward. Rather than et;til.lnt:in;gl~ these refractory
periods based on observations from recording st:'ud_ies, one can ~

estimate these refractory periods on the'basis of behavioral

inference. ' ) A

The methodology for estimating refractory periods for medial
forebrain bundle brain stimulation reward on th;g' basis of
b;havioral inference first involves the administration of trains-

of single pulses (Conditioning pulses or C pulses) .t:o find the

[
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ninimun stimulation frequency that will elicit some arbitrary
amount of lever pressing, yas defined by the experimenter. ,Tixe '
stimulation frequency that elidts this n::bitrary amount of lever
pressing is referred to as the frequené%r threshold and is used as
an indication of the sensiti.vit:y of the neural system to the
revarding impact of brain stimulation. The frequency threshold
un‘dar this single C pulse condition is later compared to the
frequency threshold observed ;.xndar the paired-pulse condition,
where each singld“ C pulse is now followed by a second single o .
puise (Testing pulse or T pulse). The interval ‘between the

adminitti;ation of the C pulse and the T pulse is referred to as

I3

. the C-T interpulse interval. &Und'er the paired-pulse condition, ] LT

the frequency threshold is determined ac}:osé a range of C-T —
intervals ranging from short to long. Each single C pulse will
elicit an acuoﬁ potential that will be followed by a refractory
period. The length of thd.s refractory period nmay be inferred by
deteirmining the range of C-T interpulse 1nterv wherein each T

N v

pulse becones effective .in eliciting a necon’a action potential

When the caT interval is very short, -.uch that each T pulse, is
admilnist‘rod while all Fhe firu:-stage neurons gre refractory
f{'on the pteceding c pulie. the T pulsés.vill not Qe effective

(zero effe t:ivemu) in elictting action potantiul&ﬂnpondin’g

£or trains of paired-pulnu at this short C-T mp‘rval vill be

]

" gimilar to responding uqder the single C pulj;—condit:ion and thus : ’

4

the frequency threshold observed under this paired-pulse —

' ~condition will not differ from the frequency. threshold, ébsexrved

#
7
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under the single C pulse condition.

-
- [N
4

I£f, however, the ir;terpulse {nterval is sufficiently long
-such that each T ‘pulse is aq-inistered after all of the
first-stage neurons have recovered from refracto;iness from the
preceeding C puzlse, the T pulses will: be 1008 effective in
eliciting ac‘:’tion potentiais. Resbonding for these trains of
paired-pulses at this long C-T interval will not be the same as
responding for trains of single pulses. The frequency threshold
qbseﬁed'mder this paired-pulse condition st‘x\ould ’decrease by
one-half 'fron: the single pulse condition‘; half as many
pairéd-pulses should elicit the same fre‘quency‘thrashold as a
gi;ir‘e‘n m_.mber of single ‘pula‘ses. |

Iz

)

Between the very. short im:e‘rpulse ihterval te.s‘ted and the
long )nterpulse interval tested, the e?:perinenter nay ‘tejst: as
nany‘int:erpulse intervals as is desired. The effectiveness of a
T pulse in eliciting action potentials 1s assessged at)eacho of
these C-"l; intervals. The effecqtiveness of the T pulsq'ix‘l

eliciting act:lpﬁ potentials will increase as the G-Thinterval

lengthens. The perce.m':age of T pulse effectiveness at each Cc-T

o interval tested, reflects the p‘ercentage‘of neurons that have

recovered from refrgctorinbss after the C pulse and will now fire

- -

in response to the T pulse., It is assusied that the percentage of "

‘T pulse effectivene‘u‘eat each G-T interval tested is equal to the

. "percentage of contribution of first-stage neurons which‘have

;
r‘ ‘. . ‘(\

¥
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refractory periods shorter than the tested C-T interval. Since

the refractory periods within a population of ?eur;ms,vary, there
will be a range of refractory period estimates. This range of)
refractory period estimates will take a sigmoidal sl;ape. The
rofractory‘p;rioda for the fir_st-stage neurons. of medial
forebrain bundle brain stinulgt;ion rewvard range from 0.4-2.0 .
msec. (Yeomans, 1975), In comparison to. known catecholaminirjiy,-
cell body refract:ory"period estimates, it appears that the
first-stage medial forebrain bundle fibé;:s “may not comprise a
catecholaminergic component since catecholamir;e cell bodies have
refractory periods that are longer than 2.0 msec. (Guyenet &
Aghaj an, 1978; German, Daisass, & Kiser,, 1980) .

'Ifhe pairec};'pulsé technique can also be used to estimate the
conduction velocities for the first-’;;;ge néurons, o}:' medial '
forebrain bundle brain stimulation reward. In order to estimate
the conduction .velbci‘ties, a'connection between two electrode
sites in th; medial forebrain bundle must first be established.
This connecti;m may be established a's follows. When trains of.
paired-pulses at.e adnministered to two electrodes (the C pulse to -
one electrode and the T pulge to the o'therl electrod'e) that are

located in the same fiber bundle, each pulse will elicit an

action potential t:ha't will bropagate in the direction towards the

terminals (ort:hodroxhic;lly) and in the direction towards the cell
body (antidromically). If a very short interval is given between

the administration of the C pulse and the T pulse, then the



orthodromic aétion potentiilﬁsfton the C pulse w‘;lll collide with
the antidromic action potential from the T pulse (under the '

condition that the C pulse was placed afferent to the T pulse).

The orthodromic action potential from the T pulse, however, will

reach the synhapse. This can be behaviorally inferred by looking .

at the frequency threshold. Under conditions in which only one
orthodromic action ‘potential reaches the synapse, the frequency
threshold with paired-pulses is no different than when single“

pulses are adninia‘t‘?red to one electrode site.

If‘, howvever, the interval between the administration of the
the C pulse ;nd the T pulse i.tl~ sufficiently long, then the
ofthodronic action potentials from both the C pulse and the T
pulse will reach the synapse. Since the C p\f‘lsa‘ will have

propagated past the second electrode site before the T pulse is

‘administered, ¢ollisfon will not occur. Two orthodromic action

potentials will reach the synapsoi and will be twice as effective
as when one action potential reaches the synapse. Under timese
condftions, whe;x two orthodromic action potentials reach the
synapse, the frequency threshold with paired-pulses will be.
different than when single pulses are administered to one
elﬂ‘ekxctzrode. The rat's fr;quency threshold will decrease by
ox{e-h&lf . Several C-T intervals are tested to find the range of

intervals at which collision will occur.

T
R




" threshold) is referred to as the collision interval. This

Once collision between two: n:ltqsl in the bundle is
established, the conduction velocities of the ﬁtnt-ntage neurons
can be estimated. The minimal interval at vhi®h no collision .
7 v F

occurs (as inferred behaviorally from the observed frequency

'cgllision interval minus the refractory period is taken to
reflect the conduction time of the first-stage neurons or the
time it takes for one Aétion potentinl” to propagate past the
second electrode. The conduction velocity can then be estimated
by dividing the im:e‘relactrode distance by the conduction time.
Biglajew‘and Shizgal (1982) hav; estimated that the conduction
velocity for the first-gtage neurons involved in brain '
s:timulation‘ reward ranges from 1.0 - 4.5 m/s. These ct;nduction
velocities are 1nconsistent‘ with those of catech‘olgminergic

neurons which are reported to range from 0.3-0.9 n/s (Dalsass,

German, & Kiger, 1978; Guyenet & Aghajanian, 1978; Yim &

Mogenson, 1980). . T \
. ' . /

. e o
A two electrode technique has also been used to determine v ¢ ,

the normal direction of conductance for a major component of the
first-stage neurons that are aligned along the two electrodes.

Bielajew and Shizgal (1986) tested for the normal direction of

. - i

conductance for the first-stage neugn‘;\b’:’::n the lateral -
s P , » :

Al s ";
hypothalamug and the ventral tegmental are d demonstrated that : s




. .
a najor component of these first-stage medial forebrain bundle

neurons course- in a rostro-caudal direction.
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Pharmacological and lesion studies have provided information

. regarding the fnvolvement of dopanmine in brain stimulation
. rewa.rd‘. Th; pr_‘ecinlﬁ location of this dopaminergic involvement,
Rowever, camnot be d_étemined with'the use of these
metflodologie‘s’. Both the electrophysiological method and the
anatomical mappir\g method have provided more relevant info;;mation
regarding t:h; first-sta;e neurons involved inj,m'edi.al forebrain
Lo bp:;dle brain stimulat;.or} reward. Elact:r‘ophj‘ysiological data have
xugg}sted that a portion of the {iut-ntag\e neurons are fast, |
myélinated', descending fibers th:t t:ralvcl through the later;l . (
® ‘ hyﬁothalamic area to the ventral tugnenta\l area, vi;thout ;n'y
.. ‘synhi:se in between these :a'ius (Gallistel, Shizgal, & Yet‘mans, ‘ ‘
1981). Bagped on these data it has been suggested that these |

first-stage neurons n;e not catecholaminergic. The anatomical ‘

M .
mapping method h::? provided relevant information regarding
~rons.

»

tt;e first-stage A‘ close corréspondenée has been
—--observed between ﬂ\ﬁ"boundarjées of the dopaminergic cell bodies < ‘
. in the ventrag .tegme'ntal area and/positive sites for brain
| ltimulatio;n reward, with ‘m.) positive sites observed caudal to“the ; -
ventral teguantgl area (Corbett & Wise, 1980). No close ' |
e corrhspondﬁx’g relationship, however, has been observed betweekth\e{
frontal cortex, nucleus dccumbens, caudate nucleus or olfactory
tubercle and positive sites‘ for i)rain stimulation reward /
(Prado-Alcala & Wise, 1984). ‘

’



The present fxwestigation

Since éollision has beanjo{md be'tween the laterai

hypothalamic area and the ventral tegmental area for a portion

of the first-stage neurons, then perhaps these neurons originate

from some region rostral or dorsal to the lateral hypothalainus.
It has already been shown that this rostral or dprsal region 1is

not. compatible with the regions of the dopaminergic terminal

flelds (Prado-Alcgla et al., 1984). As well, no sugm\

a rostral boundary ofq revard was observed at the level of ‘the

lateral hypothalamic area (Gratton & Wise, 1983). There are

" several regions in the.anterior medial forebrain bundie, lying

,

) " . oy
rostral to the: lateral hypothalamic ared, that have not’been

P

closely ekamined for thei:—cort’a’spon&enca to brain stimulation
3

revard. -These regidns include the stria medullaris, anterior

hypothalamic area, the'mediai .and lateral preoptic areas, the

diagonal Band of Broca anti the medial and lateral septal

areas. . . )

n;

.
o n ¢ j

The prehentﬁ'eséarch att:enptesd to determine the anatomical

boundaries and homogeneity of brain stimulation reward in the’
anterior medial forebrain bundle. By using a dorsal-ventral
moveable electrode implanted at different medial-lateral

coordinates across the lateral region, this thesis provides )

detailed information on the x:mt:ougj of the‘first;stage neuro%s
@

T
~and gives an indication of pfie relative distribution of these

J -

- » ] \

I

~ 3
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. neurons. Since several sites can be.tested in each rat, )
] behavioral mapping of the brain with a moveable electrode
) ’ provides a greater resolution of the boundaries and of the
. regional specificity of the underlying reward system than'do
“ " e
studies in which one. site per rat .is tested.
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steel wire that was concentrically ~ggldm:ed to a male Amphenol
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METHODS . -
w
. ] . o
Animals : . . pd -~

Fort;y experimentally naive male Long-Evans rats were

individually housed in stainless steel cages. Food and water

were available ad libitum throughout the duration of the
experiment. ‘ ] .

—

Electrode Construction

. * .

The electrode consic%ted of 2 254um (in diameter) stainless !

pin. This pin was externally threaded with a 2-54 die and was o
screved .into a threaded nylgr: receptac]}e (10mm in length and 4mm

in diama;:er).‘ The 1electro.de lwire was coated several times with ;
Qife .insulating varnish-and w;ls’gakté at 400 3egtees c fo?: 20

minutés after each coating. The tip of the electrode wire was

4

. , i
filed until it was flat and the entire electrode was

microscopically checked for cracks in the insulation. Stopcock
grease (Dow Corning) was applied to the base of the nylon

receptacle. .

Surgery. ’ - .
Each rat was anesthetized with sodium pentobarbitol
(60mg/kg). Five stainless steel skull screws were screwed into .

the skull serving as an anchor for the electrode ‘assembly. A

stainless steel wire was wrapped around one of these screws to
ity .




'

. serve as the current return. The electrode was lowered to the

predetermined iuﬁlaq;ation coordinate. Dental acryl;ic cement was
molded around the electrode asse,mﬁly to hold it firmly in place.
The stopcock grease that was ap'plied t; the base of the
receptacle served to Oprevent: cerebrospinal fluid from rising up
the nylon\recept:acle to the uninsulated threads of the Amphenol
pin and to. prevent the dental cement from making contact with the
threaded part of the electrode tha;: was encased in the nylor
receptaclé. All ratls were given at least one week to recover

from surgery before testing procedures began.

Inplantation Coordinates

Implantation coordinate;: ranged from 1.0 sm to 2.8 mm in Fhe'
am:erior-posterﬁr plt;ne and from 0.25 mm to 4.0 mm in the medial
medial-late;:al plane. The interaural line wa‘s 5 mm b%low the }‘evel

3

of the upper incisor bar of the stersotaxic instrument. —~

Teéting Procedure

Rats vere tested .for sc\alf-;tlnulation in standard operant
boxes (28x28 cm) shat were cons'trugted of tl;ree stainless steei
walls and one piexiglass wall. A stginless steel lever protruded
from one of the steel walls. Stimulation was delivered to.the
rat each time the rat made a movement toward the lever. Rats
vere trained, by successive approximation, to approach and pgess‘
the lever. Each lever press deliveﬁd a 500 msec. train of 60 Hz

sine wave stimulation. A stimulation intensity was chosen that

would elicit high rates of lever-pressing. Rats were trained at




this stinmulation intansity to press the lever at a constant rate
across successive ten-minute sesalons. Rats were then tested for

self-stimulation at a.wide range of current intensities

(rate-intenaitj' curves). Stimulation current was first set at
the intensity at which the rat was trained to.lever-press. Rate
of lever-pressing was recorded for one minute at this intensity.

The current was then lowered by 2 uA and the rat was allowed one

minute to adapt to the lower current intensity. Rate of

lever-preasing was then recorded for one minute before the *
current was lowered again by 2 uA. Current intensities were X
successively lowered by 2 uA until the rat no longer

self- stimu]x.at:e‘d . :

°

~

Criteria for lowering moveable electrodes. . t

Rats were tested for self-stimulation at gthe first site for

. a total of 21 daily sessions. If self-stimulation was not -

1.

observed ther these sessions, the electrode was lowered to
the next site. It was concluded that stimulation at the first .
site was not rewarding. Training procedures resumed at the.next

L.
site for at least 5 days. If no lever-pressing for stimulation

was observed within these 5 days, the ‘electrode was lowered to

the next site where training was resumed once again for at least

“

5 days. This procedure was carried out until the electrode h '

\gvbeen lowered the maximal ventral extent, . .
& ﬁ

@ -

If lever-pressing for stimulation was observed at a

.
". x‘
.

’
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- ‘ parti;:ular site, rate-:intensity curves were determined on a dail-y
basis until threshold values across days were stable., Threshold
was defined as the intensity at which 10% of the rat's maximal

rate of lever-pressing was observed. The criterion for threshold
stability was no change in threshold greater than 6 uA. ‘When

thresholds had stabilized, tl{e electrode was lowered to the next
site and the procedure was repeated. This procedure was carried

. . :
out at each site tested,

L S 7 Histology o
"At the end of testing, each rat was transcardially perfused
with phyliologf(‘:al seline followed by 108 formalin Ey.lucion. '

Brains were removed and placed into a 95% solution of formalin.

Brains were blocked ;nd frozen 1:::r-dr:y ice before being placed
. into the cryostat. Serial 40 um sections were cut in the coronal \

- plane and thawed onéo glass sli¢es. All sections were Fraced y _i
from a projected .enlargenent. A portion of the sections was )
photomicroéraphed for verification of densely nyelinac;ad regions.
All slides were then stained.with thionij to allow for
differentiation between cell body-containing regions and fiber

tracts.

. i ‘
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RESULTS

»
[

Poaqtive sit;es for self-stimulation were found at each of

the anterior-posterior levels ltested in the anterior nedia’i )
forebrain bundle. These levels included 1.0, 1.2, 1.4, 1.6, 1.8,
2.2, 2.4, 2.6 and 2.8 mm anterior to Bregma (‘Pellegririxo and
Pellegrino, & Cushman, 1979). Positive sites were mor; widé]&y’#‘-

v dispersed at the more rostral levels than the more caudal levels.
At 2.8 mm anterior to Bregma, stimulation was rewarding at sites
as near as 0.25 mm to the midline and as far as 4.0 mm lateral to
the midline., ‘.In comparison,\\ at 1.0 mm anterior to Bregma,
stimulation was rewarding only at sites between 0.75 mm and 2.0
mm lateral to the midline. Stimulation giten are shown in‘

»

Figures '1l-4,

+
v

The relationship bétﬁeen response rate and stimulation
int:e°n§1ty varied depending ox; the sit)e at whicl'; stimulation was
delivered. The maximum rate of lever pressing ranged from 5 to /‘
15 presses per minute whén electrode tips were in the lateral
septal atea™(See i?i'gure 5), and from 20 to 100 preé;es per minute

when electrode tips were in the medi{al forebrain bundle (See

Figure 6).

4




;lever-préssing observed at each of these ltimulaatlon site

FIGURE 1. Histological reconstruction of stimulations®ites '

tested at 2.4-2.8 mm anterior to Bregma (Pellegrino, Pellegrino,
& Cusl%un, 1979). Numbers, on right side of the brain, indicate

tpa threshpld value (uA) obtained at each stimulation site.

Dots, on the left stde of the brain, indicate the maximum rate of
mm;\'\-/
‘ )
Dashes and open ¢ircles represent negative sites for

self-gstimulation. o 4
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_FIC{URE 2. ‘Hiltological reconstruction of stinulationrsit;es
tested at 1.8-2.0 m anteribg: to ﬁt;m (Pellegrino, Pelilegr:lno.,
& Cushman, 1979). Numbers, on right side of the brain, indicate
the threshold value (uA) obtained at each stimulation site.

Dotlg. on the left side o’f the brain, indicate the maximum rate of
lever-pressing observed at each of these atinmlacio;n sites.
Dashes and open circles represent negative sites for

self-atimulation. . )
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FIGURE 3. Histological reconstrgcti.on of séimula'tion sites
tes'ted at 1.4-1.6 mm anterior to Brengna (Pellegrino, Pellegrino,
& Cushman, 1979). Numbers, on right.side of the bratin. indicate
the threshold \:f;alﬁe (ua) ob.tai'ned at each sti.uulation site. '

Dots, on the left side of the brain, indicate -the maximum rate of

lever-pressing observed at each of these stimulation sites. B

2

Dashes and open circles represent negati%\sites for = *E

self-stimulation. \\.
4 ' N \‘






® . ’/ i .
FIGURE 4. Histological r:'econstrucgion of stimulation sites.

8 .
tested at’'1.0-1.2 mm mtetior to Bregma (Pellegrino Pellegrino,

& Gushnan 1979) Numbers, on right sida of the brain, indicate

t:he threshold value (uA) obtain%l at each stimulation gite.
Dots, on the lefc sidp{of the brain, indicate the maximum rate of

-1ever~prensing obnerved at:’ each of these ntinulation sites,

Dashes and open citcles mpresent negat::lve sites for o B

self -stimulation
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FIGURE 5. Mapping data for rat CP6. Left panel shows the
histological reconstruction of stinulaéiqn sites at 2.4 mm
anterior to Breﬁu. Positive sites are differentiated by

different colors and negative sites are illustrated with open

~

" circles. The right panelfshows the mean rate-intensity curve for

each stimulation site. Curves.correépond to stimulation sites on

the left panel by colors and by numerical symbols.
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FIGURE 6. Mapping data for rat €P9. Left panel shows the
:}%to}ggical reconstruction of stini¥ltion sites at '1.4 mm ;
anterior to Breg‘ma. Positive sites are differentiated by
differgnt: cqlors and n'egative sites are ﬂlustratt}d with ;pen'
circles. The right plnnel shows thé mean rate-intensity curve for

each stimulation site. ' Curves correspond fo stimulation sites on

the left panel by colors and by numerical symbols. e
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The stimulation t}u’es’hold, defined as the stinulat;ion
. intensity at whi;:h 108 of the maximum rate of responding was
observed, was determined for each rate-intensity function. These
thresholds ranged from 14-58 uA. There was no consistent
relatic;nship between the thresholds for responding and ;:h'e .,
maximun response rates associated vith different sites. 1In the
case of rat CP6 for example, high rates were assoclated with
high t:hresholds and low rates were associated with low thresholds
(See Fig(u:é 5). 1In the case of rat CP%, there was no consistent |
relationship l;etween maximum rate c;f responding and threshold;
the two low;st maximun rates of responding were associated with
_ the highest and lowest thresholds (See Figure 6). In the case of
rat AB25, low maximun r;ato;s were associated with high thresholds
and higﬂ ‘maximun rates were 'as’soc“iat:ed with low thresholds (See

Figure 7).

A total of 95 sites in the region of the stria medullaris . = [
vas tested for leli st:imulation (See Figure 4). - The densely ' -‘ cL0 B
myelinated tissue of the stria medullaris was easily discemable
in wet sections which were traced and photoographed fot"
comparison. . Thirty-three positi:we sites were fc;tmd in the stria s
nedullar_:ls'. The boundaries of reward s;tes‘ in the stria
medullaris were found to correspond with the dorsal and ventral
boundaries of the nyeiinated tissue of the stria nedullaris,.with

a

negati{re_sites found just dorsal and ventral to this tissue (See

Figures 7, 8, 9 and 10). The medial boundaries of regions

t
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FIGURE 7. Mapping data for rat AB25. Left panel shows the

X hist‘ological reconstruction of stinulatiot; sites at 1.0 mm h
'ant:er‘ior to Bregma. Positive sites are differentiated by
different colors and negative sites are illustrated with open
circles. The right panel shows tfe mean rate-intensity curve for
leach stimulatiot; site. Curves correspond to stim.tlation sites on

' the left panel by' coloxrs and by numerical symbols,
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FIGURE 8. Rat AB25. Photomicrograph of the coronal section in

g' which -the electrode track was visible. The tip of the electrode
!

? ' . was just ventral to the stria medullaris.
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FIGURE 9. Mapping data for rat AB24. Left panel showb\ thg
“histological reconstruction of stimulation sites at 1.0 mm
anterior to Bregma‘. Positive sites are differentiated by

- di.ffe:r:em:l colors and negative ﬁs,tt:es are illustrated wih open
circles. .'I'he right panel shows the, mean rate-intenéity curve for
each stimlatio-:; site. Curves correspond to stimulation sites on

f:he. left panel by colors and by numerical symbols.
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FIGURE 10 Mapp:lpg' data for rat AB26. Left panél shows the

histolofical reconat:niction of stimulation sites at 1.0 mm -

, anterior to Bregma. Positive sites are differentiated by

— . differex‘u:.colors and negative sites are illustrated with open
circles., Theé right panel shows the mean rate-int_ensity curve for
beach stimulation sfte. C\;rves correépor;d to stimulation sites on

. " the left. panel by colors and by numerical symbols.
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containing reward sites did not show good correspondence with thea

L4

nmedial boundaries of the myelinated tissué of the stria
l;eci;xllaris. For example, consider the most medial electrode
penetration thrc;ugh t‘:he ?tria medullaris. -I;onitive sites w.ere
found whe{x the elec::rode tip was in tl;e dorsal portion of the /
stria medullaris, whiie negative sites were found as the L
electrode tip penetrated the more ventx;al portion of tfxmrgia
(See Figure 11). One rat did not lever-press for stimulation in
t:hke ;tg:ia medullaris (See Figures 12 and 13). The most lateral
eiectrode penetration at the level of th? stria med;xllnris -was
still within the myelinated ::'eg:lon and was positive for .“, !

self-stimulation.

A

Stimulation was rewarding when electrode tips were in the
lateral preXtic area and the diagonal band of Broca (See Figures

1 and 2). e sites i{n the region of the lateral preoptic area

at which stim\ilatio; began to have reipforcing propett:l:s
corresponded with t':he dorsal portizon of the lateral preopéic
area. Stimulation was rewarding at all sites tl.xat: were within
the anatomical boundaries of the lateral preoptic area.

* Stimulation was not rewarding at sites that were dorsa]ﬁ. or
ventral to the lateral preoptic area.(See Figure 14).
Stimulation was rewardi.pg when electrode -tips were dorsal to the
diagonal Band of Broca and vhen electrode tips were in ;tja
diagonal band of Broca. There was one rat that did not

lever-press for stimulation at several différpnt sites within the

-, I}
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' FIGURE 11.. Mapping data for rat A.B?R Left panel shows the .

‘ hiltoldgiéal reconstruction of stinu]q.:tioﬁ sites at 1.0 mm

- 3

]

anterior to Bregma. .i’o-iti\;o sites are dif‘forox‘x‘tiai:od by
different colors anti negative li.t':\es are illustrated with open

c:!:rcles. The right:. pa:nel ‘shows ‘the mean rate-intensity curve for."
each stin.ulation site, Curves cortalpoﬁd ;:o ut':inulation li't;l on

E : . the. left panel by colors and by numexical symbols.
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FIGURE 12. uapfiné data for rat AB6. Left p:nel shows the

" : - hiltofogir,;al recomtmctiot{ of ltix;uhtion ait#a at 1.0 mm
anterior té Bregma. Positive sites are differentiated by
dif\fcrem: colors and negative sit;s are {llustrated with open
circios. The right panel shows the mean rate-iﬂtennity curve for

each stinulation site. Curves correspond to stimulation sites on

the left panel by colors and by mmerical symbols.
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FIGURE 13. Rat ABG. Photomicrograph of the coronal ‘section in .-

vhich the electrode track was visible. The tip of the electrode

f

vas just ventral to the stria medullaris. .
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FIGURE: 14. H;pp:lng data for rat ABll. Left panel shows the
iti:t:ological ru;on:t:;:uction of ltinuhtionvlicu at £.8 ]
anterior to Bregma. Positive sites are differentiated by
different colors and negative sites are illustrated with apen.
circfn. The right panel phowg the mean rate-intensity curve‘fqr
each stimulation site. Curves corruﬁond to stimulation sites on

the left panel by colors and by numerical lynbol;.
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diagonal band of Broca (S;e‘ Figure 15).
;tinulation vas rewsgrding when electrode tips were in the'
medial and lateral septal areas (See Figures 1, 5 and 16).
Stimulation thresholds were lower when electrode tips were in ghe
lateral up;al n'.'u than when electrode tips were in the medlal
septal area. Stimulation at sites ju:t lat’ral to the lateral

septal area was not rewarding.

StmlnCion at sites just medial to the myelinated tissue of
the atrin medullaris was revarding (See k_‘iguru 4, 17, 18 and 19)

) Most of the threshold values were within the range of 31 to 40

uA, Stimulation was not r‘nurding at 7 sites just ldor."ul to the

-3 1

ﬁ;litivq sites and at 33 lit.l’ immediately medial to the positive
sites. Some of these negative sites were in the anterior
hypothalamic area and others were possibly in the nrcuatc; nucleus
l of the hypothal:mu. Stimulation at all of the negltive"aites
did not produce any observable signs of aversion, motoric

difficulties or sefzures.

J

»,
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FIGURE 15. Mapping data for rat AB39. Left panel shows the

histological reconstruction of stimulation sites at 2.4 mm

anterior to Bregma. Negative stimulation sites in the diagonal
ban Broca .aro illustrated with open black circles. The tight
panel shgws a photomicrograph of tl':e coronal section in vhich t?ne

4

track was visib}e .

5

Gy
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" FIGURE 16. Mapping data.for rat CP7. Left pinel ‘shows the

,hiqtolégical reconstruction of sci;lu1§tion sites 'at 2.4 s

anterior to Bregma. Positive sites are differentiated by .
different colors and negative sites are illustrated with open .
circles. The right panel shows the mean rate-intensity curve for

each stimulation site. Curves correspond to stimulation sites on

the left panel by colorg and by nunerical symbols’
2
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FIGURE 17. Mapping dats for rat A§35. Left panel shows the

‘histological reconstruction of stimulation sites ‘at 1.0 mm

~ - ~
©

anterior to Bregma. Positive sites are qtfferenﬁiated by

¥

different coélors and negative sites are illustrated with open °

-

circles. The right pansl shaows ‘the mean rate-intensity curve for

each stimulation site. Curves ‘correspo'nd to stimulation sites on

3

the left panel by colors and 'by numerical symbols.
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" FIGURE 18. Rat AB35. Photomicrograph of the coronal section in
% vwhich the electrode track was visible. The tip of the electrode
was just medial to the stria medullaris. ’ .
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. FIGURE 1. Mapping data for rat AB21. Left pansl shows the
histological reconstruction of stinulation sites at 1'.0 Do .
anterior to Bregma. Positive sites are differentiated by
different colo and‘ negative sites are iliustrated' wvith open
circles. The tight: panel show§ the mean rate-intengity curve for

each stimulation site. Curves correspond to stinulation sites on

°

the Left panel by colors and by numerical symbols.
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DISCUSSION

The data from the present thesis suggest that the
diencephalic reward fibers do x;ot: arige from a single,"
snatomically restricted group of cell bodies at the head of the
medial forebrain bundle. At the moat 'roattal level tHpted in the
medial forebrain bundle, positive sites for brain stimulktion
revard were found as near as 0.25 mm to the midline, in the

medial septal area and as far as 4.0 mm lateral to the midline,

in the amygdala. Thus the various contributions to medial

_ forebrain bundle reward circuitry may be widely diﬁi)etsad in the

anterior medial forebra%n bundle.. The wide medial-latesal
dispersion of positive sites found‘in the anterior medial
forebrain bundle suggests that there are'firat-scnvge fibers
projecting to or from geveral indq}ondent rostral regions. 1In
conplril’on, at the most caudal level tested in the medial
forebrain ﬁpndle, positive :ait:ea~ for brain stimulation reward
were found as near as 0.75 ma to the midline and as far as 2.0 mm
lateral to the midline. Stimulation was not rewarding.when R
electrode tips were nediai to 0.75 mm from the midline. The
medial-lateral dispersion of bositive sites at an evén more
caudal level (lateral hypothalamic area) in the medial forebrni.n
bundle ranges fxrom 1.0 mm - 2.75 mm from the midline (Gratton &
Wise, 1983). Thus the vgrious conFributionh to medial foral:g%ain
buncllle reward circuitry appear\ to be less wid'dy di;pernd at the

level of the lateral h}ypathalimi:c aréa. The present data may

©




\

s .

explain a recent study by Stel{:\;: Neel&y (1982) who showed

_that a lesion at a caudal level of the medial forebrain bundle

fully 'dhrupted revard from a rostral level of the medial
forebrain bundle, while a lesion at the rostral level of th
medial forebrain bundle just partially disrupted reward from 'the
caudal level of the medial forebrain bundle. It is pouib‘lc 'that

the rostral lesion damaged only a part of the widely dispersed

. anatomical contributions to the medial forebrain bundle reward

system(s). Given the wide medial-lateral dispersion of positive
sites found i{n the rostral medial forebrain bundle, it seems
likely that there are at least two and perhaps wore anatomically

distinct contributions to medial forebrain bundle feward

. clreuitry.

a

A second major finding vas that positive sites were found in
a continuous progression between 1.0 mm and 2.8 mm anterior to
Bregma.. The finding of a contim;.oul progression of positive
sites from the level of the anterifor hypothalamic area che
more rostral levels of the medial forebrain bundle suggests,
though it does not prova, anatomical connection bstween the

reward fibers at these different levels. Stimulation at some of

. the positive sites in the anterior medial forebrain bundle uy be

b

activating reward fibers that project down past the lateral

hypothalamic area, contributing.to self-stimulation in this area.

&

»

Similarly, a continuous pr?:grouion of reward sites has been

found between the level of the lateral hypothalamic area and the

1




level of the ventral tegmental areJ (Corbett & Wise, 1980;
Gratton & Wise, 1983). Tt 'has been shown by "collision" ‘tut-
that at least a portion of the lateral hypothalamic reward system
depends on the sane axons that are involved in ventral tegmental
revard (Shizgal et al., 1980). The possibility that ltimlatio;x
at soms of the reward sites in the anterior medial forebrain |
bundle activates the same axons as are involved in lateral
hypothalamic and ventral tegmental reward is consistent with the

«views of several investigators (Gallistel et al., 1981; Y;omans.
1982; Gallistel, Gomita, Yadin, & Campbell, 1985; Rompré &
Shizgal, 1986). Figure 20, based on Yeomans (1982) illustrates
the working hypothesis of these volrkerl. |

Tha”findipg of continuity of self-stimulation is not
inconsistent yiti: the view that more than one set of medial

1

forebrain bundle fibers contributes to brain stimulation reward.
Ead

Conclnult:f in the nntcrior-pont?rior plane may reflect more . .than

one sst of caudally or rourallyy projecting first-stage systems.

) .
, /
J
t

f
Of the number of regions in the anterior medial forebrain

bupdle where stinuiat:ion was rewarding, the regions containing
myalinated fibers that pass near the lateral hypothalanic area
and t:l:e ventral togpaptal area were of particular interest,
bet;auu of the implications of refractory period (Yeomans, 1975)
and conduction velocity (Bielajew/ & Shizgal, 1982) studies.

: ]
The myslinated fibers that are of particular interest include
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FIGURE 20. Diagram of the model of cells andjaxons mediating

medial forebrain bundle reward (Yeomans, 1982). :
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those of the stria medullaris, thes diagonal band of Broca and the

fornix.

' THe myelinated fibers of the stria medullaris are
interesting since nearly all sites tested “In this fiber bundle
were positive for self-stimulation. Stimulation at uny of these

sites produced very high rates of lever pressing.

|
Self-stimulation was not found when electrode tips were’

e
inmediately dorsal to the myelinated region, but was found as
‘these tips wers lowered into this region (See Figures 7,8,9 and . |

'10). The ventral boundary of the reward system was: reached as

¢ _the ‘electrode tips reached the veiitral boundary of the stria
ngdullnril. There were thres further rats whose electrods sites

were clearly in the stria medullaris, however there were not

-

| enou@ sites tested i these rats to determine the dorsal or

. ventral boundaries of the system (See Figure 21 and 22). There
was one rat that did not lever-press for stimulation at 6 sites
in the stria medullaris. This rat vn‘ tested for brain
stimulation reward at 10 aita; in total. lever-pressing was
found at the most dorsal site, however no further lever-pressing
vas found (See Figures 12 and 13). It is not clear why this rat - t
;:'ailod to work for atlnulation’nt 6 ;1t0l in the stria

medullaris, particularly since the.rat had-shown the ability to

learn the task at the most dorsal site. The fact that all other

\ . .
rats workqd for atimulation at all sites in the stria medullaris’

together with the fact thag rats did not work for stimulation at

sites immediately dorsal or ventral to the stria medullaris makes
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I;‘IGURE 21. i(apping data for rat AB20. Left panel shows the
hiltologicalnrecomt.ruc'tion of st@l&tton sites at 1.0 mm
anterior to Bregma. Positive sites are differentiated by‘
different colors and negative sites are iilustrated with open
circles. The right panel shows the mean rate-intensity curve for

each stimulation site. Curves cor;éspond to stimulation &iggs on

the left panel by colors and by numerical symbols.
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2
) it appear that there are first-stage reward fibers in the stria

medullaris. . ‘l} -

It is interesting to speculate as to what role stria
medullaris fibers might play in lateral hypothalamic " or yentral ‘ {
s teg&ental self-stimulhtion. Might the strla medullaris fibers

contribute to brain stimulation reward at the levels of the

lateral hypothalamic area and the ventral tegmental area, or do »

the stria ;edullaris fibers make up a reward mechanism that is
) . _independent of these areas?. While the stria medullaris fibers ) ‘ <_
-: - do not follow the same trajectory as the medial fotebrain“bundle‘ . - i -
. “of fibers, somg of the fibérs of the ‘stria medullaris Ao ;égject ‘ H
to the ventral tegmental area. Stria medullaris fibers that
course in a rostro-caudal direction have cell quies in such
3 regions as the vertical limb of the nucleus of the "diagonal band
of Broca, the horizontal limb of the nuéleus of the diagonal band

’ of Broca, the interstitial nucleus of the stria terminalis, the

lateral preoptic area nucleus and the medial septal area nucleus s
{Niewenhuys et al., 1982; Marchand, Riley, & Moore, 1980; |
Meibach &‘Seigel. 1977; Gottesfeld & Jacobowitz, 1979). From -
N _ these regions, stria nedullaris fibers travel dorsally and
» caudally to the region of the habenular nuclei where some fibers
h appear to terninate (Niewenhyys et al., 1982) but others tuf%r ’

ventrally to terninate in the ventral tegmencal ‘area (Harchand et

, 1980) or the interpeduncular nucleus (Gottesfeld et al., -

) 1979). Some stria medullaris fibers havé- cell bodies in the
I3 - . ’ . o )
- ’ lateral hypothalamic area (Yamadori, 1969; Berk-& Finkelstein,

-,

~\ “ . i
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1983). These fibers course rostrally to enter the stria
;eduli;ris,nthen turn dorsaily and caudally éoward the habenula.

The major contributions toq;nd terminations of the stria

medullaris ake shown in Figure 23. Stimulation at sites in many

of the cell body regions and regions of termination of stria

medullaris fibers has been shown to be rewarding. These regions

—

e

include tﬂe diagonal band of Bro?a, lateral preoptic area -
(present study; Olds, 1956), mediaI‘septal area (present stgdy;

) Valenstein & Campbell, 1966), lateral ﬂa?enuia (Sutherland & :
Nakajima, 1981; Gomita & Gallistel, 1982) and the ventral
tegmental area (Corbett & Wise, 1980). Thus fibers of the

stri: medullaris are very likely tv mediate rewarding effects of

stimulation at a number of sites, including some of the classic

reward sites in the medial forebrain bundle.

/

Stimulation was also rewar&iug at ;any of the fit;s tested
‘within the boundaries of the myelinated fibers of the/diagoﬁal
band of Broca. The range of threshold values associated with
sites in these myelinated fibers was 31 to 49 uA. One rat did

- not lever-press for stimulation at ‘sites™in the diagonal band of
Broca -(See Figure 15), 'The finding of positive sites 1n‘éhe
myelinated fibers of the diagonal band of Broca is consistent
;ith the suggestion of Yeomans (1985) that a portion of the first
sgage-fibers involved in medial forebrain bundle reward has cell
bodies in the nu;iei éﬁ the diagonal band of Broca., It has also
been demonstrated that rewarding medial forebrain bundle

stimulation elevates glucose utilization in the cells of -the

— ..
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» 7 diagonal band of Broca (Gallistel gt a_l.,‘}L’JBS)'.

I

~

‘Stimu}ation in the fornix was not rewarding. Rats did not
lever-press for stimulation when electrode tips were in th.el
densely inyelinated‘,fiber; of the fox:'nix; however lever-pfesaing
was observed as the electrode tip penetrated below the ventral
boundary ‘of these fibers (See Figures 17 and 18). Ths present
data are inconsistent wir:h the data c:f Brown and Winocur (1973)

who grgued't‘hat stimulation in the ventral fornix was rewarding.

In Brown and Winocur's study, rats were implanted with one fixed

o

electrode in tixe fom‘i:g and another J\:st latex:al to the fornix in
) ' the medial forebrain bundle.. -Stimulati?n at sites in the fornix
and at sites in .the media]: forebrain bundle were each rewarding.
; Due te the proximity of these two fiber buitldles , it is possible
., .that electrode tips aimed at the fornix were in the medial ‘
forebrain bundle. This possibility might explain the discrepancy
betwe;n the results in the present studyvan'd the results in the
study by Brox:m and Winocur (1973). A subsequent findipg in their
i/j study, however, was tha_t' lever-pressing fof stimilat:j.on at sites
. in the fornix and in the medial forebtﬁn bundle was
. ’ _differentially affected foilowing septai lesions. Since fibers
in the fornix originate in the septun, it would appear that Brown

‘and Winocur's finding of fornix reward was due, at least in part,

to the activation of fornix fibers."v There {8 no obvious

explanation for the discrepancy between the findings of Brown, and

/ ' Winocur and*;hbne ’of the present gtudy.

S 33
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Stinulation at each of the sites in the nec}'ial and the

' <%= lateral septal areas was rewarding. Thresholds at sites in the
Co ) : /
» . laterasl septal area were lower than threshold% at sites in the

’

' medial septal area, in agreement with Prado-Alcala and Wise =~ , 1’
I3 . . / .
(1984). Rats, did not lever-press for stimulation at sites that il

were just lateral to the septal area. Fibers that have their
!

cell bodies in the lateral septal area ax}é the nedial septal area

b’oth enter the medial forebrain bundle /Jo feminate in éuch -
o o -
regions as the lateral hypothalamic ar/ba and the ventral
a ) ¢ / ,
tegmental area. The fact that stimulation at sites in the s tal

1

areas vas rewarling, together with h} fact that septal fibers\| ., E

enter the medial forebrain bundl‘e/ f fibers, suggests that reward

“ / ¥
fibers from the septal area cont:}/ibute to the medial forebrain

/

§

l;undle reward system. /

0}
t

Two ra.ts lever-pressed ;Iiably for stimulation at a total
of 8 sites in gray matter just medial to the stria medullaris.

A (See figures 17,’ 18 and 1/9)= These sites Yer;a clearly not in . e o
the densely myelinated 7/egion of the stria medullaris. One . N oo
elxplanation is that thése posit:fve sites were im cell bodiea thgt -

gsend fibers into the/stria medullaris. T::r possibility is

that stimulation a7’ these sites was activating descending medial

forebrain bundle /ﬁbers that course from the forebrain to the S

midbrain.

- . ‘ . q
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Summary : .
5. g

Stimulation was rewarding at sites in éach of the levgls

.;’ .
tested in the anterior ‘nedial forabrain bundle. The reward sites

» were more dispersed
' Lot

medial-laterally than 5he reward sites in the lateral ‘

in the mteri?‘ medial forebrain bundle

i\ypochalamus‘ ‘&e fact that stimulation was rewarding at a wider
range of medial-lateral sites in the more rostral levels of the .
medial forebrain‘bundle su'gges‘ts that more than one rostral a!
nucieué supplias ér r;ceivés reﬁar;d fibers of the medial

forqbrain bundle. Three candidates for such contributions

{nclude the u';tia uedullari-a, cells or fibers in'a media‘l ‘
region involving the septal a;:eas and di‘égonal band of Broca Anti

cells or fibers in-a far lateral region involving the

. . )
anygdala. Fibers from these three or more regions may converge

'

into one dense reward system or may each be jnvolved in separate

" reward systems.
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