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. ABSTRACT

“~

. The Effects of Anfgrior Medial Forebrain Bundle “ . =

Lesions on Self Stlmulation of the

Lateral Hypothalamus and Ventral Tegmental Area

Beverley Murray ’
¢ * ) 4
Psychophysical data suggest that desce'nding rewatd fibers directly link the
iateral hypothalamus (LH) and \)eptral tegmental area (VTA)-(Biejalew &
Shizgal, 1982, 1986). As a étep toward i;lentlfy'lng the nuclel from which
these flbers arise, electrolytic lesions were made in the anterior medlal
forebrain bundle (MFB) and the effect on self-stimulation of both the LH and

-

VT-A was exammgd. Changes in‘the rewarding effect were inferred from ‘
lateral displacements, of the function relating the rate of) responding to the
number of pulses' per ‘train of stimulation. Since chanéea in the 'rewarding )
effect can occur following dam‘age at ény point alont:; the reward circuit, a

behavioural version of the collision°technique was used to render the

. anatomical interpretatiori of the lesion data less ambiguous. It was reasoned

. -
that if a lesion destroyed some of the reward neurons undergoing collision,

then the collislon effect would decrease in size. Seven rats with self-

) stlmulatlon electrodes in the LH. and/or VTA and lesioning electrodea in the

anterior LH served as subjects. Lesions in 5 of the 7 rats displaced the

rate-number functions for the LH and/or VTA sites toward higher pulse
3 .o =

"numbers (26-58% above baseline) consistent with a reduction in the rewarding ‘

{

\
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l‘lpaqt of the stimulation. Bq;f:r; of the ineffective lesions were restricted to
compartment 'c' of the anteriﬁr%MFB 'while the five effegtive’ leaioﬁs ilzaded
the more lateral éompartments ‘a', 'd', and 'e' (r\!ieuwénhuys et al., 1982).

Lesions r"ed‘uc‘ed the size of the Eollision effect. by 27% to 35% in 2 of the 4
colilsion subjects. The simplest iptérpretatiqn of the;e data is that the '

lesions in the antero-lateral MFB damaged reward neurons lfnking the LH and

VTA. . -

(%N
5
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Animals impfanted with chronic intricranial eleqtrodes can be trained to

: iself-sdminister trains of electrical pulses to many brain areas. The vlgr;rous’
manner in which animals engage in. this behavlour,a’evan'at the ex?nense of
s‘a;tdi’s’fying\physlological' needs ,(Deutach, Ada‘msi& Metzner, 1964; Routtenberg

& Lindy, 1965), has attracted an endurino lntarast in brain stimulation reward
- 3 ‘ M

(BSR) as a model for studying motivational behaviour. TH& neural circuits
K] N

" activated by these pulses are believed to be involved in the reuw.ardlng
¢ . ‘ . S '

axperiencerof 'naturally occurring ralnforcera such as food (Hoebel &,
Thompson, 1969; Rolls, Burto/\& Mora, 1980) and the rewardl@ impact of

drugs of abuse (Wlse, 1980) <« - £ : ’
' ’ ' . ) ) J/ v

After over thlrty years of reaearch on the.phenomenon of brain® -

stimulation reward (BSR), the dlrectly activated neurons that carry tha

] .

reward -signal -have eluded dlscovery. The complexity bf the brain areas 'that

v

support the most robust self-stiqulatiyn behaviour and the wse of lnadequata

s, ‘s

.measures to assess the rewarding value%f -the stlmulatlon have been some of
L4

the lmpedlments to progress.

. " P N2 ol -
- The psychophysical approach to the. study of BSR hae” addressed both of

these problems by orovfding teohniques for characterizlng the re'ward-relevant

————

neurons and by developmg scallng procedurea that Aare not affected by the

'
arbitrary choice of stlmulus parameters. In the last decade an impressive

body of. research involving the psychophysical® characterizetion of the directly

actlvated neurons in medial forebrain bundle (MFB) salf-stlmulatlon hps

accumulated Although the ‘neurons activated-at the electrode tip have not

yet been’ identified, the number of candidate pathways has been considerably »

o
'
¢ .
-, }
¢

-

-
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red‘uced (Gallistel, Shizgal- & Yeomans, 1981). These more recent advances

”

. have ;:;rovided'hope that tﬁe'neural pathways subserving BSR will soon be

-y
identified and that psychologists may one day have a model for studying‘ the

neural basis of motivation and learning in vertetates.

¥4 »
; | ‘

b . v
The Psychophysi’cal Approsach

I’A . 4
[ 9 o ‘ . /\

Given that there are approximately fifty fiber pathways coursing through
thé MFB (Nieuwenhuys, Geeraedts & Veening, 1982), it is very likely that an

electrode placed within the bundle will activate many neurons besides the v

.ones that actually contnbute to the rewardlng eff\ét. Although recording

4

the actwity of cells actlvated by self- stnmulatlon electrodes can provide us

with their physnological charactenst:cs, this information alone does not

p{:DVlde a basis for deciding whether a particular neuron actually carries the
rewar.d signal. If this inforr'nati'r;n is coupled with data on the physiologichl
and anato‘mical chara/cteristica of reward neurons, then it becomé® possible to -
identify individual neurons It‘rh)at are likely io carry the reward signal. For

example, if we know that the reward-relevant. neurons have conduction -

velocites ranging from 1 to B‘m/sec then a neuron with a conduction

_velocity of 5 m/sec would be a likely céndidate whereas a ne»uron with a .

conduction velocity of 0.3 rﬁ?sec would be an unlikely candidate.

a : P ) , 2
The psychophysical approach is able to characterize those neurons -

reaponaibie for the rewardind effect of the stimulatlon through the use of .

te

trade-off functions, functlonq that determine the combinations of two
atimulua parameters that produce the same level of behaviour, These trade-

off functions are explained in terms of the physiological and anatomical
,‘, N [ g

‘
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properties of the directly activated reward-relévant neurons. Inferring

physiological characteristics of the‘ directly activated cells fror;w the

behaviour of the animal .requires’ that each level of the system being
meaéu'rech:ehaves in a monotonic fashion. If fpr every stimulus input to the

¥irst stage there 'isj one and only oné output from the final ste;;e, then a

system is'considered mongtonic and all 'of its rt:one‘ti.tuent stages must alsa be ' A

monotanic (Gallistel ‘et al., 1981). If the final output of a monotonic syste

)

is held censtant, then the initlal output of the first stage will also be
constant. Tratle-off functions will therefore ‘determine the combin tions aﬂ/
two\sﬁlmulus paramet’ers that produce the sa‘mé ievel of excitation in the

. first stage. In this way, information abou? the properties of ghe first stage
can 'be inferred from m_anipulating the pattern of the stimt;lation and holding
eonstant the final ‘output. The BSR system has been shawn to possess this
property of‘monotonicity over a wide range of‘_stimulation paxl'ametera

'y

(Edmonds, Stellar & Gallistel, 1974; Gallistel, 1978).

o

The Collision Test ' , o

The most powerful of the psychobhysical trade-off functions is obtained
0 .

using the collision technique whit::h estaplishes the exiatenc? of a direct
axonal link l'“:et\;;een two 0selfi§:timula£it;n sit\es (Shizgal, Bielajéwaorbett,
Skelton & Yeomans, 1.986; :Biélajew .&'Shizgal,&l?BZ). The collls‘i,on technique -
has provided an important means for mapping out the cirtultry of the

directly activated reward neurons. Traing of conditioning (C) and test M

pulses are. delivered to two self-stimulation electrodes, each electrode -
' reéeiving one of the pulses'in each peir. Each pulse will trigger two volleys
A N 'fg Y,\ ., N i - v
- LIV o
K. . .

P L - 7 - ¥
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of action potentials at each electrode; one travelling towards the terminal

region (orthodromic) and one i:ravelliﬁg towards the 'somata (antidromic). If

the two electrodes activate the same reward fibers at different sites along

-

. their trajectory then, at short C-T intervals, the orthodx:omic volley from the &

eleétrode closest to the somata will collide with the antidromic volley from

° th?electrode closest to the terminals. When this collision occdra, only the

‘orthodromic volley from the electrode closest to the terminals will reach the

i} terminals and therefore transmit the reward signal to the next stage of the

system. When the C-T interval is increased so that the first volley and its

a

tralling refractory period zone has haditime to pass by the second electrode
before the T-pulse arrives, then the orthodromic volley from both electrodes

. will propaghte successfully to the terminal region.

. ’ , ‘Evidence of collision between two self-stimulation sites is inferred from a
\ s ' - * “ “
decrease in the rewarding efficacy of the stimulation when the C-T interval

: is decreased. This decrease in the rewarding impact of the.stimulation is

1

presumably due to the loss of action potentials due to, collision. In order to

Y .
]

keep constant the number of aétion potentials reaching the terminals, and

-~

thus the behaviour of the anirﬁgl, the firlmjs lost due to collision are

1

- replaced by increasing the frequency (i.e. the number of pulse pairs in a ' -~

_ train of fixed duration), Thus, a decrease in the rewarding efficacy of the
£

. stimulation is inferred from a lateral shift in the rate-frequency (rate- o

number) function towards higher freqUencies (number of pulse pairs). lf' all
‘ éf“ the fibers stimulated at one site are;.also stimulated at the other then, at ‘
short C-T inte;va_ls, half of thp aCtion potentials generatéd by the: two-pulses

will be removed-due to collision. In this qaée, a train of pulse pairs will be
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no more e.ffe‘ctive than a train of equally spaced single pulses, and pulse-pair
effectiveness values (E-values) of zero will be assigned to t;mse lr;tervala. If'
none of the reward fibers are stimulated at both sites then collision cannot
occur and both volleys of action potential will arrive at the” terminals. In
this case, a—'train of pulse p‘airs will be twice as effective as a train of
equally spaced single pdises;, and E-values of 1.0 will‘ be assigned. If only
half of the'fibersx are colmmon to the two eite;, then only 1/4 of the action
potentials will be removed due to collision. In this case, a train oi“ pulse
pairs will be 1.5 times more effective than a train of equally spaced’elngla
pulses, and E-values bf .5 will be assigned at short C-T intervals. In &!l'the
.above cases, stimulation at l,ong C-T intervals will be twice as effective as 8
train of single pulses (assuming perfect summation of ‘the rewarding effects
produced by the two elect:rodes) and Wili therefore be expresz;ed as E-v.aluea
, t;f 1.0. The-difference betwéen the pulsé-pair effectiveness values obtalned.
at':short a_ﬁd.long C-T ini:erva‘ls (assuming perfect aumn‘we;tion at long C-T

intervals) therefore gives the proportion of fibers common to the two sites

" of stimulation.

«
The C-T inter\‘/al at fwhich.the increase in stimulation effectiveness is
obsérved is called the co'llisior; interval and can be brokenll down into the
_time it takes for the volley of ;action potentials' to travel between the two'@
eiectrodgs and the refractory period of the‘ neurons stimulated Sy the T-.
pulge. If behavim:ral estimates of the refractory period are obtained and the
distance between the two electrodes measured, then the collision interval can
provide an estimate of the conduction velocity of the fibers undergoing

collision. Since there exists a strong correlation between fiber dismeter and

o

—
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'éyconduction velocity (Hursch, 1939; Waxman & Bennett, 1972), the caliber of

the directly activated neurons can be estimated from the collision test.

-

Combining Lesions with ‘the Psychophysical 'Approach !

Earlier efforts to map the circuitry for BSR made extz;:nsive use of the
lesion technique. Various brain regions were damaged by a host of lesioning
methods and the effects on self-stimulation behaviour examined. ‘Th;*
rationale for the lesion technique is that if any region is a critical
component of the circuitry for BSR, then removing that region should alter
the rewarding effect of the st.imulatiqn.‘ Unfortunately these early lesion | .
studies examined the effect of lesions on t‘he rate of operant responding (e.g.

Boyd d: Gardner, 1967; Lorens, 1966; ‘Old“s & Olds, 1969), a methodology ‘that

. 'confodnda changes in reward with changes in performance. Hodos and -
Valenstein (1962) were the first to show that rate measures were not good

indices of the rewarding value of the stimulation. Rats given a choice :
between two levers that deliver different levels of stimulation learn to
alternate their behaviour between the two lgvers. Hodos and Valenstein
fou;\d that rats always pr;eferred the stronger stimulus regardless of their
l:ate of responding for each stimulus when.presented alone. They concluded

that rate measures were not a good indication of the rewarding value of the’

stimulation.

N [

In contrast to rate measures, the curve-shift paradigm allows an
experimenter to dissociate changes in the rewarding efficacy of the

stimulation from changes in the subject's performance for the stimulation.
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The rate of lever pressina is measure‘c_i for a range of stimulation frequencies
such that the behaviour ranges from zero to maximum responding. T'heae

curves are.generally very steeb so that a change'in frequency of only 0.1

10910 units (é6°k) can be enough to change the subject's response rate from
_zero to asymptote. Changes in the position of the rising portion of the
;ate-frequency function along the frequéncy axis are thought to reflect
changes in the rewarding impact of the stimulation. If the rising portion of
the curve is shifted towards higher frequencies, then the subject requires
more“stimglation before respondincj begins and tHe stimulation Is therefore
assumed to be less rewarding. Changes in asymptotic rate are thought to .
indicate alterations in the subjec;t's capacity or motivation to perform the
operant respc;nse. Validation studies have shown that the position of the
rate-frequency functions along the freguenéy axis is relatively insensitive to
performance manipulations. Making.the animal run up a gradient, injection
of paralytic agents, and addinqg weights to_the lever have all been ahow;1 to
produée a marked reduction in the asymptotic rate while producing little or
no shift in the position of the rising portion of the curve (Edr?onds &
Gallistel, 1974; Miliaressis, Rompré, Laviolette, Philippe & Coulombe, 1986).
These studies suggest that a reduction in the rate of reaponaing for a single
level of stimulation following a lesion may be due to either a reduction in
the rewarding impact of thé stimulation or a performance deficit. Similarly,
if a level of stimulation is choser that produces an asymptotic r:ate of
response, the rate of responding may not change following a lesion even
though the rising portion of the rate-frequency function has been shifted

laterally. Thus, the entire rate-frequency function must be obtained in order

to fully characterize the changes that have occurred after the lepioﬁ.



In contrast to the precise anatomical interpretation of the decrease in )

8tlmulatl;:n efficacy seen_ in the collision test, decreases in stimulation

efficacy following lesions cannot be linked to any one stage.of the reward

system. The leaion‘may be ,'v}damagingh reward-relevant fibers at any‘number
* . of placeé along the reward. circuitry. :For example, a lesion foerent to the
stimulation electrode will disconnect the directly activated fibérs from their
output whereas a lesion damaging the directly activated fibers afferent to
the stimulation electrode will sever their connection to the soma and cause
them to atrophy and '_die. Alternativel;', a iesic;n may rlot act directl){ on the
pathway carrying the reward signal but on some gating mlachanism that

modulates transmission in this pathway (see Biejalew & Shizgal, 1986).

‘

Given the ambiguity of the lesion technique it would seem bréferable to
L .

| delineate .the reward circuitry by exclusive use of the psychophysical tests

‘ currently available. However, lesions play an important corroborative role : //
— when used'in conjunction with the psychophysical approach. Even if . q,//
eleétrophyeiological recording studies find a cell that possesses all the //
characteristics of the rewagd-rél‘evant fibers, as determined by the // °

A
psychophysical approach, the possibility still remains that the cell is only ;ar/’n'

. 'ﬁmpoater"; a cell that resembles a reward-relevant cell but in fact is not. If

. a lesion placed in the region of the cell body was found to decrease ‘the

" rewarding impact of the stimulation, the plausability of it being an imposter

would be considerably reduced. Lesion studies could also serve as a guide ,
for the time-consuming recording studies, point’iﬁg them towards likely

candidate siteé for the reward nuclei. If -a lesioned area failed to alter the




x / ' rate-frequency function then the electrophysiologist might be advised to

L ]
/ search elsewhere. ) .

A more powerft;l use of the lesion technique, suggested by the p-reaent
experiment, is in combination with the collision technique. The collision test
establishes ,that reQard-relevant fibers link two self-at‘imulation sites, If a
given nucleus is believed to give rise to the fibers that link the two sites,
then lesioning all or some Lof the ‘cell bodies should eliminate or reduce the
size of the collision effect. The collision effects reported to:date have
always been less than 100% indicating that some proportion of the fibers
stimulated at one site are not stimul.ated at the second site. Thljs implies
that self-stimulation would still be possible even if-a lesion were'to damage
all of the collisiom fibers due to the activation of fibers by only one of gh‘a

two electrodes.

A( lesion that reduced the size of .the collision effect would be logically
;iéd to ‘the directly activated neurons linking the two sites. The simplest
"/Qinterpretatior‘l of such an effect would be that the lesion had damaged the
fibers linking the two sites. It is also possible that the lesion dameé?d the
efferents of the collision fibers, an interpretationl which requires that the
efferents of‘ the collision and non-collision fibers be sbatially segregated.
Such a possi,faility becomes more implausible when t&.‘e data from lesion and
recording studies are ‘considered together. It woula be- unlikely that a
collision-reducing lesion had dasmaged efferents to the directly activated
neurons if the lesioned nucleus also contained cells with anatomical and
physiological characteristics identical to those of the directly activated

reward neurons.




/

Since the collision fibers represent only a proportion of the reward fibers

-

stimulated,- other outcomes besideg a reduction in th.e size of the collision
_effect are possible with a rewar;§egrading lesion. The total‘number of
reward fibers (Ny) stimulated at the two sites c;n‘be brokeri down into
collision (N¢) and non-collision (N,.) fibers. The proportion of fibers
undergoing collision can be expressed as the ratio of collision to tota! fibers
or No / (Ng + Npo). If a lesion only damaged the non-common fibers, then
the denominator (Ng + Npc) v;/ould de_qrt;ase arid the proportion of fibers *
undergoing collision would increas.e. If an equal number of collision and non:

[
collision fibers were damaged by the lesion, then the proportion of fibers

undergoing collision would remain the same.

Rationale For The Present Experiment

b

Previous pbychophysical studies have shown that common reward-relevant
fibers link the LH and VTA (Shizgal et al., 1980; Biélajew & Shizgal, 1982)

and that at least a subset of these fibers descend f;om the LH to the VTA

(Blelajew & Shizgal, 1986). Refractory period estimates for these fibers

T

range from 0.5 to 1.2 msec (Yeomans, 1975, 1979) and condtiction velocity
’ L
“estimates. (1-8 m/s) suggest that the fibers are thin and myelinated (Bielajew

& Shizgal, 1982). It is still not known where these fibers arise or terminate.

. \
f% Several forebra%n nuclei give rise to fibers that pass through the MFB and
are therefore candidate sites for the origin of the descending‘? MFB reward
neurons. However, several recent lesion studies employing the, curve-shift
paradigm have called into questiop the importance of fibers arising anterior

to the LH.
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Stellar and Neeley (1982) implanted electrodes at an anterior and

polsterior MFB sige and'assesaed the effect of an electrolytic lesion at one

\

site on self-stimulation of the other. They concluded that the large anterior
lesions did not degrade the reward at 'postex:ior stimulation sites and had
mixed effects on performance. However, one of their subjects with an
anterior lesibn showed a large shift in the rate-frequency function of
approximately 0.4 logyg units (150%) that recovered to baseline values by tﬁe
eighth day post-lesion. It is not clear why this 3articular lesion produced

such a large effect while similar lesions were ineffective.

f

Janas and Stellar (1987). found more consistent effects with large .

knifecuts that transected the anterior MFB at the level of the caudal lateral
preoptic area (LPQO). Stable shifts in the rate,-frequency function that ranged
from, 0.16 tq, 0.50 log)g units weré seen for up to ten days of post-knifeeut
tésting in thrt;e of the four rats. A fourth aL'iject also showed a shl_ft in

the rate-frequency function of 0.28 logyg units but this shift was only seen

~

on the first day of testing. When the knifecut was moved to a more _

anterior level of the MFB below the' anterior commissure, the f‘éslona were

much less effective in degrading reward in the three animals tested. Shifts

in the rate-frequency function of 0.17-0.19 log;g units were seen in two

’

subject@l but only on the first day of testing.

Warat':"zynski (1988) made knifecuts in various forebrain regions that have

been considered potential sites for the nuclei of the descending MFB reward
fibers. She found that knifecuts in the region of the diagonal band of Broca

were either ineffective or produced small transient shifts in the rate-

frequency function obtained at the LH. Knifecuts in the LPO resulted in a
3 - ‘ -
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variety of effects on the rate-frequency function. One group of 6 rats had -
appreéiable shifts in the rate-frequency function towards higher frequencies

. , y - J
(approximately 0.1-0.3 logjg unit shift) that often lasted for more than a

week of post-knifecut testing. A.second group of subjects with sfmi‘laljly

o

placed knifecuts ”shé)wed(:aither a transient or erratic sh'ifq in the rate-

s

‘frequency function. A third group of animals, with knifecuts more medially

‘ tsituated, showed a shift in the rate-ffequency, function towards lower. \

. - % )
: »
: frequencies, indicating an increase in the rewarding impact of the stimulation

following the lesion. When knifecuts were situated just anteriég to the LH . .

..

stimulating electrode, a similar pattern of effects was seen. Only one of
the, anterior MFB knifecuts produced’ a substantial shift in threshold lasting
. for the 12 days of testing. Other knifecuts in this region had no effect on

the rate-frequency function, produced only small transient shifts or shifted

”

the rate-frequency function toward lower frequencies.

' L4

E

In ’all- 01'= these studies, some lesions to the anterior MFB were able to
produpg small .dec_rease% in the rewardi;lg effectv of*stimulating more caudal
por‘Eloné. of the MFB. These data indicatel that the anterior MFB does play o
some role in MFB reward. The inconslstenci‘e/s in the lesion data presented
above need not scaat doubt ‘on this conclusioﬁ, but instead suggest that subtle
differences in the location of the lesion and/or stimulation site may
determine whether or not the lesion alters the rewarding' effect. If so, éhen

small, well-defined lesions may be more useful than large lesions or_ knifecuts

in assessing the role of the anterior MFB in MFB re:vard. 4

In ordér to further investigate the role of the anterior MFB on MFB

reward, electrolytic lesions were made in the anterior LH and the effect on



e

.5

.single ”pulées at the LH and VTA was also assessed.

r‘:ollisic;'n’ bet\oveeﬁ the middle LH ‘and \(TA was examined, It w\aa redsoned

——

'tha‘t' it¥a lesicn“t'iamaged neurons that were undergoigg collision, then a

' 3]
decrease in the size of thayéolllsion effect would be obaervad after the
dﬁ'ﬁ e
lesion. Since rate-number"“:éu:-Ves obtained at the LH and VTA -are used to

scale the pulse-pau‘ data; the effect of lepions on the requlred number of

I

-



Method s

Subjects '

3

£ .
Seven male, old colony rats of the Long-Evans strain (Charles River

Breeding Farms) served as subjects. The animals were individually caged
with dnlimited access to food and water and maintained on a reverse 12 hour P

light/12 hour dark cycle, Weight at the time of surgery vafied from 350 -

A

440 grams.’ .

Surgery . P
Subjecg were food deprived for aﬁ)rokimately .12 hours before sufgery. .

Atropine sulphate was administered 20 minutes prior to anaesthesia in order

. ‘ - : >
to reduce gucous secretions. Surgery was performed under sodium . .
peﬁtobarbitol anaesthesia (Somnatol, 60 ma/kg ‘i.p.) with supplements .

administered as required.

Fixed electrodes were constructed from 0.25 mm stainless steel rods .

insulated with Formvar except for their rounded tips. Male Amphenol pins
‘ - ¥ o
were attached to a flexible wire soldered to the electrode. Moveable

electrodes were of the type designed by Miliaressis (1981). The upper

portion of the moveable electrode fit snugly within a nylon-tube and was

L]

secured by a set screw; the tube was attached to the skull and anchoring

screws by dental acrylic. In order to lower the elecfrode, a calibrated

¢ i
“driver was attached, the set screw was loosened and the threaded feed shaft

RS .
¢ .



.
R .
o ¢ 15
® o * .
L] N N
. . . -

(f. * 8 ’ — -

A . ° . . Ny -

. . '
.

of the driver rotated in quarter turn lncregéﬁt-a.._\tach quarter turn caused

o

the electrode to move approximately 80 um.ﬁ - v e

w

“

. ' Fixed stimulating electrodes were .aimed at the LH using the following

flat-skull coordinates: -2.8 mm from bregr‘na, 1.7 mm lateral to the mid-

sagittal suture, and 7.8 nim-Bbeléw’ the dura mater. The coordinates forethe a

fixed lesioning electrodes aimed at the a?hterlor LH qwere: -1.3 mm frd?n € -

| bx:egma, 2.2 "mm lateral, and 7'.8*mm below durat ) Moveaﬁle electrodes weéie .
‘ aimed. at the aqterior VTA using the coordinates: -4.8 mm frem, bregm 0

‘m‘mblateral and 7.2 mm below duaa. Petroleum jelly applied tc; tf;e t:j.f. L ’ -

the vaeable electrode shaY) prevented dental acrylic from sbinding to the

s L

' electrodé. A Btainless steel wire wrapped around four Jewellexj's screws C
imbedded in the skull served as the anode. \/"/ ] ‘
° N , s . - 0 . a .
After the electrodes were implanted and gecured. to_the skull with dental

¥ '
acrylic, the malle Ampheno} pins attached to the flxed electrodeé .and the

stainless steel Wife were inserted into a 9-pin, externally threeded connector

o .

\ ‘ and cemented ofjto the head of the rat with ‘dental acryllc. By means of an

1

L

, internally-threaded ring, this connector was mated flrmly durlng testing wlth ’

s °

8
s . a matching connkctor mounted at the end of the stimulation eable.
' . oo
Severap days were allowed!for recovery before testing began. '
- 0 A . - \
< . . 04
o " > | 0 N e
o/ - )
‘ *
. o Q ° 6 . . \
N ¥
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.Stabilization .

Apparatus

D

5 -
s

. Subjecté were initially screened for aelf-stimulatic;n and their performance
subsequently atabili%ed in wooden boxes measurmg 25 em (w) x - 25 cm (d) x h
70 cm (h), with Pléxiglas front panels and wire mesh floors. A Lehigh
Valley rodent lever was located in the center of the left wall approximately
5 cm from the tloor. Located 5 cm above the lever was aﬁ yellow ‘jewel ’
light measuring 1.5 cm in diameter. The stimulation cable attached to the

s A \

9-pin connector on the subject's head was connected to the stimulator by a ~

7-channe'l, slip ring commutator fixed in the center of the ceiling of . the

testing cage. -

. . -
'

erresaion of the lever resulted in a 0. 5 sec train of 0.1 msec, cathodal,
rectan\éular pulses. "Since the train duratlon was held constant for all
testing, the number Of_ pulses_ (or p_t‘J.l?e pairs) per train of stimul‘ati_on co-
varied with the frequency. 'I:he te%gral parameters of the stimulation were

controlled by hand-set integratea circuit pulse geperators. Th:a stimulation

p~ul'ses were produr.:'gd by dual constant-current amplifiers (Mundl{ 1980) and

-

”_the amplitude of the pulses was set by‘a potentiometer. Current was

monltored by measuring’ the voltage drop across a l kohm reslstor in sérnes

°

with the rat. Accumulatlon,of charge at the electrode-bram interface was

i ~

minmgized by a circuit that shorted the stlmulator outputs through a 1 kohm

Tesiator when no upulse was present.

3 - \
°



Procedure

)

Follpwing recovery from surgery, the impedance of the ilectro&e;braln

interface for each electrode was measured in each subject by noting the

voltage drop across the electrode for a current of 200 uA. Electrodes with

very low resistance (less than 5 kohms) were not used in any of the

experiments* since it was assumed that there was a leak in the insulation

]

covering the electrode shaft. ’

Subjects were initially screened for self-stimulation using a clirrent of 200 .

t

uA and a frequenc] of appi‘oximatgly 40 Hz. If sniffing and exploration

were observed then the current was gradually increased and conventional

»

shaping procedures were used In an effort to train subjects to self-stimulate.
Screemng was terminated Yf the stimulation appesared aversive (e.g., the

subject v0cahzed or withdrew from the lever) Animals that could be

¥

trained to self-st:nmulate were allowed unllmited access to the stimulation for

-
approxlmately 30 mmutes on the first day. On aubaequent treinlng sessions,

the animals were agam shaped to self-stimulate and then access to the

stimulation was withdrawn qntll;lever pressing had extinguished. .This proc®ss

was repeated until, following an extinction t;ial, 'animals would ljellab}y

return to the lever after 5 trains of priming pulses, * At this point in tha
trammg, ammals were given access to the stimulation for 30 second trlals
and the pumber of pulses per train was decressed after each trial untfl the

animals would no longer respond for the stimulation, This process was

1 repeated several times until the animal would reliéblg stop responding at .

approximately the same number of pulses per trai‘n." Animals were tested

with a descending series of pulses for various current intensities in order to

L]
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3

determine the range of frequencies for whlch the subject would. rellably self-

stlmulate. These parameters were used as a guide for later testing in the

-

L}

computer-operated equipment. ) c .

v 1

o

If a subject could not be shaped to self-stimulate for stimulation :
delivered to the moveable electrode, the subject was briefly anaesthétized
with a short-acting inhalant (Metafane) and the electrode lowered by 320 um.

_Screening was then repeated as above.

Sl!ision Test

TN

Apparatus 2 . W

The computer-operated setup used for the collision test ‘was similar to the
hand-operated equipment used for screening and training. Only those aspects
of the computer-operatea setup that differ from the hand-operated setup will

bq described beldw.

Test ghambers‘ fo‘r the "comput.:e,r-operated setup consisted of Plexiglas'
boxes measuring 25 cm X 25.cm X 75 em with hinged °doors on the upper
half of tf.he, front face and removeable fl‘oors,. Lehigh Valley rodent levers
V;IBI‘B located on opposite walls of each test box 5 cm from the floc;r and 5
cm from the nearest corner. A yellow'jewél light' measuring 1.5 qc.m in

.. diameter was located 3 cm above one lever and a red jewel light was

" gimilarly placed above the other lever. The test chambers were mounted in ~

4

P

50 cm-x 50 cm x 90 em plywood boxes insulated thh 2. 5 cm of Styrofoam.

Removeable front pahels containing. Plexiglas inserts allowed viewing of the

’
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. Subject via remote control video camera from an adjolnlng room., A single

llU watt bulb illuminated the test chambeg. -

- i -
13 .

Temparal parametex‘s‘ of the stin'lulation for each test cage were

‘controlled by e: dedicated microprocessor “*with a cuetom-bullt interface. A

v

bank of relays controlled b"y th‘e parallel port of the dedicated microprocessor -

- determmed, whxch electrode would deliver the stlmulatlon. .Pulse amplitude

R

" was determined by a dlgxtal to analog converter attached to a voltage-

. controlled constant current’ amplifier (Mundl, 1980)

- &
t

Procedure

v

! -
- .
3

In order to test for collision between the LH and VTA electrodea, trelne
of pulse pairs (condlt\omng (C) and test (T) pulses) were delivered, each

electrode recelvmg one of the pulses m "each pair,, The time between the"

delivery of the C-pulse and the dehvery of the T-pulse (C-T lnterval) was

4

varied from 0.2 to 10 0 msec. In order to determme the number of pulse .

4

pelrs required to support half- maxnmal responding (thé "required- number") at -
. each C-T interval, the number of bar presses in a 30 second trial was

. “recorded for a range of frequencigs. Each trlal begen with the overheed

P

light turning off and on followed'by 5 priming trains of stlmuletlon. Each
train of priming stimulation was identical to the stimulation that would be

available to the animal during the rest of the trial. Following the priming

- [}

stimulation, the light located above the lever came on to signal thst the

t

subject could press the lever in order to self-administer the stimulation.

]

-

A starting frequency was chosen.so that the the subject would reeoond

near hia maximum rate on the first trial. 1f the animal did ih fact reaoond’

L]

i B f}
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during the firs.t 30 second trial then the maximum response rate was
estlmatéd by increasing the number of pulse pairs delivered Iin subsequent
t;'lals'by 0.1 logjg Unit steps until the number of responses did not exceed
the number recorded on the ‘the previous trial by more than 10%. If the rat
d;d not respond on the first trial, then the number of :pJTls.e pairs was
increased by 0.3 log)g units on the next trial and the search for the
maximum response rate was continued as Iabove,~ ‘A ceiling value was placed
on the maximum numberl of pulse pairs that could be delivered si: that the

algorithm would never deliver an excessive stimulus. After the maximum

\ ]

responée‘rate had been estimated, the number of pulse pairs was then
_lowered to 0.1 log)g units below the starting number of pulses and decreased
in 0.1 log)g unit steps until the number of lever pgesses for two consecutive

. 14
trials was less than 10% of the maximum response rate recorded for that C-

o

T ‘interval. In this manner, the function relating rate of lever preésing to
the number of pulse pairs per train was'obtained. The number of pulse pairs

required to support half-maximal. responding was then jnterpolated from this

" 7

function for each C-T interval. - . o \

The C-T Intervals tested were preselntgd in two cou_ntler-balqnced quasi- .

random orders, each order presented in alternate sessions. In order to obtain

8 pulse-pair effectiveness value (E-value) for each C-T interval, the required - .o
$ . .
t
number of pulse-pairs was compared to the required number of single pulses. .

These single pulse detgrminations were obtained in an analogous manner to

‘the paired pulse determinations excépt that. the trains of stimulation

4

consisted of evenly spaced single pulses instead of pulse pairs. The single

pulse determinations were interspersed throughout the session (every four .o~

.
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//\ﬂve pairéd pulsu. détgzrmina_tions) in-order to check for shifts due to fatigue.
The session’ began with\ ifoqr single pulse determinations (two for each
electrode) which were used as a warm-up and therefore not included ln' the
data analysis. Each session lasted aBout 1.5 hours. Sessions with the C-

_ pulse applied to-the anterior eléctrodg (A-P condition) were alternated with
sessigns with the C-pulse applied to the posterior electrode (P-A). If after
approximately two sessions of eacl:n condition -(A-P and P-A) a rlae‘ln
effectiveness of the stimulation was not apparént with increasing C-T
interval, the moveable electrode was lowered by 160 um. iﬁls process was

- ~ ‘
continued until evidence of collision (rise in stimulation effectiveness) was

o

apparent or the subject WOUld' no longer self-stimulate. 1f a rise in
effectiveness was evident at ad given electrode site, six replications for. each ...
condition (A-P and P-A) were run and then a lesion was made through the
lesioning electrode which was aimed at the anterior LH. The first p'ngg-’

lesion session was run approximately 1 hour after the lesion. At least six
replications of the A-P and P-A condition were ob’tained post-lesion,

Following the collection of the post-lesion sessions, further lesions were made

"ghrough the same electrode in some subjects.

' In those cases where collision was not found or ael'f-atlmulation, was never
ol?tained at the VTA, single-pulse determinations were run at the LH.= Four
‘to six rate-number curves were collected per session and at least 5 sessions
were run before lesioning. Serial lesions were made through the same
> electrode ;‘ollowing the collection of post-lesion data.

~~

N



Lesion Parameters’

Direct current was passed using the lesioning electrode as the anode and

the skull screws as the cathode. Initial lesion parameters vaqied: depending

€

on the subject, from 0.2 mA - 1.0 mA for 10 seconds. —“In somi subjects
second and thi}'d lesiong were made, following post-lesion data collection,
through the same electrode but at a higher current. -Later lesion parar}leters
varied, depending on the subject, from 1.0 mA - 2.0 mA for 10 seconds.

[

Data Analysis

Single Pulse Data

3

The number of singie pulses required to support a half{-méximal rate of
résponding was interpolated from each function relating bar pressing rate to
the logarithm of the number of pulses per train. The average of the
required number of single pulses was determined for each session pre- and
poat-lesion.' The logarithim of the required number of single pulses was

plotted for each session as a function of time after lesioning.

N
A "broken-line" function, as used by Gallistel and Freyd (1987), was fit to
. each rate-number curve. An example of such ; function is shown in
Figure 1. The broken-line function is composed of a sl'traight line joining an
upper and lower asymptote. The four parameters of the broken-line function
were chosen so that the residual ~sum,of squares was minimized. The

maximum rate for each required number determination was estimated from

the upper asymptote of the broken-line function. The range over which the -

&
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Figure 1. Example, of a broken-line function fit to-actual rate-mf@ber data
£ x .

(open circles) from subject Bl. The maximum rate for each - ) -

N .
. - determination was estimated from th;) upper asymptote and the

x

dynamic' interval from the difference between the upper and lower J
break-points.

+ . N n
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functions rose (the dynamic interval) was obtained from the difference

between the upper and lower break-points. !

Collision Data

1

The number of pulse pairs required to support a half maximal rate of

respending was interpolated fo; each C-T interval from the functions relating
. .

bar pressing rate to the logarithm of the number of pulse pairs per train.
The required number of single pulses was then used to scale the required

number of pulse pairs using a modified version of Yeomans' effectiveness

* formulé:
RN " RNp,.
E = 1 -1x h
where E = effectiveness of paired-pulse stimulation

RN} = lower of the required number values for the SP cor}dlfion
RN = number of pulse pairs required to meet the behavioural
X ct criterion (C?T conpltmns q "
RNp = higher of the required number values for the SP condition

E-values for the A-P and P-A conditions were averaged across those
sessions where the range of the logarithm oﬁ the required number of single
pulses did not exceed 0.15. E-values for the pre-lesion and post-lesion

sessions were averaged separately and plotted as a function of 'C-T interval.

A broken-line function was fit to the data relating E-values to the C-T
interval in order to estimate the beginning and end of recovery as well as .

’

the percent change in E-values before and after the rise.

o
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Histology
At the completion of the experiment, animals were given an overdose of

: sdmnotol (sodium pentobarbitol) and pepfused intracardially v;ith 'phys';olo"gi'cal

saline followed-by 10% f-"ormalin. The brains were removed‘ and soaked in

10% Formalin for at least: (;ne week. Brains were sliced in 20 um thick

sections and mouni“ed onto glass slides coated with gelatine. The slides were -
then stained with forrr;o'l thionine. . Lesions wére reconstructed‘ by locating
the section with .the first sign of ;.he lesion, the largest cross-section of/ the
lesion and the last sign of the lesion. Lanadmarks located near the lesion and
the electrode tips were used to identify thgir coprdinates according to the

v

Paxinos and Watson~ (1986) atereotagié. atlas.
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Effects on hate-Number Functions .

-

Effective Lesions . ' L N

Following lesions to the anterior LH, increases in the required number

were seen for 2 VTA electrodes and 4 LH electrodes (Figures 2 to 4). The

solid hori;,pntal line extending across eacMfgraph indicates the mean of the

’

required number for the baseline data. The doited lines indicate 2 standard

» deviations from the mean. In the case of eubjects'DB (Figure 2, top panel),
B2 (Figure 4, top panel), and Bl (Figuse 4, lower panel) the baaeline. dgta are

v not randomly ‘distributed around the vean but instead show definite positive -
‘or negative %ds. In these c'as post-leslbn differences from the mean do

not provide a reasonable estimate of the size or significance o the shift in

the required number. A better estimate can be obtained from the value of

the last few baseline points before the lesion.

The size‘d'f the required number shifts ranged from spproximately 0.1 log

units (26%) to 0.2 log units (58%) although a transient shift of around 0.25 °

P Y

log units (78%) was seen in the case of subject C9 (Figure 2, lower panel,’

third lesion). Recovery is evident in some of the graphs (C9, second and

-

third lesion; B2, second lesion) although the required ‘number seldom returned

to baseline yalues. In most cases, long-lasting elevations in the required
number were seen for up to 27 days of post-lesion testing. The abrupt

. increase in the required number at the LH and VTA for subject D1, that
. . ' ;o"by
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Figures 2- 4. Lesion-mduced changes in the required number of pulses for the
effective lesion grpup. The horizontal, sohd lines extending
across each of the' graphs mdicate theé mean for the pre-lesion
data and the dotted lines indicate 2\\tandard devnatlona from

the mean. Vertical lines repsesent the standard error of the

mean (s.e.m.) for that sessien. ‘ .
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i

6cc‘uﬂrred after 10 days of post-lesion testing (Figure 3), preceeded t.;hg‘loss_of
_the ele‘ctrode assembly. In those subjects with serial lesions through the
same electrode, some of the lesions produce;! larger shifts in the‘ required
number than other lesmns. For mstance, subject c9 ’(Flgure 2, lower panel)

] showed a substantial shift after tAe third lesion, but much smaller, transient

effects after the first and second. lesion.

*

In contrast to the ef;‘ects on the required number; lesipns did not produce
‘.Jlong-lasting changes in the maximum response rate ‘as determined from the
L;ppér asymptote of the broken-line funqtions (Figures 5 to 10, upper panels).
The depr;ession in the m,aximvum rate was either small (within 2 standard
dqvlations ‘of the baaelir:e), or transient (lasting only a few days ‘post-lesion).
Oply in the case of subj.ectvC9 (Figure 6, upper banel) wa.; thex:e a
subetant'ial, long-lasting decrease in the maximum rate. The decrease, ¢
Howeyer, 'tiacc'urred primariiy after the f}rst lesion even though the effects on -
the requii‘ed-number were seen followfng the thivrd lesion. As was the case
+ with the baseline data for the requi;'ed number, the basel{ne,for the
maximum rates gh?wed a definite trend in somé subjects. This is especially
promigerit in the case of Bl (Figuré 10, upper par;%l), where the maximum
rate fa'l.ls fi‘;m lOD‘to 55 responses/30 sec over the course of\ baseline
tgstlng. Again, a better estimatje of the change in post-lesion rates can be
obtained from the final days of baseline ‘testing in those subjects with

«

- unstable baseline data. - . . "

-

\ The dynamic interval of the rate-number curves, defined as the difference
between the upper and lowes bregk-points obtained from the broken-line

functions, did not very substantially from tHe &ynamic interval ‘6f the pre-



Figures 5-10.

e maximum rates and dynamic intervals of the rate-number

.J"

33

curves for the efifective lesion grm;p. The' horlzc‘:ﬁtal, solid’

lines extending across each of the graphs represent the mean

for the pre-lés.ion data and the dotted lines indicate 2

standard deviations from the mean. Vertical lines represent

the s.e.m. for that session.

3
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lesion curves (Figures 5 to 10, lower panelsf. The only case where the post-
lesion interval was outside of +/- 2 standard deviations of the baseline mean
was for subject D3 (Figure 5) and this elevation occurred for only the first

day after the third lesion._
Ineffective Lesions

Lesions were ineffective in producing long-term incfeases in’the required
number for 2 VTA sites and 4 LH sites (Figures 11-13). In the case of
subjects D3 (LH) and Bl (.LH, 480uA) the lesions produced transient
elevations in the required number that lasted for only a few days (Figure
13). 1t should be noted that subjecthBl v;las also included. in the effectiveﬁ' .
leslor; group described above because long-term elevations in the required
number were seen at a lower current (200uA). The grgdual increase in the
_ required number seen in subject B5 (LH electrod\e,; Figure ;2) after 20 days
t.Jf post-lesion testing preceeded Fhe loss of the electrode assembly. Lesions

" also did not produce long-term chamges in the maximum rate or dynamic

interval .of the rate-number curves for these subjects.

Effec'ts on Collision

‘Lesions produced decreases in the size of the collision effect ranging

from 27-35% in 2 of the 4 subjects tested. Figure 14 shows data from
’ |

subject D1. The top panel shows the pre-lesion collision curves and the
) \

. bottom pane!l the poét-lesion curves. QGiven the absence of any large
differences between the curves obtained in the A-P and P-A conditions, thé
average of the two conditions was used for all subsequent analysis. In both

f gz
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~ 4]

J | A

Figures 11-13. The reqﬁired number of pulses for the ineffective lesion
] group. The horizontal, solid lines extending across each of
the graphs indicate the mean for the pre-lesion data and the

dotted lines indicate 2 standard deviations from the mean.

Vertical lines represent the s.e.m. for that session.
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ngure 14, Collfsion curves for subject D1. The filled circles represent data :
collected with the C-pulse applied to the anterior (LH) electrode

) and the opén circles r‘epresent data collected with 'theb C-pulse
applied to' the posterior_(VTA) électrogle., Vér:tical lines represent

N the s.e.m, for each C-T interval.
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the pre-lesion and post-lesion curves, the total residual variance of t‘.he
broken-line functions was éignificantly less than the resi@ual variance
obtained from ‘a horizontal line through the mean (pre-lesio& t(116) = 6.39,
p< .0001; post-lesiork t(142) = 1,96, p<.05). In order to facilitate comparison
of the‘pre-lesion and post-lesion data, the‘cur'ves were forced to rise to an
effectiveness value of 1.0 by dividing each data goint by the upper asympote
of the broken-line function (Figure 15, loft panel). ' The re-scaled data are
ablé .'toyshow~changes in the 8ize of the collision .gaffecrt thét may have been
masked by changes in the overall level of summatio;'\. It should be noted
that, under the simplest assumptions, the diffegencé between the ppper. and
‘lower asymptote of the f’e-scaled data gives the percentage of fiberg .
“undergoing cbl'lision (see Figure 15, right panel). Under these assumptions,
every firing in each of the reward fibers contributes equally to the rewarding
effect of tﬁe stimulation. Given this assumption, ‘the percentage of fibers
undergoing collision decreas; bygapproximately 28% post-lesion in subject
Dl. Since-the upper asymptote of the re-scaled data is forced to be the
same before and after the lesion, decreases in the difference between the
upper and lower "asymptote (or the "size" of the collision éffect) can be
determined from differences in the lower asymptote. The lower asymptote

of the pre-lesion curve was significantly different from the lower asymptote

of the post-lesion curve ‘(t(130) = -3.12, p< OD).

.

o3

Data for subject D3 is shown in Figyres 16 and 17, The broken-line
functions fit to the average of the A-P and P-A data (before re-scaling) 3

resulted in significantly less total residual variance than a straight line

through the mean for the pre-lesion (t(143) = 4.24, p< .001) and first post-

—
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Figure 15. Tﬁe average of the A-P and P-A collision curves for subject DI.
Data have been re-scaled so that both curves rise to E-values of.

1.0, The right panel shows tﬁe broken-line functions fit to the
. v B

pre-lesion and post-lesion curves.

W

» -
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Figt{'a 1'6. Collision curves for subject D3. The filled circles represent data

fo

-

collected with the C-pulse applied to the anterior (LH) electrode

and the open circles represent data collected with the C-pulse

applied to the poster;ior (VTA) electrode. Vertical lines repre%nt‘

the s.e.m. for each C-T i'nterval.@

4

\
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7’
°

Figure lﬂ. The average of the A-P and P-A collision curves for subject D3.’
. ' r
-Data have been re-scaled so that both curves rise to E-values of

1.0. The right panéi shows the broken;line functions f@t‘t to the

pre-lesion and post.lesion curves.
L ' 1
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lesion data (t(198) = 2.17, p< .05) but not after the second lesion (t(108) =

.88, p< .a). The first lesion produced a 27% decrease in the size of the
quHelon effect and the second lesion resulted in a 35% decrease when
compared to the pre-lesion curves. The lower ‘asymptote of the first post-
lesion curve (re-scaled) wa; significantly different from th’e lower asymptote
of the pre-lesion curve (t(172) = -2.82, p< .01). The lower asymptote of the

second post-lesion curve was not signitiéant]y different from the lower

asymptote of the first post-lesion curve (t(153) = -0.72, p< .47).

1

The collision data for subject C8 is shown in Figﬁre 18. Broken-line
functions fit to the average of the A-P and P-A data (before re-scaling)
reaulte'd in significantly less total residual variance than a straight line
through the me::n in the case of the pre-lesion data (t(158) = 2.08, p‘<’ .05)
but not after the first lesion (t(123) = 1.3?, p<.2) or the second lesion (t(97)
= .47, p< ). vThe re-scaled data are shown in Figure 19. There was no
significant difference between the lower asymptotes of the pre-lesion and -
first poet-lesitlnn~curves (t(127) = -0.51: p< .61) or the lower asymptotes of

¢ .
the first post-lesion and second post-lesion curves (t(97) = -0.91, p< .37). P2

The collision data foi*'subject B5 s shown in Figures 20-22. The A-P and
P-A conditions were not averaged‘ for B5 because of differences in t;he two
curves post-lesion (see Figurt;%, lower panel). After re-scaling al:ld fitting.
the .data, it became clear that the major differences between the post-

lesion P-A and A-P curves were the level of summation and the range éver

which the curves rose. .Re-scaling eliminated the differences in summation

. (Figure 21 and 22) and revealed no significeni; difference between the lower

-
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. Figure 18. Collision curves for subject C8, The filled circles represent data
collected with the C-pulse é_pplied‘ to the anterior (LH) electrode

! and the open cirg’les r'epresent data collected with the C-pulse
. - S -

. applied to’ t)‘r,te/p‘bét'erior (VTA) ele'cggndé/./ Vertical lines represent

- " the ts‘;‘e'.rﬁ. for each C-T interval.
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.+ Figure 19.

57

The avérage of the A-P and P-A cbllision curves for subject C8.

.Data have been re-sr;aled so that both curves rise to\E-values of

1.0. The right.panel shows the broken-line* functbons fit to the.

pre-lesion and post-lesion curves. ' .
N
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igure 20.
7 Figure

59

e

Collision curves for subject Bs.th'filled circles represent data
collected with the C-pulse applied to the anterior (’L/H? electrode
and the open circles represent ‘dals:a collected with the C-pllse
applied to the posterior (VTA) e1ectr;3de. Vertical linet; represént

the s.e.m. for each C-T interval.
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Figures 21-22. A-P and P-A collision curves for subject B5. Data have
been re-scaled so that all curves rise to E-values of 1.0.
The right panels shows the broken-line functions fit to the

pre-lesion and post-lesion curves.
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asymptotes of the pre-lesion and post-lesion.curvesifor either the A-P

condition (t(119) = -0.21, p< .83) or the P-A condition (£(113) = -0.38, p< .7).

4 A4

Histology

Hiefol'ogy for the 7 subjects is shown in F‘igur_es 23 to 29. The first sign,
largest cross-section, and last sign of the lesion as well as fhe electrode
locations were reconstructed onto tracing; from the Paxinos and Watson
(1986) atlas of the rat brain in the sagittal, horizontal and coronal planes.
Lesions were also traced onto plates from the Nieuwenhuys et al. (1982)

. atlas of the MFB (Figures 30-31). Estimates of the current-dis‘tance
relationship obtained at the LH by Fouriezos and Wise (1984) were used to

an

provide estimates of the current spread for each of the electrodes. Although
4

these estimates were obtained for current spread along the medial/lateral

axis and are therefore valid only in this plape, the stimulation fields were

- assumed, for the sake of simplicity, to be symmetrical in all planes.

Lesions were located in tﬁe anterior LH between -0.8 and -2.3 from
bregm’a. Lesions that were ‘ineffectiv‘e in producing shifts in the required
number were located almost exclusively in the medial compartment 'c' of the
MFB (Figur; 30) while lesions that produced shifts in tt;; required number
also encroached on the more lateral compartments 'a', 'd', and 'e' (Figure 31).
In f.he cage” of subject. D1 (Figure 25) the lesion may have encroached on ‘the
LH -stimulation field. Electrodgs aimed at the LH were located in or
bordering the LH between -2.56 and -3.8 mm from bregma. Electrodes

. aimed at the VTA were located in or bordering the VTA and were found "

between -4.8 to -5.3 mm from bllegma. .

-
.



Figures 23-29. Lesion and electrode locations on tracings from the Paxinos

and Watson (1986) atlas of the rat brain. Sagittal &top) and
horizontal (middle) reconstructions are on a “representative"
sagittal and .horiz'én,tal plate. Coronal reconstructions show
the first sign, largest cross-section, and last sign of the.
lesion (bottom left) and the location of the electrode tips

" (bottom right). ‘Numbers on the coronal Vaections give the
dist‘ance of the plate from bregma. Circles drawn around
the electrode tips provide an estimate of the stimulation
field. The approximate increase (if any) in the required.
number for each stimulation site is given below the coronal
section for that electrade. The decrease (if any) in the size

of the collision effect is given in the lower right-hand

corner.
. §
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‘plane produce dramatic changes in the collision effect. There is no reason

Discussion v - . )

1

" Lesions to the antero-lateral portion of the MFB produced stable increases

Single Pulse Effects

" in the required number at-both the LH and VTA stimulation sites. Lesions

a,fin‘ecting more medial portions of the MFB (compartment 'Lt,:') did not produce

increases in the required number at either the LH or the

)

case o&the‘ VTA site, the decrease in the rewarding impact of the

TA site. In the

stimulation cannot be attributed to the encroachment of the lesions on the

[
_ field of stimulation as can be seen from the sagittal and horizontal

reconstructions. Damage to neurons within the stimulation field, especially
in the case of qubjec't D1, may have contributed to som¥’ of the shifts in' the
required number at the LH electrode. Despite the close proximity of the
lesions to the LH site, the size of the shifts in the required number are
rather small, a finding consistent with the~results of previous atudies (janas’
& Stelle;r, 1987; Waraczynski, 1988). This could indicate that the

contribution of the anterior MFB to LH and VTA reward is a relatively

minor one. However, it also possible that the small size of the shifts in the

. tequired number is due to misalignment of the lesioning and stimulating

electrode. When searching for collision between the LH and VTA, small

movements of the VTA electrode of around 200 microns in the dorsal-ventral

(<Y

’

to believe that alignment weuld be any less ‘important when looking at the

effects of lesions on the required number. Indeed, in the present study, very

small differences in the location of the lesion resulted in large différnences in
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the effectiveness of the lesion in degrading MFB reward. For lnstarice", in
the clr;se of subject C9 the first and second lesion (0.3 and 1.0 mA for 10
sec) produced very little ch’a.nge in the x;equired, number while the third lesion
(2.0 mA for 10 sec) produced one of the largest shifts seen in this study
(0.2-0.3 log units). Across animals the same impact of lesion location on

+ effectiveness was se;an. Lesions that were localized to the medial -
con;partment ¢! of the MFB were ineffective while lesiokns just slightly
late_ral and encroaching on co(r’npartments :a'-, 'd'" and 'e' were -effective. An
obvious solution to the problem of aligniné the legion with{n the bundle of
reward neurons is to lesion the entire cross-sectional area of the MFB.
Unfortunately, this approach to the prgblen’l does not seem to work.

Waraczynski (1988) found that .some of her large knifecuts to the anterior

MFB did not produce any decrease in the rewarding‘ effect of MFB

2

-gtimulation even though they encémpassed the area damaged by smaller,
effective’ cuts. This phenomenon of large lesions producing less extensive
deficits when’ compared to smaller lesions has ;ecently been discussed by Irle
(1987). She suggests that the partial functioning of a damaged level in a
hierarchical system may be more disruptive to the syatem‘than the complete
des'truction of that level. Whatever the explanation, it is clear that there is
" no simple relationship bétween the’ the efficacyc of anterion: MFB lesionsl and
tl;aeir relative size. Systematic variations in the location of small ieslons, s
p;erhaps with the aid 01: ;a moveable lesioning electrode, would be better able

to determine whether-the small size of the shifts is due to misalignment or

due to the sma}l ‘contribution of anterior MFB neurons to MFB reward,

L
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> The small gize of the required number shifts found in the present study

‘raises a more serious question than that of the relative contribution ‘of the

anterior MFB. Two studieﬁs‘ that have examined the effect of performance

variables on the rate-frequency function have found that manipulations of the

'

task difficulty are able to produce‘ ghifts. of up to 0.2 logjg units in the

2

required number (Edmonds & Gallistel;-1974; Miliaressis’ et al., 1986). Since

the shifts observed in this study were around 0.1-0.2 logjg units,.it is

a

possible that. these shifts were due to performance deficits and not due to

©

decre\aaes in the rewarding effect. There; are two reasons for doubtfng this *
i.ﬁterpretation. One reason is that there was no marked depression of thej
maximum response rate after the lesion except for subject C9. In both of
- .
the studies mentioned above, performance manipulations always prqduced
depressions in the asymptotic rate. A second reason is that there‘ was no
change in the dynamic interval of thé rate-number curves. Miliaressis et al.
(1986) found that performance manipulationsyproduced changes in the
asymptotic response rate and the-range over which the rat;s-fréqpency‘ curves
rose. The changes in the slope of the rate-number curves were Largely ‘

- ~respongible for the change;x in the half-m;ximum_point used as the

\‘ behavioural critefion. * They concluded that a better index o} changes in the
rewarding efficacy of the stimulation could be obr.;gned from the intercept of
the rate-number curve with the number axis since the curves pivotteg around

) ihia_ point following performance manipulations. Since the rising portion of ’
the pre-lesion and npoat-lesion rate-number curves obtained in this study were

. K .
parallel, the change in the required number was not due to changes in the

- -

slope of the curves.



‘ were collected at‘ three different times after the lesion. The recovery

- common poiht on the éurrent axis. Accdrding to these .curves, required ‘
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The findings of Miliaressis et al. (1986) and Edmc;nds and halllstel\(l97a)
raise serious questions about the use of the curve-shift paradigm ‘in assegsing
relatively subtle effects o.n the rewarding éfficacy of BSR. In those cases .
where the shifts are small (less than 0.2 log)g units) and there is a
concurrent decrease in the maximum response rate, there is no way of
determining whether or not these changes reflect both a performance deficit §
l‘remd a ;‘eward deficit or just a performance deficit. Fortunately, t'he parallel
nature of the shifts ségn in this study coupled wi‘th the lack of effect on the

maximum response rate suggest that the lesion-induced changes in the rate-

number curves represent real decreases in the rewarding efficacy of the -

stimulation. i

»

Data from subject Bl suggests that the effects of lesipns on the rate-
number curve ‘may‘be dependent on the curgent intensity. At the low
current used (ZD0uA, Figure 4), the shifti in required number were stable
over time while at a higher current %aBOUA, :‘igure ,13), the shifts were
transient and recovered to baseline values within a few days. A possible

s »

¢ I ' .
explanation for these effects follows from the demonstration that number-

9

‘A
current trade-off f./unctions change as recovery occurs after a lesion (Shizgal,

_ Howlett & Corbett, 1979). Figure 32 illustrates this point with hypothetical

number-current functions taken before and after lesioning through tﬁe
stimulating electrode. The lowest curve, labelled "PRE" is the function
obtainéd before the lesion and the three higher curves ("POST" 1, 2, and 3)

~

process changes the slope of the post-lesion Surve’s, pivoting then sround a

-
‘ ’
- '

- 0

7.



L Figure 32,
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4

Hypothetical riun;ber-current curves taken before and after
lesioning through the stimulating electrode (baséd on daga from
Shizgal et al., 1979). The 'thre_e post-lesion curves shos;." the
changes that occur in the slope as a functjon of time post-lesion.
The intersection of the two horizontal, dotted lines with the ffour
curves gi\}es the requir‘ed number values that would have been

k]

obtained at high verus low current.’
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inumber determinations collected "at a current of S00uA would show complete

recovery to baseline values while data collected at a current of BDUUAwwould
’ - “ i

show almosé no recovery. If the change in slope caused the post-lesion

curve to cross the pre-lesion curve then data collected at high enough

-

currents could result in decreases in the required number following recovery

from the le;ion; an outcome usually attributed to increases in the rg\;/arding P
impact of the stimulation. This example is based on data collected follbwing_
lesions thyough the atimul;:ting electrode; whether the same kinds of changes
would be seen with lesions away from t'he stimulating electrode would depend
on the position of the lesioned fibers in the stimulation field. It would be a
good idea for. future lesion studies to obtain the complete nugber-current
function in order to more fuily~ characterize the post-les;on changes and to -
test whether changes in slope occur during recovery. c

. Collision Effects ‘ - N

Lesions of the anterior LM that produced increases in the required number
also p}oduced significant decreases in the‘s‘ize of the collision effect between -
the LH and VTA. Lesions that had no effect on the required number also

. . \ .
had no significant effect. on the size of the collision effect. The simplest

interpretatioﬁ of these data is that the effective lesions to the. antex:b-lateral

Y

MFB damaged reward neurons linking the LH and VTA. )

In cthe case of subject D1, an increase in-the .required numbex)’ of

4

‘ approxlm'atelyuﬂ,l log -unit (26%) was seg}l at both the LH énd VTA while a

LY ? ..
28% decrease in the size of the collision effect was also seen. Based on

these results, an important question to-ask is: What proportion of the

- . \ h a
t

~ ] ) .o ) ‘ A
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.'but not at the LH)-and therefore the collision effect should have gotten

83

lesioned reward fi‘bers were also collision fibers? To illustrate the
relationship between changes in the required number and changes in the size
of the collision effect cénsiﬂer the following hypothetical examr;le in which
each stimulated neuron contributes equally to the rewarding effect: '000
net‘lron: are stimulated by thé two electrodes and 500 of these neurons
undergo collision, The -collision curve in tt;ia example \n;‘ould rise between E-

¢

values ofKO.S and 1.0. After -lesioning, the number ‘of reward neurons is
reduced to 800. In this case, the required number would increase by |
approximately 0.1 log units (1000/800 = 1.25 % lbo'l). If all of the lesioned
neurons ’werev also.collis'ion neurons, then the number ofy neurons undergoing
collision would be 300 (500 - 200) and the proportion of fibers undergoing

collision would be'0.375 (300/800). The collision curve would now rige

between E-values of 0.625 and 1.0. This would represent a 25% reduction in

.

_the size of thHe collision effect ((0.5 - 0.375)/0.5)‘.\?1d on a 25% increase

in the required number, we would therefore expect a 25% decrease in the

size of the collision effect if all of the lesioned neurons were also collision
neurons. Thus, under the simplest assumptions, the results from subject D1

are consistent with the hypothesis that all of the reward neurons damaged by

. . e [
the lesion were also collision neurons.

. o s

“The correlation between the single pulse effec.ia and the collision effects” .

3

is not as cc;naistent in the case of subject D3. Recall that the shifts-in the
Y ,
d

;d
required number.occurred after the second legion and were only long-lasting

for the VTA electrode. Based on this finding, we rmnight predict that non-

»

collision ‘fibers had been damaged by the lesion (fibers stimulated at the VTA

\
N °

N » .
s |
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larger after the second lesion. The collision effect in fact was 27% smaller

after the lesion and this decrease occurred after the first lesion not the
second. The second lesion also produced a small ,decrease in the size of the
collision ef-fect (12% compared to the first. post-lesion curve) but the lower
asymptote-of the first post-lesion curve was not significantly different 1;rom
fhp lower asymptot; of the second post-lesion curve. Th‘is discreplet.\cy
\A\etween the change in the required number and theqchange.in collision raises
some concern about the use of the collision techhique in assessing the
effects of lesions on reward. Should we "believe" the shifts in required
number or should we believe the ch;mges in the collision effect? There are o <
several reasons for considering the collision data more reliable .tha'n the
aingle pulse dat,a. Qne reason long-term changes in the required number may
not have been seen at the Ll—i,ln' the case of D3 is because of the arbitrary
cholce of current used. for that electrode. The data fO.I: the LH electrode

- for ‘subject D3 (Figure 13, top panel) suggests that this is the case, Shifts’
in the required number of up to 0.'2 }oglg units were seen after both of the
leslons but they recovered to baseline values within a few days.‘ Perhaps, if
n* Jlower current had been used, l;ss'reco'vet-'y would have been seen for the
‘reasons ;tat'ed earlier. A transient shift in {-equi.r'ed number was not seen .
fc‘:lloyviné the first lesion for the VTA electrode so that even if this
argument holds, an increase in the collision.keffecg still - should have been seen
after the first lesion. There is also the possibility that' compensatory effeets

L)

on the required number,could act to cancel one another out so that even

- ;

though reward neurons had been damaged, no shifts are seen in the rate- |
number curve. The basis for such an‘argument comes from data collected
) .
by Waraczynski (1988). She found that many of her knifecuts produced -
o R N ' Ce

2 .
’ . L . .
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decreases in the locus of rise (required number) indicative of an Increass in -

the rewarding efficacy of the stimulation. If a lesion. damaged an area that

Wops? . .
normally would produce a degrease in- the required number ‘as well as

damaging an area that alone would produce an increase, the net effect may

be no change in the required number. Synaptic recovery mechanisms }{a.g., *

increased neurotransmitter’ release, receptor supersengitivity, etc.) and damage

to inhibitory mechanisms, while greatly affecting the rate-number curves,

€

would be less likely to affeet the collision curves. The only way a decreage
! \ Z/ N . .

in collision could be observed i’ollowing a lesion is if there was a‘decrease in
the numbe{ of collision fibers, their efferents, or neurons that gate their

efferent signals. Recovery could only occeur lf there was some regenetetion N

of the neurons (or ‘efferents) linking the LH and VTA or if thereswas an -

‘ . ' ey,
increase in the behavioural weighting of neurons efferent to the fibers still hE

y undergoing' collision. : . -

8 4

One way of testing the predictions we have made about changes in the

~ collision “effect would be to lesion through one of the stimulating "electrod'es

’
~

used in the- collision test, It would flrat be necessary to judge the relative
~ dlstance between the collnsnon ﬂ%ers and 'the‘electrode tips.” For instance lf

/ } ) .
collision was found at low currerits, t 'Pé/'the field of stimulation would be T e,

Pf§

g 1
small and the coll sion fibers would haye to be cloee to the elecw tip. & " P

collision was only found at high currents, then the collislczn fibers would be )
_ . - i o ' "
located far from the electrode tip. Of «course, the currents passed through

1~
each electrode could be unbalanced so as to determine_ whether collision

A ' _ flbers were located close to one electrode but far from the other. If the-.

colhsxon fibers were located far from the tip of pne electrode, then a amall
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lesion through the tip of the electrode would only damage non-collision fibers
and the collisiqr; effect should get large;: Conversely, if the fibers wereﬁ

- ‘ locafea close to the tip of one electrode tl‘u;lyw a smqil lesion "would be
expected to damage many colfision fibers and the collision effect WOl.Jld get
bigger. This experiment would test the ’predictions w; have made a;md give
us greater confidence in interpreting the ‘effects of lesions on collision,
especially if lthese effects are not in accordance with the eff%jcts on the

required number. -

Candidate Pathways
\ «'.’),' ,

‘Lesions that were ineffective in producing in’cre'ases in the required
number were found to be localized to i:he medi.al compartment 'c' of the
MFB as described by Nieuwe(\huys et al. (1982). The five effective lesions
encroachéd on t{t\é more lateral compartments ‘a’', 'd' and 'e'. Qsing

‘> autoradiclagraphy, Veening, Swanson, éowan, Niem;venhuys, and Ge’er:aedts (1982)
‘examined the position and topographic rel;ationahip o‘f -several stru;:tures
known to contribute fibers to the' MFB. _They found that descending fibers
from the olfactory tubercle; nucle_L_Js accumbens, and central a'mygdaloid
nucleus project primarily through the. lateral compartmgnté 'a', 'd' and ‘e’
while descending fibers of septal origin appear most concentrated in the
* ventro-medial MFB. Since in all cases there was some scattered fibers 3
labelled in other compartments, it is not possible to elimindte any given
projection based on the histology of this study. -Even thou_gh tht; majority of
septal fibers were found in the m ._ilal MFB, it is possible that the leslt;n

/ . -
effects were due to Hamage to the few septal fibers found in the lateral

3 )
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corﬁpartments. Simila}'ly, it is possible that the lesion effects were due to
damage to diffuse MFB projections, e.g. from laterai })ré:);tic area (LPO), if
all of the reward fibers from this nucleus project through the lateral MFB.
Nonetheless, the differences betwgen the location of.the effective and .
ineffective lesions is intriguing and raises the possibility that smaller lesions, .
perhaps using a movgable lesioning electrode, would further distinguish the
relative importance of the MFB compartments in MFB reward. These
findings 'a'lso suggest th'at ghé inconsistencies fo;md in previous lesion ‘studies
could be due to subtle differences in lesion location that were .not detected

in the histological analysis. ~» .

Fibers Arising in«the Amygdaloid Nuclel
e k.

_ Several studies point to a possibie ir;volvement /of amygdaloid fibers in
MFB reward. The effectiveness of lateral MFB lesions found in the present
study is consisteﬁt with damage to central amygdaloid fibers that ‘E)roject “
predominantly through the- lateral MFB (Véening et al., 1982). Anatomical

studies have found that amygd?loid projections pass by the LH and VTA and
. K} - .

‘some continue on to the periaqueductal grey (PAG, Hopkins & Holstege,

1978; Krettek & Price, 1978) which has been shown to contain reward-

relevant fibers common to the VTA and poste;‘igr LH (Boye & Rompré, 1987). P

" Rolls (1972) recorded from—units in the baso-lateral amygdaloid nucleus’ and

nearby pyriform cortex and found that the cells were a;ltidromically
activated by LH stimulation. The refractory periods of these cells were
wlthin the range of estimates for MFB reward neyrons. ‘Bilateral,
electrolytic lesion; to the amygdala have been found to produce large. -

increases in the current threshold for LH self-stimulatiori although these .
e ‘ ’ \

Dy !
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increases v‘vere'found to recover over time (Kelly, 1974). One study that is
not in keeping with a role for the amygdala in MFB reyvqrd fhas four;d that
subthreshold LLH stimulation influences 'the performance for, but not the
"reward‘ing impact of, threshold amygdalanstimulatfon (Kane, Coulorpbe. &
Miliaressis, 198‘8).. ' |
\\’ -' - (,‘
Fibers Arising in the. Septal Nuclei

3

M

The lack of effect of the two lesions located in the medial MFR, where
the highs.;st concentration of fibers originating.in the septurh are found, Is
no“t cénsistent with their playi'ng, a large role in MFB reward. Knifecuts
directly in the septum ht;ve also failed to produce aubsta}w.tial ;Jecreaees in ~
the rewarding efficacy of Ll-:l stimulation (Waraczynski, 1988), . These data
‘are disappointing in that geptél units, driven by LH or V:[A-stimulation, have
been found to possess refractory periods that agree with: the estimates
obtained from psy’choph;'sical tests (Rompré & Shizgal, 1986). The

ineffectiveness of septal lesions suggests that these septal neurons are .

pro’bably "imposters": cells that resemble MFB reward-relevant cells but in

fact pléy'no role in MFB reward. &
M 1
‘The Path Neurons of the MFB B .

% .
The effect of lesions on LH and VTA self-stimulation seen in the present

study may have been dué to damage to cell bodies located ln‘ the antero-
lateral MFB. The intrinsic neurons of the MFB, the so-called pa-th neurons,
gre scattered throughout the lateral preo\ptic-hypotl{alamic zone and possess
asceﬁdﬁ'\g and descending axons (Millhouse, 1969). The path neurons have

é
<.
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long been considered a potential component of the MFB reward s'ystem (Olds,
Ve 4 N . ' . \

1962; Szabo, 1972) and none of the psychophysical data collected to date has

suggested that they are iqcomp'atible with the characteristics of the first-

£4

stage neurons. Autoradidgraphic studies have found that the path neurons

located in the LPO and LH seQd prmectmns past the VTA and PAG
(Arbuthnott Mitchell, Tulloch & anht, 1976; Hosoya & Matsushlta, 1981;
Saper, Swanson, & Cowan, 1979; Swanson, 1976) thus providing anatomical

support for their %ossible fole in MFB réward. ’ N \

PR —

Huston and his co-workers have shown that lateral hypotgalamic self-
stimulation in_the guinea pig is.possible after removal of the ipsilateral
telencephalon and transection of all forebrain commissures down to the level

[y

of the brachium con.juntitivum (Mueller; Huston, and Pritzel, 1981). This

study suggests that the int;insic neurons of the‘ diencephalon are suff‘icient

for MFB self-stimulatior%’ to occur. A more interesting que.stion from the
pers;l:ective of "the péychophysical approach is whether ‘the path neurons | .

trénamit.paf't or all of the reward sfgnal in the iptact animal and if so do

they give rise to the descending reward axons that link the LH and VTA.

’

If path neurons are an important component;of MFB self-stimulation, then

_ their selective destruction should result in shifts in the rate-frequency : ’

" function towards higher frequencies. .Most of the studles of MFB self-

o

stimulation that have'injected neurotoxins into the MFB have used ibotenic . —
acid (l_estané, Cardo, Roy, & Velley, 1?85; Nassif, Cardo, Libersat & Velley,
1985; Velley, 1986; Velley, Charninade, Ro:y, Kempf & Cardo, 1983). Ibotenic

acid is a neurotoxin that was thought to kill neurone\while sparing fibers of
P .

passage (Schwarcz, Hokfelt, Fuxe, Jonsson, Goldstein, & Terenius, 1979) :
. ¢ _

4
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hdwever recent evidence has shown that ibotenic acid also causes
‘de;nyelina'tion as well s neuronal depletion (Waraczynski & Stellar, 1987;
Coffey, Perry, Allen, Sinden, & Rawlins, 1988). "It is therefore not possible
to attribute their effects solely to the d;struction of path neurons, These‘
studies have ’aldso either fai;éd to use curve-éhift scaling or hav; interpreted-
scalar decréases in.the rate of responding at different current intensities fox/
decreases in the rewarding impact of the stimulation. Edmonds and Gallistel
(1974) ;.md Miliaressis et al’. (1986) have shown that scalar decreases in the -
- response rate; at dif:erent levels of stimulation strength occurs after a
manipulation of performance variables. Sprick, Munoz and Huston (1985) used
a procedure closer to curve-shift scaling. ' They found }hat ibotenic acid or
the rleurotoxin kainic acid injected through a cannulae located .5 mm above
the electrode tip, fa{led to alter the weakest current required-to support a-
maximal rate of responding. Although this s'tudy does not implicate petﬁ

- neurons located near the electrode tip, there.remains a possible role for path

neurons with somata at other levels of the MFB.

N

fhe results of the Mueller et al. (1’981) ablat;bn study sugéest that the
intrinsié neurons ,of the MFB are suf;icijent for MFB self-stimulation, |
Unfortunately, the effect of the selective destruction of path neurons on
MFB self-stimulation is not clear due to the. méthodological problems of
studies employiné ibotgnic acid. The knifecut studies described in previous
sections (J"anas & Stellar, 1987; Waraczyhsk'i, 1988) and the present; study
could also be interpreted ;s implicating path neurons‘ in MFB reward since
the changes in t.hreshold were relatively ‘small given the proximity of the

&y . :
lesions to the stimulating electrode. As soon as a more specific neurotoxin

{

N

'
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is fgund, studies examining the effect. of legions to pwﬂ ‘neurons found along

the entire extent of the MFB will be the next’crucial step.in the resolution
of thi{s issue. . ‘ ' ; ’ i\

Fibers Arising in the Lateral Preoptic Area
’ \ . Y

The path ngyrons located at the level of the LPO are a particularly

attractive candidate for TtLe origin of the descénding MFB reward neurons.

. 1njecti’on 6f labelled amino acids into the junction between the LPO and LH

has revealed projectiork that pass near the LH, VTA and PAG (Swanson,

, :
1976)." Theé LPO also shows an increase .in uptake of 2- deoxyglucose during 2

" self-stimulation of the ipsilateral @ (Calhstel, Gomlta, Yadin, & Campbell

1985). Lesions in the’present s‘?udy encroac‘hed on the posterlor LPO ‘and .
may have damaged fnbers pm]:ac’tmg from the: LPO, through the lateral/ .
compartments of the MF'B, to the LH and VTA. Janas and Stellar (1987)
found that knifecuts in the posterior ¢.PO producg}j increases in the
frequency thresholg¢ for self-stimulat.:ion of the LH }anc_:iling from ' .
approximately @72 to 0.4 ldélgfunits. .Waraczynski (1988) also found that
some of her knifecuts*in the LPO produced llong-term inéreases % the
threshold for LH self-stimulation but her results w;re more erratic dhd there

was considerable variation aérqss subjects that could not be readily explained

from the histology. Radio-frequency lesions centered in the LPO have

" produced decreases in the rate of self-stimulation for ‘three fixed currents - ,

correspgnding to 25, 50 and 100 per cent of maximum response rates (Munoz,

Kellar & Huston, 1985). The use of three fixed currents makes it difficult

to, ascertain the change in the threshold for self- stlmulatxon but for three\

*
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animals self-stimulation could not be obtained at the pre-lesion currents so
thresholds "were inoadvertently obtained. In thesg 3 subjects currents 3.5-6.7

. - S »
timiés (0.54-0.83 log)g unit increase) the prelesion currents were required to

s

reinstate self-stimulation. Since the lesions gncroached oh many structures

besides the LPO ancluding the nucleus accymbens, diagdnal bénd of ‘Brdca,

anterior hypotﬁalamus, ventromedial hypothalamus, dorsomedial hypothalamus,

case with the YBtudy‘by Munoz et al. ,(__1985);“‘
lesions "encroached upon structures other than the LPO and the use of two‘ .
n analysis of threshold chang'?s. The effecta‘o;w
selfzgtimulation seen in this study cann(;t be unequivocally attributed to

r ¥

' ‘ s
interesting finding/of .the Huston et al. study was that a decrease in the rate

3 >
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reward ne\'u'ons. B‘arof;e, Wayner, Tsai, and de Coronado (1981) found 3 cells

in o;' near, the LPO that were antidromically driven by PAG stimulation.

The conduction velocities of 1.02_, 2.45% and 2.52 m/sec recorded for the 3

cells are within the lower end of the I?ehavipural range (1-8 m/sec). Rompré

and Shizgal ('1986) have alao’reconded from 6 cells near or in the LPO that

were antidromically activated by LH andfor VTA stimulation.. They reported

. that 3 of the cells found near the border of the medial and lateral preoptic -

area had refractory periods within the behavioural range for MFB reward

neurons (< 1.5 meec). .

Py

A recent psychophysical gtudy aimed at the characterization of reward
lneurons in the basal forebrain has found that refractory period estimates for

»*, .
reward neurons stimulated at the 'LPO overlap with, but are not identical to,

the. refrx;ctor; period estimates for MFB reward neurons (Fouriez\oe’, Walkjer,
Rick, & Bielajew; 1987): Refractory period curves began to rise at C-T '
intervals of 0.6 and 0.8 msec but did not level off until 5.0 msec. These
results ln@icate that some LPO reward r?eurons recover more slowly than
N;FB rewa;:d neurons and others are of :;imilar caliber to MFB reward
neurons. .Bielajew, Thrasher and Fouriezos (1987) have found evidence of
collision between sélf-stimul;ation sites in the LPO and the anterjor LH
Indiéatihg a direct a;(onal link between the two areas. All but one of the
bolllgioh»'cur\)es show a double step; an initial rise in effectiveness compatible
with the collision curves obtained Jfrom the LH-V'i‘A segment of the. MFB and

a later rise compatible with a population of slowly conducting neurons. The -

contribution of these slowly .conducting fibers is, for the most part, absent
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from data collected from MFB electrodes, suggesting that these fibers

B 'Y
- synapse somewhere between Fhe anterior and posterior LLH.

The knifecut studies of Janas and Stella;' (1987) and Waraciynaki (1988) as
well as the present study héve providéd evidence that LPO neurons may play
a role in MFB reward and ‘rec‘ording studies have confirmed that at least
some LPO ce'lls exist with characteristics tha~t match those'of MFB reward
neurons. Some of the reward fibers linking the LPO and anterbor LH have
\ characteristics similar to the reward fibers connecting the LH and VTA but

the two bundles cannot" tSe identical. Together, tHis information suggeett; that
the LPO is a promising candida"t‘te for 'the origin of the deaf:ending MFB L
reward fibers. Collision x‘s.tudies, bridging the bresent gap betweéen the

anterior and middle LH, will help, to determine whether there exists a direct

connection betwéen the LPO and posterior LH or VTA. -

&

{

w

Ascending Dopamine Fibers from the VTA

Ascending dopamine fibers from the VTA pass through the areas damaged |

by the effective lesioﬁs in this study (Lindvall and Bjorklund, 1974). Since

?

.7
injection of dopamine receptor blockers has been found to attenuate the ’
rewarding’ effect of’ MFB stimulation (Liebman & Butcher, 1974; Fotriezos

and Wise, 1976; Franklin, 1?73; Gallistel, Boytim, Gomita, Klebanoff, 1982),

it is possible that ‘the shifts in the required numbc'ar seen in the pzasent study
were due té) damage to ascending dopamine'fibers’ in the laterpl MFB. Tﬁe
reduction in the size of the collision effect, if due to daemage to the{ directly
activated collision fibers, is mist consistent with damage to dopamine fibers

1

since their conduction velocities are too slow te account for the

f
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psychophysical data (Guyenet & Aghajanian, 1978; Yim & Mogenson, 1980; ,

German, Dalsass, & Kiser, .19'80). If the reduction in the coilision effect was
L4

-

\ & I3 ) ' - . .
due to damage to the efferents of the cells undergoing collision, then it is

" possible that dopamine neurons were involved. This explanation requires that
the efferents of the collision neurons be spatially segregated from the

efferents of the non-collision neurons.

&
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Conclusions

.
N Y
. 4

Lesions in the antero-lateral portic;n of the MFB produced stable increases

~ . v . : ' r
(26-58%) in the required number at both the LH and VTA stimulation aitga.
These changes were not accompanied by corresponding increases in the

dynamic interval of the rate-npﬁwber function or systematic decreases in the

asymptotic rate of respénQ@ng’. Thus it would appear that fibers' or cell
r3 .
bodies in the damaged areas contributed to the rewarding value of the:

. - :
stimulation. Based on the size of the increases in, the required number and

the assumptions of the counter model of spatio-temporal integration in the

reward substrate (Gallistel, 1978), lesigns destroyed approximately 20-37% of .

the peurons stimulated at the electrode sites. Subtle differences in the '

location of the lesions produged dramatic differences in the etfec't: on the

required number: ineffective le;ions were localized to the medial

mbartment/ 'c' of the MFB \«;hile effective lesions were slightly lateral and
encroaching on compartments 'a', 'd' afid 'e'. The importance of the location
of the lesion within the MFB may be on;a reason previous studies have found
seemingjly incomsistent results_”‘from si?nilagly positioned lesions or knlfecdtis.

Future lesion studies, again empl_oy}hg small, well-localized lesions, will help

determine the relative importance of the lateral MFB compartments ('a’, 'd',
. , .
épd 'e'} and perhaps further narrow down the possible candidate pathways

.

involng. " Based ‘on the differences in the .amount, of recovery seen at high’

.
4 had

\ . - -~ ’
¢ersus low current for subject Bl, future studies should also emplay several .
current intensities in order to maximize the Jikelit.wod of seeing long-term

L, .

effects on thé required number.
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- -

Lesions to the anterior LH that produced increases in the required number

also produced significant. decreases (27-35%) in the size of the_collision

»

effect between the LH and VTA. Lesions that had no effect on the required

b3 N

,n‘umber.alao had no significant effect on the size of the collision ef'fecF
between the LH anquTA. The simplest interpretatior{ of these data is that
the effective lesiops to the antero-lateral MFB damagec’f 27-35% of the .
reward neurons linking the LH and ViTA. Based on data reviewed and the
results of this experiment, likely candidate sites for the origin of the
descending MFB reward neurons include the ‘amygdala and path neurons of

%
the MFB. -

A
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