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"There are two species of mammals whose
behavior has been more Intensively studied
under conditions of laboratory control than
any others. These are rats and men, Since
one of these stands near the bottom of the
mammalian scale and the other represents the
culmination of cortical development, it seems
appropriate that our discussion should center
about these specles... and the problem opened
up by the facts available regarding their
nervous systems in relation to their behavior

patterns', {/

€C. Judson Herrick, 1926%*

* From Brain in Rats and Men. University of
Chicago Prest, 1926,
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FOREWORD

0lds and Milner discovered in 1954 that rats with chronic-
ally implanted'electrodes in the'brain rapidly learned a resp;nse
to obtain eléctrical brain stimulation. The electrical stimul-
ation provided reward, in that the rats worked to obtain it.

Brain-szimulation reward has been found in all vertebrate speciles

testea, including man, and has been useful in understanding how
natural rewards, such as water and feod, are processed, by the
brain, in understanding the neur?l basis cf emotion, motivation
and learning, and also 1in understanding the functioning of

the hypothalamus and of limbic and related structures;

Research on brain-stimulation reward has progressed from
its discovery to the present time, and now covers the aspects of
neuroanatomy, neurophysliology, biochemistry, pharmacélogy, physio~
1ogica1 correlates and psychology. Surprisingly, there are
relatively few studies on the behavioral aspect; of brain-stimul-
ation reward. The first part of the present inveétigation will
deal with a topographical and:quantitative description of the
behavioral patternsAcorrelated with brain-stimulation elicited
from various brain sites.

It has repeatedly been shown that positive S§S§ locl coincidé
with known catecholamine fiber trajectories, cell groups, or
terminal fields. The view that the catecholamines are critically
involved in mediation of intracranial self-sctimulation (ICSS)

.has also been strenghtened by the findings that ICSS is potentiaced

by drugs that enhance catecholaminergic (CA) neural transmission,

whereas itris abolished or attenuated by drugs which impede CA

..rtransmission. Initially, noradrenaline was considered to bhe



the most likely substrate of reward. These speculations on
noradrenaline have been greatly influenced by the fact that
noradrenergic fibers are found near most ICSS sites and that
drugs that interfere with noradrénergic function attenuate ICSS.
However, close examination of ICSS sites iﬁ the pons and caudal
widbrain has shown that these.sftes are not well correlated

with the boundaries or with the relative dens;ties of noradre-
nergic elements near ghe_electroée tips: In addition, drugs that
alter noradrenergic function generally cause a non-selective
behavioral debilitatien. These and otber recent data indicate
that it is unlikely that stimulation 1s rewarding because it
activates noradrenergic systems. !

In recent years, Increasing attention has been paid te the
possible involvement of ;he dopaminérgic and serotonergilic systems
in ICSS. The second part of the present Investigatiecn consists
of a series of experiments aimed at deyineating the chemical
nediator or mediators involved in ICSS and ICSS-contingen£
behavioral patterns.

gental disorders in man, as well as brain S$S in experimental
animals can be influenced by psychotropic drugs. The study of the

effects of these drugs on SS might lead to useful implications

for neuropsychology and biclogical psychiatry.



GENERAL INTRODUCTION | :

Review of the Literature on the Brain Self-Stimulation
Model. ®

I -~ Introduction

The first major step in experimental,studies of the
behavicral correlates of the brain occurred in the 1350'5
when Hess HQ&&; 1946a; 1946b; 1957) introduced the chronic
implantation technique. Electrodes were implanted in the brain
of cats. Thege experiments were bdsed on a qualitative method-
ology, i.e., the description of various neurovegetative, motor
and emotional reactions that can be obtained from electrically
stimulating different brain ;tructures. e 4

The next major step occurred in the l950's,_when Miller
(1957), Delgade (1955), Hebb (1955) and others began to use the
chroqic implantation methodology in psychological experimentation
oriented towards the quantification of the phenomena being

studied.

Using chronic stimulating electrodes in animals, Kaada (1951)
P

and Delgado (1955) observed that the electrical stimulation of
the dorsomedial tegmentum {(DMT) produced flight behavior. These
authors concluded that the intra-cranial stimulation (ICS5) served
as a punishment and consequently, a neural "aversive" motivational
system was postulated. Aversive effects were also obtained from
the posterio-medial hypothalamus (PMH) by O0lds and 0lds (19§3).
Aversive effects of a lower degree of intensity have also teen
reported from more anterior a;eas such as septum (S), by Garner

(1969) and hippocampus, by 0lds and 0lds (1963). Subsequently,

St-Laurent and Beaugrand (1972) reported that stimulation of

v
d
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the ventral part of the reticularis pontis caudalis (RPC)
could yield flight'reactions of higher intensity when compared to
DMT, 1In a subseguen: study fron_the sare laboratory, Leclerc -
et al. (19i3) confirmed this findiﬁg and suggested the Pxisteﬁce
2f a gradient of-intensitv of "he aversive effect: the more h
posterior areés yielded the meost intensive aversive effects.

With the obserﬁhtion‘that stiﬁulation of certain areas of
the brain could elicit aversive reactions (Kaada, 1951; Delgado,
Roberts and Miller, '1954; Delgado, 1955) and that approcach
behavior (self-stimulation} could be elicited from other areas
(0lds and-Milner, 1954), the suggestion was made that these areas
could be involved in“learning as these stimulations had reinforc-
ing properties.

Finally, {t was suggested that the areas respons}ble for SS
could be of importance to the pathophysiology of ;Ejor affective
disorders (Stein, 1962), functional psychoses (0lds and Olds,
1964; Stein and Wise, 1971; St-Laurent and Beaugrand, 1971,
1972; St-Laurent et al., 1973b; 1973c¢) and some neurotic states

(St-Laurent and Beaugrand, 1971; Baum et al., 1973; Leclerc et

al., 1973; St-Laurent et al., 1973c¢c).

Il - Neuroanatomical Correlates of Self-Stimulation

Self-stimulation behavior was first thought to be mainly
related to the olfactory rhinencephalic cortex (e.g., septum).
Later studies showed that the main "focus" of the S§S phengﬁenon,
as indicated by maxima rates for a minimum stimulus intensity

and by lesions studies, lies in a midbrain diencephalic pathway

coursing through the posterior lateral hypothalamus and the ventro-

medial tegmemtum, These studies showed a gradient of 55 along



’
the course of this pathway with the most posterior areas ) z

-

yielding the highest rates. 'The directi&& of this gradient,

in terms of rates and regulﬁrity of the S5 phenomena was:

a) ventrome&ial tegmentum which headed the list, b) posterior
lateral hypothalamus, ¢) anteriof lateral hypothalamus, and

d) septal area (0lds et al., 1960; Olds and Olds, 1963; 1964).

In these studies, rats were used but the 'same r;gions were
implicated in studies with cats (Wilkinson, 1966) and monkeys
(Briese and 0lds, 1964; Bursten and Delgado, 1958). Minor areas
of S5 were also found in rhinencephalic areas and thalamus (0lds,
1956), in the tractus oléactorius intermedius (Valenstein, 1966;
Valenstein et al., 1968), in the olfactory bulb (Phiilips and
Morgenson, 1569) and in the mediofrontal cortex (St-Laurent and
Beaugrand, 1971; 1972). These findings indicate that SS might,
be mediated by structures along the medial forebrain bundle
(MFB). The SS obtained from the anterior structures were due

to their connection with the posterior structures. For Valenstein
(1966}, the evidence for this interpretation was conflicting.

He reported that lesions in the postérior areas failed to abelish
SS fromanterior areas and while thereciprocal was also true, thesge
results implied that there was no focal or essential area of SS.
However, 0lds and 0lds (1969) restudied the effect of lesions //
along the MFB and they reported various degrees of SS inhibition.
In addition, a correlation was shown between the size of the
lesions and tﬁe magnitudé of the effect, However, lesions .in

the posterior areas gave greater diminution than‘comparabie

-

lesions in the anterior areas.



A?buthnott et al., (£970a) reported that SS could be _
elicited from an even more posterior region, nﬁmely from the

locus coeruleus. The involvement of the reticular formation
in S5 has also been studied. O'Donahue and Hagamen (1967)

proposed that SS can be obtained from the reticular formation

of the brain sﬁem; ‘however, in their mapping study, they did

not use 55 itself but attention phenomena whi;h they considered
as always accompanying 5S5S. However, Glickman (1960) and Sharpless
{1958) did obtain S5 from the dorsomedial and ventral part of
the mesencephalic reticular formation. However, Routtenberg
and Malsbury (1969) differentiated $S5 from the reticular form-
ation and did not obtain S5 from ;his formation. They suggested
that the extrapyramidal system might be involved in the.brain
stem reward system.

German and Bowéen (1974) have made an extensive review of
the arguments favoring the involvement of the catecholaminergic
systems as the neural'substraﬁe of SS. Acéording.to these

authors, "rostral CA lesions would reduce caudal SS by virtue

of denervation of terminal structures and some degree of retro-

grade axonal degeneration beneath the stimulation electrdde.

The céudal CA lesions, with respecF to the 55 site, would most
severely reduce $S$; in addition, all distal CA axons beneath
the electrode would have degenerated”™. Concerning the topo-
graphical studies, they express the opinion that both the

mesolimbic‘and the nigrostriatal dopamine (DA) systems arising

in nuclei AlQ0 and A9 of Dahlstr8m and Fuxe (1974) and the

dorsal norepinephrenic (NE) system arising in nucleus A6 (Locus-

coeruleus) would be involved in S5. However, as the cell group

LY



Al, A2 and AS failed to yield SS (Clavier and Routtenberg,
1974; Anlezark et al., 1974), the wventral NE sys;gm would not
be involved in S§5. German and Bowden (1974) also suggested
that the SS system seems to be redun@ant, in the sense that both
DA and NE systems will support S§S, and diffuse, in the sense
that . both DA and NE pathways innervate large brain areas (Maeda
and Shimizu, 1972; Understedt, 1971). Hence, stimulating a

DA system will produce 55 even though a massive MFB lesion
destroyed the NE pathway; many lesions have little efﬁect upon
S5 becaﬁge they damage only a small percentage of the stimul-
‘ated NE and DA systems. It is to be noted that, in general,
these f}ndings indicated a gradient of intensity of 5SS along

the course of the MFB, the more posterior areas yielding the

highesi rates.
Later mapping studles of the S5 sites in the rat brain
stem (Routtenberg, 1970), diencephalon (Huang and Routtenberg,
1971) and forebrain (Routtenberg, 1970), using fine diameter
electrodes, reported the following: 1) SS was not elfcitéd from
the ventral NA pathway, a finding also confirmed by Anlezark et
al. (1974); 2) SS could not be elicited from the substantia
nigra (SN), brachium conjunctivum, ventral tegmental decuss-
ation and rubrospinal tract, pointing to the involvement of the
dorsal NA, the nigro-neostriatal dopaminergic pathways and the
extrapyramidal systems in brain stem reward; 3) the higner 5SS
rates were obtalned from the anterior mesencephalon rather than
from the posterior ﬁeéencephalon; 4) SS was not obtained from
the serotonergic raphe nuclei, mesencephalic pontine or bulbar

reticular nuclei. An extensive mapping of the mesencephalon

was carried out by Crow (1972); St-Laurent and Beaugrand (1972):



St-Laurent et al. (1973). These studies pointed to the
involvement of the DA system in 5S. In reports by Arbuttnott

et al. (1970), Crow et al. (i972) and St-Laurent and Beaugrand
(1971; 1972), SE was observed from electrode sites clustered
withiq or adjacent to the 13cus coeruleus (LC); hoquer, St-
Laurent and Beaugrand (1971; 1972) reported that in addition to
LC, 5SS could also be elicited from the sub-locus coeruleus (Sub-
LC) and dorsal part of the RPC. Finally, St-Laurent et al.
(1973a) Simon et al. (1973) and Miliaressis et al. (1975) report-
ed SS from serotonergic media:.raphe {MR) nuclei. Carter and
Phillips (1975) obtained S5 from sites in the dorsal medulla
oblongata in placements near the nucleus of the solitary tract
(NST), or in that portion of the dorsal parvoleccular reticular
formation situated ventral toe the NST, and mainly {in the location
ventral to the rostral portions of the NSf. Finally, Van der

Kvoy and Phillips (1979) obtained $S in a location intra or dorsal

to the trigeminal motor system.
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IIT - Neuropharmacological Correlates of'Seif-Stimulation

Many pﬁarmacological studies have been carried out in
order to determine the chemical médiator(s) involved in the 85
phenomenon. Drugs thét increase SS, such as amphetamine and
monocamine oxidase inhibitors, facilitate the release of cate-
choiamines or elevate.CA levels in the'brain (Stein and Seifter,
1961; Poschel and Ninteman, 1964; Stein, 1964; Marglles, 1969;
Olds, 12723; Domino and 0lds, 1972). On the other han&l drugs suc
as_reéerpine, which deplete CA and 5-HT storage vesicles or which
have a blocking effect on NE or DA post-synaptic receptors, such
as chlorpromazine and haloperidol, will decrease 5S (0lds et al.,
1956; 0lds and‘Travis, 1960; Dresse, 1966; 0lds, 1972b}. Further,
the suppressive effects of tetrabenazine (a reserpine-like drug)
and chlorpromazine on 55 can be reversed by amphétamine (0lds,’
1972b). -In addition, compounds which decrease CA levels, swch as
alpha-methyl-paratyrosine (AMPT), an inhibitor of tyrosine hydrs-
xylase (thus limiting the synthesis of CA), suppress S5S (Poschel
and Ninteman, 1966; Gibson et al., 1920; Black and Cooper, 1970;
Stinus et al., 1971; Cooper et al., 1971; Beaugrand and St-Lau-
rent, 1973; St-Laurent et al,, 1973d; Yuwiler and 0lds, 1973).
The suppression of $S by AMPT can be antagonized by amphetamine
(Poschel and Ninteman, 1966), and by methylphenidate (Franklin
and Herberg, 1974). Reduction of 8S rates can also be observed
following selective depletion of NE obtained by administration
of disulfiram; this reduction is sald to be counteracted by DOP,
a precursor of NE given ip, (Stinus and Thierry, 1973) and by
intraventricular injection of 1-NE but not by d=NE or dbmapine

¢

(DA} or serotonin {(Wise and Stein, 1969). Poséhel and Ninteman



(1963); emphasizing the effects of these drugs on NE 4 postulated
that NE is -the chemical mediator involved in SS. The case for

: u
the sole involvement of NE in 35S is ambiguous. For instance,

Rolls (1970) obserﬁed that in animals treated with disulfiram,

replacement of the®*rat on the bar was sufficient to induce

-

resump£ion of §SS. Since AMPT affects NE and DA ( or et al.,
_ ~

1965; Weissman and Kog, 1965), it ig not clear which of these
two CA is critical for $S. In addition, Gibson et al., (1970)
pointed out that with AMPT, NE has to be reduced much further
than with reserpine to obtain an equivalent decrease in SS.
Moreover, DL-5-bromotrypteophan, another tyrosine hydroxylase
inhibitor, produced only mild decrease in S5, while para-chloro-
phgnylélanine (PCPA), an inhibitor of tryptophan hydroxylase
(hence limiting SHT synthesis), also produced decrease of SS,
although not as pronounced as wit@ AMPT. Margules (1969)
obtained SS from the dorsal tegmentum in the vicinity of the
dorsal nucleus of the raphe; however, as PCPA did not affect SS
at this site, while d-amphetamine increased 1it, he concluged
that SS waé due to thg_stimulation of NE fibers of passage
rather than to the stimulation of the serotonergilc celf bodies
of the dersal nucleus of the raphe. St-Laurent et al., (1973a)
qbtained SS From both the dorsal and medial raphe nuclei along
with_enhanced diffused exploration and dispersed locomotion,
The raphe nuclel have a high concentragion of 5-HT (Aghajanian

'C§L<§and Sheard, 1968); thérefbte, the hypothesis that serotonin has

\axggii-in SS cannot be excluded. Furthermore, it Is. to be noted

that compounds used to manipulate NE or CA levels in general

4

(e.g., reserﬁine, monoamine oxydase inhibitors) often have an



/;/, 12
effect on brain serotonin (Bloom and Nichols, 1968). In
addition, the MFB als&.containé indoleamines. Stark et al.

. -

(1964) and Poséhel an& Ninteman (1968) have-suggested that
serotonin (S-HTi may indeed ;lay a role in‘SS.

In a previous study using AMPT, SS could n;t be reinstated
with 1p injection o L-DO?A, while this drug was fouﬂd to reduce

SS (Beaugrand %ﬁ&—%t-Laurent, 192?). However, Stinuis and Thierry
L]
(1973), using oral administration of L-DOPA, were able to obtain
such a reinstatement. However, a reinstatement of PLH_aﬁd VMT
§S was obtained with apomorphine (ip) following depression by
AMPT (ip) (StsrLaurent et al., 1973e). Previously, Maj et al.
(1972) had also réported an increase of motor activity ;nd
exploration after administration of apomorphine. _Similar‘phenomena
were also observed during SS by Roberts® (1958) and St;Laurent
and Beaugrand (1972). Increased exploration (St-Laurent and
0lds, 1964; Groover, 1966; Christopher and Butter, 1968; St-
Laurent ;nd Beaugraﬁd, 1971; 1972; Miliaressis, 1972) was report-
ed to be the most significaﬂ; behavioral feature ‘correlated
with SS from the PLH and VMT. 1In view of the behavioral exeit-
atory effects of apomorphine, it was felt that this drug could
possibly reinstate SS after its suppression by AMPT pretreatment.
In addition, apdﬁg?gﬁine 1s baelieved to be a direct stimulator
of DA receptor which would account for the increase in motility
(van Rossum and Hurkmans, 1964) and stereotypies ;ftéa observed
iQ treated rats (Ernst, 1967; Ernst and Smelik, 1966; Anden et
al., 1967; Roos, 1969). For these pharmacol;gical reasons, 1t

was thought that S5 could be reinstated by apomorphine. The

results support the hypothesis of van Rossum and Hurkmans (1964)



lateral hypothalamic level, a major ros:::T‘pTojection of NE
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L 3
that ;n increase in motility is a result of sﬁimulation of
the DA receptors; ho;ever, an essential inferaction with NE
cannot be eliminﬁggd in the light of the work ef Persson (1970),
Persson and Waldeck (1970), Anden et al. (1970), Cofrodi et al.
(1970) #nd Svenssan and Waldeck {(1970), which suggested that tﬁe
NE neurons are involved in the stimulation of motiliEy. Phillips
and Fiberger (1973) have observed that the d-isomer of amphetamine
(which is the more potent inhib}tor of CA uptake by NE-neurons)
was more effective in facilitating SS than the l-isomer at the
fibers (Understedt, 1971): in contrast, the two isomers were
equipotent in facilitating SS at the suSstantia nigra level
where the fibers and cell bodies ar}yglmost exclusively dopa-
minergic (Understedt, 1971). These r;sults suggest that both
DA and NE are involved in SS§S, dependin; on the site of implant-
ation, However, the involvement of otﬁe} neurcmediators, such
as serotonin, cannot be excluded. -

For insténce, 6-hydroxydopahine (6-0HDA), which selectively
destroys CA neurons and reduces 5SS (hence implying involvement
of CA in S (Steinm and Wise, 1971)), has also been shoun by
Blendaux et al. (l§73) to increase 5-HT turnovez. In addifion,
Lippa et ay. (1973) have reported that this chemical decreases
SS only temporarily; also, further treatment with an alpha-
adrenergic receptor blocking agent (Phentolamine) had no
additionai effect on S§S, while haloperidol markedly reduced S5,
suggesting an invcoclvement of DA. Furthermore, Briese et al.
(1971) have shown that ah ingibition of 35 can be obtained

"

following administration of pargyline, which potentiates DA but
4
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not NE depletion produced by subseqqent 6-0HDA administration. *
Thus, there seems to bé.enough pharmacological basis for assum-
ing a relatiénship between self-stimulation behavior and brain
catecholamines and indoleamines. However,}ﬁhere are also object-
ions te the available data. Depletion of catecholamines is
accompanied by effects on motor beﬁavior, which in turn éould
be the cause of reduced SS (Rech et al., 1966). The doses of
drugs used to produce depletion are often toxic so that reduct-
io; of 88 would\be non-specific to the S5 neural system,
(Weissman and Koe, 1965). Furthermore, most compounds which
deplete brain catecholamines are not specific to DA or NE; thus
it is unclear which of the brain catecholamines, if anyy’is
related to self-;timulation behavior. Indeed, it appears that
NE, DA or 5-~HT are not the omnly traAsmitter substances which
modulate SS. For instance, it is possible to depress SS by
direct injectibn of histamine in the brain; this effect is
blocked by prior treatment with antihistaminics (Cohn et al.,
1973). Also, it is possible to depress or facilitate S$S with
drug-induced changes of brain acetylcholine levels {(Stark and
Boyd, 1963; Domino and Qlds, 1968: Olds and Domino, 1969;
Pradhan and Kamat, 1972;-;ewman,’I§72). Here again, the relation-
ship between brain acetylcholine and hiséamine on 55 is not clear.
Finally, diazepam and chlordiazepoxide may have facilitatory
effects on S§§ (0155, 1972a). The basis of the action of chlor-
diazepoxide and diazepam, as well as the optimum dosage, 1is
unclear (0lds, 1972a). The effect on S§ may be related to the
catecholamines or to acetylcholine, or to some other system

(for instance, gaba-aminergic mechanisms).



1V - Behavioral Correlates of Self-Stimulation

Roberts (1958) found that the reward produced_ﬁy stimul-

ation of the hypothalamus seemed tc be accompanied by a

heightened general activity_-level, whereas the reward pro-

duced by stimulation of 2 more anterior structure, such as
" the olfactqry cortex,, yvielded $S often accompan%ed by more
or less complg;e inhibition of general activity. St-Laurent
and O0lds (1964), Christopher and Butter (1968), as well as
Groover (1966), found that locomotor exploration with approach
forward locomotion was the behavior 1R?t correlated the best
with SS from the lateral hypothalamus. Valenstein et al.
(1968) noted that SS at threshold was accompanied by explor-
ation and searching behavior, while at higher current inten-
sities the same regions yiélded specific drive behavior
(eating, drinking). O'Donahue and Hagamen (1967) proposed
that attention phenomena of various types are correlated
with .SS and they used theﬁ in mapping the cat brain for
regions producing S§S. However, Miliaressis and Le Moal
+{1976) reported that SS was observed when the {intensity of
the current reached more than twice the intensity needed to
produce equorétion. For Fhese authérs, thevdifference in
thresholds bet&een exploratory and rewardinglactivities
suggest that MFB stimulation involves two neurconal systems
with unequal sensitivities.

St-Laurent and collaborators examined the behavioral
patterns assoclated with SS and flight\(St—Laurent and Beaugrand,

19715 1972; St-Laurent et al., 1973; 1973a, 1973b, 1973c;
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Baum et al., 1973; Leclerc ét al., 1973). 1In additiom to ~
defining more precisely the behavioral patterns of behaviors
accempanying 5SS, these researchers wanted to verify: a) 1if a
gradient of S5S existed; b) if the related behavioral patterns
presented some type of organization:; ¢) if the more caudal
regions of the reticularis ponfis caudalis (RPC) and of the
raphe nuclei (R) would yield SS or flight reactions when stimul-
ated.

The existence of a‘gradient of SS along the MFB was confirm-
ed, the more posterdior areas yielding higher rates of $S than
the anterior ones. -

In addition, as reported by Roberts (1958), St-Laurent and
0lds (1964), both motor inhibition‘and activation were observed

§
to accompany S5S from the anterior and posterior structures
respectively. As noted by Groover (1966), St-Laurent and Olds
(1964), Christopher and Butter (1968), in addition to motor
activation, S5 from the lateral hypothalamus’(ALH; PLH) yielded
exploratory phenomena. . ' .

Very intense SS by burstg was obtained from the dorsal
part of the RPC near the locus coeruleus (LC) which was accompa-
nied by increased motor activity with exploration interrupted

p
by lull periods during which the animal appeared dazed. In
addition to the interruptions of the ongoing exploration, an
interruption of ohgoing mptor activicy with hypotonia (adynamia)
was observed following SS from this area (i.e., dorsal RPC),

suggesting a close anatomical relation?hip between motor and

cognitive perceptual phenomena at this reticular level.



SS from the dorsal part of the RPC, }n most cases, becomes
ambivalent; the animal uith;raws immedia;ely after a burst of
5SS or tries to escape from the box a few seconds after $S, but
eventuall§ comes b;ck to press again on the lever,

Finally, immediate and intensé withdrawal reactions were
elicited from the ventral part oé the RPC. Thes® results corro-
borate the observations of Arbuttnutet et e}. (1970) and Ritter
and Stein (1975) who obtained SS from the LC, and Jouvet and
Mounier (1960) who obtained "a surprising increase of pleasure
reactions aftér lesion\of the ventral part of the reticularis
p;ntis oralis and anterior 2/3 of RPC (ventral portion) in cats".
After lesion of the dorsal part of the RPC (Jouvet, 1967), the
cats showed fear or raﬁe behavior and an apparent "hallucinatory-
like" state.

Concurrently, §S has been induced in the raphe nuclel
{St-Laurent et al., 1973a) which is known to be involved in
sleep phenomena {(Jouvet, 1967). The'main behavi;ral character-
istics accompanving S8 from raphe was diffused exploration and
dispersed locomotion. s

There appears then to be an organization of exploration
observed at SS sites. Indeed, the exploratory behavier seems to
be focalized at the ALH and PLH, non-focalized and scattered at
the VMT, diffused at the raphe, and non-systematic at the dorsal
RPC levels (St-Laurent et al.h 1973a).

As noted above, In addition to SS and.flight reactlons

which can be elicited from stimukatrion of certain brain sites,

both approach §S§ and flight reacticons can be obtained from

/



stimulacion.of other brain areas. Some workers have applied -
the térm "ambivalent behavior" for this phenomenon {0lds, 1960a;
0lds and Olds, 1963; St-Laurent and Beaugrand, 1971; 1972;
St-Laurent and 0Olds, 1964; St-Laurent et al., 1973). In the

type of ambivalent behavior described by St-Laurent and Beaugrand
(1972) and St-Laurent et al. (1973), simultaneous approach with-
drawal reactions were displayéd by rats in single-lever operant
condition;hg boxes. Ambivalence was quantitatively defined as

the reaction of withdrawing following $5, approaching the lever
again to self-stimulate, retreating again, and so forth. In

all of these studies, ambivalence was considered to involve

mixed motivational effects (both the positive and negative
motivational systems as described by O0lds in 1960). It was

found that different behavioral patterns, depending on the site
of implantation, were involved in ambivalence (St-Laurent et al.,
1573). Moreover, the intensity of $S and withgrawal was found to
be higher in ambivalent rats implanted in posterior areas than

in anterior areas, suggesting the existence of a gradient of
amgivalence with the more postérior areas ylelding the highest
intensity. Ambivalence can be elici;;d from the septal area,

the fornix, the medial hypothalamus, the reticular mesencephalic
formation, and the dorsolateral reticular nucleus of the pons.
Moreover, the most intense ambivalent behavior was obtained from
the RPC where, 1in addition, hallucinatory-like behavior were at
times noted (St-Laurent and Beaugrand, 1§72; St-Laurent et al.,,

1973b; 1973c¢).
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As seen in this review of the literature, there is a scar-

~

“eity of 1gformation on the behavicral correlaqss of ICSS. As
of ver, there is no comprehensive study of the various behav-
ioral correlates of ICSS. For exemple, phenomena, such as
sniffing, exploration and various motor activities from ICSS
sites at variocus levels of the CNS have yet to be described.

It would be important to determine whether a particular patteérn
of behavior is always assoclated with ICS5S, independent of the

site of stimulation. Such a study may help to elucidate further

the n;}\re of the SS systemn,

~

N A
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OBJECTIVES

The present experimental work was undertaken with four
aims. First, the carrying out of an extensive mapping descrip-
tion of the brain sites which vield the self-stimulation (SS)
paenomenon. The sites studied extended antefio—posteriorly
from the telencephalic to the pontic levels and aimed at complet-
ing the 'existing knowledge on this togic. "Second, the study in
detail of the behaviors (exploratory and ‘motoric reactions, etc.)
associated with intracranial self-stimulation behavior depending
on the site stimulated. The question was asked whether a single
behavioral pattern 1s associated with the $§ phenomenon or if
there are different patterns which-vary according to the site
stimulated. Two hypothesis motivated this part of the work:
1) The behavioral reactions associated to ICSS are due to the
current diffusion towards neighbouring structures and, therefore,
are not functionally related to the reinforcement process; 2)
some of these behavioral features or reactions (e.g. exploratory
reactions) may be due to the activation of the same reinforcing
neurons. This second hypothesis, if supported, may provide
useful information related to the phylogenetic significance of
the reinforcement system. Third, the exploration of the possible
existence of flight reactions in the pons and also a mapping
and comparative description of the ambivalent reactions elicited
from various-brain sites. Fburth, a partial and limited study‘of
the neurochemical substraFa of the ICSS behavior us{pg pharmaco-

logical agents known to act on the monoamine systems.



EXPERIMENTAL PART I

BFHAVIORAL CORRELATES OF BRAIN STIMULATION
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I - Material and Methods

A total of 148 male Sprague-Dawley aibino rats weighing
between 250-300 g at the time of surgery were used for the
topography study. For the two subsequent studies (ICSS -
associated behavioral patterns and ambivalence), 48 and 32 of
these animals were used. Bipolar insulated electrodes (0.25‘mm
in diametér) were implanted stereotaxically under sodium pento-
barbital in the: a) nucleus reticularis pontis caudalis (RPC)
and the locus coeruleus (LC) at stereotaxic coordinates -8/1/6 &

A}

posterior to Bregma, latergl to the midline and below the skull
-
surface respectively); b) median raphe nucleus (R, nucleus
centralis superior) at ~6.0 to 7.0/0.0/8.0 to 8.5; .c) ventro-
medial tegmentum area {VMT) at -3.5/1.5/9; &) reficularis mesen-
cephalic formation (RMF) at -3.5/1.5/6; e) posterior lateral
hypothalamus (PLH) at -2/1.5/9; f) preoptic area (POA) and ante-
rior lateral hypothalamus area (ALH) at #1.5 to 2.0/1.5/9; g;
septal area (S) at+1.5/0.5/5; h) paracolfactory area POlf)at
+4/0.5/5; and, i) mediofrontal cortex (MFcx) at +5/1/5. The:
inc{sor bar was level with the interaural plane.

Forty-eight animald were used for the first of the quantita-
tive studies, 1.e., for the study of the behavioral patterns
associated with SS. The PO1f and § subjects were pooled with
the MFcx. Anatomically, these areas innervated by the MFB are
known as the mesocortex (MCx) and are part of the rhinencephalon.
Neurophysiologically, they all have a low after-discharge and
convulstion threshold, In addition, behaviorally they show
similar patterns (Bogacz et al.,, 1965). Hence, this group will

be referred to as mesocortex (MCx) rats.

-
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The number of animals per group was as_ follows: RPC:

n=8; R: n=8; VMT: n=B; PLH: n=B8; ALH: n=8; MCx: n=8.

For the ambivalence study, the animals were distributed

as follows: RPC: n=8; R: n=8; RMF: n=&; VMT: n=4; and S: n=8,

II - Behavioral Training, Testing and Analysis of Data

Eight days after surgery, rats were trained to self-
stimulate five days a week, one hour daily, by pressing a bar
in a 30 cm x 20 cm x 40 cm transparent acrylic box. Stimula-
tion was a 250 msec. train of 60.cycles/sec. sine wave current.
The current intensity varied between 5 and 70 pA rms and was
determined inaividually for each'raF by raising the current
intensity by steps of 5 pA Auring the first days of training
until maximal SS behavior was obtained. Training for Sé'was

continued until the arbitrary criterion of at least 600 bar-
éresses per 60 min., was reached and until relatively constant
rates (less than 57 variancei of bar.pressing for one hour daily
sessions Qere obtained for 3 consecutive days. Animals not
reaching these criteria were discarded.

‘On the experimental day, animals ;ere allowed to self-
stimulate for 30 minutes. All behavioral observations were
based on a 3 min. period of film (Beaulieu 3 mm). Each
animal was classified as either a "self-stimulator'" or as an
"ambivalent'" subject. The term "self-stimulation" was defined
as an action of consecutive bar-pressing, without sigﬁs of

flight, even at the highest current intensity (70 upA rms}).

"Ambivalence" was defined as a consistent action of approaching

the lever and depressing it, but withdrawing following stimula-
tion at threshold, then approaching the lever again, depressing

it, and so forth.



Subsequently, the films of the §S animals were analy§q§;
the behaviors displayed by these animals were classified and
scored independently by three raters (inter-rates reliability:
707). The behaviors were graded on the basis of tﬁe following
parameters: S5, sniffing, exploration {focalized, scattered and
diffused), locomotion (diffused and focalized), lull and idio-
syncratic behaviors. The frequency of §S§ waé graded in three
categories: high (over Gdb responses for 10 min.), modérate
(301-600), and low (100-300)). The term "sniffing" was used
when the animal was ;oving'his nose and vibrissae, When cheﬁ
animal was sniffing with his nose pointed down towards a
restricted area of the lever or an adjacent side in the anterior:
1/3 of the box, it Qas interpreted“as "focalized exploration”.
When the animal shéﬁed sniffing with his nose maintained up
l to 2 inches above the lever, while giving quick inquisitive
glances around the lever and its adjacent sides, it was inter-
preted as "scattered". When the animals showed sniffing iﬁ the
posterior 2/3 of the box, they were considered as showing
"diffused exploration". The term "locomotion” means general
body activity and was sub-divided into focalized and diffused;
locomotion Iin the anterior 1/3 of the box, which included the
action of pressing the lever, was considered as focalized loco-
motion, ;hereas‘action involving a displacement of body into the
posterior 2/3 of the box was considered as diffused locomotion.
The term "lull" means an interruptfon’of ongoing body activity
which followed SS; "arrest" response means an interruption

immediately consecutive to a bar-press; the terms "hébété,
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dazed, withdrawn" indicate a2 "lull" with the head raised up

and the rat apparently "staring blankly into space”. When ‘an

object, such as the tip of a pencil, was presented to the

animal, it would come out of this daze behavior and exﬁlore
the object, contrary te what would be expected if the animal

had been in a "petit mal absence'" like state. -

Bogacz et al. fi965) have demonstrated that while epilepti-
form activity usually accompanies SS from anterior areas. such
as MCx, POA and ALH when using current intensity above S§

threshold, this phenomenon was absent during 35S from more

posterior areas, such as PLH and VMT. This was the case even

when current intensities used were eight times higher than SS§

threshold, producing forced movements such as rotation of head
and circling.

The behaviors were considered as "idiosyncratic'" when they
appeared in less than nine subjects out of 148. For statistical
treatment, as shown in Tables 2 and 3, when compared with
animals placed in a skinner box, the intensity of the various
described behaviors, for SS subjects, were arbitrarily graded
as decreaséd (~1), not present or not changed (0), low (+1),
moderate (+2), orAhigh (+3). The 1diosyncratic behaviors
(Table 1) were considered as present or not present and were not
statistically analysed. The Kolmogorov-Smirnov test for small
numbers of individuals (n«&40) (Siegel, 1956} was used in the
statistical anal§§1% of the graded behavioral concomita&ts of
SS in the various a}eas: RPC; R; VMT; PLH; ALH and MCx (Table 2).
As well, the scores were correlated and facrored (Siegel, 1956)

+

(Table 3. Upon completion of the experiment, the animals
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were sacrificed with an overdose of sodium pentobérbital
(200 mg/kg, ip). The brains were perfused with 102 formalin,

and transverse sectioﬁs were made for histological verification

-

~of electrode positions (Klllver and Barrera technique).

The behaviors of the ambivalent subjects were gradeq,on the
basis 6f the following parameters: approach speed, withdéawal
(or flight) speed, interval period, lull period, amount of
diffused exploration, amount of focalized exploration, and amount
of locomotor activity. ;Approach speed corresponds to the time
involved in approaching and pressing the lever. Withdrawal speel
refers to the speed of moving back after bar-pressing, varying
from stepping back to jumping back from the lever. By interval
period is meant time spent between two bar-presses. A lull
consists of stopping after withdrawal or during ba}—pressing,
varying from a brief pause to freezing (i.e., comparatively long

interruption of spontaneou;\yehavior). When the animal showed

sniffing in the distal 2/3 of\QEiﬁifx away from the lever, the

——

action was classified as diffused exploration. Focalized explor-

ation consisted of the animal sniffing in the proximal 1/3 of.
the box near the lever. Locomotor activity included éuch
phenomena as pressing of the lever, displacement of the limbs ;r,
displacement of the Body. The relative intensities of the
behaviors for ambivalent subjects were graded on a six point

scale with arbitrary-weighed values varying between: (0) not
present, (+1) low, t+2) loﬁ—moderate. {+3) moderate, (+4) moderate
high, and (+5) high. This scale 1s quantitatively described in

Table 4. The Kolmogorov-Smirnov test for small numbers of
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individuals was used for statistical analysis. Upon completion

of the experiment, subjects were sacrificed for histological
verificatiom of electrodes positions, using the same techmiques

N

as for the other studies on S5S subjects.

III - Qualitative Phenomenclogical Mapping

a) Gbjectives of the Qualitative Study:
- 5
In this first step of the study on thesbehavioral corre-

lates of ICSS, a qualitative phenomenological mapping descrip-
tion of the various behavioral patterns accompanying SS,_fiight
and ambivalent behaviors obtained from stimulation of various

brain sites is presented; to our knowledge, no such comprehen-

sive mapping exists.-

b) Qualitative Findings: ’ -
S

Figures 2 to 6 and their respective legend sections from
Pellegrino and Cushman‘(1967),illustrate'the various brain areas .
studied and the behavioral features correlated with SSJ with
flight and ambivalent behaviors from these areas. A list of
anatomical abbreviations is given on pages 46 and AZ. Figure
7 (page 49), illustrates schematically most of the major and
minor behavioral features observed from the stimulation of
varicus brain implantation sites.

SELF-STIMULATION

1) Meso Cortex (MCx): Medio-Frontal Cortex, Paraclfactory

and Septal Area: (Fig. 2, Sections A to E are from Pellegrino

and Cushman, 1967, pages 8, 9, 14, 18 and 21 respectively).

These anterior structures yield low frequency 55. The major

-

cqsrelated behavioral feature was '"arrest' responses. The

‘4
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other behavioral features were sniffing with the nose of the
animal pointing horizontally, along with low focalized and
diffused exploration and low motor activity.

2) Pre-Optic Area and Anterior Lateral Hypothalamus: (Fig.

-2, Section E to I, pages 21, 24, 26, 30 and 33, Pellegrino and
Cushman, 1967). At the level of the POA and ALH, moderate

SS frequency was observed, correlated with high intensity of
sniffing and fdcalized exploration {the aﬁ‘ial sniffing with

its nose pointed downward in a restricted drea ptroximal to the
lever). The other features were diffused explaration, moderate.

but obvious increase of forward-directed motor activity when

compared with the MFcx and S animals. ’

3) Posterior Lateral Hypothalamus: (Fig. 3, Sectioms A to
E, pages 38, 42, 43 and 44, Pellegrin; and .Cushman, 1967). High
58 was noted., Lapping and biting were observed but there were no
minor behavioral fe;tures, all behaviors being of hLigh intensity.
The features observed were high snif{ing, high focalized explor-—
ation, high increase of motor activitf. In certain cases, these
behaviors reached excitation, the animal .grasping the lever with

great force with his hindquarters moving from side to side.

4) Anterior Ventro-~Medial Tegmentum: (Fig. 4, Sections A

and B, pages 47 and 49 from Pellegrind and Cushman, 1967). Along
3 .
with high §S5, some of the same behavioral features as for the

PLH could be observed, that is, high sniffing and high motof

. »
activity; however, the main type of exploratory pattern was
high "scattered”". Focalized and diffused explorations of low
intensity were the other features. The focalized type of explor-

atiord was obtalned from the more medial placements near the
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inter-peduncular nucleus, while a different pattern of explor-
ation was obtained frdp the lateral loéi (substantia nigra).
In this region, the nose was higher and the animal was glving
quick inquisitive looks from side to side; we termed this type
of exploration "scattered".

5) Posterior Ventro-Medial Iegméntum and Ventro-Medial

Pontine Areas: (Fig. 4, Sections C and E, pages 54 and 57,

Pellegrino and Cushman, 1967). One animal (101 D, section C),
with its electrode located at the junction between the posterior
VMT and anterior medial part of the pons showed low SS with

low sniffing and low focalized exploration as minor features.
The m;}or behavioral feature was high intensity of motor activ-
ity. A second animal (108 C), with its electrode at the level

of the central tegmental nucleus (CT), showed moderate SS along

with low diffused exploration and high scattered exploration.

'6) Dorsal and Median Raphe Area: (Fig. 4, Section F, page

63; Fig. 5, Section A, page 66, Pellegrino and Cushman, 1967).
During S5 at low frequency, the main features were sniffing, and
diffused explorarion (the rat sniffing above the lever, its nose
po;nting horizontally or }n an upward positio;. In addition,
immediately following a féu bar-presses, the animal often
displaved a "bewildered" or "what is it" reaction, or showed
abortive rearing responses near the lever, or explored the whole
area of the box. The term "diffused" exploration was used to
describe this type of activity. Another msin behavioral feature
was increased motor activity; the minor features were scattered

]

and focallzed exploratory activities.
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7) Locus Coeruleus, Sub-Locus Coeruleus and Dorsal Reticu-

laris Pontis Caudalis: (Fig. 5, Sections C and D, pages 69 and

70, Pellegrino and Cushman, 1967). i) Rats with an electrode
gmplanted in the LC were observed toself-stimulate in bursts e
which were, at times, of very high frequency. However, it took-\u
considerable shaping to get the animal to self-stimulate In
addition, bar-pressing wq; frequently uncoordinated, the lanimals
pressing with both paws and appearing to bouncq on the lever
with force accompanied by intense motor activity., Between
bursts, the animals explored the enviromnment in a non—syétematic
and fragmented fashion. That i1s, they displayed exploration of
their bodies or the floor, the corngrs and tﬂe walls of the cage
in a jerky staccato manner, showed rearing and also lull periods
during which they appeared dazed and uithdraw;, witg blocking
of exploration, staring blankly or taking an "hébété-like"
attitude, appearing not toc know thaz to do next, that is, not
being able to direct their behavior toqafds a goal.

i1} Rats with electrodes implanted in the Sub-LC area
and dorsal part of the RPC self-stimulated at low rates.
Following a few bar—pre;ses, they would often show "adynamia"
as defined by Jung and Hassler. (1960), qudenly lying déwn for
periods of 5 to 15 seconds. During the;e periods, the animals
showed absence of movements but with conservation of other
motor refle*es, such as righting responses. In addition.'fhey

)

might attempt to explore by. crawling in various areas of the -

cage. The return of the tonus occurred suddenly. At times,

the subjects interrupted their $$ exploration-locomotion
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patterns and showed undirected motcor activity consisting of
rearing on their hindllimbs in the middle of the bo;, looking\
to left and right sLdes‘of the box, and then dropping on "all
fours" and pausing before resu;?;g §S. Two rats showed
"hallucinatory-like" behavior. After rearing on his hind limbs,
the rat batted its paws In mid-air and rolled its head as 1if
it had no control of neck tonus; there also appeared to be a

lack of equilibrium as the rat would fall, rather than drop

down, on '"all fours'".

FLIGHT

1) Dorso-Medial Tegmentum: (Fig. 3, Sections A, B, C and

D, pages 47, 49, 54 and>59. Pellegrino and Cushman, 1967). At
low current intensity, i.e., 10mA above threshold, these animals
were either freezing or backing up, and were classified as
showing low flight reactions. All of these\animals would
eventually jump directly out of ;he box when given higher current
intensity (i.e., 10mA above threshold); they were then classified as
Qhowing intense flight Se%avior.

2) Reticularis Pontis and Reticularis Pontis éaudalis:

.

(Fig. 4, Sections A, B, C and D, pages 66, 68, 69 and 70,

Pellegrino and.Cushman. 1967). All 8 animals implanted in the
ventral part of the RPO and RPC showed intense flight behavior,

characterized by jumping out of the box.
AMBIVALENCE

1) Lateral Sertal Nucleus and Hippocampal Comnissure and
-

Fornix: (Fig. 2, Sections A, B and C, pages 21, 26 and 30,
Pellegripo and Cushman, 1%67). The hpproach and flight were

of low speed. '
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2) Reticular Mesencephalic Formation: (Fig. 4, Sectiouns

Cand D, pages 54 and 59, Pellegrino and Cushman, 1967). The

RMF animals were observed to approach the lever, press on it,

and withdraw from it after each stimulation. This regular

ﬁattern was noted from the start, that is, at threshdid SS.

3} Reticularis Pontis Oralis: (Fig. 4, Sections A and B,
pages 66 and 68, Pelleg}ino anc Cushman, 1967). RPO subjects
displayed violent ipsilateral propulsions of the body, of 450
to 90°. This behavior differed from turning movements,.in that
it started with the head and progressed to the trunk and the
remaincer of the body as observed during $5 at high current from
the VMT. Another animal with implants in the anterior pons .
showed rapid stepping-back movements immediately following bar-

1
pressing.

4) Locus Coeruleus, Sub-Locus Coeruleus and Dorsal Part of

the Reticularis Pontis Caudalis: (Fig. 5, Sections C and D, pages
69 and 70, Pellegrino and Cushman, 1967). The LC animals did

not show ambivalent behavior from the start. After a series of
repetitive bursts of high frequency 5S, the animals showed obvious
aversive behaviors. They withdrew faster and further away from
the lever following each burst of SS. Despite the increasingly
aversive behavior, the animals drifted back te the lever to press
again. In ot?ér words, they displayed ambivalent behavior. The
ambivalent behEV&pr elicited from the RMF was much more ster10;
typed; both the moving away following each bar-press and fhe
return approach to the lever, were fast. and well directed. As
for the Sub-LC and dorsal part of the RPC, as noted abdve, the SS

was of low frequency. From time to time, after some bar-presses, the
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animal displayed adynamia, i.e., sudden loss of tonus and
diminution of movements. The return of the tonus occurred
suddenly and the animal at times attempted to jump out of

the box (as {f being afraid of something) but eventually returned
to the lever to self-stimulate. Other rats showed what a;peared
to be a mild tvpe of ambivalence consisting of a slight Aversive
component usually limited to the pulling awav of the paws from
the lever. However, in some cases, the aversive component was
probably masked by the hypotonia which the animals displaved

after self-stimulating.
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Figure 1

Histological Findings

The RPC probes were found in the dorsal and anterior
portion of this area, in'or near the LC or the decussation
of the brachium conjunctivum (DBC). The raphe probes were
located in the median nucleus of raphe at the level of the
pons. The VMT probes were located in an area lateral to the
interpeduncular nucleus, either Iin the area of the Tsai or
more laterally in the substantia nigra. The PLH probes were
placed in the dorsolateral hypothalamus at the level of or
anterior to the mamillary bodies, in or around the medial
forebrain bundle (MFB), in or around the rostral porticn of
the area of Tsail and the field of Forel, or in the substantia
nigra or the cerebral peduncles. The ALH probes were located
at a point between the lateral preoptic and the anterior
amygdaloid areas bordering on the anterior part of the septal
area. The PO1lf probes were located in front of the septal
area at the boundary between the hippocampus and the medial

part of the corpus calldsum and caudate nucleus. The MFcx

probes were found slightly anterior compared to the POlf probes.
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Figure 2

SELF-STIMULATION RATES AND BEHAVIORAL CHARACTERISTICS
OF BRAIN STIMULATION,

Electrode point and self-stimulation rates are indicated
by symbols as follows: m = High (over 601 Tesponses /10 min.).
& = moderate (301-600), o = low (51-300), and € = neutral. .
Intensity of behaviors are indicated as follows:*: High;

= Low. Intensity of ambivalence behaviors are indicated
as follows: Y = High; ¥k = Low.

Brain sections A to I are from Pellegrino and Cushman
(1967: pages 8, 9, 14, 18, 21, 24, 26, 30 and 31 respectively).

Anatomical abbreviations

ACB: Lateral paraolfactory area LS: Lateral septal nucleus
AHA: Anterior hypothalamic area MFB: Medial forebrain bundle
CA: Anterior commissure MFcx: Medio frontal cortex

CcC: Corpus callosum P0A: Latceral prenptic arca

CH: Hippocampal commissure SM: Stria medullaris thalami
CPU: Caudate nucleus v: Ventricle

DMH: Dorsomedial nucleus of VA: Ventricle nucleus of tha-

hypothalamus ) - lamus, anterior part

F5:. Fornix VE: Ventral nucleus of thala-
" GP: Globus pallidus mus

LHA: Lateral hypothalamic area VMH: Ventromedial nucleds of
LM: Medial lemniscus hypothalamus

Abbreviations of observed behaviors

L

ar: Arrest Sh: Shivering
de: Low diffused exploration sn: Low sniffing
fe: Low focalized exploration SN: High sniffing
FE: High focalized exploration H B Tu c¢: Head and body turn-
ia: Low increased motor act- ing contra

ivity Hy: Hypotonia
TA: High increased motor act- B: Biting

ivity

Indlvidual rats are identified by numbers on the ‘left
hand side (e.g. 27E) :
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Figure 3

SELF—STIMULATION RATES AND BEHAVIORAL CHARACTERISTICS OF
BRAIN STIMULATION '

Electrode points, S5 rates and intensity of various
behaviors are indicated as described in the legend to
Fig. 2. :

Brain sections A to E are from Pellegrino and Cushman
(1967: pages 38, 42, 43, 44 and 46 respectively).

Anatomical abbreviations

CL: Nucleus of Luys PMV: Ventral premamillary

Fx: Fornix nucleus '

HP: Tractus bahenulo-inter- PVG: Central grey substance
peduncularis RE: Ventral nucleus of

LM: Medial lemniscus thalamus

MM: Medial mamillary nucleus SN: Substantia nigra

MP: Posterior mamillary TT: Mamillotegmental tract
nucleus VE: Ventral nucleus of

PC: Cerebral peduncle thalamus

PF: Nucleus parafascicularis VTN: Tsai's ventral tegmental
thalami nucleus

PH: Posterior nucleus of hypo- Al: Zona incerta

thalamus
PMD: Dorsal premamillary nucleus

| Abbreviations of observed behaviors

de: Low diffused exploration L: Licking
DE: High diffused exploration se: Low scattered explor-
fe: Low focalized exploration ation
FE: High focalized exploraction SE: High scattered explor--
'H B Tu ¢: Head and body turning - ation
contra sn: Low sniffing
ia: Low increased activity SN: High sniffing
IA: High Iincreased activity
J: Jaw movements

Individual rats are identified by numbers oh the left
hand side (e.g. 27E).
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Figure 4

L

SELF-STIMULATION RATES AND BEHAVIORAL CHARACTERISTICS
OF BRAIN STIMULATION

-

-

Electrode points, SS raﬁes and intensity of various
behaviors are indicated aq\described in the legend to Fig.2 apd 3.

Brain sections A to F are from Pellegrino and Cushman
(1967: pages 47, 49, 54, 56, 59 and 63 respectively).

Anatomical abbreviations B f
C5: Superior colliculus PC: erebral peduncle
DTD: Decussatio tegmenti PCS: Superior cerebellar //
dorsalis 4 peduncle
—
FDL: Dorsal fasciculus of PF: ©Nuclens parafascicularis
Schitz thalami
IP: 1Interpeduncular nucleus PVG: Central gzrey substance
LM: Medial lemniscus AT: Reticular formation of
NCP: Nulceus proprius commiss- mesencephalon
ure SN: Substantia nigra .
NPT: Nucleus posterior thalami VIN: Tsai's ventral tegmentum
NR: Red nucleus nucleus
Abbreviations of behaviors
€Ci: Circling ipsi H B Tw c: Head and body twist--
de: Low diffused exploration ing contra
DE: High diffused exploration | ia: Low increased motor activity
fe: Low focalized exploration  IA: High increased motor activ-
FE: High focalized exploration ity
G: Cnowving J: Jaw movements
H Tu c: Head turning contra LP i: Lateral body projection
H Tu i: Head turning ipsi ipsi
H B Tu c¢: Head and body turn- N B Ex: Neck and body extension
ing contra se: Low scattered exploration
H B Tu i: Head and body turn- SE: High scattered exploration
ing ipsi sn: Low sniffing

SN: High sniffing

Individual rats are identified by numbers on the left
hand side (e.g. 27E) '
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SELF-STIMULATION RATES AND BEHAVIORAL CHARACTERISTICS
OF BRAIN STIMULATION

Electrode points, S5S rates and intensity of various
behaviors are indicated as described in the legend to
Fig. 2-4,.

Brain sections A tp F are from Pellegrinb and Cushman
(1967: pages 66, 68, 69, 70, 71, and 73 respectively).

Anatomical abbreviations

MR: Median Raphe . K
RPO: Reticularis pontis oralis
RPC: ‘Reticularis pontis caudalis
LC: Locus coeruleus ’
PCS: Superior cerebellar ;
peduncle
RP: Reticular parvocellularis
RG{ Reticular gige#atocellularis
Abbreviations of observed behaviors
H Tu 1: Head turning ipsi
NF: - Neck flexion - !
Hy: Hypotonia ’
NBFx: Neck and body extension
J: Jaw movement,
ETECi: Ear twitch and eye closure ipsi
HBTw 1: Head and body twisting ipsi
HBTu 1: Head and body turning ipsi ~
Sq: Squealing
Individual rats are identifiged by numbers on the AN

left hand side (e.g., 27E).
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Figure 6

SELF-STIMULATION RATES AND BEHAVIORAL CHARACTERISTICS

-

OF BRAIN STIMULATION :

Electrode points, SS rates and intensity of various
behaviors are indicated as described in the legend to

Fig. 2-5.

Brain sections A and B are from Pellegfino and Cushman

(1967; page 80).

Anatomical abbreviations

CTR: Nucleus corporis trapezoided
FLM: Medial longitudinal bundle

LL: Lateral lemnicus

NCV: Ventral cochlear nucleus
ND: Nucleus dentatus

NI: Nucleus interpositus '

NPV: Medial vestibulary

PCI: Pedunculus cerebellaris
inferior

PCS5: Pedunculus cerebellaris
superior

RG: Nucleus gigantis reticu-
laris

Abbreviations of observed behaviors

RP:
RV:

SBV:

TST:

DE: High diffused exploration
E T i: Ear twitching ipsi

FE: High focalized exploration
ia: Low increased¥mctivity

H B Tw c¢: Head and body twisting contra

Individual rats are identified by numbers on the

left hand side (e.g., 27E).

L

Nucleus parvocellularis

Nucleus re;icularis

ventralils

Ventral spinocerebellar

tract

Root of spinal tract of

trigeminal nerve

Spinal nucleus of fifth

derve

+
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Firure 6
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ACB
CA
CH
cL
CT
CTR
DBC
DPCS
DR
DTD
DTV
FLD
FLM
FX
HP
HPC
Ip
LC
LL
LM
LS
MFB
‘MFecx
ML
MR
MS
NMT
NPV
0S
PC
PCM
: PCS
PF
PM
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‘ :
LIST OF ANATOMICAL ABBREVIATIONS

Lateral pérolfactorial area

Anterior sure

Hippocampal commissure (Commissura fornicis)

Nucleus of Luys (subthalamicus)
Central tegmental nucleus

Trapezoid nucleus

Decussation .of brachium conjunctivum

Decussation of superior cerebellar peduncles

Dorsal nucleus of raphe

Decussation of Meynert (tegmenti dorsalis)

Decussation of Forel (tegmenti ventralis)

Dorsal fasciculus of Schlltz (longitudinal bundle)

Medial longitudinal bundle

1

Fornix (Corpus, columna)

Tractus habenulo-interpeduncularis (Fasciculus, retroflexus)

Hippocampus (Cornu Ammanis)
fnte%peduncular nuclehs
Locus Coeruleus

Lateral lemniscus

Medial lemniscus

Lateral spetal nucleus
Medial forebrain bundle

Medial frontal cortex

Lateral mamillary nucleus

Medial nucleus of raphe

Medial septal nucleus

Mesencephaiic nucleus of triéemdnal
Medial vestibular nucleus

Superior olivary nucleus

Cerebral peduncle

Middle cerebellar peduncle

Superior cerebellar peduncle
Nucleus parafascicularis thalami

Mamillary peduncle

nerve



POA
POlf
PRT
PVG
RFd
RFv

Lateral Breoptic area
Paraolfactory area

Pretectal area .

Central grey substance
Reticular formation of
Reticular formartion of
Reticularis gelluraris

Reticularis cellularis

mesencephalon
mesencephalon
giganto

parvo

Reticularis pontis caudalis

Recicularis/pontis oralis

Ventral spinocerebellaretract

Substantia nigra

47

(dorsal)

(ventral).

Nucleus of spinal tractﬂgf trigeminal nerve

Area supramamilliaris

Mamillotegmental tract

Mesencephalic nucleus of trigeminal nerve

Facial nerve

Ventral tegmental nucleus

Tsai's ventral tegmental nucleus

Zona incerta
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Figure 7

The major and minor behavioral features observed from
the stimulation af various brain areas.

Anatomical abbreviations: RPC: Reticularis pontis
caudalis; DMT: Dorsomedial tegmentum; VMT: Ventromedial
tegmentum; PMH: Posterior medial hypothalamus; PLH: Posterior
lateral hypothalamus; ALH: Anterior lateral hypothalamus;
PLTh: Posterior lateral thalamus; S$: Septum; POlf: Paraclfact-
ory area; MFcx: Mediofrontal cortex; LC: Locus coeruleus;
Sub-LC: Sub-Locus coeruleus; R: Raphe. '
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ARREST exploration | ambivalence

A /

Fleure 7

ORIENTING and ALERTING

M.

FOCALIZED EXPLORATION
increased motor aclivity, biting
turning of head contra. )
FOCALIZED EXPLORATION, INCREASED MOTOR ACTIVITY
turning of head contra, biting, licking, circling contra.

— , AMBIVALENCE-EXPLORATION
STEREOTYPED AMBIVALENCE
FLIGHT

FOCALIZED AND SCATTERED EXPLORATION
INCREASED MOTOR ACTIVITY

biting, licking, turning of head contra,

neck extension, stereotyped movements

DIFFUSED EXPLORATION
_ DISPERSED LOCOMOTION, what is it reaction,
biting
MOTOR ACTIVITY HIGH during S.5. LOW after S.5.
— NON SYSTEMATIZED EXPLORATION
““11ull period, disruptive behavior, jaw movement
o AMBIVALENCE _ “

PERIODS OF ADYNAMIA following $.5.
sub ) NON SYSTEMATIZED EXPLORATION
L.C. }DISRUPTIVE BEHAVIOR (ha!lucinations?)

ATTEMPTS to jump out of box
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IV - Quantitative Analysis of Stimulation-Induced
Behavioral Patterns

SELF-STIMULATION GROUP (The threshold of significance or

alpha level for all subsequent statistical treatments is
0.05. See Table 2 for degree of significance).

1) Meso cortex (septum, paraolfactory and mediofrontal areas

MCx: The electrodes of these anterior areas elicited signif-

icantly lower -(pec0.05) rates of SS compared to ALH, PLH or VMT.

Concerning the behaviors observed with self-stimulation from

the 5, PO1f and MFcx, sniffing was significantly less (p«D.05)

than for the PLH group, but did not differ from the other groups.
This meso cortex group differed from other groups 1in that

arrest responses were observed in this group exclusively.

Arrest was a major feature for this graup.

Focalized exploration was noted in all 8 subjects; however,
the intensity was lower compared to ALH, PLH or VMT subjects.
The rats of the meso cortex group showed éignificantly more
(p<0.05) "diffused" exploration than the anterior lateral hypo-
thalamus subjects, but less (p<0.05) than the Raphé.

The meso cortex subjects also showed significantly less
(p<0.05) focalized locomotion compared to ALH, PLH or VMT rats,

but had as much diffused locomotion as for these $roups and

less than the Raphe.

4/’/’/ﬁ;;\Anterior Lateral Hypothalamus: There were no signif-

lcant dijffferences between ALH and PLH is S§ rates. However,

the A subjects self-stimulated significantly less (p<0.05)
than\the VMT subjects, but significantly more (pec0.05) than
the MCx and Raphe rats. The ALH subjects did not show more

focalized exploration than the PLH, but significantly more
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(pe0.05) than all other groups. There was' significantly
iess (p«0.05) diffused exploration in ALH than in other groups
(i.e., MCx, VMT, Raphe or RPC). There was no scattered explor-
ation elicited from the ALH. .
Concefning focalized locomotion, there was no significant
difference between ALH, PLH..Raphe and RPC. There was-signif-
icantly more {(p£0.05) focalized locomotion for the ALH group
‘ihan for the MCx, but less (p<0.05) than for the VMT group.
Diffused locomotion was found less inténse (p<0.05) when compar-

ed to Raphe.

' 3) Posterior Lat;ral Hypothalamus: Self—stimulatioq rates
were significantly higher (pe<0.05) for the PLH animals than
for MCx or Raphe rats. Tbere was significantly more sniffing
(pe0.05) compared to MCx or RPC animals. There was signif-
icantly more (p<0.05) "focalized" exploratisn for PLH than for
MCx, Raphe or‘%PC rats, and significantly less (pg£0.05)
"diffused" exploration than for Raphe and RPC. There was mno
evidence of scattered exploration. Concerning “"focalized"”
locomotion, there was significantly more (p<0.05) than for MCX,
Raphe and RPC rats., Diffused locomotion was significantly
less (p«0.05) in PLH cthan in Raphe animals. "As for ALH, there

was no evidence of lull periods,.

4) Ventromedial Tégmentum: Self-stimulation rates for VMT

were significantly higher (p«0.05) than those for MCx, ALH or
Raphe, but not significantly different from thoese of PLH and
RPC animals. Focalized exploration {in the VMT was significant-

ly more intense (p«0.05) compared to the MCx, Raphe or RPC,
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but less intense {pc0.05) compared to ALH. VMT subjects

had significantly more (pe0.05) diffused exploration than ALH,
-but less (p<£0.05) than Raphe. Scattered exploration at the
level of the VMT was significantly higher (pe0.05) compared to
MCx and ALH, but not significantly different from the more
posterior Raphe and RPC areas. There was significanfly less
(p<c0.05) diffused locomotion compared'to Rephe subjects;
however, except for the PLH group, 'there was significantly
mare (p<0.05) focalized locomotion than for all the groups:
MCx, ALH, Raphe and RPC. Lull periods were not observed
following VMT stimulgtion.

5) Raphe: The rates of Raphe 5SS were ;fgnificantly léwer
(p<0.05) compared to ALH, PLH or VMT. There was significantly
less (p<0.05) "focalized" exploration than for ALH, PLH or
VMT subjects. However, stattered exploration was significant-
ly higher (p<0.05) for the Raphe than for MCx, ALH or PLH rats.

Raphe animals showed significantly higher (p£0.05) "diffused"

exploration than all other groups, i.e., MCx, ALH, PLH, VMT

or RPC animals.

There was significantly more diffused locomotion (p«f.05)
compared to MCx, ALH, PLH or VMT subjeéts. However, there was
significantly less (p£0.05) focalized locoﬁotion when compared
to PLH or VMT animals.

As for ALH, PLH and VMT, there was no lull observed

following Raphe stimulation.

6) Reticularis Pontis Caudalis: Self-stimulation was

elicited from the RPC in bursts at a low rate for 5 subjects

-
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™

and at a high rate for the other 3 ré:s. There was no
significant diffe?ence in SS rates compared to all other
ELOuUpS.

Sniffing for the RPC was significantly less (p<0.05)
than for PLH rats. -

Significantly more (pe0.05) lull periods were observed
following RPC stimulation compared to any other group; lull
was significantly‘g{éher (pe0.05) than for all qther groups.

In addition, RPC subjects had significantly higher (p<0.05)
scattered exploration than MCx, ALH and PLH groups, and signif-
icantly higher (p<0.05) diffused exploration than ALE and PLH
groups. However, focalized exploration for the RPC was signif-
icantly less (p«0.05) than for ALH, PLH or VMT subjects.
-Focalized locomotion for RPC was lower than for PLH and VMT.
The RPC stimulation also elicited some rather peculiar idio-
syneratic be;:¥ior, including 8 cases of "hébété-dazed-with-
drawn" like behavior, 2 of which also showed "disruptive"
behavior, 8 cases of "non-systematic" exploration, and 4 cases
of "adynamia'".

To'summarize, the data shown in Tables 1 and 2 demonstrate

that:

1) The gradient of frequency of SS starting with the areas

showing the highest frequency are as follows: VMT, PLH; ALH,
RPC, S, POlf and MCx areas. However, there was no significant
difference between VMT énd PLH, nor betweén PLH and.ALH SS
rates. Nevertheless, the VMT rates were significantly higher

{(p£0.05) than the ALH. The VMT, PLH and ALH rates were
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significantly higher (pco.ﬁg) comPar;d to those of S, POlf, and
MFx areas. Raphe showed no significant difference between one
another and no significant difference with the MFx, POl1f and S
areas. 4

2) Sniffing iutehsi:y b&tween the various brain areas did
not differ with exception of Lfhe PLH which elicited significant-
ly more sniffing (pe0.05) than the MCx and RPC.

3) Exploration:

a) Diffused exploration was significantfy higher (ped.03)
in the Raphe than in all‘other brain areas. RFC was signif-
icantly different from PLH and ALH, but not different from
the remaining areas (i.e., VMT and MCx). VMT and MCx diffused

A ‘
exploration was significantly (p<0.05) higher compared to ALH,
but not different from PLH. Hence, gradient of diffused

exploration would be Raphe, RPC, VMT, MCx, PLH and ALH.

b) Scattered exploration was sigﬂificantly higher (pe0.05)
in the posterior areas, i.e., VMT, R and REC, than in tﬁe more
anterior, PLH, ALH and MCx regions.

c¢) Focalized exploration was not higher thanm for PLH, but

it was significantly higher (p<0.05) than for all the brain
areas studied, i.e., VMT, MCx, R and RPC. The PLH and UMT
areas were not significantly higher than one another, but were
significantly higher (p<0.05) than R, RPC and MCx areas-

4) Locomotor activity:

a) Diffused locomotor activity was significantly higher

(p<0.05) in the Raphe area than in all other areas, except for
the RPC. The RPC itself, however, was not significantly higher

than any of the other dreas.
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b) Focalized-locomotor activity in the YHT was aot
highef compared to the PLH, but was significantly higher than’
all other areas. In turn, the PLH area was not higher than‘the
ALH, but'vas higher (p<0.05) than all rgmaining_gréas. The
ALH was significantly higher (ﬁCD.OS) than MCx, but not signif-
icantly different than the femaining areas, i.e., Raphé or RPC.
The MCx, R and RPC areas were not different from one another.

5. Lull periods:

The intensity of 1lull periods was significantly higher
(p<0.05).ih thet RPC compared to all ather areas. There was:
no significaAt difference between all other areas. There-
fore; 1ull can be considered to be a main behavioral feature
of.the kPC:W

For all animals grouped together, the daFa shown in'Table
3 illustrate positive correlations between the following varia-
bles:- (1) SS rates aﬁd focalized motor activity; (2) SS rateg
and focalized.exploratioﬁ; (3) sniffing and focalized dotor
activity; (4) sniffing and fpcalized exploratian. Hence,.
sniffiné and SS rates ;ré\ﬂzz correlated; but focalized motor
activity and focalized explorationrare correlated %o SS rates and
sniffing, In addition, positive Forrelétions were found between
(5) fotalized motor activity and focalized exploration; and
between (6) éiffused locomotion and diffused exploratio;} (7)
l;ll and hébété-dazed. Finally, a negative.correlation was

found between focalized and scattered explorations.
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Table 1-

L

RELATIVE'IHTENélTIES OF SS AND- OF CONCOMITANT BEHAVIORAL

~,

- FEATURES AS ELICITED FROM VARIOUS BRAIN AREAS {(N=48)

Braid areas: Meso cortex, MCx; anterior lateral hypo-~
‘thalamus, ALH; posterior lateral hypothalamus, PLH; ventro-
medial tegmentqﬁy VMT; raphe, R; reticularis pontis caudalis,
RPC. !

Behavfors observed: Self-stimulation, SS; sniffing, SN;
diffused expleration, DE; scattered exploration, SE; focalized
exploratipn, FE; diffused locomotion, QL; focalized locomotion,
FL; 1lull, LL. . qﬁ . .

'Reliti>§\inteméities of)the behaviors: Decreased (-1);

-not changed (0)3 low (¥1); mdderate (4#2); high (#3).

S

Idiosyncratic behavior (IS): Present. (P) or not
present (NP). '

’ 1
a‘Number of animals in the group showing the psrticular
relative intensity of described behaviors.
N = Number of animals in the group.
Gradation of speeds of (1} Low (50-300) for 10 min.
§S: (2) Moderate (30L-600) for 10 min.
: (3) High (600 and over) for 10 min.
(. -
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BEHAVIORAL FEATURES AS ELICITED FROM VARIOUS BRAIN AREAS (N=48)

Table 1

RELATIVE INTENSITIES OF SS AND OF CONCOMITANT

=
o]
) (N=number o mmnmm.om
Brain of @ w| bar-press- Idi
areas subjects) [ 1ing io-
. [VTE] R syncratie
i N O o SS SN DE SE FE DL FL LL behavior
1 62 -1 p? 0 0 0 2 3 0 (Arrest)
2 2 0 2 0 7 0 2 2 5 P in
| HCx 8 3 0 #1 3 6 1 8 2 1 2 5
| +2 3 2 0 0 2 0 1 animals
+3 0 0 0 0 0 0 0
: ’ 1 1 -1 0 0 0 0 0 0 0
ALH g 2 7 0 0 6 8 0 5 0 8 NP
) 3 0 £1 1 1 0 0 3 0 0
+2 3 1 0 1 0 4 0
.- 43 4 .0 0 6 0 0 g
1 1 -1 0 0 0 0 0 0 0 (Biting)
2 4 0 0 4 8 0 4 0 8 P in
1 .- §-
PLH 8 3 3 41 0 4 0 1 4 0 S0 1
+2 5 0 0 5 0 0 0
" animal
$3 3 0 0 2 0 4 0
. 1 1 -1 0 0 0 0 0 0 0 (Biting)
2 2 0 0 0 4 2 3 0 8 - )
VMT 8 .
3 5 +1 1 7 1 0 4 1 0 1
42 4 1 3 6 1 2 0 animal
43 3 0 0 0 0 5 0

v
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Table 1 (Cont'd)
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Table 2

-

SUMMARY OF SIGNIFICANT DIFFERENCES IN INTENSITY BETWEEN
BEBAVIORS CORRELATED WITH SS.FROM VARIOQUS BRAIN AREAS
ACCORDING TO KOLMOGOROV-SMIRNOV TEST FOR SMALL NUMBERS

OF INDIVIDUALS (N=48) OF PAIRED GROUFS
=

Six brain areas: Meso cortex, MCx; anterior latleral L
hypothalamus, ALH; posterior lateral hypothalamus, PLH;
ventro-medial tegmentum, VMT; raphe, R; reticularis pontis

"caudalis, RPC.

Behaviors observed: Self-stimulation, S$S; sniffing, SN;
focalized exploration, FE; scattered exploration, SE; diffused
exploration, DE; focalized locomotion, FL; diffused lecomotion,
DL; and lull, LL.

»

— Relative intensities of the behaviors: Decreased (-1):
not changed (0}); low (+1); moderate (+2); high (+3).

Gradation of speeds of (1) Low (50-300) for 10 min.
58: (2) Moderate (301-600) for 1Q min.
(3) High (600 and over) for 10 min.

aIntensity significantly greater (») or lesser (&4);
p<0.05.

See Table for cell distribution.

-
Fd
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Table 2

SUMMARY OF ANALYSIS OF DIFFERENCES BETWEEN THE VARIOUS BEHAVIORAL CORRELATES OF 55 IN_RATS

ACCORDING TO KOLMOGOROV-SMIRNOV'S TEST FOR SMALL NUMBERS OF INDIVIDUALS (N=40) OF PAIREl GROUPS

¢

Paired groups 58 SN DE SE FE DL FL LL

MCx-ALH MFcx < ALH MFcx s ALH MFcx < ALH MFcx <ALH

MCx-PLH MFex < PLH| FMex < PLH MFex Awrmf MFcx <PLH ‘

MCx-VMT MFcx < VMT| MFex ¢ VMT MFex « VMT MFex oVMT

MCx-Raphe MFcx Am>m=m MFex € RAPHE MFcx<Raphe

MCx-RPC \\ MFcx < RPC MFex <RPC

ALH-PLH

ALH-VMT. ALH <VMT ALH <VMT ALH <VMT ALH » VMT ALH <VMT

ALH-Raphe ALH”Raphe Fm\nwmv:m ALH <Raphe ALH ™ Raphe ALH <Raphe

ALH-RPC ALH <RPC ALH <RPC ALH ., RPC ALH <RPC

PLH-VMT i PLH <VMT

PLH-Raphe PLH”Raphe PLH <Raphe PLH <Raphe PLH ” Raphe PLH <Raphe|PLH”Raphe

1r=|wwf. PLH ., RPC RLH <RPC PLH Azwm PLH , RPC PLH; RPC [ PLH <RPC

VMTHRaphe VMT»>Raphe VMT < Raphe VMT > Raphe VMT <Raphe| VMI>Raphe

S.:.-wun VMT » RPC VMT®RPC VMT <RPC
Raphe » RPC Raphe “RPC

_ “Raphe-RPC




Table 3

CORRELATIOﬁ MATRIX INDICATING THE POSITIVE AND NEGATIVE

RELATIONSHIP BETWEEN 11 DIFFERENT BEHAVIOR VARIABLES
s ——

Current, CR; self-stimulation, S$5; sniffing, SN;
diffused exploration, DE; scattered exploration, SE; focalized
exploration, FE; diffused locomotion, DL; focalized locomotion,.
FL:; arrest, AR; 1lull, LL; perplexicty, P. ' )

. The correlation coefficient matrix (Table 8-3, R.A.
Fisher and F. Yates, "Statistical Tables for Biological,
Agricultural, and Medical Research'", Oliver and Boyd Ltd., Edin-
burg, 1953, by permission of the authors and publishers.
Reprinted from G.A. Ferguson, "Statistical Analysis in Psycho-
logy and Education', McGraw Hill Book Company, New York, 1971)
indicates the critical values of the correlation coefficient,.
The criterion .of significant difference is p«0.05, as seen
in this table. As indicated previously, the numerical graded
responses or weighed values are: decreased (-1}; no change (0);
low (+1):; moderate (+2); and high (+3).
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Table 3

)/(\l

VALUES OF CORRELATICON COEFFICIENTS OF 11 DIFFERENT SS mmm><mow>>T VARIABLES (1) (N=48)

(1) (2) (3) (4) (5) (6) - (1) (8) (9 (10) (11)

MEASURES
CR $S SN DN SE FE DL FL AR ° LL P

1) Current e .200 014 -,172 112 .010 -~.125 A\.Hem -.299 . 348 .468
2) Self-stimulation .200 reee .408 -.279 -.171 .505 -.337 .604° -,292 .036 -.080
3) Sniffing : 014 408 'Yt -.048 -.163 .530 -.004 fmuu -.398 -.360 ~.344
4) Diffused exploration -.172  -.279 ~-.048 "''''  .352 -.438 .891" -.361 -.005 .122  .050
5) Scattered exploration 112 -.171 -.163 .352 Tert —.621 .363 ~-.164 -.085 .235 ,327
6) Focalized mxﬁHOHmﬂHoz .010 . 505 .530 -.438 1.0NH tene -.394 .514 -.148 t.wom -.368
7) Diffused locomotion -.125 -.337 -.004 |.mcH* L3633 -.394 trvy 283 -.040 L0040 -.014
mu.monmwwnmm locomotion .198 . 604 .537 -.361 -.164 .514 -,383 e M.moo -.191 -.179
OV Arrest -.299 ~.292 l.uomnl.oom -.085 -.,148 ‘I.Oba -.260" rerr 009 -.096
10) Lull . 348 ..036 -.360 .122 .235 -.309 mObD. -.191 -.009 et .816%
11) HEbEté-dazed .468 -.080 -.344 .050 .326 -.368 -.014 -.179 -.096 .816 TEr

Note: (1) From brain

areas: Mediofrontal cortex, MFcx; antfrior lateral :wuom:mwma:m. ALH;

* p& 05 for two tailed tests awnwmmw. 1956)

&

vomnmn»fﬂ lateral hypothalamus, PLH; ventromedial tegmentum, VMT;
raphe, R; reticularis pontis caudalis, RPC. -

. *
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AMBIVALENCE (APPROACH-FLIGHT REACTION)

1) Histological Findings: The RPC probes were located

ventrolateral to the LC, under the superior cerebral peduncle
or within the dorsbléteral portion of the anterior RPC. The

R probes were located dorsolateral to the medial raphe nucleus.
The RMF probes were found in the area lateral and ventral to
the centfal grey or at the junction of'the mesencephalon and
anterior part of the pons. The VMT pfobes were located 1in an
area lateral to the interpeduncular nucleus, either in the afea
of Tsal or in the substantia nigra. The PLﬁ‘probes were found
in the dorsolateral hypothalamus at the level of the mamillary
bod}es around thé medial forebrain bundlie. The septal prqbes

were placed in tﬁe dorsolateral part of the septal area.

2) Behavioral Fiqrdings™ The relative inténsity of self-

stimulation and ambiva hown in Figure 8. For statis-

tical analysis, the animals were grouped according to their
implantation sites and the main’'behavior elicited: ;elf-stimu~

" lating RPC, self-stimulating R, self-stimulating VMT, self-
stimulating S, ambivalent RPC, ambiva\ent R, ambivalent RMF and
ambivalent S§. Each/g}x%ﬁe eight groups contained four subjects.
As described on page 23, under Behavioral Training, Testing and
Analysis of Data, the relative intensity of—SS and ambivalence
was graded on a six point as follows: (0) not present, (1) low,
(2) low-moderate, (3) moderate, (4) moderate-high and (5) high.

This scale is quanﬁitatively described in Table 4.

3) Comparisons of ambivalent .groups: Ambivalent RPC, R

and RMF animals had fzster approach spekfs than ambivalent S

rats, while ambivalent RPC subjects had faster approach speeds

~



than ambivalent R animals. Withdrawal speeds were faster in
ambivalent RPC and R subjects tﬁan in ambivalent $§ animals.
Ambivalent S rats had longer interval_periods thar ambivalent
RPC,. R or RMF subjects, ;nd longer interqgls for RMF than R

rats. Lull periods were longer for ambivalent RPC animals

than for ambivalent R or RMF rats. Ambivalent:R animals showed

more diffused exploration than ambivalent RMF or S§ rats.
Ambivalent RMF and S subjects showed more focalized ekploration
than ambivalent RPC or R animals.

4) Comparisons of self-stimulating groups: Self-stimulat-

ing VMT rats had faster apprdach speeds than self—ifimulating

RPC or S animals. Locomotor activity was found to a higheTr

-
degree in self-stimulating VMT rats than in self-stimulating

RPC or S animals, and to a higher degree in self-stimulating

RPC and R subjects than in self-gtimulating S rats.

5) Comparisons of ambivalent®and seif-stimulétigg_groups:
Ambivalent RPC animals were found to have faster approach
speeds than self-stimulating RPC subjects; ambivalent S rats
had faster approach speeds than self-stimulating S animals.
Ambivalent RPC, R, RMF anéis Qubjects had faster withdrawal
speeds than their self-stimulating counterparts, RPC, R

VMT and S. Ambivalent RMF and S..animals had longer interval

LY

periods than self-stimulating VMT and S, respectively, while

self-stimulating R rats had longer interval periods than

-ambivalent R subjects. Lull periods were longer for ambivalent

RPC subjects than for*self-stimulating RPC rats, while self-

stimulating RPC animals showed mope focalized exploraﬁion than

ambivalent RPC subjects. Finally, self-stimulating VMT rats



showed more locomotor activity than ambivalent RMF animals.

If the speed of approach and withdrawal 1s .used as the
main criteria for Embivalence, rats with anterior electrodes
(i.e., septum) showed less ambivalence than animals stimul-
ated in the reticular mesencephalic formation (RMF), r#phe (R)
or reticularis pontis caudalis (RPC). In additionf ambivalence
was accompanied by site-specific behavioral patterns. For
instance, the ambivalent septal group appeared unexcited in
comparison with all other groups; Iinterval period; were longer
and bar-pressing speed was slower. Ambivalence from the RMF
was accompanied by alert and more direQFed behavior asvillus—
trated by the high bar-pressing speed and withdrawal, and by
the low interval and 1lull periods. Other interesting features
indicating RMf-directed ambivalence were the low diffused
e;ploration and the relatively h}gh focalized exploration.
Ambivalent Raphe animals bar-pressed at a more predictable
rhythm than their'self-stimulating counterparts, and showed
intense diffused exploration which was less sporaddc than for
the self-stimulating raphe s;bjeets. Ambi:alence obtaineq by
stimulation of the RPC was associated with very fast approach
speed (eéven in comparison with the self-stimulating R%C »
approach speed)} and intense withdrawal. This pattern .was
accompanied by brief rest interval periods, .longer 1lull periods
and occaslonal incidents oé hypotonia, Reticularis pontis
caudalis subjects showed-a particular type of exploration in
addition to'focalfzed, scattered and diffused exploration: the

rat would sniff with its nose directed upward, and the explor-



g

atory activity was occasionally interrupted by lull periods
during which the agimal wopld explore its environment in a
non-systematic and fragmentea fashion, as described in the
topographf.study. Following 1lull per}ods, tﬁe RPC rat would
wander back to the lever in an erratic manner.

All self-stimulating animals were stimulated at high intensi-
ties (70 pA rms). Some self-stimulating rats showed forced move-
ments (i.e., head and/or body movements or circling for one
VMT subject, seizures for one septal rat, and cirqling for
two RPC animals). However, this pattern was not accompanied
by signs of withdrawal or ambivalence and was thus classified
ag pure self-stimulation. In conclusion, just‘;s behavioral
patterm accompanylng self-stimulation vary between brain
reglions, behaviors concomitant with ambivalence vary from
one brain area to another, and differ from.those accompanying

self-stimulation from similar structures.
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1

Table &

RELATIVE INTENSITIES OF BEBAVIORAL PATTERNS IN AMBIVALENT

AND SELF-STIMULATING RATS

Relative intensities of the approach, withdrawal,
interval, lull, diffused exploration, focalized exploration
and motor activity as observed in .self-stimulating and
ambivalent animals grouped according to their}&;ain areas
implantation sites.

" Behaviors were graded on a range from 1 to 5.

f
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Table 4

Ummnwmwﬂmoz OF RATING OF RELATIVE INTENSITIES OF um=><How>r

PATTERNS IN AMBIVALENT AND SELF-STIMULATING RATS

RELATIVE INTENSITIES

INTERVAL

LULL

ACTIVITY

OF .BEHAVIORS APPROACH WITHDRAWAL DIFFUSED mon>ﬂHNmU
low (1) N lcm or less/|lcm or Hmmm\ 1-3 sec. Hlm sec. 1-3 sec. Hnw sec. 1-3 sec
sec, sec. ‘
r
low-moderate (2) 2cm/aec. mnsxmmh. 4-6 sec. 4-6 sec. 4-6 sec. 4-6 sec .t 4-6 sgec
e
' ~
moderate (3) Jcm/sec. 2cm/sec. 7-9 sgec. 7-9 sec. 7-9 sec. 7-9 sec. 7-9 sec
moderate-high (4) 4em/Bec. tem/sec. 10-12 séc.|12-10 sec. 10-12 sgec. 10-12 sec, 10-12 sec
m -
high (5) “ | 5¢m or more/|4cm or more |13 ¥ sec. |13 + sec. 13 4 sec. 13 + sec. 13 + sec.
, sec, sec. N\
e
Y NS
. 4
T, A
4
- A aremand o \“ ” - . . -
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Table 5

COMPARISON OF RELATIVE INTENSITIES OF THE BEHAVIORS OF PAIRED

\u, GROUPS OF ANIMALS ACCORDING TO IMPLANTATION SITES

Self-stimulaxing RPC, ambivalent R, ambivalent RMF, and.
" ambivalent. S. Eéech of the 8 groups contained four subjects.

Relative iftensities (range 0-5)for each behavioral
manifestation of each group were used in calculating the
different scores. Statistical differences between groups
were evaluated by using the Kolmogorov-Smirnov test (Siegel,
1956) .

.

The self-stimulation groups were: (1) ~ (4).°

The ambivalent groups were: (5) - (8}).

L)
3

ﬁlntensity significantiy greater {(>) or lesser (<);

pe0.05.
——==: No significant difference.
\ s
' /
. - *\
Al %-I‘" -
\ ]
1.
L4

/\\ v

-
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Table 5

COMPARISONS OF RELATIVE INTENSITIES OF THE BEHAVIORS OF

PATRED GROUPS OF ANIMALS ACCORDING TO IMPLANTATION SITES

PAIRED GROUPS APPROACH ‘WITHDRAWAL INTERNAL LULL DIFFUSED FOCALIZED  ACTIVITY.
(1) RPC - R (2) 1> 22 ———— ——- 152 —— ———— -
(2) RPC - RMF (3) ———— R ——- 173 —— 3,4 _—
(1) RPC =" S (4) 1> 4 1> 4 451 ———— fe—— 4> 1 _——
(2) R - RMF (3) _—— -— 3,2 ———- 2,3 , 352 ———-
{(2) R - 8§ (4) 25 4 204 4 » 2 ———— 254 4 » 2 ----
(3) RMF - S (4) 3% 4 ———- 473 S ——— ——— -
‘ : . 3
(5) RPC - R (6) _—— ———— —— - § 655 S ————
(5) RPC ~ VMT (7) 7> 5 ———— S »7 _— , =" ———— 755
(5) RPC- S (8) ——— _—— -——— ——— 5”8 | . ---- 5.8
(6) R -,VMT (7) ———— ——- 6 >7 _——— 6 >7 _—— _———-
(6) R -5 (8) ——— ——— ——— ———- . 6 8 ———— 6. 8
(7) VMT - s (8) 7> 8 ———— 8>7_ —— ———e ———— T 7>8
(1) RPC - RPC (5) 1>5 1>5 ———- 1>5 _—— 5> 1 ~ee-
(2) R - R (6) - 256 6 52 ---- ---- ———- -—--
"(3) RMF - VMT (7) -——-- v 7 3>7 —— -———— -—— 7> 3
(4) S - 8 (8Y 85 4 45 8 4 »8 - ——— —— —
~
X
')
~
— e L . ' .
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Table 6

HISTOGRAM OF RELATIVE INTENSITIES OF BEHAVIORAL MANIFESTATIONS
IN SELF-STIMULATING AND AMBIVALENT RATS AS ELICITED FROM
VARIOUS BRAIN SITES

Approach speed (approach); withdrawal (withdraw};
intefval period, lull period, diffused exploration (diffused);

focalized exploration)| (focalized); and locomotor activity
(activity).

The mean relative Iintensities of the behaviors were graded
on a six point scale varving between 0 to 5. For statistical
analvsis, the animals were grouped according to their brain

‘implantation sites and the main behavior elicited was self~-

stimulation or ambivalence.

Self-stimulation group: RPC, R, VMT and S.

Ambivalent group: RPC, R, VMT and S.

Each of the 8 groups contained four subjects,.
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HISTOGRAM OF RELATIVE INTENSITIES OF BEHAVIORAL MANIFESTATIONS

IN SELF-STIMULATING AND AMBIVALENT RATS AS ELICITED FROM

VARIOUS BRAIN SITES

SELF-STIMULATION | AMBIVALENCE
.5-. - H ! | |
4- - {
3-
2- T b 1
I . i
5 +
4-] - i
3- - -
2- - ! B
1- - i
L INTERVAL !
A ! v
) |
LG
1
- mc.ﬂ‘.:.::se
el
]
—AGTIVITY—
3 YT R RPC $ RME R RPC ;
: : - -
! 1 T - —
t
Al
¥



—
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A. Failure to Reinstate Self-Stimulation with Combination
of Seryl-Trihvydroxibenzil-Hydrazine (R0O-4602) and L-Dopa
following its Suppression by Alpha-Meéethyl-Para-Tyrosine

I - Introduction ) Y

¢
Alpha-methyl-para-tyrosine (4-MPT) is a potent inhpbitor of

tyrosine hydroxylase and, as such, limits the syntheSis of
catecholamines (dopamine, DA and norepinephrine, NE; Nagatsu
et al., 1964; Weilssman and Koe, 1965; 1966; Levitt et‘al.,
;965). Unlike reserpine, which also affects serotonin, «-MPT
éauses a selective reduction of brain catechqlapines (Spector
et al., 1965; Rech et al., 1966).

_ ApprOﬂfiate doses of #~-MPT produce a defiéit in brain
catecholamines (CA's) concomitant with a suppression of SS
obtained fromnﬁedial forebrain bundle~-innervated regions
(Poschel and ﬁinteman,1966). In a previous study (Beaugrand
and St-Laurent, 1973), A-MPT (100 mg/kg, 1p) produced
immedigte (within the first 30 min. followiqg injection) and
1ong?lasting suppressive effects on 55, in spite of the
evidence that the central depleting effect‘kn'CA's takes
place 2-4 hr. after injection (Spector et ai., 1965). In tge
work of éosc@el and Ninteman (1966) (in which &MPT-methyl-
estey was used because of its higher solubility), no mention
of such}an early suppression was made. However, St-Laurent
et al. (1973), 1in a study comparing the effects of &MPT and

KrMPT—methyl;ESCer, noted that &-ﬁPT had aérimmediate short
1asti§§>dépressing effect on S5 followed bﬁ restitution and
subsequent depressign of-ﬁs after 2% hr.‘ In contraét,'KLMPtf

a

methyl-ester showed no . immediate depressiﬁg'effect. The latter
showed 'a gradual decrease of SS rates with the maximum.depress-
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.lon reached 4 hr. f6110§ing administration (See Fig. 8).

The present experiment was undertaken in order tOTdeter-
mine: 1) whether L-Dopa, after peripheral inhibition of
dopa decarboxylase by pretreatment with a low dose of RO 4-4602,
could reverse the éarly suppressive effects on SS induéed by

f////Z:HPT; 2) the effects of both RO 4-4602 anﬁ L-Dopa on rats

which were self-stimulating without pretreatment with &MPT.

.II - Material and Methods

a) Animals and Surgery

»

- - Subjects were 19 male Sprague-Dawley albine rats
veighing 250-300 g at tﬁe time.of surgery. They were housed
- in individual cages and maintained on an ad libi@Lm water
and food schedule, except éuring testing. .

5

Surgical procedures used were those described previbus—

ly. In 10 animals, the electron§ were aimed to place the
exposed tip In thé posterior larteral hypofhalamus (PLH). )
Coordinates were 5 mm posterior to bregma, 1.5 mm lateral to
the saggital suture ;nd 8 mm below the skull surface. The

incisor bar was level with the interaural plane. In 9

animals, the more anterior regions of the MFB were aimgd

for, with the following coordinates: +1.5/1.5/9 and iLLLS\{?
Sy

(preoptic area and medio-frontal cortex).

b) Training for Brain Self-stimulation
Follqwing 10 days of post-operative rest, the rats were

trained to depress-a single metal lever in order to obtain _
: - - =

a 0.25 sec train bf 60 Hz sine wave. The current inmtensity - «
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was fixed at 60 pA,.(21.4 pA rms) in order to produce

optimal response rates. qujects were given daily 30 min.

- training sessions during which they could freely self-stimu-

J

late. Dajily .press-rates were recorded and sessions went on
for at least 20 days, until performadce showed good stabilicy
for three couseéutive»da;s. Animals were then considered
as suitable for the drug expériment on !ke following day.
During this period-of shaping and stabilization, each fat
woerd in a standard session at a fixed time each day and
always in the same box.

On the experimental ‘day, subjects were allowed to self-
stimulate for 2 periods of 10 min. each. Measures of S§
rates were then taken and pooled with the data ob;ained on
the three preceeding days to serve as the baseline for further
comparisons. Drugs or their vehicles were administered ip
at the end of !this 2 x 10 min. session at 0 min. treatment
period.

'

¢) Drug Administration

-

Drugs used were DL-omethyl-para-tyrosine (&MPT; Reglis

hemical Co., Chicago), RO 4-4602 or N-(DL-seryl) - N' - (2,
3, trihydraxybenzil) hydrazine and L-Dcpa {(L-Dihydroxy-
phenylalanine, Nutritional Biochemiéal Co., Cleveland)}.
Solutions were pr;;ared by mixing each drug with equivalent
amounts of arabi® gum and by suspending the mixture in 0.9%
NcCl by homogenizatién. A mixture of arabic gum and Q.QZ
NaCl gserved as placebo. Drugs or the vehicle were administer-

ed in the following order: 1) &MPT at 0 min.; 2) RO 4-4602

at 20 min.; 3) L-Dopa at 50 min.
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Drugs were injected ip in doses of 1007mgfkg of body
weight. The vblumé of each injection varied fr;m 0.6 to
1.0 ml. Subjects ger&_dividedrinto two groups and a total
of four drug cogditions were used: Condition A consisted of
injections of & MPT, RO 4-4602 and L-Dopa ( «-MPT + RO 4-4602
4+ L-Dopa); Condition B of placebo, RO 4-4602 and L-Dopa
(Vv + RO 4-4602 + L-Dopa); Co;dition C of -G—HPT and two
vehicle injections ( £-MPT + V + V); and Conditionmn ﬁ of.ihree

ﬂshicle injections ( V + V + V). Group 1 received treatments

- #escribed in Conditions A and B; Group 2 underwent Conditions

C and D.

Immediately after each injection, the animals were
returned to their experimental boxes and allowed to self-
stimulate. Ratings of bar-presses were taken every 10 min;'

a 30 sec. period following each reading was used for verifyinyg

“{f the individual current had remained at the original 60 wA;

this involved mandally delivering three intracranial shocks

to each animal while taking the oscilloscope measurements;,.
There were three readings (and adjustments)_following £-MPT
injection, two following RO 4-4602, and five following L-Dopa
injegtion. Response rates were calculated for periods of /

10 min. throughout experiment. All i;dividual press-rates

were lineérized by Log 10 (x + i) mansforma;iqn (Sokal, 1969)._
Figure 9 was plotted after th’; linearization. Results were
subjected to statisticalcfgaﬁisis using an-ﬁnalysis cf variance
(mixed schema, repeated measurements.on all levels, an factor »

being random) for difference between conditions, when differ-

'ent conditions were compared using orthogonal tests in order
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to‘localize the differences. Each'condition was also

subjected to a simple analysis of variance and to Scheffé

tests for individual readiﬁg combarisons. JI'c:c:mpzn'::l.acu:z.v.

bet;eeu ;nteriOt ana postérior electrode placements concern-

1ﬁg.reactions to different conditions were made usinghanalysis
- of variance. N

Upon compMhetion of expgriments, subjects were killed

with an overdose of \godium pentobarbital (200 mg/kg ib) and

the brains were fixed for at least seven days AQ\iormalaeHyde

(10%Z). Transverse sections were made (SO‘A thi;k), mounted

and stained according to the luxql fast blue technique of

KllUver and Barrera (l953),forlhistological verification of

electrode positions,

IIT - Results

a) Histological Examination

\ The ten posterior medial forebrain bundle animals had
their electrodes located in the dorsolateral hypothalamus,
at the level of the mamillary aodieé in or around the MFB,
in or around the area of Tsal or in the substantia nigra,
as 1llustrated in Fig. 10. .

Five out of the 9 probes aimed at the more anterior
.egions were located in the -preoptic area bordering on the

anterior part of the MFB., Two probes were found in the

paraolfact;ry areé in front of the septal region, at the

boundalty between the hippocampus and the medial part of the

corpus callosum and caudate nucleus. Tweo mediofrontal cortex

L)
probes fell slightly anterior to the paraolfactory probes. -

*
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b) Effects of Alpha-methyl-para;tyrosine

After a‘single dose of IOF'mg/kg of &-MPT given ip
(Fig. j{ Conditions A ahﬁﬁﬁ;,ﬁ}7 out of 19 animals vi;tually
stopped self-gtimulating within 10 min. afte® injection.

The other two animals reduced their SS rates to about 50X of
their original'level 1mmediate1y_aft;r injection; of these

-

two, one subject completely stopped after 60 wmin. ®ats

appeared sedated and stopped spontaneous movements completely.

&-MPT injections did not appear irritating to, the animals -

as there was absence of vocalization and of retraction of the

'4517 + V) and D ( V + V + V) in Group 2 confirmed that the
sig;ificﬁnt difference between the two treatments had to be
asgzibed to &-MPT effects only (pg0.05). ANOVA tests on
readings 3 't:hrough 10 for both AMPT + V + V and V + V + V
alos revealed that recovery from &-MPT {( &MPT + V + V) was
not complete when com?ared to the controls (V 4+ V + V). 1In

V+ VvV +vy group, the slight and gradual decrease in response

‘rates which did not approach significance can be attributed

to the accumulation of satiation and/or fatigue.

c) Effects of RO 4-~4602

The present experiment was designed to evaluate'only

those effects of RO 4-4602 which appeared within the flrst

20 min. followfng the injection. Inspection of Fig. 4 revyeals

that injection of 100 mg/kg of RO 4-4602 to animals not pre

treated with A-MPT (V + RO 4-4602 +:L—Dopa)‘diq not pfodu e

L -

any perceptigIE effact on SS compared to animals receiving

b

"abdomen. Analysis of variance (ANOVA) of condiéions C ( & -MPT

N

QL?:,;...
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| v+ V+ V). As for &-MPT pretreated animals'1 A-gPT + RO
4-4602 + Lepbﬁa ant #-MPT + V + V), the small difference
noted between readings 4 and 5 cannot be attributed to

RO 4—46027effects, at least not on a statistical basis. No
behavioral differences were noted betweén subjécts that had
receivéd RO 4-4602 and their vehicle controls, irrespective'

of pretreatment ( &MPT or V)..

d) Effects of RO 4-4602 any L-Dopa Combined
™~

Within 10 min. after injection of L-Dopa (100 mg/kg ip),
the animals showed hyperacti;ity to sound stimuli (;Iap'of
hands) which would elicit a marked startle reaction. They
stood on their hind k}mgs but there was little movement.

When picked up at .the end of the expefiyeht. they showed
escape behavior aﬁ&?attempted to bite. These observations are
similar eo those noted in our previous stﬁdy o? A-MPT and
L-Dopa (200 qg/kg ip) (Beéugrand and St-laurent, 1§73),

except for the absence of autonomic effects such as hyper-

salivation. A redgctioh of tonus was noted before the inject-

3

»

ion of L-Dopa had complecelf disappeared. .
ANOVA tests on_‘dLMPT + RO.4-4602 + L-Dopa and V + RO
4-4602 +.L-Dopa (Group livrgfealed Zhat the two conditions
were significanflf differenc (640.015, but that some readings
were not orthogonal. Tests (error = Conditions x subjeéts)
revealed that the baseline (readiﬁg 0) was tﬁe sage for both
conditions and that sz;ﬁificant differences were‘present at
readings 1 and 2 .(p<0.01), 5.and Al(p¢6.05) and again at

>

reading 10 (p<0.0l1). Simple ANOVA also revealed that in

i -

- -t . ./



»

81

#A-MPT + RO 4-4602 + L-Dopa and V + RO 4-4602 + L-Dopa
groups, the injection of L-Dopa induced a signfficant'low~ )
ering’of SS performance (pcO.Gl.‘L); this effect lasted for |
at léeast 1 hour, as revealed by the Schaffé& test (p «0.05).
The small recovery observed in V + RO 4-4602 t L-Doga group
(Fig. 9)r starting at the 8th reading, was not significant.

‘ Statistiéal anqusig of data was also done in order to
deteymine 1if there §ére any differgnces between gnterior and
posterior placemeﬁts of electrodes, and whether these differ-
ences were concerned with the ;ossible seTEctive effects of -

drugs on SS rates. However, no significant differences

wer7 found.
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Figure 8

Effects of A-MPT and 4-MPT-methyl-ester on SS rates.

Median bar-pressink rates were taken each half hour
for each group of animals. After a 30 min. pre-test period,

-the animals were injected with £-MPT ( e~——e), #MPT (0~-+-0)

or (e==m). Following injections, animals self-stimulated
freely for 7 hours. ‘
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Effects of the combination of RO 4-4602 and L-Dopa on
self-stimulation in rats with or wighOut pre-treatment with
£-MPT. Alpha-methyl-para-tyrosine ( d-MPT) or vehicle (V)
‘were adnipistered ip at zero time; RO 4-4602 and L-Dopa or
their vehicles at 30 and;%&‘minutes, resﬁectively. Under

cCondition A, —animalsl received #~MPT, then RO %-4602 and

L-bopa. Under Condition B, the same animals, as in A,

-

~

received the vehicles of £-MPT, then RO 4-4602 and L-Dopa.
Under Conditicon C, other animals recetved A-MPT followed
by vehicles instead of RO 4-4602 ;nd L-Dopa; under Condition
\ : :
D, the same animals, as in C, received only the respective
vehicles., Readings of SS rates were taken at 10 min. intervals,.
There was a significant difference between groups receiving
‘—&;I_a&d’éroups receiving its vehicle, at least for the
first 52 minutes (p<«0.01), .85 well as between controls and

.
animals preated’with a cgmbination of RO 4=4602 and L-Dopa
from 64 min. on (p«0.01). Each point repfesents the mean
of 13 (Conditions A and B) or 6 (éonditions C and D) values
previ;usly linearized by }hé (X§-+i) 4 transformation for

homogenization of variances (Sokal and Rohlf, 1969);

1
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Representative histologi[al sections ¢of rat brains -; -
showing lower extremity of elfectrodeé tracks which were
aimed at PLH (posterior lateral hvpothalamus); POA {pre- .
optic area); POLf (paraolfactorvy area) and MFcx (medio-=t |
frontal cortex). - ,""r"
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Figure 10
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B. Transitory Reinstatement of Self-Stimulation with
Apomorphine Following its Suppression by Alpha-Methyl-
Para-Tyrosine .

I:- Introduction

In a previpus study (Beaugrand and St-Laurent, 1973),

it was reported that L-Dopa (50 mg and 200 mg/kg ip) could

not reinstate SS suppressed by ¢-§PT (100 mgfkg ip): It
was also note& that L;Dopa produced hyperreactivity and a
decrease of spontaneous moter activity.

| Subsequently, Stinus and Thierry (1973) succeeded in
- reinstating SS which had been thp;essed by ®&~MPT by

I administratioq of catecholaﬁine precursors.

Increase of motor activity and of exploration were
obtained by Maj et al. (1972) and Carlsson (1972) after adminis-
i tration of apomorphine (A). Since increases of both motor
activity (Roberts, 1958; St-Laurent and Beaugrand, 1972) and
exploration (Christopher and Butter, 1968} Groover, 1966
Milia}essis, 1972; St-Laurent and Olds, 1964; St-Laurent and
Beaugrand (1972) were reéorted to be ‘the most significant
behavioral features porrelated with SS from the pdscerior
lateral hypothalamus (PLHY and ventro-medial tegmentum (VMT),
it was felt that apomorphine could possibly reinstate these
behaviors and S5 after the suppression by @-MPT pretreatment.

. C Apomorphine 1is believed to be a direct stimulater of
dopaminergic receptors and, therefore, may account for the
increase in motility (Anden et al., 1967; van Rossum and
Hurkmans, 1964), or for the stereotypies induced in rats

{Ernst and Smeliﬁ, 1966; Ernst,_l967). Hence, there seems Lo
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be a pharmacological basis for predicting that ap&&brphine
should reinstate SS after its suppression by &-MPT. -

. In our first study (St-Laurent et al., 1973c), SS from
PLH and VMT was suppressed by the ip ;dménistration of_(-HPT-
methyl-ester (100 mg/kg). Subsequently, 3% hr. after cthe
d-MPT administration, apomorphine (0.25 or 0.5 mg/kg) was'
injected ip. 5SS was reiestated'to a significant degree 2 hr.
after administratiég of 0.25 mg/kg and 3 hrs. after the 0.50
ﬁg/kg dosage (Fig. 11). The data indicated that apemorphine
could reverse the suppressive effects of &MPT on SS and
.that the most Effective dosage was 0.25 mg/kg.

-In the present study, after administration of apomorphine
subsequent to saline, the animals showed a transitory suppress-
ion of §S (Fig. 11) which star;ed within iO nin. of injection
and lasted ¥ hr., (0.25 mg/kg) and 1% hr. (0.5 mg/kg), suggest-
ing cthat while this dosage of apomorphine induced a more
pronounced iqhancement sniffing and exploration, it also
decreased habituation; hence, apomorphine at a high dose of
0.25 mg/kg gave increase in persistent reactivity to many
types of stimuli, making difficult the necessary focus omn the
SS goal and performance.

It was somewhat surprising that the effect of apomorphine
on exploration, when given afper saline, was almost immediate.
In contra;t. itstook respectively 2 hr. and 3 hr. after the
administration of 0.25 and 0.50 mg/kg of apomorphine to re-,
instate SS ‘after &-MPT admiﬁistration.' it was hypothesized

that a lower dose of apomorphine, e.g., 0.125 mg/kg, could
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reinstate SS.even more quickly. Hence, the aim of the next

-

.study was to determine whether apowmorphine at O.fZSfuould be

more effective than at 0.250 mg/kg.

ILT - Material and Method

a) Animals ' L - o !

The animals were 8 male Sprague-Dawley albino rats

weighing between 250-300 g at the time of suréery, housed in Lo

individual cages and maintained on an ad lib water and food

schedule. Surgery and other standard procedures were identical |
" -
to those used 4in previous experiments. The electrodes were . !

aimed étereot#xically to determine the exposed tip in cﬁe

posterior lateral hypothalamus (PLH)} at coorqinates 2 mm . L
posterior to bregma, l.4 mm lateral to the sagittal éuture,

and 9 mm below the skull surface.- The Iincisor bar was level

with the interaural plane. After a 10-day recovery péfiod. ‘ :
animals were trained to self-stimulate f;r a period of 20

daily sessions (30 min. daily) until S5 responding was maintain-

ed at relatively constant rates for three consecutive days.

b) Baseline of 55 and Drug Administration

On the experimental day, animals were allowed to self-
stimulate for a period of 3C min. Following this pretest
period, the rats were injected wiph either saline (Vehicle (V))
or DL-alpha-methyl-para-tyrosine methyl ester ( #-MPT) “(Regis
'Chemical Co., Chicagc) (100 mg/kg). Alpha—HPT and apomorphine
(XS sélutions were prep;red by dissolving MA-MPT or A 1in 0.97
NaCl. All drugs and vehicles weré administered ;p at room

temperature. A period of 10 min. was allowed for injections.
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Following the injection period, animals were permitted to
continue SS for the next 30 min. They were to return.tq

their cages for a period of Zilhr. S;Lsequently, the rats

vere ;etqrned to their Skinher boxes and another 30 min.
reading was taken. They were than 1njec:ed, at time 4 hr.,
either with V $f with 4 at dosages of 0.125 mg/kg (A .125) or
0.25 mg/kg (A .25). Eight 30 min. readings were then taken.
The 30 mipn. .sessions for all animals commenced with five forced
intracranial stimulations in order to verify current intenai;y
which was set at 100 mA (péak—to-peak) for all animals. With
the exception of the time alloted for injections and rest
perlod, the animal; spent the complete 7 hr. 40 min. eiperimeu:—
al, time in their Skinner boxes. As can be seen.in.Fig. 11,

there were six combinations of drug treatments. Each of the

8 animals received all six treatments in randomized order.

-
L

]
Between each treatment, there was a one week recovery period

during which the rats were allowed to belf—stimulate; no signif-

"icant variations of SS rates were observed in subjects during

recovery period,'when compared to their pretreatment perform-
ance. The response rates for each 30 min. session of the
same animal were used in calculating the different scores
across treatments at a given time reading: The Wilcoxon
matched-pairs signed-ranks test (Ferguson, 1971) vas used
for the purpose of statistical analysis.

Upon completion of the experiment, subject; were killed

with an overdose of sodium pentobarbital solution (200 mg/kg).

The brains were fixed in formaldehyde (40Z); transverse
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sections were made and stained according to the luxol fast
R »

blue technique of Klliver Barrera (1953) for histological

verification of electrode positionms, ' -

IIT - Resultsg

a) Histolofical Examination

The PLH probes fell eithgr in the posterior lateral
hypothélamus at the level éf the mamillary bodies or in the
ventromedial tegmentum (VﬁT) in two cases, beth in or” around
the medial forebrain bundle. AQ the effects of A on VMT
animals, did not differ from those on PLH animals, their results
were jrouped together. l

| The results of the statistical findings on the effects
qf apcmorphine on SS are summarized in Fig. 15}, Ség;ificant

o,

differences were observed at every 30 min. reading from'the;\\

—
——

reading 0:10 (reading 1) to the reading 7:10 (reaﬁiﬁg,la).
The summary of comparisons of paired treatments using the
Wilcoxon test {(Ferguson 1971) is 1illustrated {n Table 7.

b) Effect of A-MPT on S§S

At the time 0:30 following one injection of #&~MPT and
again at the time 3:30 (readingsrz and 3), there was a definite
drop in-bar-pressing rages for all &-MPT pre-treatment groups,
except i-A.ZS which increased somewhat at tgﬁe 0:30 but then
significantly decreased bar—préssing activity by time 3:30.

At time 3:30 (reading 3), a signif;cant difference was noted
between the V-V treatments (control) ‘and the #-MPT - V treat-
ments; this difference was observéd between these two sets

of treatments from time 3:30 through 7:10 inclusive (readings

3 to 10).
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c).ﬁffect of Apomorphine on S5 and Reversal of £-MPT
Effect -

Regardless of pretreatment ( £ --MPT or v), a single
iﬁjection of'A:125 or A.25 cauged an iﬁmediate, but brief
suppression of S§ behavior. At time 4:10 (réading 4),
significant differénces in bar{pressihg rates'were noted
between all paired treatme&ts. except:d—VA.ZS, IV-VA.IZS,
A A.25 - VA.25, and VA.25 - VA.125 at time 4:10. At time
4:40 (reading 5), the control group VV ma&e;significantly
more bar-presses than ‘any other group, excépt the VA.125
group. At thiéfsame time, A-A.25 rats had significantly aore
bar-presses than &V or #A.125 groups and VA.125 animals had
more bar-presses than AV, K£A,25, (A.IZ'S ;or VA.25 subjects.

At time 5:10 (reading 6), VV animals made sigﬁificantly

more bar-presgsses tﬁan AV, dA.25 or dA.125 rats, while: A A.25
n 5,

subjects had higher rates of bar-pressing than AV group. At

" this same time, ~ VA.125 animals made significantly more bar-

presses than £V, @A.25, ®A.125 or VA.25 rats, while VA.25
subjects had higher rates of bar-pressing than o A.125 grﬁup. .

At time 5160 (readfﬁg 7), VV animals made significantly
more bar-presses than &V, dA.ZS; ®A_125 or ¥A.25 subjects.
At thils same time, VA.25 rats made signif}cantly more bar-
presses than &V, qA.25 or M A.125 animals. Finally, at time
5:40 (reading 7), VA.125 rats made significantly more bar-
presses than any other group. |

At time 6:10 (reading.s), VV rats made significantly more

[ .
bar-presses than @V, OA.25 or A.125 subjects. At this

same time, ®@A.25, qA.125, «VA.25 and VA.125 groups made

-~
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significantly more bar-presses than &V rats, while VA.25

-

subjects had more bar-presses thauf'?!fzs animals., Finally,
' a < ‘N - )
at,time 6:10 (reading 8), VA.125.,animals had signi?ican;f}‘s

higher bar-pressing rates than &A.25, (A;liS or VA.25 rats.
At timé 6:40 (readiné 9) VvV concrdl'grdup'hade signif-~
icantly more bar-presses thaﬁ av, (A;ZS or @®A.l25 rats. ¢
At this saﬁe time, VA.25 animals had significané?y higher bar-
pressing rates than &V, &A.25 o; @A.125 subjects. A%inally,

at time 6:40 (reading 9), VA.125 animals had significantly

more bar-pressing than @&V or #A.25 rats. : !
At time 7:10 (reading 10), VV control group made signif-

icantly more bar-presses than &V or dA.25 raqg.' At this same

x

time. VA.25 subjects had more bér;preésing than AV, ~{4A.25

or (dA.125 animals. Finally, at time 7:10.(feading 105, VA.lﬁS;J‘
- | LT
fa;s made significantly more bar-presses than &V, ®&A.25 or- - --

C
-

€ A.125 animals.

»

Within 2 to 3 min. after injection of A, it was noted

that the.rats showed an increase of'spontaneoué exploration’

I o . 4
: ~
behavior (with sniffing, rearing and other locomotor activities)

v

when compared with V or {~MPT animals.

¥
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LEVELS OF SIGNIFICANCE IN THE WILKIK
. { RANKS TEST (ONE WAY ‘TEST)

SON MATCHED~PAIRS SIGNED-
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LEVELS OF SIGNIFICANCE 1IN

A h L e

.

THE WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST (ONE WAY TEST)

i

TIME READINGS| 1 2 3 4 5 6 7 8 9 .10
‘ -0:10 0:30 3:30 4:10 4:40 5:10 5:40 6:10 6:40 7:10
Paired Treat- .
_——Onuﬂﬂ,n a ) .
L P 0.025 0.005 0.005 0.005 0.005 0.005 D.10%* | 0.05
VV-xA.25 ————- @.05 - ——— 0.005 0.005 0.025 0.005 0.05%* | 0.005 0.025
VV-xA.125 0.005 0.005 0.05 0.005 0.005 0.01 0.005 0.05 0.025 e
VV-VA.25 | ----- ————— - 0.01 0.025 |----- 0.025 | ——--= | —meee | -ooo-
VV-VA.125 0.025 0.005 o#ow 0,025 | —mmmm | --me- 0.005 PRSP (S
aV-xA. 25 0.025 0.05 0.05 0.025 0.05 0.025 ————- 0.025%% [ —curo S
®V-&A.125 0.005 .un:-u ———— 0.005 SORNEVENER (VPR [ 0.005 | ~-on- S
aV-VA.25 —— DI p [T e ————- 0.025 0.005 0.025 0.05
aV-VA.125 ——- 0.005 0.005 | ----- 0.005 0.005 0.005 0.005 0.01%* |0.025
®A.25-xA.125 |0.005 0.005 0.05 0.025%* | 0.025 [~==-= | —mmmm | —mmme | momem | ameeo
®A.25-VA.25 f--m-= | mmmem | mmmem | eeee | e ————- 0.025 0.01** | 0.01%* | o0.005
&A.25-VA, 125 |-momc | —oco- 0.01 0.00% 0.005 0.005 0.005 0.005 0.01%% | 0. 0Lx*
&A.125-VA.25 |----- 0.01 ———- 0.025 | ----- 0.05 0.01%% | ————- 0.01 0.05
«A.125-VA.125/0.01 0.005 0.005 0.005 0.005 0.01 0.005 0.025 | —---- 0.01
VA.25-VA.125 |0.005 J—— 0,05 | ----- 0.005 0.01 0.005 0.025 | ----- —_———

*.:u: based on (N=6);

** "p" based on (N=7);

’
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Figure 11 ,

Summary of the effects of ®-MPT and Apomorphine (A) on
SS rates. Alpha-MPT, 100 mg/kg or saline vehicle (V) were
injected ip at time - 0:10 hr. after a control reading of

‘30 min.  Apomorphine, 0.25 mg or, 0.5 mg/kg, or V were admini-

stered at 3:40 hr. Subsequent readings were taken every
30 min.- .
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Figure 11
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Figure 12

Summary of the effects of A-MPT and Apomorphine (A) on
SS rates. Alpha-MPT, 100 mg/kg or saline vehicle (V) were
injected ip at time - 0:10 hr. after a control readimg of
30 min. ‘Apomorphine 0.125 mg or 0.25 mg/kg, or V were admini-

stered at 3:40 hr. Subsequent readings were taken every
30 min. ' L
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C. Effects of Parachlorophenylalanine (PCPA) on Self-
Stimulation from the Median Raphe Area

I - Introduction !

Self-stimulation in the rat i1s often elicited with
electrgdes located in brain regions containing mainly
patecholaminergic‘neuronal elements. The consistency
between neuroanatomical, biochemical data and the relatively
uniform results obtained with drugs knoﬁn to act os/cate-
cholaminergic mechanisms led progressively to a catecholami-
nergic hypothesis of §5 (Liebman and Butcher,.1974).

Investigations of a possible involvement of serotonin
(5-HT) 1in the mediation of S5 have led to contradictory conclu-
sions. 1In a few studies, depletion of ceA;:al 5-HT by parachlo-
rophenylalanine (PCPA), a serotonin biesynthetic inhibitor,
failed to change the intensity of SS (Black and Cooper, 19?0);
Cocoper ec'al., 1971; Stinus et al.,, 1970a, 1970b). On the
other hand, neurotoxic destructioé:;f serotonin terﬁinals
(Poschel et ;1., 1974) or reduction of brain 5-HT by synthesis
inhibiéor (Blum and Geller, 1969; Poschel and Nintema;, 1971)
was found to facilitate SS.

~Lontradictory conclusions Have also been drawn from
stuJI;s deéling with anatomical correlates of positive reward.
Self-stimulation in the dorsal raphe, which is known to contain
the highest amount of brain serotonin, has been attributed
to norepinephrine (NE) fibers rather than to serotoﬁeréic
raghe cell hodies_(Margules. 19699, Furthermore, according

to Routtenberg and Malsbury's brain stem anatomical map for §§
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(Routtenberg aﬂd Halsg;ry. 1969), positive reward uaﬁ not
obtained in the median raphe, while such behavior, though
moderate, has been subseqhently reported by stiﬁhlation of
this area (St-Laurent et al., 1973a;Simon et al., 1973;
Miliaressis et al., 1975)l Faillure to consistently and

unifqrmly affect S5 by manipulation of serotonin, in addition

~to the role of this amine in some inhibitory processes, .has

generally'led to an assumption which éxcludes serotonin as a-
mediator of SS behavior (Lorens, 1971; Stein, 1971). in
contrast to this belief, the present work provides evidgnce
that strong S$S behavior can be eiicited with electrodes in

the median raphe and that this .behavior is specifically

reduced by the blockagé of serotonin‘syn;hesis.

G

IT - Material and Methods ’ ' \

a) Animals and Surgery

The experiments were performed on seven male Sprague-
<

Dawley rats (300 g), implanted stereotaxically with bipolar

.insulated electrodes (0.250 mm. in diameter) in the median

]
raphe (MR) (Nucleus centralis superior) under a sodium pento-

XL

thal (50 mg/kg ip) anesthesia. With the incisor bar 3 mm.
above the interaural iine, the median raphe (MR) coordinates
were: 6.0 mm. posterior to the bregma, 0.0 mm. lateral to the

midline and 8.0 mm. under the surface of the skull.

b) Training for Brain Self-stimulation
Ten days after surgery, rats were trained to self-
stimulate in the MR region. Each press delivered a .60 Hz

sine current of 250 ms durétion. The intensity of the current
%
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was adjusted individually for each rat during the first four
days of the training period, in order to elicit optimal SS
rates without fbrced motor movements (mean intensity: 48

+5.2 nA rms) and was continuously monitofed_by a cathode ray

oscillescope.

¢) Drug Administration

’

After 10 days of optimal stabilization of éS behaQior,

the rats were given an ip injection of ;aline at 6:00 a.m, ~
ﬂr-szenty-four hours later, the animals were allowed to self-
stimulate for 120 minutes; reaQings of bar-presses.ueré taken
ever& 10 min. in order to obtain a basal level (Basal level
davy). On the subsequent three days (at 6:00 a.m. of each day),
the rats were given three consecutive ip injections of PCPA
(150 mg/kg). PCPA was prepared by digsolving 100 mg of PCPA
hydrochloride ester in 0.4 ml of propylene glycol, 0.4 ml of
HZO and 0.03 ml of saturated sodiﬁm acetate in order to keep
the PCPA methyl-ester in solution. Readings were again taken
24 hours, 48 hours and 96 hours after the first injection.

Bar-pressing rates from seven animals were obtained
throughout six consecutive days of testing. On each day, 12
successive measures were taken at 10 min. intervals. The
first three days constituted a pre-injection period during
which the baseline for rate of bar-pregsing was established,
The first injection of PCPA was given 24 hrs. before the
fourth test Qay and the procedure was repeated for two days.

Thus, an injection period was maintained for three days.

-+
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|" - III - Results
: The behavioral data obtéined in this‘experiﬁent are
l - summarized in Fig. 13. They show that the injection of
1 . -PCPA resulted in a suppression of bar-pfessing for SS_aﬂd
| that this dquease'wﬁs more pronoupced towards the end of
i the tés: sessions.
An ANOVA was performed on eaéﬁ of the first three days,
l A

during which time the baseline was established; no signif-

l icant difference was found (F2,12) = 4.693, p>0.05). :

N However, the ahalysis of variance showed a significant effect
i‘ - of time blost (12 blocks of 10 min.) (F (11,66) = 2,543;

. P<0.01) while there was no significant 1nteraction between
{

the days and time-blocks (F (22,132) = 0.909; p»0.05).
' ' - The "data obtained on each day during 12 blocks of 10
2 minutes are shown in Fig. 13. K two-way ANO?A, withvrepeated
Dmeasurements over two facsofs, was performea on these @ata‘as
follows: An Anova comparing the baseline days with the 3
injecciong days revealed a significant difference between
the baseline and 1njéction days (F (3,18) = 5,443; pe0.01).
A significant difference was also found between the various
time-blocks (F (1,66) = 12,516; p<0.001). Finally, the inter-
action between these two factors was significant (F (}3,198)

= 1,562; pe0.05).
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Figure 13

Comparative effects of saline (Basal Level) and of

Parachlorophenylalanine (PCPA, 150 mg/kg ip) on bar-

Pressing rates for intracranial se;f-stimulation‘in‘the

. - ‘
median raphe (MR) of the rat.. Points represent the mean of

bar-presses from 7 rats. The animals were allowed to self-

, gtimﬁlate'for 120 min; readings were taken every 10 min.
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D. Effects of LSD-25 on'Self-Stimulation from the Hediaﬁ
Raphe of the Rat Brain

I - Introduction

-

Consi&erable speculation has been made concerning the
mechanism of action of the hallucinogenic drug lysergic acid
diethylamide (LSD). Its molecular structure (ééntéining both
an indole and'a phenylethylamine moiety) nggeﬁFs t?e p;ssibi—
lity of an interaction'with brain monoamines. Neuraphysio-
iogical and behavioral studies indicated that LSD interact
with Qerofouin and catecholamine recepto in the central
nervous system ( von.Hungen et al., 1974). In addition,
speculation has been made concernigg the possibilifﬁ of
stimulation”of serotonin (5-hydroxytrypamine, 5-HT) receptors
by LSD-25 (Anden et al., 1968; Freedman and Giarman, 1962;
Haigler and Aghajanian, 1974; Jalfre et al., 1974). However,
the earlier hypotheses also postulated a marked anatogonism
between LSD—Z; and 5-HT in their effects ‘on the recéptors of
the brain (Aghajaniaﬁ and Weis&}96& Aghajgnian et al., 1972)1
B}ocking of the release of 5-HT from nerve endings is another
suggested mechanism of action of LSD (Chase et al., 1967;
Aghajanian and Weiss, 1968), Other studies indicate ghat
L5D may eqhance sérotonin binding and decrease its synthesis
(Haigler and Aghajanian, 1974), or increase serotonin turnover
after chromice administratigp/(Rosecrans et al., 1967). More
fecent data havé shown that LSD depresses the firing of sero-

tonergic neurons in the rat midbrain raphe (Aghajaniah et al.,

1968)., It is known that electrical self-stimulation can be
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.

‘obtained from these serotonergic raphe nuclei in the rat
'(St—Laurent et al., 19733 Simon et al., 1973; Milimressis et
al., 1975). Assuming that these neurons are involved in the
Séﬂph;;omenon, one wogld expect a decrease, and possibly a

»

total inhibiction, of SS behavior under LSD.

The purpdii_ifp—”//

the present experiment was to test this hypothesis.

‘IT - Material and Methods

a} Animals and Surgery

The animals were 6 male Sprague-Dawley albino rats,
welghing between 250-300 g at the time of surgery, housed in
individual cages and maintained on an ad lib food and water
schedule. The animals were implanted with indwelling bipolar
electrodes in MR, as described on page 102 for PCPA experiments.

b) Training for Braim Self-Stimulation

After a 10 day recovery period, animals were trained for
30 min. daily, for approiimately two weeks, until SS behavior
was stabilized. Subsequently, rats were allowed to self-,
stimulate for 120 min. daily. Readings of bar-presses were
taken évery 10 min.

¢) Drug Administration

Once a week, rats were tested successively under the
following drug conditions: LSD 60 mg/kg: saline; LSD 30 pg/kg;
saline; and LSD iZb mg/kg. The injections (ip) were given

mnediately after the third reading of each $S period. Solu;
tions were prepared by dissolving LSD-25 in 0.97 NcCl.

\\Exgégratory and motor behavior during S$S$ was also

ocbserved and occaéionallx filmed. Analysis of variance was
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done with repeated measurements over two factors (Winer,
1962).

Upon é;mbletion of't£e exp;riment,-subjecte wvere
sagiificed and the brains perfused with 10X formalim. Trans-
verse sections were mgde and stained accoerding to the luxol-

fast blue technﬁg:i~iijlﬂver:Barrera (1953) feor histblogical-

verification of electrode positions.?
v

III - Results

a) Self-Stimulation Performance

Fig. 14 indicates-that the S§S rates were decreased by
administration of LSD. Since the scores of SS did not
usually show a normal distribution, the original $S scores
were linearized using a logarithmic transformation (log 10
(X+1) (Winer, 1962). The statistical anal;;is of the data
(ANOVA) indicated that global differences existed between
the five days (saline and drug days) and between the twelve
readings. The second ANOVA on the five days and nine readings
following the injections gave similar results. Individual
analyses of variances were done in order to compare e;ch
drug day with the saline day. Significant difference was
found between saline and LSD 30 ug/kg only at reading 7, that
s, 40 min. after t¥& injection (F (1,5) = 7.3446; p<0.05).
The same analysis showed a significant difference between
saline and LSD 60 ng/kg (F (1,5) = 7.939; p«<0.05) at readiﬁgs
5 and 6, indicating that the suppressing effect of LSD started
20 min. after the injection and lasted approximately 20 min. "

Finally, whem LSD in a dose of 120 ug/kg was given, significant

differences were observed when compared with baseline level
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‘starting at reaaing 4 (F (1,5) = 112,420; p<0.001), indicat- <

int that the effect of LSD started within 10 min; after

injection: Significant differences were also found for-

. . . - )
readings'5 (F (1,5) = 23,206; p«<0.01) and 6 (F (1,5) = 50,372;

pec0.01). No siénificanc difference was noted at reading 7

: v y
(F (1,5) = 5,115; p=0.072}. _ .

b) Behavior Concomitants of Self-Stimulation after LSD
Administration

Twenty minutes aféer.being given 30 ug of LSD, four rats

showed c¢rawling and diffused explgration (exﬁt&{&ﬁ}pn all -

e

mena after 30 min. and only one after 40 ﬁin. 0f the rats
which received 60::; ¢f LSD, three shoﬁed diffused expldr-
ation after 10 min., and :@o others showed crawling accompanied
by sagging of the rear trunk. These animalg had dlfficulty
crawling from one position to ancther and-had a diminished
thotor ton;s. Afte;hZO ;in.. five aﬁimais showed crawling but
no expleration. In the g}oup of animals having receivéd 120 aug
or LSD, twp showed diffused expldration afmer 10 min., while
four others d?splayed crawling. After 20 win., -four displayed -
diffused_exploration and all six were crawling. After 30 min.,
three showed diffused exploration and all six we;e still
crawling. After 50 min., none of the animals ;hoﬁed crawling
or diffused exploration.

Fig. 14 shows the SS performaneé before and after inject-

ion of saline or increasing doses of LSD.- Saline or LSD was

administered after the 3rd reading was taken. s

«
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Figure 14

Comparative effects of LSD-25 at doses of 30, 60 and

A
——

120 ng. Readings were taken every 10 minutes. LSD or

saline were injected (ip) after the third reading. ,
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DISCUSSION

A - Topographic Organization of Intracranial Self-
Stimulation Sites

Low frequency of SS was obtained from the anter;or area
of MFB ér meso-cortex (MCx) (e.g., the mediofrontal cortex,
the paraclfactory Qﬁd septal areas). The SS rates from these
mesocortical rhinencephalic structures as a group were then
lower than the ones pf the ALH, PLH or VMT groups. Self-
stimulation rates in the ALH were higher than inﬁthe MCx
(or anterior MFB) and raphe (R) areas,‘and nat different from
the ones in Fhe PLH, but lower compared to tﬁe-VMT. SS'rates
for PLH were higher than for the anterior MFB, ALH or Raphe,
but not higher than for VMT. S5 rates for VMT were higher
than #hose for anterior MFB group, ALH or Raphe ;nimals, but
not higher than for PLH. 1Intracranial stimulation in the
Raphe produced,SS at lower rat;s fhad for MFcx, ALH and PLH.
Self-stimulation in the dorsal RPC and Sub-LC was at low-
rates for 5 subjects, and at high rates for the'3 LC rats.

In the present study, the exiséence of'a.gradient of
S5 along the course of.the ﬁFB pathway was confirmed. Thg -
gradient was as follows: VMT, PLH, ALH, s, POlf, H?cx, h%nce,
corresponding to the gradient reported previously by Olds et
al. (1960), 0lds and Olds (1963), and Bogacz et al. (1965).
Posteri;r to the VMT, a’ gradient of $S is harder to establish
(raphe ani dorgolateral RPC) as the rates of $5 were nﬁt
stable. For instance, in agreement with some previous studies,
(St—Lau;eqt et al., 1973a; Simon et al., 1976), the current

8

investigation reports SS of low frequency from the Raphe, while
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Miliaressis et al. (1976) and Miliaressis and Jacobovitz (1976)
obtained very high rates of §S. As for the dorsal RPC and

Lc, varying rates of ?S have been reported by different
researchers. This could be explained by the fact that the

55 rates were observed to fluctuate from day to day, and that

‘a stabilization of ICSS responding was harder to obtain than

for more anterlor areas. The ;rates of SS are also influenced
by the presence of forced motor movements, such as circling
from the median Raphe (Miliaressis, 1981), motor activation
(bouncing on the lever), ;nd motor inhibition in the form of
adynamia from the LC and dorsal RPC (St-Laurent and Beaugrand,
1972) and motor inhibition in the form of ‘arrest réa;tions
from the septum (St-Laurent and Beaugrand, 1972). It 1is
possible that the rates of responding do not represent an
dccurate measurement of the strength of reinforcement. There-
fore,{one has to be prqdent in-making the proposition that
there would exist an hierarchic organizaFion of the iCSS
system based on rates of S§S. Studies of the threshold of

ICSS would have been more appropriate for the establgghment

of the relative density of neural elements per ICSS site. '

B - Behavioral Correlates of Self-Stimulation

a) Non-Specificity of Behavioral Patterns to Self-
Stimulation \

No single behavioral pattern was found_;g,ée specific

te S§S. There are instead different patterns which vary

according to the brain site or area stimulated. However,

some of the individual behavioral feafures which constitute

’
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these patterns are at times common to many brain areas; for
instance, in the éase of exploration, it is always correlated
with S§S§ independent of the site.

Indeed, self-stimulation from the MCx group was accompa~
nied by "arrest" responses and by low locomotor activity. This
anterior MFB or MCx greup differed from other groups in that
arrest’respou;es were oﬁserved exclusively in the areas of
this graup. Previously, Hess (1944), Bursten and Delgado
(1958) had also observéd "arrest" responses ¢onsecutive to
stimulation of rhinencephalic aregs. For this group of anté—
rior ar%%g, the intensity of the locomotor activity iocalized
around ;héilever vas less marked than in the ALH, PLH or
VMT gréups; Our findings cof S§ being correlated with low
locomotor activity agree; with earlier observations by
Roberts (1958) who reported inhibition of general éctivity
during SS from the anterior areas of the MFB. Roberts'
findings'were further corroborated by St-Laurent and Olds
(1964); St=-Laurent and Beaugrand (1971; 1972) and St-Laurent
et al, (l973b5 1973c). As reported in this thesis, locomotor
activity changed from depression to excita?ion when the
electrodes were wmoved from the anterior MFB areas to the
posterier areas (i.e., ALH, PLH and VMT).

MCx SS was also accompanied by sniffing activity of
low intensity, takiﬁg place around the lever with thg nose
pointing horizontally, as Previously described by St-Laurent

and Beaugrand (1972),
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Exploratory behavior of a low intensity, as defined
by our criter}a, corresponded to the focalized and \diffused
types. Focalized exploration was seen:in all animals of the
anterior MFB group, but its intensity was less than for the
posterior MFB areas.

To summarize..the behavior patterné accompanying the
low S5 obtained from the anterior MFB or MCx group were
arrest and low locomoter activity, sniffing, focalized and
diffused exploration.

The SQ&f—stimulating rats from the ALH group showed more
fecalized exploration than ffom all other areas, but less
diffused exploration than the MCx, VMT, Raphe or RPC groups.

There was more localized or focalized locomotion for ALH than

for MCx, but less than for VMT a}d\&f much as for PLH, Raphe

and RPC. There was less diffused locomotion than for Raphe.

Briefly, behavior correlates of high $S in ALH were high
focalized exploration‘and some moderate degree bf focalized
motor activity. |

Self-stimulation from the PLH group elicited a higher
degree of sniffing ;hen.coméared to the anterior MFB or
RPC animals. There was no evidence of scattered exploration
for PLH subjects. Focalized exploration was higher for PLH
and ALH than for anterior MFB, Raphe or RPC rats. There
was less "diffused" exploration and locomotion than for
Raphe rats. Localized or focalized loco;otion was higher 1in
PLH animals than in anterior MFB, Raphe or RPC, but not more

than in ALH or VMT rats.
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Hence, the behavioral pattern for the PLﬁ area was
high sniffing, high focalized exploration and high intensity
of locaiized locomotion.

Self;stimulation from the VMT group vielded focalized
expiJfation which was more intense tham for MCx, Raphe or
REC groups,. but ;ess tﬂan fér the ALH group. Subjects fram
the VMT group showed mofe diffused exploré:ion than ALH, but
less than Raphe. Scattered exploration at the level of the
VMT was higher than MCx, ALH and PLH. In addition, diffused
or dispersed locomotion was less pronounced compared to
Raphe subjects. However, except for the PLH group, there was
significantly more localized or focalized locomotion than
for all other groups (MFcx, ALH, Raphe and RPC).

Hence, the behavior patterns accompanying the high S§§
obtained from VMT were high focalized ldcomotion,'high

focalized and scattered\exploration.

Intracranial stimulagtion in the Raphe group produced
increased sniffing and diffused exploration, that 1is, sniffing
around. the cage, the nose) pointing horizontally or in a
.slightly upward positiog. In addig;on. consequent to one or
two bar-presses, the afiimal uoﬁla display "bewildered" (hébété)
reactions, or shog bortive or full rearing responses near the
lever or around e whole area of the box. There was less
Raphé “"focalized" exploration compared to ALH, PLH or VMT
subjects. Howewer, '"scattered" exploration was significantly
higher for the R than for thé MFcx, ALH or PLH rats, and
"diffused" prloration was higher fer the R thanm for MFcx, ALH,

PLH or RPC animals. Finally, there was more diffused loco-~
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mﬁtion compared to MFcx, ALH, PLH orIUHT subjects.

. Therefore, the paﬁterns of behavior observed during

Raphe S5 was diffused, s#a:tered and dispersed exploration.

’ The present study confirms that 5SS .can be obtained from
the median raphe nucien as previously reported (St-Laurent et
al., 1973; Simon et al., 1973;‘Hiliaressis et al., 1955).
Aghajanian and Sheard (1968) reported that stimula{qon of the
R produced some redudcioq iﬁ directed exploratory behavior.
In the present study, it was observed that SS from the Raphe
vwas.associated with diffused and scattered exploration, as
reported by St-Laurent et al. (1973a). 3

Self-stimulation was also obtained from the dorsolageral
part of the énterior reticularis pontis caudalis (RPC) and
from the locu; coeruleus (LC) and sub-lccus-coeruleus {(Sub-LC),
that is, an area vent;olateral to the LC unde; the superior

peduncle. . We will refer to these self-stimulating rats as

being from the LC-RPC groups.

Self-stimulation (SS).from‘the LC group was performgd in
bursts and‘was associated with progressivelf higher responding> B
frequencies along with intense uncoordinated motor actfvigy,
that 1s, the rat was bouncing with the front paws on the
lever and eventually showing transient periods of decreased
motor activity., SS from the Sub-LC and a&jaceﬁt dorsal RPC
was slow and followed by transitery periods of diminution of
motor activity, and even more often by adynamia, (the animal
‘lying on the floor with hypotonia). Tﬁese periods of adynamia

were sudden, the onset and the ending appearing abruptly.
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Following bursts.of SS‘from the LC and Sub-LC, the
animal could be seen sniffing.and exploring the lever (the
head pointing downward), exploring the walls (fhe head-being
held horizontally), or showing rearing responses or exploring

upward (the head being held vertically). After a few seconds

,of these fragmentary non-systematized exploratory activities,

sudden- interruption or "blockage" of the éxplotating activify
would ;ccur, the rat standing still as if "hébé&té", fixing in
front of him in a daze. At other times, the rat uould.show

"disruptive" phenomena consisting of abru;t, Jerky, irregylar

and repetircive exploration of his body, the lever or tﬁe

environment.

Self-stimulation elicited from tﬁe BPC.was in bursgs.
More lull periods were observed during RPC self-stimulation
than for any other group. In addition, RPC subjects had :
higher diffused and scattered exploration than ALH and PLH
groups, but less focalized exploration than for ALH, PLH or
VMT subjects. Snf%fing was less apparent compared to PLH

-~

or VMT rats. The RP( stimulation alsc elicited some rather

- peculiar idiosyncratic behavior, influding cases of "hébéta-

daze-like" behaviedd "hallucinatory-like" behavior, "non-
systematic" exploration, and cases of "adnamia"
Hence, the pattern of behavior for RPC area wasg $S9in

bursts with 1ull perlods, scattered and diffused exploration,

'along with idiosyncratic behavior (héb&té-daze-like. halluci-

natory-like and adynamia), (In addition, flight and ambiva-

lence was cbtained from the ventral and dersal RPC, respectively,

'
as will be discussed below).

*
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Our results on the topography of SS are only partially
in agreement with the,finding; of Arbuthoutt ethal. (1970a)
and Crow et al. (1972). In these studies, .SS was observed
only from electrode sites élustered within or adjacent to
the LC, while in the present study, S5 was observed from the
LC and Sub-LC. The present findings are in agreement with
previous observations {St-Laurent and Beaugrénd” 1971; 1972)
showing that SS could be elicited both from the LC and Sub-
LC.

Atbughnott et ai. (1970) ﬁhd_Crow et al. (1972) report-
ed that SS and correlated phenomena appeared to be “similar
. ; .
in all respects'" to thosg observed when the electrodes were

placed elsewhere, except that the acquisition of $S behavior

took longer than in the ventro-medial tegmental areas. There

.was no mention of marked increase or decrease 1n locomotor

activity, nor of periods of adynamia, disruptive behavior or
exploration.

As will be described in section "bﬂ, the LC aﬁd ventral
RPC areas of the pons also yield ambivalence and flight
reactions.

In conclusion, the three types of behavior, that is,
flight; S% and ambivalence, can be observed during intra-
cranial stimulation Iin the pons.

The summary of the qualitative data Is 1llustrated in
Fig. 7,

The quantitative data shown in Tables 1, 2 and 3

demonstrate that:



121

1, The gradient of frequency of 55 starting with the

areas showing the highest frequency is as fol}ows: ﬁHT, PLH,
ALH, RPc; S, POlf, and MFcx areas.

2. Snifflng intensity between the v;rious brain areas did
not differ; the only exception was between the PLH %reé which

was higher than the MCx and RPC. ? . f

3. a) Diffused exploration was figher in the!’ Raphe than

in all other brain areas studied. RPC was higher than PLH
and ALH, but not any higher than in the remaining areas, that
is, VMT and MCx. The VMT and MCx were highgr than ALH, but
not higher than the PLH, nor than one another. The order of
Intensity of diffused exploration was Raphe, RPC, VMT, MCx,

PLH and ALH.

-

Hence, apart thanm in MCx, diffused exploration was higher

in the posterior areas.

b} Scattered explor!tion was higher in the posterior

areas, 1l.e., VMT, 3 and RPC, than in the more anterior areas

such as PLH, ALH and MCx.

-
-
?

¢) The gradient of focalized exploration was: ALH,

PLH, VMT, MFcx, R and RPC.

4. Mnfor activity:

a) Diffused locomotor activity wés-higher in the Raphe

area than in all other areas, except for the RPC. The RPC
itself, hoWwever, was not significantly higher than any of the

other areas.

b) Focalized locomotor activity. The VMT was not higher
in focalized activity than the PLH, but was higher than all

other areas. In turn, the PLH area was not higher than the
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ALH, but was high;r than all remaining areas. The ALH was
higher than MCx, but ﬁot different than the remaining areas,
i.e., Raphe or RPC. The MCx, R and RPC areas were not diffe-
rent from one another.

5. Lull periods. The intensity of lull periods was

higher for RPC than;for all other areas. There was no signif-

-

~icant differemce between all other areas. Therefore, lull can

be conside}éd a main behavioral feature for the RPC.

The data shownn in Table 3 illustrates a positive correla-
tion between the following variables: (1) Diffused locomotion
and exploration; and (i), bew£1dered dazed-hébeté, withdrawn
behavior and lull periods. Additionally, a moderate positive
correlation was found between (1) SS rates, focalized motor

activity and exploration, and (2), sniffing, focalized and

diffused exploration.

b) Specificity of Behavioral Features to Self-Stimula-
tion ’

-../

In the study of the behavioral correlates of S5, it was
observed tbat behavioral patterns were site specific. However,
this was not the case for the indivi;ual_compbnent features
of these patterns. More specifically, exploration was
observed from all sites and thié behavioral feature can

possibly be considered specific to SS.

Exploration:

The correlation between SS and exploratory phenomena, as
. = b
evidenced in the present study, confirms the results of pre-

vious reporté. Ihdeed, Valenstein (1966), St-Laurent and

0lds (1964), Groover (1966}, Christopher and Butter (1968),
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Valenstein et al. (1968), Miliaressis (1972), Rolls and
_Kelly (1972), St-Laurent and Beaugrand (1372), St-Laurent
et al. (1973a), Miliaressis and Le Moal (1976), Rompré and
Miliaressis (1980) found that exploration wgs the maith
behavior ;ssociated with self-stimulation. However, The e
ﬁresent study showed that the patterns of exﬁloration i3 Bite
dependent: fragmented, non-systematized at the level of the
dorsal region of the RPC to become diffused at the mediqn—
raphe, scattered and focalized at the level of the VMT of the
mesencephalon, and focalized at the poster;or and anterior’
lateral hypothalamic sites. These results suggest that as
the electrode moves from the caudal parts of the pons to more

anterior diencephalic loci, the exploration becomes more

goal-oriented. This i{s in agreement with the views expreséed

by’ ST-Laurent and Beaugrand (1972) and St-Laurent et al. (1973a).

Locomotor activity,- ™
7 0

The RPC, VMT, P}ﬂ, ALH, S§, POlf and MFcx areas fofm an
array along the MFBLwhich runs from the pons to the forebrain.
Self-stimulation elicited from any of these areas was accompa-
nied by modification of locomotor activity. When stimulation‘
was applied in the LC, S5 occured in bursts and was correlated
with intense increase of locoﬁotor activity, the animal
‘bouncing on the lever. The increased locomotor activity was
of high intensity, hence becoming competitive with §5, and,
therefore, d#ﬁinishing the locus'coeruleus SS performance.

Self-stimula%ion in the dorsal RPC was accompanied by gradual

.
)

hypotonia atﬁ,progressively longer periods of interruption of

SS with agynamia. Self-stimulation in bursts from the Raphe
v

-



124

was interrupted by periods of diffused motor activity, the
animal moving from one are; to another in the box. When
the point of stimulation vas changed ffom-VMT. PLH and' ALE
to septal, PO1f and MFcx areas, an ;rderly change from
locomotor excitation to locomotor depression appeared. When
stimulation was applied to the VMT, SS was correlated with
increased motor activity and some animals were.oggerved teo
jump and bounce on the léﬁer with force, St;;;i;tion in the
PLHE caused marked increments {n activity. LStimuiation in ALH
produced moderate increase of motor activity. Stimulatiocn.in
the séptal, PO1f and MFcx areas caused arrest responses and,
at times, decrements_qf motor activity,.both betleen pericds
of SS and after their completion. These "arrest” respoanses
were observed in the ;féas of the MCx, rhinencephalic group
exclusively. Freviouslyﬁ Hess (1944) Bursten and Delgado
(1958) had observed arrest responses consequent to stimulation
cof rhinencephalic areas, while HBunter and Jasper (1949) obtainéé
arrest ﬁg stimulation of the(intralaminar nuclei.

From these observations, it seems that there_is an

organization of the motor activity which accbmpaniés self-

stimulation. When the point of stimulation was changed from

.anterior mesocortical {(MFcx; POlf and S) areas to more

posterior sites (ALH, PLE and VHT), an orderly change from
arrest responses and locomotor depres;ion to excitation
appeared during SS, while both motor excitation and depréssion

occurred from stimulation of the dorsal RPC and LC.
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‘ The_fnterioi MCx areas jieldiqg §§ have bee; shown by
Buser (1966) co'haveuighibitofy motor properties. Hernandez
Péon’and Chavez;Ibar;a (1963) reported that the MCx inhibit
the reticular.éctivatiﬁg system of thé mesodiencephalon, and
Clemente ¥t al..(1963) cénceived these MCx areas as being part
of a-basal forebriin'synchronizing inhibitory zone projecting
to thé latgral hypothalamus and thalamus.

Te a certain extent, these findings on the locomotor
activity are in ag;eemént with earlier findings of other workers.
Kaada h1951), Rosvold and Delgado (1§56) reported decreased
motor activity foliowing stimulation in septal areé. Lesion
studies by Brady 'and Nauta (1953) also éuggésted an Inhibit-
ing effect of.the septal area on motor-activity, as lesions in
thi; area Qere_fo{lowed'by postoperative ﬁ;tor hyperactivity.
Poirier‘etral. (1969) reperted h;pokinesia in contralateral
l;mbs of(monkeys after l;sion in th; VMf. Hess and Mueller
(1946a,/i946b} describe as "adynamia" a‘;jndfome showing both
loss of muscle téne and spont;neous activiéy following coagula-
tion of the posteriqr hypothalamus, a regicn that_uas termed
"dyp;mogenic" éone (Hess, 1944). Tﬁe-PL; area corresponds
roughly to the diencephglo-ﬁypothalamic zone which, according to
Hess and Mugller (1946a, 1946b) and Hess (1957), has strong dynamo-
genic properties., Although the moré cauaal meséncephalo-rhomben—
cephalic areas were not explored by Hess, the results of the -
present study suggest -that the VMT may alsoc be part of fhe
zone gilving dynamogénic eféeqts. This "dynamogenic zone"

would then extend from the anterior part of PLH to the posterior

part of the VMT, and possibly even further back im the pons.



126

Suiffing:

With R, VMT, PLE and ALH electrodes, sniffing increased
duriong S5 and it remained increased after 5% bursts. The '
increase was less pronounced in the RPC and the.apeas of.the
MCx. Hese (1944) reported that in cats, -stimulation points
evoking sniffing and "sniffing at speciéic objects" were found
in a region that included the lateral hypothalamus and lateral
pre-opgic areé (POA). Our findings also support those of
Phillips aund Horgénson (1969), St-Laurent and Beaugrand (1971;
1972) -and Miliaressis (L§72), who all sugﬁested a correlation
between intensity of S5 and intensity of'sniffing. The sniff-

o
ing activity observed . from the ALH, PLH and VMT was more intense

than from POIE. Possibly, it can be attributed to tﬁe direct’
stiwulation of an olfactory systém whi;h would be made up not
only of olfactory‘neurons in more anterior areas (olfactory
bulb, olfactory peduncles énd paraolfactory area), but also
of second stége olfactory neurons coursing through the ALH,
PLH and VMT areas.

The increase of biogenic amines In a few specific
anterior nuclei following SS, such as the VMT (St-Lauren’t et
al.,‘lQiS; 1976), indicates a possible anatomical link
between posterior areas .and the olfactory system.

The brain areas involved in SS and exploration are "also
involved in locomotor activity, olfaction, biting and approach
behavior towards objects which trigger curiosity aﬁd their

operant acquisition {(St-Laurent and 0lds, 1964; St-Laurent and

"Beaugrand, 1972). These SS areas, such as the anterior and



o e ———

’ . ) 127

' /

posterior lateral hypothalamus (ALH, PLH), ylelding high
focalized exploration-and other approach behaviors, such as
locomotor activation and sniffiﬁg, may therefore be part of
a coﬁmon pathway for goal-oriented behavior.
Following the above—mentiopéd observations, it is
guggested that exploration is the behavior which.is the most
~consistently associated with #S. ~The question therefore
arises as to whether éhe two pheno;ena are elicited from ;
sinéle neural system. The arguments for and against this
propositicn will now be considered.
'Many of the factors which influence SS also influence

exploration. For example, food (Margules and Oldé. 1962) and

Q:water (Mendelson, 1967) deprivaticn increases SS rates and

expldration,‘while satlety decreases both activities.
Amphetamine, which induces a dose-dependent explofatory behav-
lor in rats (Randrup and Munkvad, 1967; Schell-Kriger and
Randrup, 1967), also facilitates 55 .(Stein, 1964). Chlorpro-
mazine, which produces an inhibitory effect.on 58, also
decreases ;ocoﬁotor-activity (0lds and Travis, 1960). Further-
more, Fink and Smith (1980) showed that the integrity of the
MFB, which 1is the locus of the hlghest 5SS rates, 1s essential
for the main;enanc; of stimulation-induced dxploration. It
is also of irterest to note that exploration seems to have
r?inforcing properties. Indeed, it has been observed thgt

'ah animal learns to press a lever which enables(it.to visuallyE
explore'its cage or to turn on é light within 1its housing
environment (Girdner, 1953; Harlow, i950, 1953;--Hurwitz, 1956}

Robinson, 1961). “
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To submarize, it is commonly observed that intracranial
self~stimulation (SS) of the medial forebrain ﬁundle (MFB) 1in
the rat is invariably éccompanied by active exploration. The
correlation 1s so good that many investigators use zthis last
behavior as a predictor in the initial screening of good

self-stimulators. However, despite this éurrelation, it is

-not yet known whether these two phenomena are elicited by
-

stimu;ation of a single neural éystem or by spread of electrical
current to two independent fiber sets intermingled in the MFB.
This question is of some theoretical interest since explora-

tory behavior is usually enhanced during homeostatic imbalance
and since natural drives are believed to act via the SS system.

One way to.dissociate the above behéviors would be to
determine whether their sensitivities to stimulation para-
meters differ. Indeed, it has been observed tbat exploration
can be induced by current intensities far below those required
in order to maintain SS behavior (Christopher and Butter, 1968;
Miliaressis and Le Moal, 1976). However, as pointed out by
Katz and ﬁoth (1979), a difference in intensity threshokd'does
not guarantee the involvementfof independent neurai gsystems,

A more sophisticated procedure would be the use 'of the
double .pulse stimulation technique, which allows identific-
ation of different Eopulations of neurons by determinating
their respective e%fitability cycles. Rompré and Miliar;ssis
(1980) have used this technique in the study of excitability
cycles of hypothalamic neurons stimulated by a single eiect-

rode which induced exploration and self-stimulation. It is

proposed that this type of approach be carried out on various

structures.
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C - Behavijoral Correlates of Ambivalence and Flight

a) Ambiealeﬁce:'

enimalsiqith electrodes implanted in the septum, tbg}
reticular mesencephalic formation end the raphe areae are
observed ce approach the lever, press om 1t, withdraw from
it, and Fhen approach the lever agein and so forth. 1In Fhe
case of the locus coeruleus, the stepping back reaction
follows burstsiof bar-presses. The animals show conflietual
or "mixed'monivataggﬁl‘beeavior" or ambivalence.

The experimental setting ie the current study differed
from that used by Bower and Miller (1958); Roberts (1958);
Olds (196Q); 0lds and 01ds (l?63};‘Posche1 (1966); Steiner
et al. (1969); Ball (1972), who haee also reported mixee
motivational phenomena in animals with chronically implanted
electrodes. The animals would press a lever to obtain
brain stimulation, but, 1f given continuous stimulation,
would learn to press a secondllever in order to interrupt the
stimulation (escape). In ether words, self-stimulation or
escape reaccioﬁs could be elicited from the same point in a
brain area, Soee investigators (Bower and Miller, 1958)
have applied the term "ambivalence" for this mixed motivation-
al phenomenon. In the present study, ambivalence is defined
in more qualitativL\Eerms as the action of withdrawing
following SS§S, approace;ng the lever again and so forth. 1If
the approach and withdfawal speed are retained as ;hin

criteria for ambivalence, this phenomenon showed a gradient

of intensity rats with anterior electrodes, such as septum,
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showed less intense ambivalent behavior than animals
stimu}ated in the reticular mesenceph#lic formation (RMF),
raph; (R), or reticularis pontis caudalis (RPC).

Ambivalence elicited from a given area (i.e.f septum,
RMF, R or RPC) was accompanied by site specific behavioral .
patterns. The ambivalent septal group appeared unexcited in

comparison with'other groups; - interval periods were longer and

bar-pressing speed was slower. Ambivalence from the RMF was

accompanied by alert and more directed behavior, as illustrat-

‘ed by the bar-pressing speed and withdrawal speed, and by the

low interval periods. Other interesting features indicating
RMF directed ambivalence are the 16w diffused exploration
and the'relat1Vfly high focalized exploration. Ambivalent
Raphe group appeared less spor;dic than fer the non-ambivalent
self-stimulating Raphe subjects. Ambivaleéce obtained through
etimulatign of the Rfc was associated both with very high
approach speed (even in comparison with the self-stimulation
RPC approach speed} and with intense withdrawal. Ambivalence

s
was accompanied By brief interval periods, longer lull periods
and occasional incidents of hypofonia. In addition, reticula-
ris pontis caudalis (RPC) subjects showed a particular type of

focalized and diffused exploration; at times the rat would

.either sniff with its nose maintained up, 1 to 2 inches above

the level of the Skinner box lever, while looking to the ieft

t

and right, or the rat would sniff in the air with its nose
1
directed upward, perpendicular to the lever. The exploratory

activrty was occasionally interrupted by lull periods during
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which the animal'sg behavior‘waé very unpredictable. Followe
ing lull periods, the RPC rat zandered back to the lever in

an erratic manner. For the centrol group‘of self—#timulating
animals, the electric current was raised from‘the self-stimul-
ation threshold by steps of 10 mA rms to a maximum of 70 qa
rms, in order to verify 1f ambivalent behavior would appear

at these higher intensities. At these intensigies, ssme self~
stimulating rats showed forced m6vemen:s (i.e., head and/or
body movements, circling for one VMT subject, seizures for one
septal rat, 2and circling for two RPC animals), but these move-
ments were not accompanied by any signs of withdrawal or

flight, and thus were classified as pure self-stimulators.

. In conclusion, just as behavioral patterns accompanying

- /

55 vary from one stimulated Btructure to another, behaviors
concomitant with ambivalence vary from one brain area to
another, and differ from those accompanying SS from similar
Structures, The existence of specific patterns of ambivalence
for specific brain sites suggests the existehce of various
types of ambivalence. The most.plausible explanation of the
ambivalent behavior is fhat ché stimulation activated distince

fibers connected respectively with positive and negative

motivational systems,

'b) Flight : .

Intracranial stimulation in‘the dorsomedial tegmentum
{DMT) elicited flight reactions. The manifestations of the
flight reactions co-varied with current intensity. At.
threshold or slighrely ;bove, the animals would sniffL_freeze

or back-up; at higher intensity, the animals jumped in the

/S
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air or on the walls of the hox, or out of {t. ICS in a
more caudai area, namely in the ventral RPC, also yielded

: . “» .
flight reactions. Howvever, the fntensity of these reactions
was higher, the animals often jumping straight ouf of the
box at threshecld or slightly above threshold current intensity.

Aversive effects of ‘a low degree of inteansity have been

elicited from anterlor rhinencephalic areas, such as septum

(s) (Gardner and Malmo, 1969), amygdala and hippocampus (Olds

and 0lds (1963). Our observations on flight elicited from the

" DMT are in agreement with those of Kaada (1951), Delgado (1955)

and 0lds and 0lds (1963). The observations notea in this
study, that stimulation of the ventral RPC produces intense
fligh:, is in agreement with those of St-Laurent and Beaugrand
(1972) and Leclerc et al (1973), who reported that the ventral
gart of the RPC yielaed flighkt feactions of higher intensities
th;n those from the DMT. Prevfously, Abrahams (1960) and

Chi and élynn (1971) had concluded that the regions of the
medial hypothalamus, central grey and tegmentum of the mesen-
cebhalon, are reflex centres for the flight response of the
defence reaction. 1In addition, Abrahams' study '(1960)
suggested that the defence reaction could be obtained from
points posterior toiahe mesencephalon, m;?e preci;ely‘in the

ventral area of the pons. The present report gives support

to this suggestion,

\
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D. Neurochemical Mediators

.

Drugs that facili:éte S8, such as gmphetamines; release
catecholamines from active sites. This facilitation of SS
by amphetamine is increased by inhibitors of monocamine oxi-
dase which prbteéi catecholamine from destruction, and also
by drugs similar to imiprémine which reta}d’the reuptake of
catecholamines. Reserpine, which depletes the brain gf
monoamines, and chlofpromaziqe, Uhich blocks adreﬁergic
transmission, inhibit SS (0lds and Travis, 1960). Wise and
Stéin (1969) reportéd that SS was inhibited by the systemic
~and intraventricular administration of disulfiram and diethyl-
dith:pcarbamate (inhibitors of dopamine-B-hydroxylase, the
enzyme involved in the hydroxylation of DA to NE, the final
step-of ﬁorepinepﬂrine (NE) biosynthesis). The suppressed
SS was ;Einstated by intraventricular injections of l-norepi-

nephrine, suggesting the existence of an adrenergic excitatory

system. »

Domino and 0Qlds (1968)‘obtained depression of S§S in thé
hypothalamic area utilizing physostigmine, uhich\suggests that
depression of S5 and other operant behaviors might be'aue to
activation of an 1nhibitory cholinerglc system. These find-
Angs comﬁlément_the adrenergic.excitatory system suggested by
Poschel and Ninteman (1963) and Wise and Stein (1969). This
cholinergic system would cverlap tH; distribution of tﬁe medial
‘forebrain bundle which among others contains adrenergic and

serotonergic neurecns.
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Appropriate doses of alpha-methyl-para-tyrosine (& MPT)

produces a deficit in catecholamines associated with the

.

suppression of SS from the brain reglons corresponding to
the MFB (Poschel and Ninteman, 1963). It is not clear which
amine is critical for SS, but, as seen, a good case is made
for NE. A poésible role for serotonin was explored in this
study. &

~a) Non-Reinstatement of Self-Sti;ulation with RO 4-4602

and L-Dopa Following Alpha-Methyl-Para-Tvrosine Pre-
.Treatment

Appropriate doses of (-methyl—para-tyrosiqﬁ ( &MPT)
produce a suppression of the self-stimulation (SS) performance
normally obtained from brain regions corresponding to the
medial forebrain bundle (MFB) (Poschel and Ninteman, 1966).

In a previous stydy (Beaugrand and St-Laurent, 1973), it was
observed that &MPT (100 mg/kg ip) had a long 1astigg suppress-
ive effect on SS,which could be explained by the central
depleting effect on CA's which takes place i—ﬁ hr. after
injection of d4-MPT { Spector et al., 1965).- In addition,

there is an immediate {(within the first 30 min. following
injectiop) suppressive effect for which there is no explana-
tion. -

The results of the present experiments showed ;hat a&-MPT
(100 mg/kg) had .significant immediate suﬁpressivé effects on
SS performance within the first 10 min. folloﬁing injection;
and, that L-Dopa in combination with RO 4-4602 had suppressive
effects on SS in animals both pretreated and not pretreated

with &MPT,
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:Thé'ptesént reéuits were not unexpected and they
confifped the data of'earlier studies (Poschel and ﬁintem n,
1966; Gibson et al., 1970 and Cooper et al., 1971): In {§1
of,theée reports, the behavioral effects of ‘;HPT were
attributed to the depletion of brain catecholamines. However,
in the present study, the reduction of SS»to&k place within
10 win. after the injection and thus preceéded the reduction
of catecholamines uhi;h presumably takes place much later.

The present observations on the overall behavior during 5§
conf£rm reports (Sourkes, 1972) claiming that &=MPT can

induce sedat'ion and diminish spontaneous locomotor activicy.
These effects were observed to be maximal within 10 to 15 min.
following injection and, although they had largely disapﬁear-
ed 3 hr. later, SS was not re-established. On the basis tha;
the time course of the behavioral defi;itffolloving adminis-
tration of &-MPT dces ;ot coincide with the brain c@techolamiﬁe
depletion, Rech et al. (1966), Weissman and Koe.(1965), as

well as Moore {(1966), have suggested that thé depressive
effects of A-MPT were secondary to the toxicityiof ip #AMPT.

As we did not observe such signs of toxicity as vocalization,
retraction of tﬁe abdomen, weight loss or deathﬁ_it is giffiéulé
te attribute these effeects to toxicity, althcugh this inter-~

pretation still remains a possibility. Thierry et al. (1971)

o "%,

failéd to cbserve an immediate decrease of NA in the cortex

of the rat after d-HPT,Vbut DA levels were diminished rapidly;
in addition, during the firsﬁ 20 wmin., there was a rapid
increase of NA/DA ratio which would indicate that part of

the DA stored in noradernergic te;minals ié preferentiaily

utilized for NA formation.
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Thierry et al. (1971) have speculated that sub-
sequent to #-MPT injectioms (300 mg/kg) in rats, an initial

significant decrease of DA levels appears within 15 min.

following injection, and a secound decrease takes place 30

to 180 min. later. These results suggest the existence of

a first, "functional"”, and a second, "main" storage, compart-

"ment of DA in nerve endings. The initial decrease of DA in

the "functional"” pool obtained with £-MPT may explain the

initial reduction of S5, while the second reduction would

account for the second reduction of SS.

The observatio; that L-Dopa in combination with RO 4-4602
also had suppressive effects on 55, in animals both pretreated
and not pretreated with £-MPT, is worthy of note, as other
studies have shown that many behaviors suppressed by pre-
treatment with A-MPT were restored by L-Dopa administration
(Moore, 1966; Bartholini et al., }967; Butcher and Engel,

1969; Bédard et al., 1970). 1In these studies, the central

effects of L-Dopa seemed to be excitatory, while in the

- present experiment, L-Dopa appeared to have inhibitory effects

on S5 performance, as suggested previously by Eiduson (1959).
One explanation of the present results may be that the dose

of RO 4-4602 used (100 mg/kgi was too high in comparison

with SQ mg/kg usually administered in similar studies (Bartho-
lini et al., 1967; Bartholini and Pletscher, 1968; Butcher

and Engel, 1969). Another explanation is that after inject-
ien of L-Dopa, through a negative feedback mechanism, there

was. an inhibition of hydroxylase activity which 1is non-
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specific for tyrosine,d{’tryptophan. With reduction of

tyrdsine hydroxylase and tryptophan hydroxylase, there
would be a decréjse in the production of NA and serotonin,
and consequently, a suppressive effect on SS perf;rmance.
Finally, in the present study, it was noted that the diminu-
tion of motor activity was not accompanied by calmness; on

§
the contrary, the animals appeared alert and hyperreactive.

Hence, the decreased motor acfivity/could be due to an
/ .
exaggerated alertness leading to a "freezing" effect, as

suggésted by Boissier and Simon (1966).

b) Reinstatement of Self-Stimulation with Apomorphine
Following Suppression by Alpha-Methyl-Para-Tyrosine
Pre-treatment .

In a previous study (St-Laureat et al., 1273e),1t was
shown that SS from PLH and VMT was suppressed by ip adminis-
tration of 4-MPT-methyl-ester (100 mg/kg). Subsequently,

33 hr. after the &-MPT administration, apomorphine (0.25 or
0.5 mg/kg) was injected ip. 5SS was reinstated to a signif-
icant degr;e 2 hr., after adminiskration of 0.25 mg/kg, and
3 hr. after the 0.50 mg/kg dosage (Fig. 11). The results,
therefore, indicated that the most effective dosage was 0.25
mg/kg.

After injection of apomorphine subsequent to saline,
animals showed a-transitory suppression of SS (Fig. 11). The
S5 suppression started within 10 min. after administration of

apomorphine and lasted % hr. (0.25 mg/kg of apomorphine) and

13 hr. (0.5 mg/kg of apomorphine) suggesting that, while this

dosage of apomorphine induced a more pronounced enhancement
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of sniffing and exploration,_ it alsé ga#e‘deéreased habitua-
tion; hence apomorphine at a high dose’of 0.25, mg/kg gave
;ndfeaée in persistent reactivity td‘many typgs of stimuli;
o

making difficult the necessary focus on the SS goal and
performance.

The present resdlts confirmed previous data (St-Laurent
et al.,1973e) which showed that apomorpbihe can reverse the
suppressive effects of &-MPT on 5S; this reversal was particu-‘
larly evident with the 0.25 mg/kg doée of apomorphine.
However, after an injection of apomorphine subsequent to
saline admiﬁistration, animals showed é'transitory ;uppress;
ion of SS which was longer lasting with the higher dose of
apomorphine (0.5 mg/kg) (Fig. 1ll). The animals were :he%
observed to show very intense exploratory activity commencing
2-3 min. after injection. The transitory depressive effects
of apomorphine on SS concur with the findings of Butcher and
Anden (1969) that apomorphine causes a depressive effect on
bar—ﬁre351ng with a variable-interval schedule or.reinforce-
ment, Following injection of apomorphine.subsequent to
A -MPT administration, S$S was furtheF depressed, "followed by
an increase of bar-pressing rates., The subsequent sgimulat-
ing effects_of apomorphine on S5 are in ag;eement with '
Butcher's (i968) observation of increased bar-pressing in a

- .

free-operant ;voidance situation. The depressive effects
of.apbmorbhine vere thaught to be due to intrusion  of such
pheénomena as exaggerated sniffing, while the stimulatiﬁg
action was thought to be related to facilita;ion of goal-

Hirec;ed behavior (Ernst and Smelik, 1966). However,

v

-]
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Carlssonk study (1972),attributing.the suppreégive effect
of afomorphine to an induction of competing; ste;eotypical
behaviors, might be only partially correct. His data suggest-
ed that, whilg apomorphine indpceé enhanc;d sniffing and .
exploration, it also decreaéeg ha&ituaiion; heﬁce, apomorphine
at a high dose causes an increaséd and persistent reactivity
to -many types 6f stimuli, &aking the nEEessary focus on Ehe
goal stimulus less frobable. On the other hand, at a low
dose of 0.125 mg/kg, the increased exploration should have
facilitated SS. Surprisingly, although the effect on explor-
ation 1s almost immediate, the reinstatement of 55 after
& -MPT injéc:ion, in our previous study kSt—Laurenc et al.,
1973e), became significant only after 2 hr. ﬁé felt that a -
lower dose of ap;ﬁorphine, such as 0.125’m3/kg would reinstate
S8 more quickly. This study shows that ;uch is not the case;
the optimum dose theq appears to.be 0;25 mg/kg:

The mechgnisms of actioﬂ of apbﬁorphine on S5 are possibly
dopéminergic, as the suppression of 5SS induced by !-HPT does
noﬁ produce a complete blockade at the dopamine receptors;
hence, thelir Airect stimulation by apomorphine would reinstate -

. . . .
§5. Although our experiment supports the hypothesis of-
;an Rossum and ﬁurkmans (1964) that an increase 1in motility\::’,f\
the result of stimulation of dopamine receptors,van essential
interaction with noradrenaline cannot be eliminated iﬁ the
light of the works of many fesearchers (Ahden et al., 1967;-

Corridi et al., 1970; Persson, 1970; Persson and Waldeck, 1970;

which suggest that the noradrenergic nedrons are involved in

the stimulation of motility.
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¢) Effects of Parachlorophenylalanine (PCPA) on Self-
Stimulation from the Median Raphe Area

Failure to cousistently and uniformly affect SS by
ﬁanipulation of serotonin: in additiou to the role of':his
amine in some inhibitory process%s. has generally led to an
aésumption whicﬁ excludes serotonin as a mediator pf $5
behavior (Loren#, 1271; Stein, 1971).

A'previous work, St>lLaurent et al. (19-73a) reported

that rats with electrodes in the MR can reach low to

moderate high rates of $S5. Miliaressis et al._(1975) have

found even higher $S rates from the MR (above 6,000 presses/
30 min;), These findings, confirmed alse by other investiga-

tors (Simon et al., 1976), indicate the potential significance

‘of this brainm area in reward phenomenon. Miliaressis and

Jacobowitz (1976) observeq that S5 in the MR was accompanied
by ‘dramatic hyperthermia. Cdnsidering the known role of
serotonin in thermoregulation (Myers, 1974), this observation

provides addicional‘supportﬁto the notion that S5 im the MR

H ! . / ’
is ellcited by serotonergic stimulatien. The specific inhibit-
oty effect of PCPA on MR SS found 1in the present experiments

thus confirms the findings of previous studies (Miliaressis

et al., 1975; Miliaressis, 1977; Katz and Baldrighi, 1979).

These results provide evidence for the conclusion that SS

in the medfan raphe region is elicited by s{imulation of 5-HT

containing neurons. Self-stimulation in the dorsal raphe has
W
been attributed to stimulation of norepinephrine fibers in the

M

vicinity of this area rather than to serotonergic cell bodies

(Margules, 1969). A proximity of catecholaminergic fibers
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to dorsal raphe cell bodies does exist (Palkovits; 1973).
However, the only extensive study onvmedian raphe SS'usIngi
87 electrodes (Simon et al., 1973) ;1early demonstrated

that SS in the median raphe was oﬁtaiﬁed‘vhen eiectrodes were
well-located in the serotonérgic nucleus centralis superior,
and that sites lateral to- this arei.elicited no, or very low
S§. The histological examination of our Raphe rats showed
that electrodes were located in the serotonergic nucleus
centralis superior. In addition to the classical contribution
of histofluorescence techniques, recent biochemical studies
performed with a gicto—diésection technique.(Koé and Weissman,

.

1966; Palkovits, 1973) have shown that this part of the rat
brain and the dorsal rapge contain the highesyt éoncentration
of 5-HT in’ the brain.(Palkovits et,al., 1974). Though this
region {is geneéally congsidered to be purely serotonergic,
re;%pt Feports ;uggest that it also contains another unidenti-
fied tryptamine and dopamine - (Bjdrklund et al., 1971; Ochti
and Shimizue, 1978). Also, the existence of a few norepine-
phriﬁe fibers of passage cannot be gxcluded. Nevertheless,

1f these sparse\(ibers were responsible for the positive
reward in this area, one would expect that the resulting S§S
would be of a low or mo&erate level. 1In contrast, electrodes
in the median‘raphe elicit high SS rates which are gimilar to,
T, in some cases higher than, those obtained in the ventro-
median tegmentum (VMT) region (ﬁiliaressis. 1977). In our
own studigs, we noted-some_ghusual properties of Raphe SS§,.

More particularly, in comparison with catecholémine ﬁediated
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SS in CA containing sites (HFB). MR self-stimulation rates
wvere consfdégdbly more vafiable and difficult to maintain.

- Katz and Baldright (1979) have implanted stimulating
electrodes aimed at the MFB or the medial raphe nucleus.

The MFB implanted rats‘seif-stimulatea at higher stable rates
for at least three weeks. Only 1/3-;f MR rats self-stimulated
and} even Iin these, the rates were rather variable. Treatment
with methysergide, a congéngr of LSD and a ;locker of 5-HT
receptors, decreased MR self-stimulation. These results also
support a facilitatory rgle for 5-HT 1is S8 at.sérotonergic

sites., -

[y EEEEEEE

d) Effects of LSD-25 on Self-Stimulation from the Media
RaRhe Area of the Rat Brain

The anaiyées of our results showed that the various dgses
of LSD (30, 60 and 120 mg/kg) induced a transitory decreasle
of the 5SS activity obtained from the raphe nuclei. IflLSD
produpés an inhibition of the serotonergic neurons in this
area, as suggested by Aghajanian et al. (1968), it 1s tempting
to use this mechanism to‘explain the inhibitory action of LSD
on SS eiicited from the raphe, 'Houever, crawling with a
partial decrease of muscular tonus has been observed to
accompany the decrease of $S.in these fa;s. It 1is possible
that the cra;ling and the modification of muscular tonus
affected the locomotor performance to a'p;int where an ensuing
mofor deficit was requnsible.for'the'transitory fall of §S§
rates. . Von Hungen et al. (1974} have indicated that LSD is
capable of blocking the noradrenaline, AOpamine and serotonin

receptors. The results of this study tend to support the
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suggestion that the actions of LSD may indeed bé due to the
conplex agoﬁist and antagonist actions of this drug at "’

central receptors for several neurotransmitter monocamihes.
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CONCLUSIONS

The results of the present studies cannot be*interpre;ed
without taking inte coneideration thé experiméntal conditions
under which they were obtained.

Thus, the mwapping satudy for Idss'seemed to suggest the
existence of a gradiant of this behavior along the sagital
axls. There are at least two opposing explanations of this
fiqding: a) The gradient of bar—pressing rates reflects the
reinforcemeﬂt value of the stimulation and may depend on th;
rewagﬁ—relevanc neuroﬂal density below éhe stimulating elec-
trodes. This intérpretat&on, if trueﬁ is of potential interest
because it sheds some iight oﬁ the toﬁographical orga;iiafion
of the reward syssems. b) Due to several reasons, bar-pressing

rates do not parallel the reinforcement value of the stimulation.

‘In this case, the observed gradient offers only a practical

interest (localization‘of the most efficient fCSS sites), but
provides no information on the anat;micgl organization of brain
rewvard. For instance, higher bar—pressing rates could have

been obtained in a given aréa, had one the possibility to

remove from the stimulated field non—rele;apt neurons, the
activation of which 1nterfergs with the bar-pressing performance.
In view of the béhavioral observations In the present work,

the last explanation-seeﬁs the mest plausible. Hence, 1in

future studies, the gradient of reinforcement should

be examined, using more sophisticate& methods, such as

~the psychophysical procédure that has been recently
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proposed by Hil{aressié et al. (1982).

The data als; showed that the behavioral correlates of
ICSS are site-dependant. Again, there are at 1eést two
explanations of this finding: a) The ICSS correlates reflect .
the functional rtelationship between the tgwa;h systems anad
several other brain functions. b) The ICSS correlates‘are
due to the activation of neuronal elements (for.instance,
fibers oE pagsage) which lay in close proximity to the
reinforcement neurons, With one exception {(exploratory
activicy), the lattarrépresents‘the m&st reasonable inter-
prgtation. Since the exploratory activity was found to
accompany ICSS in all areas, the possibilitxjof a functional
link with the reinforcement process can be retained for further
iﬁvestigation. Thé ambivalent behavicr observed in sevéral
brain sites can be reasonably attributed to the simultaneous

e
activation of rewarding and punishing neurons lying below the

it

stimulating electrodes.

The pharmacological data may suggest the involvement of
both the cate;holamine and serotonin neurotrénsmitt;rs in
brain reward. Howeyer, the alterations of bar-pressiné rates
follo;ing the various drug treatments cannot be attributed with
canfidénce to a change of the rewarding value of the stimul-
acién, Performance variables could as well account fqr the
observed effects. This problem could;ha;e been at least

partially circumvented by examination of the drug effects on

brain areas that do not contaln the neurotransmitter under

'ihvéstigation.
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The gime cbntraints~andthe limited scopérpf the present
st;dies prevented the application of the large variety of
experimental controls which would normally allow one to

“arrive at more definite concLusions. o -

"It is obvious that the primary merit of the present
investigation lays 1in ‘the fact that Fﬁe above-mentioned
limitations were recognized and properly evaluated, Other
merits lay In the localizatioa of s;veral new reuarding areas,
especlially within the caudal brain. Finally, in spite.of its
limitations, the measurements of bar-pressing rates, when

‘complemented with the ICSS correlates,. have the definite
advantage of ser#ing as a guide when electrodes must bg

implanted in the most efficient and contapination-free ICSS

sites.
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IMTRODICTINM

The discovery that catecholamine depleters and b]oékers attehuqted
self-stimulation whereas catecholamine releasers- and reupta&g blockers
facilitated it (nlds and Travis, 19f0; Poschel and ninetemaﬁ, 1963,
1964; Stein, 1067; Stein and Ray, 10N} led to the catecholamine
hypotheses which quide contemporary research on bréin reward
mechanisms. There have been extensiQe reviews of the ev}dence for the

various catecholamine hypotheses (Crow, 1976; Fibiger, 1978; German and

. ol
Bowden, 1974, Stein, 1969, Wise, 197R),

The first widely circulated catecholamine theory (Sfein, 1962, 19A9)
invo]&ed norépinephrine, and while suqgested by several investigators
{Presce, 10RA: Poschel a;d Mineteman, 19A3; Stein 1062), it has been
most widely associated with the work of Stein and his-colleaques
(Relluzzi et al., 1975; Ritter and Stein, 1073; Stein and Belluzzi,
1876; Stein, l1980: Steiﬁland Wise, 19R9). Stein argued that activation
of noradrenerqic pathways was rewarding on several grounds. First,
&fugs that inhibited or enhanced noradrenergic function had simi1ar
effects on lever-pressing for brain stimulation, second, rewarding

stimulation caused norepinephrine release from the terminals of medial

forebrain bundie norepinephrine fibers, and, third, positive new sites -

for brain stimulation reward were found, as hypothesized, along the
trajectories of noradrenergic systems.

. .’?
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Others (Crow, 1972; Lippa et al., 1973) suggested that similar data
implicated dopamine systems as well, and German and Bowden (1974)
reviewed several hundred papers to come to the conclusion that
activation of at least one norepinephéine and two dopamine pathways was

rewarding.
77

-

'Stimu1afed bywthe evidence and hypotheses reviewed by German and Rowden
‘(1974), recent studies have probed for finer anatomical and
pharmacological data on self-stimulation mechanisms. 0ften these
studies have implicated dopamine but not norepinephrine in roward

phenomena. -

One of the first report indicating a possible role of dopamine (DAY in
SS, was the.one of St-laurent and collaborators {1973). Another studyv
reported in-this.theSis seems to'a]go indicate this. In these studies,
the administration of apﬁfOpriate dosages of alpha-méthyl-para-tyrosine
YMPT) produced a deficit iﬁ brain catecholamines (CA's) associated with
the suppression of se]f;stimd1atioa {SS) obtained from posterior
lateral hypothalamus (PLH) and ventrotegmental area (VTAY. The
subsequent injection of apomorphine; a known direct stimulator of the

dopaminergic receptors, reinstated the WPT suppressed SS.

«eu/3
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Nopamine

PHARHACOLQFICAL STUNIES OF BRAIN STIMULATICM REWARD -
Critics of the catecho]aminenrewafd hypothesis have suggested that
drugs which interfere with noradrenergic function reduce
self-stimulation by an action on attentioﬁ or a(ousa1 mechanisms (Roll,
1970 Rolls, Ke]iy, & Shaw, 1974} and that drugs which attenuate )
dopaminergic function decrease self-stimulation by interfering with
some aspect of motor function such as the ability to initiate and
maintain instrumental responding (Fibiger, Carter, & Phillips, 197R)
and the ability to organize or execute -complex seauences of motor
movements (Ro11s;.Rdils, Kelly, Shaw, Wood, & na1e,é107d). The notion
that interference with nqradrenergic or dopaminergic neurotransmission
reduces the rewarding properties of brain stimutation cannot be

seriously entertained until these simple "performance” explanations are

ruled out. ; \

\

Fxperimants have suqqgested that in the case of dopamine recentor
blockade, true reward defjcits may be invo1;ed (Yuke and Wise, 1975},
nn the_other hand, the possibility of a DA-related performance déficit
needs spegﬁa] co%‘ideration since the nigrostriatal DA system is
thought to be involved in motor function, perhaps mediating 7
sensorimotor inteagration (ﬁarsha]], Richa%dson and Teiteﬁaum, f°7df or
the fE?E?EE?Eﬁ'E? voluntary motlor movements (Fibiger, Zi; and Phillips,
1075: Rolls, Rolls, Kelly, Shaw, Wood and Pale, 1974}, -

ces /8
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It hqﬁ\QSen shoﬁn'in several.ﬁays that the‘dbses of neuroleptic which
atteuate self-stimulation do not render animals incapable of
~initiating veluntary movementq or organizing complex motor. acts.
First, there is disruption-of self-stimulation wh;n dobamine blockers
are m1cr01n3ected into the dopamine terminal fields on the side of
ré;ard1ng st1mu]at1on there is no performance impairment when s1m11ar
injections are given contralateral to the side of stimulation

[ ]

(ﬁobe;tson anndlvogenson 1978). Neuro]ept1cs increase the thresho1d
for self- st1mu1at;on but they do not make the an1ma1s 1ncapab1e of

Tever-pressing when additional motivational current is given (Liebman
and Butchef, 1974; Espcsito et al., 1979; Schaefer and Michaef: 1980

Zarevics and Setler, 10970),

Ana1ysi§ of the temporal pattern of normal extinction responding
;uggests a way to discriminate response'cessation due to blocked reward
from_rcsponsa cessation:due to per%ﬁrmance di?ficu]ties.,-wﬁen rewérd'
is terminateﬁ;‘ﬁhihaﬁs initially. respond at normal rates. It is bn]y
after sévera1 resﬁah;ég fail‘to produce normal reward. feedback that
response rates dﬂ%p (Kimble, 1961),' Thus, a drug which attenuates the
reward va1ue,of_stimu1at1on'wi11 cause decreased responding only after

an oaﬂly burst of norma1‘rgsp0nding, where.a drug that impairs

performance!w111 suppress responding throughout a seésion.

s B
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Fouriezos and wise (1976) observed thatﬁpihezfde produces a bpttern of
decreased respond1ng wh1ch seems to reflect decreased reward value of
st1mu1ation rather than decreased performance capac1ty of the an1ma1.
To the degree that the. effects of p1mmoz1de are correctly attr1buted to
a specific action on dopam1nerg1c systems (Anden et al., 1970; Janssen
et al., 1968). These data.%ndicate 2 role for dopamine in central
mediation of reward. Further work is reauired to indicate whether a

similar pattern of responding is seen with other agents or in

- self-stimulation tests involving other electrodes placements (Foubiezos

and Wise, 1976).

Norepinephrine

&
The effects of the noradrenergic b]oeﬁer phenoxybenzamine provide an

1nterest1nq contrast {Four1ezos et a1., 1G78) Phenoxybenzam1ne '

produced responqe decrements from the-very first trial of the very

first drug test, and these response decrements do not get stronger:

either botween sessions or within sessions. Performance is no worse on
. . i

the 10th trial than on the first. Thus phenoxybgﬂzamine, untike

neugoleptics, causes a deficit in performance “which is felt before the

first earned reinforcement. The fact tﬁat it is only after the animal

feels the stimulation unii:/peuro1eﬁ%ics that performance begin to

deteriorate suggests that”the response-sustaining property of the

o

reward is blunted with these drugs; the lack of such deterioration 

under.phenovaenzamine suggests that the first'feward is experienced 3s

.

normally intense and is not d1sappo1nt1nq (Zarevics, Weidley and

SZt]er 1977). , . ) ' eeu /B
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It doeélseems more likely that phenoxybenzamine reduces the animal's
capability to respond normally than that it reduced the .
response-sustaining rewarding impact (the payoff) of stimulation.
Considerable evidence %br noradyenergic mediation of se]f—stiﬁﬁ1ét;;n
has- been put forward, though it is not eéideﬁt which deals very
directly with the questions raised above. The major pharmacological
leg of the noradrenergic reward hypothesis involves drugs which inhibit
norepinephrine but not dopamine synthesié; such inhibition disrupts
self-stimuTation, and this Aisruption.can:he reversed by
intraventricular norepinéphrine but not dopamine (C. N, Wise and Stein,

1a60), This has been viewed as a "reloading" of the'reward neuron.

It is not clear whether the norepinephrine-depleted animal is capable

of lever-pressing, hovever, and thus the deficit mav well be a
performance deficit such as is seen with noradreneraic receptors
blockers (phenoxybenzamine, nhentolamine and propranolol) (Zarevics,
Veidly and Setler, 1077, Fouriczes et al., 1079}, ONther studics fit
with this view. Holl {1070) has arqued that the self-stimulation N
deficits scen with noradrenergic depietion are due to sedation, and
studies in which noradrenergic cells are damaged but dopaminergic cells

are spared with appropriate B—hydroxydopamine regimens qenerally show a

sparine of seif-stimulation’ (Cooper et al., 1974: Lippa et al., 1973). ~
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Serotonin

Several studiesr have suggested that serotonergic or

R-hydroxy-tryptémine (5-HT) neurons mediate brain stimuiation reward.

‘The hypothesis of a 5-AT basis of reward rests mainly on the fact that

high self-stimuiatidn (5S) rates can be obtained with. electrodes .
Tocated in the medial {MR) and dorsal {nR) raphg nuclei as reported by
St-Laurent et al., ]§73; Simon et atl., 1Q73;'Simon et al., 1975 and by

ourselves in this thesis.

Furthermore, phérmaco]ogical data seem to indicate, altﬁough
inconsistently, that SS behavio# can be either enhanced or inhibited Ey
drﬁqs that alter R-HT function. The mdsﬁ widely.used drug to test
5-HT's role in $S is PCPA. This drug is a pptent tryptophan |

hydfoxy1ase inhibitor and Koe and Weissman (1966} have feparted brain

G-HT Yevels reduction occurring maximally 77 hours after its °

administration.’

The most telling evidence for a bositive motivational function for R-HT

was presented by Miliaressis (1Q7€,l1077) and Van'der kboy (1977,'

1a77}. Thggg'studies suﬁqest that PCPA specifically suppress NR and MR

SS two days after its injection, while SS 6f either the ventral "

tegmental area (VTA) (ﬁiTiaressis:]1Gf§, 1077) or the 1a¥era1

hypothalanmus (LH) (van der Kooy, 1977) remain.comparatively unaffected
.

by this treatment. - ' o

_ooo/g



_Margqules, 1969 and Simmon et al., 1976).
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The differentia1 sensitivity to 5-HT reduction between so callied
catecholaminergic (VTA 'LH) and §-HT (DP and MR) SS 51tes Ted these
authors to speculate that &- HT reurons miqht a150 subserve SS

ehavior.

Although several other studies have obtained midbrain raphé $S
suppre351on after PCPA, &-HT's involvement in reward was usually

dISNTSSEd on the basis that maximal SS inhibition did not corre]ate

’ with the time of maximal R-HT depletion {Crow and neakin, 1977,

.

Characteristically, these studies showed moderate to high suppression

of $$ 17 to 24 hours aftcrxagpﬂ at which tiwe 5-HT levels are only -

"minimally reduced and a partval to complete recovery of SS behav1oif;J

to 3 days after PCPA when %-HT levels are at their lowest.

However, even with long S$S sessions, theyresults of Gratton (1°Rj)

still showed ternoral dissociaticn between PCPA inducer! sunpression of
>

MR SS and depletion of 5-.HT and thus are not in agreement with similar

studies which ugve suggested a 5-HT depletion dependant inhibition of

. raphé SS (Miliaressis, 1975, Miliaressis- 1077, van der Xooy et al.,
T977). In fact, MR SS rates were maximally reduced 24 Hours after PCPA
when 5-HT levels are only marginally reduced, while §S behavicr

returned to base?inF rates 3 days post-drﬁg, when 5-HT levels are

*

~reported to be at their Towest (voe and Weissman, 196R).

.../a
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It may be that recovery from PCPA induced suppression of SS behavior 15
more d1rect1y 11nked to the return of norma] tryptophan hydroxy1ase
activity than to normal SfHT Tevels. However, given that tryptophan .
hydroxylase is the rate 1imitinglstep in serotonin produttion and that
its decrease in activity after PCPA follows a tiﬁe course similar to
S;HT levels, one would expect‘that the suppression of serotonin
synthesis and thé changes in SS behavior should still have matching
time courseﬁ. Monetheless, being that tryptophan.hydroxylase activity
after PCPA was not measured in the‘present'study, the possibi1ity that'
the return d¢f normal S? Pepavior is dependent on a yef.unknown

threshold rate of synthes{s cannot be dismissed at this time.

Although the time course in PCPA's action on $S does not correspond
with its action on S-HT 1eve1s; it is evident that this drug does have
inhibitory properties on SS behavior at least 24 hours after its

o .
injection. This raises the possibility that PCPA might act og, SS

behavior through another neurochemical mechanisms. It has already -been
shown that PCPA causes a slight {10 to 20%) transrtory reduct1on in

brain norep1nephr1ne (HF) 6 to 24 hours after 1ts injection {(Koe and

(ﬁaé1ssman, TOGG)ZC

Based on this effect several authors have suggested -that supprbssion of

"

$S behavior by PCRApis more directly related to its NE action and in
doing so have proposed that $S behavior gbtained from the midiine

central gray region is mediated by fibers. of the dorsal NE bundie (ONB)'

»

{Marqules, 1969; Simdn et a]., 1“76)

L3
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The possibility that small reductions of MF levels might cause a

generalized décregse in activity or a agreater susceptibility to fatigue
. kgnnot be dismissed. Thd% it is plausible that because of fatigque, the
rats could not sustain the physical effort nétessary to maintainfhigh
lever Qﬁpséqﬁa‘rates for long periods of'time; The fact that PCPA
.uniformly suporessed SS in the thrée structures tesfed could lead us to

speculate that this mith be the case.

Finally, overall brain monoamine levels qive a fairly qood indication \.
of the state oé the 5-HT storage pools after BCPA, the ohserved
residual A-HT may reflect the neuron's ability to synthesize
functionally significant amounts of.seroggnin despite the PCDAI
treaFmgpt. The possibility th;t newly synthesizé@ E-HT miaht be - )
sufficient to maintain SS behavior can not be ruied out.
For ¥Xatz and Raldrighi (f07ﬂ), the studies of Miliaressis (1075; 1977)
and of van der vooy et al., (1777} showed that serotenin is {nvolved in
SS, howover thay naticed that in comnaraison with catecholamine
. rmediate S5 from the MR, 1P stimu{ntinn”was considc%ab]y more variable
cand difficult to maintain. " Their results with methysergide support a ,
- facilatatory role for 6-HT in S5 at a serotonergic site. However, the \-“ﬁ\\
baseline of SS for MR sites was highly variable, and in fact iﬁ;ariab1y ’
« Showed spontaneous cessation: of resnénding, ratz and Ra1driqﬁi results
with PCPA reversal of spontanqohsly‘stOpped 10§ aaain sugaests that
reward from the medial raphé ﬁéy reflect an anstomical and | C
pharmacological cornlexity which wag areater thanuanticiuated.

.
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Recent reports sugqest this interpretation is in fact 1likely, since not
only &-HT but also a second tryptamine, and &opamine are present within

the nucleus {Bjorklund et al., 1971; fichi & Shimizu, 197R).

%

Finally, Neakin (19RN) observed that $S frqp'the MR could not be
antagonized by four different pharmacological methods of.~mpairinq
serotonergic neurotransmfssion.L Mr <SS could not be attenuated by R-HT
receptor blockade with meterqotine or cyproheptadine nor by S-HT
depletion induced with narachToroamoetamine or by prior destruction of
ascending 5-HT pathways with intracerebral microinjections of
R,7-dihyd(oxy-tryptamine. 1t therefore seems unlikely that raphé SS is
medjated hy serotonergic neurons, the rewarding effect would be
mediated by a catecholamine system passing through the raphé nuclei,

-

ANATOMICAL MAPDIMG NF APATR STIMILATIOMN REWARD AMD THE ROLE OF

DSYRHOPHYSTGAL PPACFNURFS

. tethodologies

N

“The most uscfu1-mapping gtudies have developed recently as direct tests

of the catecholamine hynotheség'hhich were advanced in the early 1070s

(Crow, 107G; ferman and Rowden, 10974; Stein, 1971).

The early mapping studies were sinqle electrode mapping studies from

which a fuzzy picture of system boundaries could be generated.

17



3.2

. Horadrenergic fibers
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Horf iﬂ wﬁich multiple sites are tested in each animal has inen'
stronger resoluﬁion to the brain stimulation reward maps.
Catecholamine maps were avai1a51e'fn reconstruction‘format without
stereotaxic coordinates, Sased on immature animals {Vingerstedt, 1971);
at the present time much more detailed analyses of catecholamine
anatemy are available (see Moore and B]odﬁ, 1a7R, 19749, for extensive .
revi Js]. In more recent self-stimulation studies, moreover,
ca%:i;o1amines have been vfsua?ized directly in the tissue containing

.
the electrode track, allowing direct chservation of catecholamine and

- self-stimulation anatemy as directly assessed in the same animal.

Finally, more sensitive methods of fluorescence histcchemistry have

recently hcen used, allowing visualization of previously unknown

‘catecholamine projections (Lindvall and Riorklund, 1974; Lindvall et

al., 1a7a),

. 1
As a result of cvidence based on these technical developments, it no
longer seems likely that noradrenerqic systems p1ay_a'critica1 role in
brain stimulation reward. Lesions of noradreneraic systems fail to

disrupt self-stimulation; rather, such 1esiyns, at least.in seme cases,

potentiate self-stimulation (Clavier et a)., 1976; Clavier-and
Routtenberg, 1074, 1076; Corbett et &%= 1977; kooh et al., 1076),

000/13
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" Positive self-stimulation sites near the noradrenergic nucleus locus

coeruleus have been found to cluster not around the 1oéh§‘coeru1eus
itself buf rather around the mesencephalic nucleus of the trigeminal or
some fiber system anterolateral to locus coeruleus proper (Amaral and

Routtenbery, 19f4; Corbett and Wise, 1979; Simon et al., 1975).

Se1f-stimu1atioﬁ in Yhe trajectories of the tegmental dors§1 and
ventral bund]eg bears oniy a3 chance relation tp-catecho1amfne<3:itomy
as determined by f]ﬁorescencé histochemistry (Corbett and Wise, 1079)1
Self-stimulation from the region of locus coeruleus survives bilateral
destruction of the dorsal noradreqergiE fibérs from.Jocus coeruleus to

the forebrain {Corbett et al., 1977).

"Nopaminergic fibers

\

It has been shown that frain Stimulation Reward [RSR) sites in the VTA
and in the substantia nigra vars comnacta'(SHC) are co-cxtensive with

catecho1am1ne f]uore ¢ence produced by dopamine (DA}-containing cells

of the A9 and A10 regions (Corbett,and itise, 10805 Wise, 10R1).,

-Wherecas pontine RSN docs not corretate anatomlcallj with

noradr‘ahne containing perikarya (or {heir efferent ﬁber‘s) of the
locus coeru]cus (Amaral and Routtcnberq, 1975;: Corbett and Wise. 1679;

f

Simon, LeMoal and Cardo, 1°7F)

L3N
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However, several recent studies {Gal1iste?}‘$chizga1 and Yeomans, 1981)

suggest that-at71eastAa major subSe§'3£‘§Q§ directly activated fibers

in BSR have refractory periods, conduction velocities and frequency

_thresholds that differ from electrophysiological characteristics of tie .

4

monoaminergic fibers which have been the major hypothesized BSR
substrate for a decade or more. , | -
e . v

Furthermore, the reward-relevant fibers comprising this subset traverse

along the MFR in a rostro-caudal direction {Schizqal, BRielajew and

Kiss, 1980) whereas catecholamine containing axons project in a

caudo-ro§¥}a1 direction. While these data do not rule out the

-possibility that direct activation of NA fibers makes scme contribution

to the rewarding effects of MFR stimulation (Rallistel, Schizgal and-
Yeomans, 19R1) they call inio question the once-dominant view that
catechalamine fibers are the major directly activated substrate of MFB

revard.

Reward-relevant fibers mey, of course, be making synaptic contacts on
ventral tegnental DA cell bodies which then Qerve as the second staqe
neurons in the system (Schizgal, Riclajew, Corbett, Skclton and
Yeomans, 19R0) some sugb efferent involvement of dopamine elcments —\\\
seems required to exp1ain.pharmacologica1 aspects of BSR.  The pulse

pair studies thus forat a complement to the dopamine theory of reward.

-../15#
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The system mapped in the Wise studies appears not to continue through
' £pé-cauda1 pole of the dopaminergic ce1{ group; while c&Ilision tests
indicate that the tegmental sités are connected without synaptic
interruption with positive sites in the lateral hypbtha]amus {Schizgal,
" Jordan and Bielajew, 1080). - .
Sites in the more caudal region of the raphé\ﬁgyld seem not fo.be
‘similarly connected. 'Frequency résponse and refractory period ddta
suggest that raphé sites, too, might involve myelinated fiber system?'
as the directly-activated, reward-relevant substrate of )
self-stimu1atioﬁ (Schizgal, Jordq@ and Bielajew, 1908N) and th]e
dopaminergic blockade a]so‘dfskupts self-stimu]atipﬁ'wjth these
placements, there is currently‘ho evidence re1evant.f0 the question of

how these more caudal sites are linked to any dopaminergic subétrate.
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