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Experiment 1 included a study of the following
behaviors in normal and in septal-damaged rats: drinking;
hyperemotionality (rated with a new scale); escape from
electric shock; movement inhibition (MI) shaping and per-
formance; Jjump avoidance conditioning with no handling and
a 15 sec. CS-US interval (JA-15); and weight gain.

Experiment 2 included jump avoidance conditloning
with a 5 sec. CS-US interval (JA-5) and MI (without shaping)
tested in counterbalanced order. Seven groups received
either sham, unilateral septal, bilateral zeptal, preoptic,
septal-preoptic, caudate-septal, and frontsal ccrtex—septal
lesions.

Experiment 3 included JA-5 with below-the-grid
lighting tested in septal damaged and control rats.

Septal lesions disrupted directed movements made
during exploration, escape, MI and JA. This disruption
correlated with hyperemotionality when tested after prior
handling but not when tested before handling and not with
weight gain. A new hyperemotionality scale was developed
which correlated with Brady and Nauta's (1953) scale but
was more reliable, ere01ally for the less emotional rats
(in control rats reliability for the new scale was .95 and
for the old it was .77).

For the septal damaged animals prior experience
with JA improved MI performance but prior experience with
MI impaired JA performance. These effects were mitigated
by adding preoptic damage to the septal damage.

BeloV»fhe—Trid lighting had no detectable effect
on tle JA-5 impairment ceaused by septal damsge

Generalizations about behavior after septal damage
were discussed with emphasis on a generalized fragmentation
of voluntary responses into iso Tatod component acts.
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CHAPTER 1

HISTORY

Introduction

The septal nuclel are sltuated centrally in the
limbic system between the lateral ventricles and at the junc-
tion of the rhinencephalon and the diencephalon. They are
bounded dorsally by the corpus callosum and ventrally by the
anterior commissure. With diffuse interconnections wit
other parts of the rhinencephalon and with the dlencephalon
(see the sections on anatomy and autonomic functions below)
they would seem to play & central role in Interrelating the
functions of these two sections of the brain. Although theo-
ries of the behavioral functions of the septal nuclel of the
brain have existed for many decades (e.g. see Smith, 189%a, b;
Papez, 1937) empirical studies with only a few exceptions
(e.g. Ransom, 1895) are a development of only the last 20
- years. Since the early 1950's, however, the somewhaet sur-
prising combination of effects of septal damage has generated
considerable interest and & number of effects have been es-
tablished. In addition et least two attemphts at general

theories have been made (Mc Cleary, 1966; Thomas, Hostetter



and Barker, 1968) and one general review was done several
years ago (Andy and Stephan, 196L). Nevertheless, there is
still no widespread agreement on the general functlions of
these nucléi.

Although the present review is concerned primarily
with the béhavioral syndrome of septal dysfunction, that
portion of%the review will be prefaced by reviews of the
nuclear st%uoture, the anatomical connections and the auto-
nomic and éomatic functions of the septal area. The distinc-
tion between autonomic and somatic functions on the one hand
and behaviéral functions on the other is based on a narrower
than usualédefinition of behavior. Rather than including
"anything %hat an animal does or experiences" (which taken
literally &ould include such processes as cell division),
only processes that are not of the most automatic sort are
included in the term behavioral functions (e.g. glandular
responses,?heart rate, reSpiration, and simple, 1solated
reflexes afe not described as behavior).

The behavioral functions will be described in two
sections: one on spontaneously occurring beshaviors (i.e.
behaviors #hat appear in all normal members of at least the
sﬁecies being considered) and one on.iearned behaviors.
Following the description of the behavioral effects of septal

dysfunction, the present study will be outlined.



Nuclear Structure of the Septal Area

The septal nuclel are éituated between the lateral
ventricles and below (ventral to) the corpus callosum in the
anterior portion of the brain. Volumetric studies reveal a
definite increase in absolute size (and in relative size
compared with the brain stem) with an increase in phylogenetic
level from the lowest insectivores to the higher primates
(Stephan and Andy, 1962). In man and in some other animals
with large cerebral cortices (e.g. the bear and the monkey),
the area appears continuous with an elongated thin vertical
strip of neural tissue. In man this strip 1s termed the sep-
tum pellucidum. As Andy and Stephan (1968) have pointed out,
the ma jor portion of the septal area in man lies ventral to
this strip and therefore, the septum pellucidum should not be
confused with the septal area. Early studies of the nuclear
structure of the septal area of rats distinguished at least
three areas in what are now considered the septal nucleil
(Johnston, 1913; Gurdjlan, 1925; Kappers, 1920). These in-
cluded a nucleus parolfactorius lateralis (Johnston's termi-
nology; Gurdjian considered this synonymous with the lateral
septal nucleus of Kappers; it is synonymous with the nucleus
accumbens of Kd8nig and Klippel, 1963), a nucleus parolfac-
torius medialis (medial septal nucleus according to Gurdjian
and nucleus of the dlagonal band of Broca according to Kénig
and Klippel), and a third area termed the hippocampal pri-

mordium (including - -the medial, lateral and fimbrial nuclei
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of K8nig and Klippel). As Gurdjian (1925) pointed out there
was still debate as to whether all these were properly
termed "septal' structures. Apparently there have been no
recent studies devoted to the nuclear structure of the sep- .
tal area in rats. However, Stephan and Andy have done such
studies in the insectivore, Soricidae (1959), the galago
(1961), the cat (Andy and Stephan, 196lL), the monkey (196Lb),
and the human (Andy and Stephan, 1968). The results were
simllar except that the cells were somewhat more differenti-
ated in the animals that were higher on the phylogenetic
scale (1964b). Thus, 1t would seem to be most appropriate
to base the description of the septal nuclel on the very
detailed analyses of Stephan and Andy even though they have
not per se analyzed the septal area of the most commonly
used animal in the analysis of behavioral functions (the rat).
Stephan and Andy differentiate four major groups of
septal nuclei: (1) dorsal, (2) ventral, (3) medial and (L)
caudal. The first two were further differentiated into four
parts and two parts respectively. The third (the medial
group) consisted of two nucleil: n. septalis medialis, which
was situated both dorsal and lateral to the second, the nu-
cleus of the diagonal band of Broca. The fourth consisted
of four nuclei: n. septalis fimbrialis, n. septalis tri-
angularis, and the bed nuclei of the anterlor commissure

and the stria terminalis.



Anatomical Connections of the Septal Nucleil

Concerning the anatomical connections of the
septal nuclei of the rat, an excellent study and review has
been provided by Raisman (1966). The present summary is
- based on that review. In general, all the connections of
the septal area (with the exception of some afferents from
the midbrain) are with .structures in the diencephalon and
the older portion of the tslencephalon. The principal telen-
cephalic input to the septal area is from the hippocampus
via the fornix and includes projections to all parts of the
septal area except the bed nucleus of the strlia terminalis.
This projection is part of a relatively complicated system
of reciprocal interconnections (see Raisman, 1966, for de-
tails). Telencephalic afferents also project from the
pyriform cortex to the diagonal band nucleus and from the
amygdala via the stria terminalis to the bed nucleus of the
stria terminalis. Subcortical afferents have been analyzed
by both Guillery (1957) and Raisman (1966). These arise in
both the hypothalamus and the midbrain and ascend via the
medial forebrain bundle. Damage to the hypothalamic por-
tion results in degeneration in both the medial and lateral
septal nucleli while midbrain damage results in degeneration
only of the medlal nucleus. Telencephalic efferents from
the septal nuclel are primarily involved in the recilprocal
septo-hippocampal system. They arise in the medlal septal

and diagonal band nuclel and ascend to the hippocampus



probably via the fimbria. Diencephalic efferents, which
form a large part of septal outflow, have two components.
The dorsal component arises probably from the septofimbrial
nucleus and projects primarily to the medial habenular
nucleus. The ventral component arises in the medial and
lateral septal nuclel and projects to the medial forebrain
bundle from which 1t diverges to the lateral preoptic area,
the lateral hypothalamus, and the anterior amygdala. Al-
though the intrinsic connections haveknot been worked out
in detall an important relay from the lateral to the medial
portions of the septal area is known. Consldering the non-
septal as well as the septal connectlions of the structures
mentioned above, Ralsman concludes that the septal area "is
an important cell mass located at the junction of the fibre
systems linking the rhinencephalic ﬁarts of the cerebral

hemispheres and the diencephalon." (p. 34L)

Autonomic and Somatic Functions of the Septal Nuclel

Ban (1966) has described a septo-preoptico-hypo-
thalamic system which mediates autonomic responses. The
septal area along with the lateral and periventricular hypo-
thalamus and preoptic area (e.g. the areas involved in the
ventral component of the diencephalic efferents from the
septal area described by Ralsman, 1966) comprise the para-

sympathetic component whereas the periventricular stratum of

(O]

the hypothalamus and preoptic arsa comprise the sympathetic



compeonent. When stimulated”™ the parasympathetic portion
produces a fall 1in blood pressure and heart rate, inhibltion
of ovulation (also lesions produced premature parturition in
the last stage of pregnancy), an increase in renal volume,
bladder contraction, fespiratory inhibition with & shift
toward expiration, a decrease in gaseous metabolism, penile
erection (Mac Lean, 1958; Mac Lean, Ploog and Robinson,
1960), ovulation (in rabbits; Harterius, 1937), sneezing and
sniffing, (Hess, 1957) and sleep. Stimulation of the sympa-
thetic portion produces opposite effects (a rise in blood
pressure, ovulatlon, premature parturition--in the last
stage of pregnancy--milk ejection, a decrease in renal
volume, bladder relaxation, respiratory acceleration along
with a shift toward inspiration, an increase 1in gaseous me-
tabolism, and sham attack behavior).

Regarding somatic functlons septal stimulation
causes a decrease 1in the frequency of spontaneous movements
during light, chloralose anesthesia (see Kaada, 1960). Some
points also inhibit cortically induced limb movements and
reflexive knee jerks (Hodes, Peacock and Heath, 1951). On
the other hand Peacock and Hodes (1951) actually found a
greater number of points 1n the septal area that facllitate

cortically induced movements than of those that inhibit them.

“Some of these responses have also been described
by Covian (1967), Gloor (195L), Hess (1957), Kaada (1960),
Kebat (1936), Kebat, Magoun and Ranson (1935, 1936), Malmo
(1961, 1963), Mukawsz end Andy (1962), Ranson, Xabest and
Magoun (1935), and Torii and Kawamura (1960).
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In addition, Hess (1957) found étimulus specific tongue and
mouth movements and Hopkins (1967) found shaking (resembling
the response produced by wetting the fur) with septal stimu-
lation (also observed by Bland, Wishart, Altman and Vanderwolf,

personal communication, 1970).

Behavioral Functions of the Septal Nuclel

Spontaneously Occurring Behaviors

Spontaneously occurring behavicrs that have been
studied in/relationito septal area functions include freezing,
sleep, thermoregulation, grooming, sexual behavior, drinking,
feeding, maternal behavior, nest building, hoarding, social
investigatory behavior, aggressive behavior and exploratory
behavior. These behaviors are distinguished from learned
behaviors such as bar pressing, running from a light (as a
conditioned stimulus), etec. that do not normally occur in

all members of = speciles.

Freezing and Lying. Findings concerning freezing

and lying (resting) behaviors following septal damage vary
depending on the stimulus conditions under which the behavior
was observed. In an open field Cormen, Meyer, and Meyer
(1967) found that animals with septal lesions show a much
longer latency to move away from the center of an open field
than control Ss. Septal damaged rats elso lie motionless as
much as control rats in a four-arm + maze (Dirlam, 1969).

In addition Bunnel, Bemporad and Flescher (1966) found that



animals with septal lesions tend to slt passively in a door-
way and walt for an opponent to approach from the other
direction when the two rats are competing to use the door

to gain access to food.

Sleep. Findings concerning the role of the septal
area in sleep are conflicting. Electrical stimulation of
Ban's (1966) parasympathetic system produces sleep. Cholin-
ergic (carbachol) stimulation of the septal area produces
sleep according to Hernandez-Peon and Chavez-Ibarra (1963)
and "definitely" does not produce it according to Mac Phaill
and Miller (1968). 1In addition, electrical stimulation in
man reliably awakened a patient with narcolepsy (Heath, 1963)
and septal damage in the rat makes them more susceptible to
the effects of barbiturates (Heller, Harbey, Hunt and Roth,
1960; Hunt, 1957). Perhaps these discrepent results can be
explained by the proximity of the septal area to the preoptic
area., There seems toc be general agreement that preoptic
stimulation produces sleep (Hernandez-Peon and Chavez-Ibarra,
1963; Hess, 194L; Roberts, Bergquist and Robinson, 1969;
Roberts and Robinson, 1969; Sterman and Clemsnte, 1962a,
1962b; Clemente and Sterman, 1967) and preoptic lesions block
it (Mc Ginty and Sterman, 1968). Therefore, the positive
effects of stimulation of the septal area on sleep could
have been due to spread of excltation to the preoptic area.

Thermoregulation. There seems to be some evidence

S

indicaeting that the septal nuclei are somewhat involved in
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the regulation of temperature. Septal lesions may cause
transient effects on the ability to maintain body tempera-
ture in the cold elither spontaneously or by behavioral
means (lever pressing; Carlisle, 1969) but changes in heat
loss in the cold following septal lesions were not found
by others (Heller et al., 1960; Stuart, Kawamura, Hemingway
and Price, 1962). Also septal stimulation was found to in-
duce shivering (Akert and Kesselring, 1951; Andersson, 1957;
Hemingway, 1963) and the septal area dbes contain cells that
are mildly thermosensitive (Eisenman and Jackson, 1967).
Grooming. Dirlam {(1969) found that septal rats
groom more than ~ontrol rats after exploring a ncvsl maze.
This behavior appeared within abouft 10 minutes after the
first exposure to a small, enclosed but well-1it portion of
a four-arm plus (+) maze. In addition Hess (1957) report=d
self-licking from septal stimulation in cats. Since this
is the same effect as with lesicns, the stimulation mey hsve
disrupted normal functioning.

Sexual Behavior. A relstion between electrical

stimulation of the s=»tal area snd sexusl behsvior has Dbeen
noted in man (Heath, 1963), in the monkey (Mac Lean and
Ploog, 1962) and in the rabbit (dart=rius, 1937). However,
septal leslons appear to have no effect on this bzhavior at
least in the rat (Goodmen, Bunnell, Dewsbury and Boland,
196%; Heimer and Larsson, 1964/67). Some authors (Goodman
et al., 1969) suggest that this may indicate 2 disruptive

septal stimulation such 28 that found by Goldsteiln
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(1966) and by Kasper (196l, 1965), but 1if this were the
case, septal damage should lead to excessive sexual be-
havior like stimulation does. That possibility has not been
noted.‘ At least the findings 1nvolving septal-area destruc-
tion strongly suggest that it does not play a crucial role
in the control of sexual behavior.

Drinking Behavior. Cholinergic stimulation of the

septal area produces increases 1n drinking (Fisher énd Coury, -
196l1; Grossman, 196L; Grsene, 1968) and cholinergic blocking
agents depress it (Grossman, 196L). However, findings 1in-
volving drinking in animals with septal dysfunction are mixed.
Some authors report increases (Beatty and Schwarzbaum, 1967;
Besch and Van Dyne, 1969; Carey, 1967b, 1969; Donovick and
Burright, 1968; Donovick, Burright and Gittelson, 1968;
Harvey and Hunt, 1965; Harvey, Lints, Jacobson and Hunt,
1965; Lubar, Boyce and Schaefer, 1968; Pizzl and Lorens,
1967; Singh and Meyer, 1968; Wishart, 1970) while others
report no change (Dirlam, 1969; Kaada, Rasmussen and Kviem,
1962; Kasper, 1965; Stevenson, 1967; Wishart, 1970). Ap-
parently animals with septal damage drink more than normal
in response to saccharine (Beatty and Schwarzbaum, 1967,
1968a), press levers faster for sucrose reward (Beatty and
Schwarzbaum, 1968b; Buckland and Schwarzbaum, 1970; Pubols,
1966) and run faster and more directly for sucrose (Clody
and Carlton, 1969). In addition, they drink less water than

control Ss when 1t is adulterated with quinine (Beatty and
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Schwarzbaum, 1967). Possibly, the discordant results can be
explained in part by daily and/or regional difference in

the taste qualities of water. However, Wishart (1970) found
increased drinking in some septal rats and not in others when
all Ss were tested at the same time and place. Another
possibility is that leslion variation might be responsible
for the effects. However different experimenters have found
different loci to be effective. Therefore, if the latter
explanation is correct the relation must be complicated
(e.g. increased drinking is found only if one part of the
septal or surrounding areas is damaged and another is not).

Feeding Behavior. Animals (both rats and cats)

with septal damage seem to eat more than controls (Simmons
and Thomas, 1961; Singh and Meyer, 1968). They also seem

to be more finicky (Singh and Meyer, 1968) and to lose a
slight but reliable amount of weight (Beatty and Schwarzbaum,
1967; Clody and Csrlson, 1969). These findings suggest that
animals with septal-area damage tend to have less efficient
food absorption than normal animals or have greater food re-
quirements. In addition electrical stimulation has been
found to depress feeding in monkeys (Rubenstein and Delgado,
1963) and in cats (Fonberg and Delgado, 1961). On the other
hand terminatlion of stimulation results in "rebound" feeding
(Bland et al., 1970) and adrenergic stimulation elicits

feeding in satiated rats (Booth, 1967; Coury, 1967).
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Maternal Behavior. Maternal behavior in animals

with sertal damsge has been studied in mice (Carlscn and
Thomas, 1968) and in rats (Slotnick, 1967). Although Slotnick
found no me jor disruption of this behavior, his lesions were
restricted to the posterior pcrtion of the septal area.
Carlson and Thomas (1968), however, found a very marked dis-
ruptlion of this behavior 1in the mouse. An interesting point
of their study is that although mice with septal damage
averags 10 times as many retrieval responses, they took more
then 20 times as long to effectively retrieve the first pup
and most of them never retrieved all the pups in the 15 min.
test (it took control Ss about 1 min.). Carlson and Thomas
estimate that it took mice with septal darage 15 times as

many responses to retrieve each pup =s 1t took control mice.

Q

In addition "although individual species-typical component
acts of maternal behavior were observed, these Ss did not
put many responses together 1n a proper seguence as did Ss

in other groups." (p. 73Z%. Carlson and Thomas suggest that

]

Q

a loss of respcnse inhibition expleins these findings. How-

0

ever, such a losg could be the effect rather than the cause
of the disruption. The brain damaged mice could have the

same drive ag normal mice to retrieve pups but since their

benavior has become fra nted or disintegrated the prcba-

U

bility thet they will prcduce an effective sequence of be-

o
[62]
jAv)

haviors (one that tisfies the drive) is very masrkedly re-

duced. Consequently, thesy must produce many more resnonses
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in order to be effective. In any case it 1s evident that
septal damage markedly 1ncreases the freguency of appearance
of the component acts involved in pup retrieval but just as
markedly decreases their effectiveness.

Nest bullding. Carlson and Thomas also studied

nest building in mice with septal damage. No specific time
ﬁas allotted or behavioral observations taken. However, the
effectiveness of septal damaged mice was markedly reduced.
Most animals with cingulate, neocortical, thalamic or no
damage had shredded 25 pleces of twine and placed it all in
a cup to form a well-shaped nest within a five-day prepartum
period. Septal damaged mice had only shredded some twine
and only placed some of that in a nest. That septal damaged
hamsters aiso do not make nests was observed by Matalka (1967).
In this light it is interesting that humans with tumors of
the septum pellucidum are also unable to keep house (Zeman
and King, 1958).

Hoarding. Both Matalka (1967) and Sodetz and
Bunnell (1970) have noted that hamsters with septal-area
damage do not hoard,»but only moderate (Wishart, Brohman
and Mogenson, 1969) or no (Vanderwolf, 1966) effects on
hoarding in laboratory rats were found. For both hoarding
and nest bullding, however, it would be valuable to have
observations on the actual details of behavior such as those

Carlson and Thomas provided on maternal behavior.
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Social Investigatory Behavior. Social investiga-

tory behavior--initiating contact with another animal--1is
seen more often in animals with septal damage than in con-
trol animals (Sodetz and Bunnell, 1969; Sodetz and Smith,
1966). The surprising finding with regard to this behavior
is that although i1t might be considered inappropriate for
submissive animals (and normal submissive animals show a
very low frequency of this behavior), submissive hamsters
with septal damage show as exaggerated an amount of this
behavior as do dominant hamsters with septal damage. 1In
fact Bunnell and Smith (1966) have noted that septal-damaged,
wild cotton rats persist 1n this approach behavior toward
aggressive opponents to the point of being killed.

Social Aggressive Behavior. Two sorts of social

aggressive behavior have been observed following septal
damage: spontaneous social aggression and shock-induced
social aggression.

Spontaneous social aggression following damage to
the septal area has been observed in the hooded rat (Bunnell,
et al., 1966) the cotton rat (Bunnell and Smith, 1966), the
hamster (Sodetz and Bunnell, 1970) and in humans (Zeman and
King, 1958). A1l these studies show disruption of some type.
The mildest disruption appeared in the rat. These animals
were tested in & situation which required them to compete
from different sides, for which should pass through a doorway

only large encugh for one (the Robin Hood-Little John problemn).
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After septal demage, rats showed more wins than before. How-
ever, this was accomplished in a peculiar manner. Instead

of approaching the doorway, the rat would sit just behind it
and walt for the opponent to approach. When it did some

rats with septal damage would "slash out" with their teeth
bared while others would freeze and refuse to move until

the opponent finally backed out.

In hamsters, septal damage had an effect that was
intermediate between the effect on laboratory rats and the
effect on wild rats (Sodetz and Bunnell, 1970). Septal
damaged hamsters showed an increased amount of aggressiveness
following the operation but would become submissive in the
face of a dominant opponent. Nevertheless, these submissive
animals would persistently approach even the dominant oppo-
nents, so that regardless of whether the animals were sub-
missive, cages with septal damaged hemsters showed more
fighting than those wlth normal hemsters.

In wild cotton rats the normal defense against a
dominant opponent is not submission, but flight (Bunnell and
Smith, 1966). However, septal damaged cotton rats attack
more frequently than control animals even if they had just
previously been injured. If an opponent ran away after an
attack by a septal damaged cotton rat the latter would switch
to some irrelevant behavior. However, if the opponent fought
back and even injured the brain damaged rat, the latter

would run frantically around and around the cage and often
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stop only a few inches from the opponent. If the opponent
did not renew the attack, the brain damaged rat would do so,
even 1f it had just been injured. Such behavior at times
led to the death of a septal damaged rat. In addition,
Bunnell and Smith note that unlike normal wild rats the
brain damaged animals would break off the aggression after
attacking and they were never observed to bite an opponent.

In humans, Zeman and King (1958) noted that septal
tumors resulted in violent anger and threats which were at
times followed by prolonged disorientation. They were made
in the presence of both submissive (children, wives) and
dominant (husbands) persons.

| In conclusion, there are striking species dif-

ferences in the effects of septal damage on aggressiveness.
In general all the species tested attack, or at least in-
vestigate, opponents more freguently. Also, the wilder the
species, the less effective the aggression is (i.e. the more
likely it is that the brain damaged animal will be harmed).
However, the general 1neffectlveness of laboratory animals
in fighting is well known (e.g. See Barnett, 1963). Perhaps,
aggressive behavior is disrupted in all speciles but the dis-
ruption 1s noticeable only with an opponent which provides a
strong stimulus for aggression. Such a notion is supported
by the fact that although enimals with ventromedial hypo-

thalamic (VMH), olfactory bulb (OF) or septal damage all
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attack a provoking object (i.=. a pencil moved toward the
animal) more than control rats both those with VMH and OB
lesions also kill mice more than control rats but those
with septal damage do not (Malik, 1970).

Septal damage leads to an increase 1in the amount
of fighting following footshock (Ahmand and Harvey, 1968;
Blanchard and Blanchard, 1968; Wetzel, Connor and Levine,
1967). Social housing eliminates this effect as it does
hyﬁeremotionality (to be discussed in the next section)
but increased shock-induced aggression is independent of
changes 1n emotionality.

Hyperemotionality. Hyperemotionality or hyper-ir-

ritabllity refers to such behaviors as an exaggerated re-
sponse to a puff of alr or loud nolse, unprovoked or pro-
voked atteck of an inanimate object (e.g. a stick or pencil),
and great resistance to capture or handling in a normally
tame variety of animals. Several early studies (Fulton and
Ingram, 1929; Ransom, 1895; Spiegel, Miller and Oppenheimer,
19,,0; Wheatley, 19ll) suggested the involvement of the septal
area in such behaviors, but these studies did not use stan-
dardized lesions or behavioral testing procedures and the
crucial involvement of the septal area remained relatively
obscure. However, since the original controlled study of
Brady and Nauta (1953) in which damage was confined to the
septal aresz and systematic observations in standard situa-

tions were used, the phenomenon has been subjected to a
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large number of studles. It 1s greater 1in hooded rats than
in albino (Wistar) rats (King, 1959) and it is produced
with either irritative or non-irritative lesions (Reynolds,
196l). It gradually disappears with normal housing (Heller,
Harvey and Moore, 1962; Seggie, 1968; Singh, 1969; Wetzel

et al., 1967) and this decline 1s facilitated by handling
(Brady and Nauta, 1953, 1955; Seggie, 1968), paired housing
(Brady and Nauta, 1953, 1955) or shaking (Seggie, 1968).
Amygdaloid damage has been found to prevent it by some au-
thors (King and Meyer, 1958; Schwarzbaum and Gay, 1966)

but not by othsrs (Kleiner, Meyer, and Meyer, 1967). On

the other hand neocortical lesions (located almost anywhsre
but fairly sizable) prevent the usual abatemsnt (Clark,
Meyer, Meyer and Yutzey, 1967; Yutzey, Meyer and Meyer, 196lL;
Yutzey, Meyer and Meyer, 1967) and cortical épreading de-
pression causes it to reappear after abatemsnt (Cytawa and
Teitelbaum, 1967).

Hyperemotionality appears to be an effect of tumors
in the area of the septum pellucidum of humans (Zeman and
King, 1958) and it is probably an effect of lesions in the
rabbit (Green and Arduini, 195L, reported heightened fear-
fulness after septal lesions) but it does not appear to any
great extent after septal lesions in rhesus monkeys (Votaﬁ,
1960), squirrel monkeys (Buddington, King and Robsrts, 1967),
cats (Bond, Randt, Bidder and Rowland, 1957; Heath, 195L;

Moore, 196lL; Wheatley, 19LL; but Spiegel, Miller and Oppenheimer,
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1940, did report a sham rage type reaction after septal
lesions in cats), gulnea pigs (Nauta, reported in Sodetz

et al., 1967), cotton rats (Bunnell, reported in Sodetz

et al., 1967) or hamsters (Sodetz et al., 1967). In addi-
tion it does not appear in rats with unilateral septal damage
(Green and Schwarzbaum, 1958) and medial septal damage pro-
duces placidity (Clody and Carlton, 1969). In fact, after

a study of the neural structures involved in hyperemotion-
ality Turner (1970) concluded that its appsarance was not
assoclated with septal area damage per se, but rather it

was associated with damage to the stria terminalis. PFurther-
more, although many authors have looked for relations between
hyperemotionality and other behavioral effects of septal
damage, tolmy knowledge no cne has reported such a relation
in the literature. This fact lends soms plausibility to
Turner's conclusion, especially since 1t 1s difficult to
confine brain lesions to a precisely defined anatomical
locus. Nevertheless, more evidence 1s needed to substanti-
ate Turner's conclusion. In addition, more preciss measure-
ments of emotlonality and further studigs of its relation to
other behavicrs would be helpful.

Exploratory Behavior and Activity. Detailed obser-

vations of the sequential pattern of exploratory behavior in
septal damaged animals have not been made. However, much 1s
known about the overall level of activity and the frequency

of specific acts. In a 20 minute test in 2n enclosed (no
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pair of walls were wmore than 6 inches apart), brightly 1it
maze, septal dasmaged rats rear less and groom more than
normal rats (Dirlam, 196%). In shorter tests (5 minutes)
in an open field they also rear less than normal animals
but in this situation they sniff more (Novak and Pihl,
1969). Also, in an open field septal damaged rats show a
longer latency to begin exploration, spend less time in the
center after they begin exploring, investigate a novel ob-
ject less than controls (Corman et al., 1967) and show less
overall activity (Corman et al., 1967; Gotsick, 1969;
Schwarzbaum and Gay, 1966) as do septal damageld hamsters
(Sodetz and Bunnell, 1970). On the other hand Donovick

and Wakeman (1969) report enhanced open-field activity in
elther briéht or dim light following septal damage. 1In
support of ths findings showing a decrsase in activity due
to septal damage, such rats show less activity in running
wheels whether tested over a fraction of a day (Kenyon,
1962; Douglas and Raphelson, 1%966b) or over several days
(Dirlam, 1969) and they show less actlivity when tested by a
device which 1s sensitive to the changes produced in an
electromagnetic field by movements of the animals (Pihl and
Greenberg, 1969). Clody and Carlson (1969) also found that
septal damaged rats were less active, but on the other hand
they were faster tc climb out of an enclosure. Thzse rats

also are mcre zctive during short tests in photocell cages
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cages as normal animaels when tested for several days (Dirlam,
1969). In addition Nielson, Mc Iver and Boswell, (1965) and
Schwarzbaum, Green, Beatty and Thompson (1967) found that
septal damaged rats explore more than control rats in a dim,
enclosed apparatus.

Beginning attempts to determine the relation be-
tween the effects of septal lesions on the responses to novel-
ty and on various other behaviors have been made recently.

In that study 1t was found that rearing during 2, 20-minute
tests of exploratory behavior was significantly positively
correlated with the total amount of wheel running in a con-
tinuous 2 week test and both were significantly negatively
correlated with grooming during the exploration test (Dirlam,
1969). This suggests that changes in these three behaviors
with brain damage may all be due to one common cause.

Given the rather mixed effects of septal lesions
on exploratory behavior, it appears that some new approaches
are needed. One possibility would be to do an analysis of

the sequential pattern of the actusl details of behavior
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(such as that done by Hopkins, 1969, ot
to determine whether the activity of septal damaged animals
appears more sterectyped than that of control animals. In

By

addition

, some attempt to determine the effectiveness of

exploratory behavior should be made (e.g. latent learning

tests or times to find hidden escepes, food or water).
Finally, much more work on the relaticn between the effects
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of septal damage on exploratory behavior and those on other

behaviors is needed.

Learned Behaviors

There are a large number of studies on the effects
of septal damage on various learning tasks. Since the natu-
ral patterns of behavior serving consummatory goals (e.g.
eating or drinking) differ considerably from those serving
escape or avoidance of pain (see Bolles, 1969; Breland and
Breland, 1966), behavior serving these different goals will
be considered separately. A further distinction will be
made between the motor requirements of the tasks--whether
they require locomotor or maenipulative responses (bar press-
ing or other responses requiring primarily the use of the
forepaws).

Learning with Consummatory Goals: Locomotor

Responses. The first experimental findings on the effects
of septél lesions cn the learning of locomotor responses for
consummatcry goals were those of Thomas, Moore, Harvey and
Hunt (1959). According to thelr findings razs with septal
damage make more errors in learning a complex (Lashley III)
maze but also run faster than control rats. In addition
Carey (1968b) found an élmost complete retention loss of

a preoperatively learned, four-choice T maze. In later
studies (Barker, 1965; also see Thomas et 2l., 1968), Thomas
and his colleagzues fbund that septsl damaged rabts would not

N

alternate thelr running speeds in & straight 2lley as normal
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rats do when reinforcement 1s withheld on alternate trials.
Also, unlike normal rats that alternate arms of a maze when
all choices are reinforced, rats with se?tal damage do not
alternate (Dalland, 1970; Winocur and Mills, 1969). How-
ever, this effect appears to be a perseveration of stimuli
rather than of responses because 1f the starting point is
reversed (in a + maze similar to that used by Tolman, Ritchie
and Kalish, 1946) septal-damaged rats will perseverate stimu-
1i (arms of the maze) rather than responses (direction of
turn; Dalland, 1970). The perseveration of stimull may be
due to an exaggerated aversion toward light that was noted
in animals with septal 1esions (Ellen and Bates, 1970;
Schwarzbaum, et al., 1967). Although Dalland (1970) used

a maze with black and white arms he did not mention which
was chosen by his animals with septal damage. In addition

to deficits in spontaneous alternation 1t has also been
demonstrated that septal damage results in an inability %o
learn a spatial alternation (Schwarzbaum and Donovick, 1968).
However in agreement with the original findings of Thomas

et al. (1959) septal damaged rats perform responses faster
than normal rats in the alternation task. On the other

hand, the increase in errors and faster running speeds were
not found in a recent test using the Hebb-Williams maze

(Ain, Lubar, Moon and Kulig, 1969). However, thelr lesions
appeared to be somewhat smaller than those of Thomas et al.

(1959) and no hyperemotionality was found.



25

On several other locomotor tasks there seems to
be no effect of éeptal damage on original learning, but
deficits in the reversal of this learning have frequently
been found (Donovick and Schwarzbaum, 1966, 1968; Gittelson
and Donovick, 1968; Hamilton, Kelsey and Grossman, 1970;
Kasper, 1965; Schwarzbaum and Donovick, 19468). Ths one
exception that has been noted is that there is no deficit
in the reversal of a response requiring the rat to shuttle
between compartments and press one of two bars (Schwarzbaum
and Donovick, 1948). Even in this case there was no ef-
fect of the lesions in only one task, a brightness discrimi-
nation, while there was a deleterious effect on a position
discrimination. ‘The former problem required an average of
150 or mofe trials for the control rats to learn or to re-
verse, while the latter required only 18 to learn and 68 to
reverse. Although septal damage appears to have no effect
on the original learning of these simpler tasks, 1f the
operations ars performed after learning is complete they
mildly impair retention (Kleiner, Meyer and Meyer, 1967).

A recent finding about which there 1s still some
confusion is that septal damage results . in an enhanced ten-
dency to avoid open places (sometimess called "thigmotaxis").
Green and Levinthal (1967) noted that all rats would take a
long route toward s goal that involved staying near a wall
rather than a shorter one which involved entering the center

of a field. However, normal rats quickly learn to take the
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shorter path while septal damaged rats stick to the longer
one. This finding was confirmed in a study using the Dashiell
maze (Ellen and Bate, 1969). On the other hand, Clody and
Carlson (1969) found that septal-damagsd rats would take a
direct route across the center of an open field (in order
to drink sucrose) more often than normal rats would.

In conclusion, septal lesilons appear to have
little or no effect on the original learning of locomotor
responses, but they do affect the reversal of such learning.
However, more informatlion on the abllity of septal damaged
animals to learn other sorts of locomotor tasks such as the
delayed response (Hunter, 1917), umweg (Tolman and Honzik,
1930) and reasoning problems (Maler, 1929, 1932) would be
helpful. In addition attempts should be made to pick tasks
that are "natural" for normal animals--e.g. teaching a cow
to run for food (Breland snd Breland, 1966) or a rat to
rear in order to avold shock (Bolles, 1969) are not "natural"
tasks.

Manipulatory Responses. Rats with septal damage

bar-press more than control rats when there is no reinforce-
ment (Schwarzbaum, Kellicutt, Spieth and Thompson, 196L)
well as when food cr sucrose solutions are used as a rein-
forcer (Beatty and Schwarzbaum, 1968; Buckland and Schwarzbaum,

1970; Ehrlich, 1963; Ellen and Powell, 1962; Ellen Wilson

and Powell, 196lL; Holdstock and Edelson, 19469; Kenyon, 1962;
Schwarzbaum and Gay, 1C64) . They also show grester resilistance
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to extinction (Butters and Rosvold, 1968a, b; Carey, 1967a)
but only 1f the septal damage 1s made before training. If
the damage is made after training resistance to extinctibn.is
less (Carey, 1967a), which probably indicates that thers is
some retention loss as XKleiner =t al. (1967) found.

As mentloned above rats with septal damage have
no difficulties with the original learning of brightness
or position discriminations. This holds true for the
learning of a position discrimination in the WGTA by cats
with septal lesions (Zucker and Mc Cleary, 1¢6L) and for
learning to dlscriminate how much the wall holding a lever
is tilted (Holdstock and Edelson, 1969). But the rats men-
tioned above did have difficulty with reversal. Similarly,
cats with septal damage have difficulty reversing 2 position
discrimination (Zucker and Mc Cleary, 196L).

One of the most striking effects of septal denacge
on learned manipulative responses is the effect on DRL per-
formance. Both learning to produce the low rates of re-
sponding and retaining them when they were preoperatively
learned is disrupted by septal area damage (Agnew and Meyer,
1969; Burkett and Bunnell, 1966; Caplan and Stamm, 1967;.
Carey, 1967b, ¢, 1968; Ellen and Butters, 1969; Mac Dougall,
Van Hoessen and Mitchell, 196%a, 1969b). The deficit cannot
be simply a disruption of time estimation because animals
with septal damage "scallop" normally on a FI schedule

(Beatty and Schwarzbaum, 19468). Also 1t is epparently not
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due to increased motivation, which increases the number of
responses per reinforcement (i.e. decreases the efficiency)
of normal rats, because rats with septal damage perform
worse than normal rats with even 72 hours of water depri-
vation. Caplan and Stamm (1967), however, have made con-
siderable progress 1in elucidating the disability by showing
how the bralin damaged animals can be taught to perform the
low rates of responding. If training is begun with short
(L sec.) delays which are increased by 2 sec. each time the
animals beglin performing at criterion level (reinforcement
to response ratio of 50%), then septal-damaged rats perform
as well as control rats. It would be interesting to know
if other learning deficits (such as those on the Lashley III
maze) could be cvercome by the use of gradual tralning.

Escape or Avoldance Learning: Locomotor Responses.

There are three kinds of avoldance learning that involve
locomotor responses. One involves having the animal move
away from an unsafe place to a safe one; the second involves
punishing the animal for spontaneous locomotion (movement
inhibition training); and the third involves training ani-
mals to make a locomotor response and then punishing it for
making the response (passive avoidance). These three kinds
of avoidance will be considered separately.

marked impairment in

Septal damage results in

I\v)

the abllity to learn to move from an unsafe place to a safe

one when the two locstions maintain & constant positicn
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in space. This is true for tasks requiring running of rats
(Kenyon, 1962; Kenyon and Krieckhaus, 1965, Mc New and
Thompson, 1966; Vanderwolf, 196l, 1967) or of hamsters
(Babbini and Davis, 1967) and of those requiring jumping.
of cats (Hamilton, 1969; Hamilton and Grossman, 1969).
Attempts have been made to explain away these defects as being
caused by an aversion on the part of septal damaged animals
to the handling that takes place in the safe part of the
apparatus (Zucker, 1965; Mc Cleary, 1966). In fact Zucker
(1965) using a shuttle box, each end of which rotated 180°
after each trial, found an improvement 1n learning following
septal area damage. He considered that this apparatus was
the same as other one-way apparatus except that no handling
was required. However, Krieckhaus (1965) has argued that
the cats in this situation were probably taking thelr cues
from inside Zucker's apparatus and that in effect thils made
it more similar to a shuttle box (see next section). A
method of returning septal damaged animels to the start box that
is not aversive to them would help resolve this conflict.
Considering movement inhibition training, Blanchard
and Fial (1968) found no effect-of septal lesions on the
amount of crouching or on the number of passive avoldance
errors in a runway with an 8" square island in the center.
On the other hand, septal lesions do retard learning to stay
on a safe perch (Novak and Pihl, 1969; Winocur and Mills,

1969). The perches used for the latter tests were smaller
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than the 8" square and therefore, the negative findings of
Blanchard and Filal may be due to the large safe area used
in thelr study.

Mowrer (1960) and Bolles (1970) have pointed out
that the shuttle box procedure of tralning loccmotor avold-
ance responses requlires animals to return to a place where
they were previously shocked and therefore, is likely to
produce the same kind of inhibition that passive avoidance
training produces. This argument may explain why It takes
roughly 10 times as many trials for normal animals to learn
the locomotor response in a shuttle box as it tskes them to
learn the same response in a one-way (running-to-safety)
apparatus (e.g. see Bolles, 1970). It was an early and
often repeéted finding that septal dysfunction facilitates
learning the shuttle-box avoidance response (Buddington
et al., 1967; Donovick, 1968; Fox, Kimble, and Lickey, 196l;
Green, Beatty and Schwarzbsum, 1967; Green and Schwarzbaun,
1968; Hamilton, Mc Cleary and Grossman, 1968; Hamilton,
1969; Kenyon, 1962; Kenyon and Krieckhaus, 1965; King, 1958;
Krieckhaus, Simmons, Thomas and Kenyon, 196lL; La Vacque,
1966; Lown, Hayes and Schaub, 1969; Matalka, 1968; Mc Cleary,
1961; Meyer, Johnson and Vaughan, 1970; Novak and Pihl, 1969;
Schwarzbaum, et al., 1967; Trafton, 1967; Van Hoessen,

Mac Dougall and Mitchsll, 1969). The effect 1s found in
the squirrel monkey (Buddington et al., 1967), gulnea pig

(Lown et &l., 1969) and hamster (Matalka, 1968) as well as
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in cats and rats and it persists when septal leslons are
combined with total neodecorticaton which normally severely
impairs leaning (Meyer et al., 1970). It is often accompanied
by a greater amount of intertrial responding (Donovick, 1968;
Green et al., 1967), but this is not necessary since middle
septal lesions (i1.e. at the middle of the septal area along
the anteriocr-posterior dimension) produce the facilitation
of learning without greater intertrial responding (Donovick,
1968). 1In addition the amount of performance improvement is
significantly correlated with the disruption of the CER (a
measure of freezing) but this correlation explains only 11%
of the variation (Trafton, 1967). It 1s alsosccompanied by
greater resistance to extinction (Hamilton et al., 1968;

La Vacque, 1966). That improvement in the performance of
this problem 1s an indicatlon of dysfunction 1s strongly
suggested by the findings of Novak and Pihl (1969) which
show that large doses of amphetamine (3 or 9 mg/kg) which
can lead to complete disorganization of behavlor, improve
performance on this task in animals without brain damsge.
That both the lesion effect and poor performance of normal
animals 1s due to the punishment of effective responses is
strongly suggested by the fact that both septal damaged and
normal rats learn to shuttle for food in less than twenty
trials (Schwarzbaum and Donovick, 1966) but 1t takes several
times as many trials for them to learn to shuttle under

shock inducement. It is interesting in this context that

o]
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it takes approximately as long for septal damaged animals to
learn the shuttle avoildance as it takes them to learn the
one-way active avoldance, even though they are better than
normal animals on the former and worse on the latter. This
suggests that the shock for returning to the previously safe
compartment has little effect on these animals.

The conclusion that punishing learned locomotor
responses has little effect on animals with septal damage
is supported by tests 1n situatlions oﬁher than the shuttle
box. Whether the original response was food motivated (Fried,
1969; Ursin, Linck and Mc Cleary, 1969; Van Hoessen et al.
1969; Wishart and Mogenson, 1970), water motivated (Fox et
al., 196L; Hamilton et al., 1970; Mc Cleary, Jones and Ursin,
196l ; Middaugh and Lubar, 1970) or shock motivated (Mc New
and Thompson, 1966), animals with septal dysfunction are
more persistent in meking the response after receiving shock
for making it than normal animals are. However, if the ap-
proach response is water motlivated and they receive quinine
for making the response, they are less persistant than normal
animals (Gittelson, Donovick and Burright, 1969). This last
finding suggests that septal damaged animals can be flexible
onlj when both the reward and the punishment are part of the
same closely related system (1.e. the drinking system--water
reward and taste punishment are related but water reward and

foot-shock are not).
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Manipulatory Responses. Findings concerning the

acquisition of the CER, which involves manipulatory-response
suppression are somewhat mixed. Brady and Nauta (1953)
found no effect of septal damage but Trafton (1967) found

an lmpairment. Harvey, Jacobson and Hunt (1961) and Tracy
and Harrison (1956) found retention deficits and the former
authors noted that 1f the animals were tested at least 16
weeks after the operation, there was also a learning deficit.
In addition either contingent (Brady énd Conrad, 1960) or
non-contingent (Goldstein, 1966) septal stimulstion retards
acquisition of the CER (suggesting a dlsruptive effect of
the stimulation on normal septal functioning),

Morgan and Mitchell (1969) have found that septal
damaged animals learn to press a bar in order to postpone
shock faster than normal animals do. The brain damaged
rats also press less frequently than normeal rats and there-
fore, are much more efficient. However, 1t took normal and
septal damaged rats four li-hour sessions to reach sn optimal
rate of respondin: and Bolles (1969) has argued that this
response 1is not really effective from the animals point of
view because 1t does not permit escaps from the situation.
In additlon Bolles found that normal animals could learn
the bar-press avoldance response only by first freezing on
the bar. Thus, it would be helpful tc know the latency to

freeze near the bar of septal damaged and control rats.
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Conclusiorsg fcr Avoidance Leasrning. In the

learning of avoldance responses septal damaged animals

appear to be impaired on easy tasks and actually better

than normals on difficult btasks (easy and difficult are
defined in terms of the amount of time required for normal
animals to learn the task). However, according to Bolles
(1969, p. 35) "For an avoidance response to be rapidly
learned 1in a given situation the response must be an effec-
tive SSDR /speciles specific defense reactiog7 in that situ-
ation." By "effective" Bolles means functionally effective--
i.e. actually making flight possible. Buﬁ the difficult
avoldance sltuations described above do not maeke flight
possible. Therefore, 1t appears that septal damaged rats

are better than normal rats at learning functionally in-
effective responses and at the sazme time they are much poor-
er at learning functlonally effective ones. 1In futgre stu-
dies 1v would probably ald our understanding if more attention
were paid to the actusl detalls of behavior in the learning

situation.

General Summary and Conclusions cof the Behavioral

Syndrome of Sental Damage.

The mechanisms for the production of freezing,
thermoregulation sleeping and sexual behavior are only
wildly 1f at all disrupted by septal damege. Also the

main effect on grooming, feeding and drinking eppears to
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be only an enhanced probability of occurrence of some com-
ponents of these behaviors. In animals with genetic disrup-
tion of aggressive behavior (laboratory rats), there 1s an
inoréased frequency of some components of the behaviors
while in animals 1In which effective aggressive responses
have survival value (wild rats) there 1s a severe disrup-
tion combined with an increase of some component acts.
Maternal behavior, nest bullding and possibly hoarding

are almost totally blocked by septal lesions but again some
components of at least maternal behavior increase in fre-
quency. Findings concerning exploratory behavior seem to
depend very much on stimulus conditions but much work is
needed before these effects are thoroughly understood.
Septal damage has 1little effect on the original learning

of tasks which use consummatory rewards, but it does af-
fect the reversal of this learning. However, 1little is
known of the effects of septal damage on learning which
requlres complex processing such as umweg, delayed responses
and reasoning tasks. Septal damage does rssult in marked
deficits in learning to produce low rates of bar pressing
unless gradual training methods are used. Regarding avold-
ance responses, septal damage appears to disrupt the learn-
ing of effective responses (those that make species specific
defense responses, SSDR, possible), but improves the ability

7

to learn ineffective responses {l.e. bar pressing, a task
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which does not permit SSDR). However, this concluslion 1s
still being questioned because of the effects of intertrial
handling on septal damaged rats. Finally, although attempts
have been made to generalize about the syndrome of septal
dysfunction (e.g. Mc Cleary, 1961, 1966; Thomas et al.,
1968), there is no widespread agreement.

In general, where there 1s most disagreement about
results and interpretations, detailed observations of be-
havior and interpretation in terms of the response effec-
tiveness or value to the survival of the animal have not
been made., In additlon, studies that show interrslations
betweeh,the effects of a number of measures and several
tasks in the examlnation of each animal would be quite.help—
ful in declding not only which generalization would be ap-
propriate but alszc whether a single generalization about the

syndrome of septsal dysfunction should be sought.

The Present >Study

The present study examines the effects of damage
to the septal and/or surrounding areas on a variety of be-
haviors. The behaviors include drinking, hyperemotionality,
exploratory behavior, sscape behavior, nassive avoidance be-
havior, learning and performance of movement inhibition, 2nd
jump avoldance behavior. Drinking was measured daily for

approximetely one month. Hyperercticrzlity was rated several
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times by four ratsrs using both a new and a previously used
rating scale. Components of exploration in an open field
were sampled and recorded every 12 sec. for 5 or 3 min.
tests on L different days. Escape to a safe, 36 in.2 is-
land in the middle of an open fileld with an electrified
grid floor was tested by continuous shocking on alternate

6 sec. periods for 20 min. Passive avoldance was measured
by the latency to descend from 36 in.< and 6% in.2 islands
in the center of the open field. The criterion latency was
60 sec. Movement inhibition was tralned by shaping Ss to
escape first to the large island and then to the small is-
land in the center of the open fileld, and 1t was tested by
placing Ss on the grid with the small island in the center
and leaving them there for 60 min. on two different days.
Jump avoldance was tested in a 1 cu. ft. box with a safe
shelf around the top and a grid floor. A 15 sec. shock
latency was used in one experiment and a 5 sec. latency in
another., Later experiments tested for order effects Involv-
ing the tests of jump avoidance learning and movement 1inhl-
bition, and for the effects of additional braln damage to
areas surrounding the septal srea, which included the pre-
optic area, the caudate nucleus and the medial frontal
cortex. For this study the safe island was at the periphery
of the field and no shaping was used. A final experiment
tested the effect of below-the-grid rather than overhead

lighting on jump avoildance learning of septal damaged rats.



CHAPTER 2
EXPERIMENT 1
Method

Sub jects

The Ss were 32 male albino rats (Sprague Dawley)
from Woodlyn Farms welghing 265-325 g. (mean = 285 g.) at
the time of the cperations. All Ss were housed singly in
constant light et room temperature. All Ss were weighed
immediately before the operation and again immediately be-
fore they were sacrificed. The time span between these
dates ranged from 106-117 da. Because of this variability,
measures of welght gain over this perlod were stated in

terms of gain per day.

Surgery and Histology

Nembutal anesthesia was used. Electrodes were
0.010 in. diameter insulafted nichrome wire with bare tips
of 1.0-2.0 mm. They were positioned in the medlal portion
of the septal area by msans of a Krieg stereotaxic instru-
ment, with the electrodes entering 1.5 wm. anterior to

38



39

bregma and 1.5 mm. lateral to the midline, and lowered to
5.5 mm. ventral to the dura at an angle of 14° in order to
avoid puncture of the superior sagittal sinus. Electrolytic
lesions were made by passing 3 ma. DC for 20 sec. through
the electrodes. In order to prevent excessive pitting of
the electrodes, they were revlaced after being used during
electrolysis for a total of approximately 1.5 min. Thermo-
coagulation leslons were made by heating the electrodes by
means of a Grass radio-frequency (2 mégacycles) lesion maker.
The current was adjusted to a value slightly less than suffi-
cient to cause the audible "pop" or steam bubble that can be
generated by heating the electrode tip (e.g. see Hoebel,
1965) and for a total of 7 sec. Sham operations were pro-
duced In control animals by the same method as the normal
operation except that no current was used. Originally,
there were 12 rats 1n each of the 2 lesion groups and 8
rats in the control group. Howevsr, 1 rat with a sham
operation and 1 with a heat induced leslion diled during the
experiment and histologlcal study showed that 1 rat wilth an
electrolytic lesicn had unusually little damage and 1 rat
with a heat-induced lesion had extensive damage in the dien-
cephalon. This left 11 animals 1n the DC lesion groupn, 10
animals in the RF group and 7 animels in the control group.
At the end of the experiment, all animals were

sacrificed, perfused with normal saline and 10% formalin,

o

and their brains were extractec for later sectioning.
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Sections from sll operated énimals and 2 control sanimals

were taken at 1£y?and stained with haematoxylin and eosin

for histological examination. When extent-of-damage measures
were used, these were done by ranking the extent of damage

in different animals on the basls of apparent differences.
Those with small or non-obvious differences were glven tied
vranks.

Water Consumption

Water consumptlon was measured daily from the
time of the operation until 36-0 da. afterwards. Tap water
was used and measurements were taken by weighing the bottles
at the same time every day. Water and bottles were changed
weekly at the-time of weilghing.

Emotionality Rating

Emotionality ratings were done 1L, 16 and 29-33
da. after the surgical operation. Two rating scales were
used. One was identical to that designed by Brady and
Nauta (1953) and the other scale was similar except that
behavior indicative of each value on the scale was speci-
fied, and in acdition to the situations described by Brady
and Nauta, the reaction of the animals to a puff of air was
observed. The behavior which defined each scale value was
based on descriptions of emctlonal behavior of rats. Thus,
there were four situationsg: a puff of air was directed at
S when the cage was still closed; a pencil was presented

one in., from S's snout; S was prodded with the pencil; and
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S was captured and handled. For each of these situations,

2 points were given for vigorous attack with biting or for
vigorous, Jumpling escape, 1 point was given for elther
threat behavior (rearing with forelimbs extended and mouth
open without falling back against a wall for the 15 sec.
duration of the situation) or running escape (all four legs
move at least once in quick succession), and 0 points were
given for any other behavior including freezing, submissive
threat (rearing with forelimbs extended, back against a

wall and thus, adopting a poor posture for defense) or slow
withdrawal. In addition 1 point was added to the score for
each situation 1f the animal vocalized. Finally, 1 point
was added to the total score of an animal for showing each
of the following responses at any time durlng the test:
urination, defecation and piloerection. There was a minlimum
score of 0 and a maximum score of 15 on the test. Two raters
each using 1 of the 2 scales rated emotional behavior on day
1l and this was repeated by 2 different raters on da.16. Ap-
proximately 2 weeks later all I raters simultaneously rated
the Ss using the same scale they previously used. All L
raters were experienced in handling animals, but had not
previously used these scales.

Exploratory Behzvior

Behavior of each S in the open field was observed
for 5§ min. on the 15th and 16th da. after the operation and

for 3 min. on the 2Lhth and 38th da. after the operation.
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The open fleld was identical to that used by Broadhurst
(1961) except that a small enclosure was placed near the
wall (see Fig. 1). The field waz a round wooden enclosure
32 in. 1n diameter with 12 in. high walls. The floor was
light colored linoleum and the walls were white except
those of the enclosure which were natural wood. The fileld
was marked off into 19 areas of equal size (approximately
L2 sq. in.) and 2 of these areas were divided by the en-
closure. The areas were aszigned a number from O to 6 ac-
cording to their distance from the enclosure and from the
wall (see Fig. 1). The only light was provided by an ordi-
nary desk lamp with a 60 W bulb and was placed opposite the
enclosure (which, therefore, was only indirectly lighted)
approximately 6 in. from the wall and 18 in. above the field.
The observer sat behind the enclosure and was divided from
the field by a one-way screen. Sound was kept to a minimum
except for a time marker which clicked every 12 sec.

During each test perilod, the S was placed in the
center of the fileld. The area number was recorded whensver
the S moved all four legs from 1 of the 21 areas to another.

Behavior (walking

o

turning, rearing, chewing, grooming,
sniffing, lying or freezing) which was in progress at each
click of the 12 sec. time marker and the total number of
fecal boluses during the test were recorded. The latency
to move, to reach the wall after moving and to reach the

enclosure after finding the wall, the time spent in the
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enclosure, the frequency of entering the enclosure, the
number of times leaving the wall, the total distance tra-
versed, the frequency of different behaviors, and the
change of behavior during and between tests were determined
from these observations.

Escape Training

The escape tralning was conducted in the movement
inhibition apparatus which was a square open field 2 in. x
2h in. x 18 in. high with a grid floor and a 6 in. square
" wooden island in the center. ZEscape from the grid to the
island proved to be a difficult response to establish in
this apparatus. Other research has established that the
response will usually occur spontaneously if the grid is
narrow (Téitelbaum and Milner, 1963) or if the island is
placed adjacent to the wall (BExperiment II of thls report).
Nevertheless, in the open field with the i1sland in the
center, the first attempt to "train" the animals by making
escape from shock contingent upon climbing onto the 1slend
was unsuccessful except in a few cases. Therefore, thls at-
tempt (which will be called "escape testing") was followed
by pessive avoldance tests and shaping of the escape response
(the term "escape training” will subsequently be reserved
for the shaping of the escape response).

For the escape test the Ss were placed on the grid
and allowed 15 min. sxploration before testing. During the

test, scrambled, 1 ma. electric shock (from a 28 VDC vower
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supply) was applied through the grid‘continuously for 6 out
of every 12 sec. This part of the procedure was terminated
after 20 min. or after the S had remained on the island
continuously for 60 sec. (of the 28 Ss only 8 including L
control Ss had learned to find the lsland within the 20
min. period). The number and latency of escape responses
and freezing responses were recorded as well as the number
showing threat responses and the number of Ss reaching the
island.

After the original escape testing all Ss (whether
or not they had previously been on the island) were given
passive avoidance training. For this, the animals were
placed on the large island with the grid electrified so
that theycwere shocked immedlately if they descended from
the island. Once they left the island, they were allowed
30 sec. to return to i1t before the trial was terminated.

If the animals remained on the island for 60 sec., training
was bterminated. The number of trials to the criterion of
60 sec. for each S was recorded.

After the passive avoidance response was established,
escape tralining was begun. For this the animal was placed
on the electrified grid and allowed 30 sec. to find the is-
land. If the island had not been reached during this period,
shaping was begun (i.e. successive approximations toward the
island were rewerded by temporary termination of the shock).

Shaping was ccotinued until the animsl climbed on the island
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and remained there for 60 sec. This procedure was repeated
until the animel had found the island with the 30 sec. period
of continuous shock (i.e. without shaping) on five succes-
sive trials.

After the animasls had learned to escape to the
large island, the passive avoldance and escape training
were repeated with the small (2.5 in. x 2.5 in. square)
island. The number of trials with shaping and the mean
escape latency on the last criterion trials were recorded.

Movement Inhibition Test

The day after the final escape tralning and again
2-3 wks. later, the Ss were given l-hr. tests of movement
inhibition. This was done by placing the Ss on a grid elec-
trified with 1 ma. scrambled shock. The 2% in. island in
the center of the field was mounted on a micro switch which
advanced an electromagnetic (Mercury) counter when changing
from a down to an up position and activated a Rustrak re-
corder when 1t changed positlion. The time rsquired to get
on the island and the frequency of descending from the is-
land during each of the two, one-hour tests were recorded,

Active Avoidance Learning

One to two weeks after ths second movement inhil-
bition test (11-12 wks. after the operation), the §s were
trained on 2 simple active avoldance learning problem. The
apparatus which was similar to that describsd by Vanderwolf

(196

O

) was a 12 x 12 x 12 in. plywood box with & grid floor
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and a 2-3 in. wide shelf surrounding the box, 3 in. below
the upper edge. A small carrying box measuring 6 x 6 x

iz in. housed the rats during the intertrial interval of

30 sec. Animals with septal lesions are highly resistant
to handling especially in avoidance situations, a factor
which might affect scores on behavioral tests. A method
was devised for handling such animals without disturbance.
When animals jumped to the shelf the carrying box was placed
in front of them. If the animal did not enter the box
spontaneously it was tepped on the back lightly with the
lid. After the animals entered the box, the 1id was placed
on 1t for the duration of the trial.

After allowing 15 min. exploration, the Ss were
put on the grid and left for 15 sec. If they had not
jumped from the grid to the ledge in this period, they
were given 2 ma. shocks of short duration every 2-3 sec.
until they escaped. The latency of the response was re-
corded and training was terminated when the S had avoided
the shock on 9 out of 10 trilals.

Statistical Methods

For a large number of the analyses in this experi-
ment, the Mann-Whitney U was used. In the case of a large
number of tied scores, the correction suggested by Siegel
(1956) was used. In cases where i1t wes likely for a dif-
ference to be in either direction (as in comparisons between

the two brain-damaged

0q

roups) significance levels were based
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on a two-talled test; otherwise (as in comparisons bestween
brain-damaged and control $3s) one-tailed tests were used.

The interrelations between behaviors were analyzed
by means of rank-order correletion coefficlents (Spearman's,
corrected for ties) which detect variability about positively
or negatively sloped lines regardless of curvature (except
for lines with multiple and/or U shaped curves). These were
computed by an IBM 1130 computer. Only 16 behavioral vari-
ables were used in this analysis since 1in the others there
was too little variabllity for the correlations to be mean-
ingful, or not all the Ss in some group(s) were measured,
or there was no significant relation to any of the other
measures (only two variables were rejected for this last
reason; they were boluses in the open fleld and welght
gain). This left 120 correlation coefficients for each of
the three groups.

The remaining correlations were analyzed primarlily
by inspection. The traditional methods of handling large
numbers of correlations were inappropriate because the Ns
were too small for factor analysis and cluster analysis
produces varying results depending on minor variations in
the criteris used. The reasoning behind the %articular in-
spections made is as follows. The main point of concern in
examining the correlations 1s whether glven measures of be-
havior ﬁeasure the same thing in different groups of animels.

3 Ea)

For exemple 1nactivity could be due to elther freezinz or
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relaxation. If it were due to both, the correlation between
a pure measure of freezing and lnactivity would not be per-
fect. One indicatlon of whether the behaviors underlying a
measure are the same in both groups is to observe whether

the measure 1s correlated with other measures in the same
way in both groups. This was done by inspection but as a
purely descriptive index of the similarity, the rank order
correlation of the two patterns of correlations was computed.
If the patterns of correlations are similar, then it 1s very
likely that they are measuring the same factor in both groups.
For example, if inactivity in one group of rats is highly
positively correlated with three other measures, highly
negatively correlated with six measures and only moderately
correlated with five measures and 1f the same relations are
true for a second group of rats, 1t 1s very unlikely that

the behavior being measured 1s not very similar in some im-
portant respect (in addition the rho between these two pat-
terns of correlations will be very high). On the other hand
if the correlations of inactivity with other behaviors are
different in the two groups (if the correlation of the cor-
relations is low), there are two main possibilities. The
measure could be measuring different things in the two groups
or it could be an inadequate measure (not precise enough to
distinguish accurately between animals) in one or both of

the groups. However, a measure that has several very high

correlations with other me

(4]

sures on the same animels, clearly
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must be able to distingulsh accurately betwsen animals.
Therefore, a measure that correlates highly with other
measures 1n different ways in different groups must be
measuring different things. Of course these different
"things" can either be different behaviors or different
causes or both, but that is a problem for further experi-
mental analysils.

In summary, the method used to analyze the corre-
lations was first to look for measureé that correlated 1in
different ways in different groups (e.g. there was a O or a
- correlation between the correlations of the two groups).
Secondly, the correlatlons were examined for measures that
showed highly similar patterns in the three groups. Finally,
the remaining correlations were discussed in terms of those
with different or similar patterns for the three groups.

-

Results

Water Consumption

Table 1 shows the mean and standard deviliations of
water consumption for_§s with radio-frequency (RF), direct-
current (DC) or sham operations of the septal area. There
was no detectable effect of the operations on water con-
sumption. Data for the first week after the operation were
uged 1in the analysis because during the second or third week

of measurement a gradual incresse in water consumptlion
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Table 1. Mean water consumptlon during
first week after operation (cc.).

RIF DC SHAM
Mean 196 20l 201
Standard
Deviation Li Ll 30
N 10 11 7

followed several days later by a gradual decrease to the
original baseline was observed in every animal except for
one with a sham operation. Possibly, this was caused by a
mild illnesz. There was no noticeable relation between the
location or size of the lesion and the amount or time of
onset of this change.

Emotionality Ratings

Table 2 shows the means and standard deviations
of the emotlonality ratings using the scale developed 1in
this study. Table 3 shows “he unwelghted means analysis of
variance and post-hoc comparisons for the data presented 1n
Table 2. The results of these analyses show that the ani-
mals with RF lesions wss more emotional as defined by the
scale than those with DC lesions (p .05). The animals with
sham operations were less emotional than those with either
RF (p<.001) or DC (p <.05) lesions. Animels in all three

groups werse less emobtlonal during the second measurement



Table 2. Emoticnallity ratings using scale
developned 1n this study.

Test 1 Test 2 Test 3 3 tests
Group combined

M SD M SD M SD M 3D

DG 5.7 2.712.1 1.5|Lh.2 2.8]|L4.0 1.6
RF 7.4 8
SHAM [3.3 2.1 |1.6 1.3}2.3 1.2|2.h 1.

[RY]
W

5.3 2.517.2 2.6]l7.0 1.

(U8)

M - mean, 3D - standard deviation

Table 3a. Analysis of variance of emotionality

ratings.
SCOURCE DF MS B 19
Between Ss
Group 2 28.3 341 .05
Sw.g. 26 8.3
Within Ss
Tests 2 16k 23.7 .001
Group X I 1.67 0.2 NS
Tests 52 '
Tests X 6.90
SwW.g.

52
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Table 3b. Post-hoc comperlsons.
GROUP TEST SUM COMPARISONS
DC 1 63 1 1 1 1
2 23 1 1 -1 1
3 L6 1 1 -1l -1
RF 1 81 -1 1 1 1
2 69 -1 1 -1 1
3 79 -1 1 -11 -1
SHAM 1 23 -1 -1 1 1
2 11 -1 -1 -1 1
3 17 -1 -1 -1] -1
1% .05 1 .05 .001 ] .001 | NS| .05
than during the first (p £.001) or the third (p = .05) tests.

In other words, two days after the first measurement there
was a shafp decline in the emotionality of all three groups
of animals but two weeks later the emotlonality had nearly
returned to 1ts previous intensity (there was no significant
difference between the 1lst and 3rd test). Although the
ratings using the present scale were quite highly correlsted
(.90) with those using the Brady and Nauta (B-N) emoticnality
scale, the latter scale was less reliable than the scale de-
veloped 1n this study. The ratings made by different raters
based on the B-N scale differed by more than 20% of she mesn
scale value 69% of the tinme while those based on the present
scale did so only 10% of the time (X2 = 20.9, p<« .001).
These differernces were evenly distributed over the three

groups and therefore, they must reflect & dlsagreement over



what 1s meant by & non-emotlional reaction (a base-line re-
action) to specific situations of the B-N scale. Ths cor-
relations between the pairs of ratings for each scale are

presented in Table li. The disagreements between the ratings

Table 1. Correlations between ratings on
third tests.

SCALE DC R SHAM ATTL §S
B-N .85 .95 T7 .95
New scale .95 .95 .95 .96

based on the B-N scale were pozitively related to the wvari-
ation within the groups. ZHowever, the corrslations were
uniformly very high when the new scele was used. Since

the control Ss show the least varlation, the Zifferences
between the emotionality of "normal'" rats are not as reli-
ably detected with the B-N scale. This alszo reflects the
difficulty mentlioned above of determining the bassline re-
actlon when using the B-N scale.

Open Field Behavior

The analysis of behavior in the open field 1is
presented in Table 5a and Table 5b. Both the tables and
the figure zshow medians and interquartile ranges for most

of the measures.



Table Sa. Frequency of open~field behaviors (l-day totals).

Group Measure{ Exnlo- Groom-~ Inacti~| Defeca-| Squares| Leaving|Entering
ration ing vity tion tra- wall compart-
(fecal versed ment
boli)
a
RF MD 1 1% 67% 8 17 0 3
IQR 1-15 1-3 63-71 7-12 12-25 0 1l
{
DC i MD 17 7 56 8 29 0 6
IQR 6-23 3-9 ,9-67 L-10 1l-55 0-1 L-7
5
Sh ! D 3l 71 39 L 86 5 11
‘ IQR 27-10 3-9 39-Ll 1-11 60-150 3-9 7-15
Comparisons
~RF X DG U 2l 22 21
P NS < ,05 <.05 NS s NS <.,05
RE' X Sh U 1 11 0 8 53 1
P <.001 < .01 <.001 NS <.01 £.005 ¢ .001
DG X Sh T L ol 10 8l 113
P <.001 S <.001 NS < .01 {,005 <.01

D - median, 1GQR - lnterquartlile range, U - Menn-whitney U (corrected for ties),
p - probablility

S5



Table Sb. Open-field latencies (in number of 12 sec. intervals).

Latency to Tind wall Latency To enter com- [Aver-
Group |Mea- Movement latency after first movement partment after findingjage
sure wall time
icom-
part-
Day 1l Day 21Day 3|Day L{Day 1y Day 2|Day 3{Day LiDay 1|Day 2{Day 3|Day L!ment
per
, entry
R MD T 3 2 = 2 L 1 0 2 10 | Max 13
IQR 1-4 2-5 0-2 0-L 0-L 0-6 0-1 0-L4 {2-Max{0-18 |3-Max|3-Max|5-1l
DC | MD 2 0 0 0 1 0 0 1 6 3 1 3% 8
IQR 1=l 0-2 0-1 0-2 0-3 0-1 0 0-1 {4-13 1-6 1-6 1-9 {1 7-14
~Sh [ MD 0 0 0 0 1 0 0 0 2 0 1 0 i
i 0-1 0 0 0 0-1 0 0 0 1-0 0-1 0-1 0 3-7
Comparisons
REXDC 1 U C5 20 255 20 , 215
P NS €.0051<.05 NS NS <.05 i<.01 N3 N3 NS NS <, 05 NS
RExSH | U 8% 0 105 | 175 | 12 10% 7 105 | 13 9% 10% L 1%
P €.005¢. 0005] €. 005 €.01 {4.05 | ¢.005i¢.005] ¢.005]<.05 |<.01 1«,05 {£.001j=.06
DCxSH | U 75 21 21 173 21 7 115 | 20 3% 20
P <.005] .01 NS £.05 j<4.05 NS N3 .05 1¢.01 <. 01l |=.06 {<.00L} =.06

Md - Median, IQR - inter-quartile range, U - Mann-Whitney U corrected for ties
(reported only where P <.06), p - probability

94
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The control group showed more exploratory behevior
than elther of the experimental groups. The time samples
showed more walking, rearing and turning ("exploration" in
the table) in the control group (p <.001) and this group
traversed a greater distance than the brain-damaged groups
(p €.01). The brain-damaged groups showed more inactivity
(p €.001) and a longer latency of movement espscially on
the first two days (p <.01). But even after they began to
explore, the braln damaged rats took longer to approach the
wall and the compartment. The usual pattern was first to
approach the wall and then to enter the enclosure. On the
first test-day both brain-damaged groups spent a longer
time between moving and reaching the wall (p ¢.05) but by
the second day the DC group performed mcre like the control
group (though cnly one animal found the wall in £ 12 sec. on
all three last days while all 7 of the control animals did,
p = .0002), while the RF group still averaged a longer time
to approach trne wall (p £.005 on the last three days). After
reaching the wall, the control animals were also faster to
find the enclosure on all four days (p values varied but
p € .06 on 2ll days Tor comparisons between the control and
both experimental groups). Even though the braln damaged
animals were slower to reach the wall and the compartment,
they were slower to leave the wall after reachinz it (p &.005)
and they remained in the compartment for a longer time after

entering 1t than the control animals (p =.06).
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Another interesting feature of the exploratory
behavior of the control and brain-damaged rats is that the

ra
4

former went 1in and out of the compartment much more fre-
quently than the latter (p ¢ .00l for the RF group and p <« .01
for the DC group).

There were also some differences 1n exploration
between the two experimental groups. The RF group showed
a longer latency than the DC group to reach the wall on the
seéond and third days (p ¢ .05, p <.Olrrespectively). They
also showed a greater latency to enter the compartment on
the fourth day (p €.05). Finally they went in and out of
the compartment even less frequently than the animals with
DC damage. In conclusion rats with septal damage show a
greater aﬁount of initial immobllity before exploring and
walk about less frequently and travel a shorter distsnce
with each continuous move than the animals with DC damage.

The brain damaged animals showed more sitting and
sniffing, and lving than control rats did (p «.001). They
also showed a greater latency to move. DBoth the DC end
sham groups showed more grooming than ths Rf group (p <.05
and p <.01, respectively). There was no difference in the

number of fecal boll of the three groups.

During the 20 min. c<f escape testing behavioral
observations were mede on all but two agnimals from the DC

group. These included observations of running

g, Jumping,



59

crouching, threatening and climbing on the island. The
threat responses were either the threat or the submissive
threat response described in the section on emotlionality
rating above. The results are shown in Table 6. There
were no significant differences between the two groups with
brain damage. However, the combined experimental groups
made an average of four tTimes as many escape responses
(running or jumping) as the control group during the 20
min. test. This was true for the totél number of escape
responses made by animals that did not find the 1lsland
(p {.OOS) and for the number of escape responses in the
first two min. made by all animals (p € .001), but for those
that did learn only the DC group made significantly more
responses than the control animals (p =.06; there was only
one animal with RF damage that learned so comparisons of
this subgroup with control rats are not very meaningful.
However, this single rat made more escepe responses than all
but one of the four control animals that learned).

The brain damaged rats also made fewer freezing
responses than the control rats (p ¢.02) and they showed a
longer latency to make freezing responses (p<g.0l). It
might be assumed that running or jumplng would facilitate
finding the island while freezing would interfere with 1%.
Nevertheless, control rats (which froze more and ran or jumped

less) were somewhat more likely to find the isiand than brain



Table 6

\

. Behavior during the escape test.

Escape responses Freezing responses
Irequen- Frequen-
Group Measure | cy dur- Frequency Latency cy dur- | Latency
ing tesf in first 2 min. (in 12 ing testi (no. ofj
(Ss with sec. (Ss withh 12 sec. No. of Ss
test »18 Ss that| inter- | »I8 min.| inter- | finding
min. All Ss escaped wvals) of test)] wvals) island
RF M 101 31s 25 0 29 12
TQR 87-151 2l.-37 0 13117 9-16
N 9 10 1 10 9 10 1 of 10
DC Md 125 23 13 0 29 10
IOR 63-116 28-lh 2l-5L 0 23-73 8-19
N 7 9 3 9 7 9 3 of 11
Sh Md 27% 16 18 0 563 7
IQR 22-65 11-23 8-35 0 L 5-8L 6-9
N ly ! L 7 I 6 Ll of 7
Comparisons
REFxDC U :
P NS NS NS NS NS NS NS
RFxSh U 0 oL 2 b3
P 4 .01 € .02 NS NS ¢ .01 <.01 =,06
DCxSh U 2 i 1 9
P <.05 < .01 =.06 N3 NS <.05 NS
(RF+DC) U 2 131 7 15%
X Sh P < .005 { «¢.001 NS | N3 < .02 < .0l =,08
Md - medlan, IQR - Interquartile range, U - Mann-Whitney U corrected for tles,

p - nrobabllity.

09
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damaged rats (p = .08; when cnly the RF group 1s considered,
p = .06).

Results on passive avoldance and escape tralning
are shown 1in Table 7. The brain damaged rats needed a greater
number of trials with shapiag (e.g. trials on which the ani-
mals took more than 30 sec. to find an 1sland and was then
shaped) before learning (defined as 5 successive trials with
a latesncy less than 30 sec.) to find the island than did
control rats (p ¢.005). There was considersble variability
between animals which was influenced by the prior escape
tesf during which a few animals learnel spontaneously to
find the 1sland. However, 1f only those animals which did
not learn to find the island during the pricr escape test
are congsidered, the ones with brain damage still required
more trials than control animals (p ¢ .02 for both brain
damaged grcups combined). In addlition to requiring more
trials to reach criterion, the brain damazed rats were

slower to escape on the criterion tr How-
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ever, there was no difference 1n the number of trials re-
gquired to learn to freeze when put on either the large

(6 in.) or the small (2¢ ir.) island.

Movement Inhibition Test

On the two one-hour tests of moverent inhibitlon,

-

the brain damaged rats were only slightly inleric» to the
control rats (see Teble 8). Both groups were slightly in-

-

Cerior on the Tirst test (r ¢ .07); on the secz-d te

the

n
ct
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Passive avoidance and escape training.

Group IMea- No. shaping trials to Mean escape latency Trials to criterion on
sure criterion of escape (sec.) on criterion passive avoidance
training trials
6 in. |25 in. Tobo T 6 In. {25 1In. | Total: 6 In. 125 1n. Total
igland | island island:;island:} all 10 | island {island
lagt 3 §{last 3 | trials
trials | trials
RF Ma 7 0 9 8% 113 10 L 1 9%
IQR L-7 0-8 7-10 6-11 6-18 9-13 0-3 0-13 1-5
iBl¢ Md 2 2 9 11 9 10 1 1 2
IQR 1-9 0-ly 3-18 6-1L 3-11 7-13 1-2 1-2 1-h
Sh Ma 1 1 3 2 3 5 o 1 L
TQR 0-2 1-2 2-3 2-6 | 2-6 I -6 0-3 0-l 1-6
Comparison
RI'xDC U
P NS NS NS N3 NS N3 NS NS N3
RFxSh U 7 6 8% 7 1
P < .005 NS <.005 < .01 <.005 |{<.0005 N3 NS NS
DCxSh U 19 9% 16 7
P NS NS < .05 <.01 <.05 <.005 NS NS NS
(RE+DCY U 293 25 18 23 8
X Sh P £ .01 NS < .005 <.005 <.005 | <.0005 NS NS NS

Md - median, IQR
p - probablility

- interquartile range, U - Mann-Whitney U corrected for tiles,

c9
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Table 8. Movement inhibition performance.

Group (lessure Dy 1 Day 2 Total
RF Md 3 3.5 7.5
IQR 1=7 2-6 L-17
DC Ma Iy 1 Iy
IQR 3-6 0-1 3-12
Sh Md 1 1 Iy
IQR 1-2 0-L 2-5
Comparisons
RF X DC N3 23,p<.05 NS
RF X Sh 19.5,p=.06 {18.5,p<.05 | 19,p=.05
DC X Sh 15,0<¢.05 NS NS
. (RF+DC) X Sh  {34.5,p<¢.05 NS NS

Md - median, IQR - interguartile range,
» - probability (based on Mann-Whitney U)

Rf group was inferior to both the DC and the control groups
(p «.05) but there was no significant difference betweecn
the last two groupns.

Jumn Avoldance Ccnditioning

As Table 9 shows, septal damaged rats make more
errors 1in learning to avoid shock by jumping (p < .0005)
and the mean latency they eventually reach on the ten cri-
terion trials is also longer (p <« .001). In addition they
are somewhat less consistent (e.g. they meke more errors

after the first avoidance response, p <.05) tut thay do rot
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Table 9. Jump avoidance performance.

Group|Measure Errors Latency on|Errors after Trial 1
criterion| first avold- escape
trials ance latency

(in sec.)
. RF Md 5.5 .5 .5 18
IQR 1-15 3-6 0-1 9-36
DC Md 5 5 1 57
IQR L-12 L-7 0-3 12-10L
Sh Md 1 2 0 L3
IQr 0-2 2-3 0 16-61
Comparisons
REF X DC NS NS NS NS
RF X Sh 0.5,p«¢.01]10.5,p<.01 17.5,p%<¢.05 NS
DC X Sh 0.5,p¢.000% 6,p<.005 17.5,p%<.05 NS
(RF+DC) X Sh |10,p<¢.0005|16.5,p<.001| 35,p#<.05 NS

Md - median, IQR - interquartile range, » - probability
(based on Mann-Whitney U)

differ significantly in the latency to escape on the first
trial. There was also no meaningful difference in the la-
tency to escape on later trials (the only difference was
in the number of escapes requiring more than 2 sec., but
since the control rats made so few escapes, this 1s not a

meaningful difference).

Weight Gailn

Control rats gained about 1.8 g. per day compared

with a gain of 1. g. in the operated rats (p ¢ .05). The

variation is shown in Table 10.
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Table 10. Welght gain per day.

Group Measure Gain
(in gm.)
RE Md 1.5
- . IQR 1.4-1.7
DC Md 1.4
IQR 1.3-1.8
Sh Md 1.8
' IQR 1.6-2.3
Comparisons
RF X DC NS
RF X Sh 16,p<.05
DC X Sh ’ 21,p=.06
(RF+DC) X Sh 37,p<.05

Md - median, IQR - interquartlle range,
p - probability (based on Mann-Whitney U)

Interrelations Between Bshaviors

The correlatios between specific behsviors for
each of the three groups are listed in Table 11. Consider-
ing the patterns of intercorrelations of one msasure with
all the others, the measures with the most dissimilar pat-
terns in the two brain damaged groups were the two measures
of movement inhibition (MI1 snd MI2). As a descriptive
indication of this similarity, the rhos between the two
groups (correlating the correlstions) were -.18 and -.26

respectively. This difference was wmost striking in the
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Table 11. Correlations between 16 different measures for
control, RF, and DC groups (correlations multi-
plied by 100).

Abbreviations

Measure

El
E2
"
EX

DIS

IN
OFQ
OFL

SH6
SH2.5
ESL6
ESL2.5
MI1
MI2
JAE
JAL

MVL

Emotionality ratings--Day 1l
Emotionality ratings--Day 16
Grooming during exploration test

Walking, turning, and rearing during ex-
ploration

Distance traveled durilng exploration

Inactivity (sniffing, lying and freezing)
during exploration

Frequency of entering compartment during
exploration

Latency to reach compartment during ex-
ploration

Escape shaping trials--large island
Escape shaping trials--small island
Escape latency--large island

Escape latency--small island

Movement inhibition errors--Day 1
Movement inhibition errors--Day 2

Jump avoidance errors (trials with shock)
Latency of JA response on criterion trials

Movement latency during exploration (RF and
DC groups only)



Table 11. (Contd.)
Sh Group
Bl B2 G BEX  DIS IN 0FPQ OFL SH SH BESL ESL MI1 MIZ2 JAE JAL
6 2.5 6 2.5
e -23
G 36 22
e -01 =23 =30
DIS -36 15 =41 71
IN 0L 31 16 -96 -75
0FQ, -8 -L6 -53 79 71 =82
OFIL, 21 -16 -16 37 68 -5 Lo
SHO -30 L3 23 -6 =60 (7 -bL (Y
SH2.5 -33 =59 -25 35 -08 3l -62 3l -16
FSL6 -3l 68 LB 09 14 Ooh -05 ol 29 -33
ESL2.5 -03 50 -36 | -07 Ll 12 -18 12 -15 77 L8
MLIL 21 38 11 -69 -16 70 -69 70 2 =79 03 70
MI2 22 -52 63 -02 23 -11 05 -11 o L3 -80 -81 -37
JAE -82 -18 -20 -07 18 -01 LO -01 Lo 33 09 -27 -32 25
TAL -29 63 =34 1 -25 16 3L -32 3l 39 -71 80 78 52 -7 13

L9



Table 11. (Contd.)

RE Group
EL E2 G EX Dl5 IN OrQ OFL SH SH ESL ESL MIT M2 JAE JAL
6 2.5 6 2.5
2 52
G -63 -78
X P =34 =37 &
DIS -01 -10 32 82
IN L5 L6 -6l 93 =72
OFQ L5 -7 L8 65 L3 -6L
OFL 1.8 80 -6l -56 -3 6L -9l
SH6 -10 b7 =34 -16 0O 21 -27 36
SH2.5 10 15 -18 -39 -28 22 -21 25 -21
ESL 1, 37 -11 06 12 03 -32 25 11 27
ESL2.5 26 63 -55 -08 07 2 -38 53 59 -3 -30
MTT 68 32 -LO 18 15 -0l -2l -G53 -30 =30 =05 L0
MI2 60 -1 -17 35 36 -20 23 -06 35 -15 -0l -08 63
JAE -L0 20 -15 27 -13 31 00 13 L6 2L 06 17 -66 =73
JAL 10 -16 06 03 09 -18 13 -01 -57 78 -05 L0 -1 15 -0h
MV | -18 52 -3b -51 -39 52 -63 73 L7 23 04 G50 -26 -67 65 =038

89



Table 11. (Contd.)
DC Group
L E2 G EX_ DIS IN OFq OFL SH SH ESL ESL | MIT MI7 JAT JAL
6 2.5 6 2.5
T2 SN
G 16 -86
X —[Z 0 =308
DIS -12 -LO 38 32
N -10 55 -32 | =70 -56
OFQ -20 =40 29 28 97 -59
OFT, 05 09 -60 -27 55 -30
SI6 02 Olf 72 | =30 =3} 13 -22 -I5
SH2. 5 -22 -10 07 o2l 21 -48 33 -L7 -10
ESLA 48 -2 12 | -16 -38 12 -33 48 -01 -2
nsL2.5 =23 32 571 -36 01 07 oL 66 20 -22 32
1T “T9 L3 -L0 | -L2 =65 56 =66 -IL | 18 =59 77 2B
MI2 L7 L7 -66 L1 =L 17 45 -17 19 -26 27 -24 33
JAK -30 L0 -Ll 03 =73 39 -72 21 05 -2 59 17 7L 68
JAL -65 -5 53 -03 30 -29 L2 15 39 -06 LO 57 06 01 -08
IV o3 UL -IL | -A =65 75 -58 63 15 =32 50 L[ 63 19 56 -01L

69
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relations between MI and the number of errors on the jump-
avoldsance task (JA). TFor the RF group the correlations
were spproximstely -.70 and for the DC group they were &p-

proximately .70 (both correlations are significant at close

to the .01 level). This means that in the RF group the faster

a rat learned JA, the more errors 1t made on MI. 1In the DC
group the faster a rat learned the JA, the less errors it
made on MI,

The measures with the most similar correlations
in the two brzin damaged groups were 1lnactivity (IN) and
movement latency on the second, third and fourth test days
(MVL) in the open field. As a descriptive indication of
this similarity, 1f the two MI measures are excluded, the
rhos were(.88 and .86, respectively (including the MI tests
they were .67 and .61 respectively. Thus, the MI tests
were related to the other Tests 1n a way that was different
in the RF group from what 1t was in the DC group, while IN
and MVL were related to the other measures in similar ways
in both groups.

Whnen comparing theze patterns to those of the con-
trol arimals there was 1little similarity between the inter-
relations of the MI tests of eithsr brain damagsd group and
those of control animals. There were also only low positive
relations between the IN psitern of the brain damaged groups

and that of the control group (rho .34 for ths R group and

211 for the DC groun; excluding the MI tests the rhos are
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.31 and .35, respectively). There was no variation in MVL
of the control group, so it was meaningless to correlate

it with the other measures. Somewhat surprisingly, however,
the pagtern of correlations for the IN and MVL tests of the
brain'damaged groups were both highly related to the pattern
of correlations for the number of shaping trials needed to
escape to the large island (SH6) needed in the control group.
In fact when MI1 and MI2 are excluded, the pattern of cor-
relations of SH6 in the control group is correlated .90 and
.85 with the pattern of correlations of MVL in the DC and RF
groups, respectively. Thus, IN and MVL during exploration
in the brain damaged groups are more similar to SH6 in the
control group than they are to IN and MVL during exploration
in the control group. In addition the SH6 pattern is dis-
similar in all three groups.

Observations of actual behavior suggest an inter-
pretation of the similarity between SH6 in the control group
and MVL in the operated groups. Since there is plloerection
and diarrhea during the inlitial immobile period before ex-
ploration in the operated groups, MVL measures freezing.
Control animals did not show this pattern of behavior during
exploration but did when shock was present. Further evi-
dence that open-fleld immobility in septal damaged and SH6
in normal rats activate similar processes is that backwards
circling appeared as the first movement in the open field

in several operated animals (circling was the first movement
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recorded in 3 rats from the DC group and LI from the RF group)
but was not observed in the normal animals except when foot-
shock was present. Both freezing and backwards clrcling
suggest a defective abillity to make directed or voluntary
locomotor movements. Thus, the subsequent description of
results will be based on the interpretation that SH6 in
control rats and MVL in septal damaged rats are measures of
an inability to make directed locomotor movements.

The inablility to make directed locomotor movements
was assoclated with the second test of emotionality (E2),
the five measures of exploratory behavior and JA. The cor-
relations with E2 in the brain damaged groups accounted for
only about 20% of the variance and were not quite signifi-
cant. However, wilth both brain damaged groups combined to
produce a larger sample the correlation was .6l (accounting
for about 0% of the variance and significant with p < .002).
In addition considering that the scale was not based on equal
'units,* such a correlation strongly suggests a definite re-
lationship. The 1nability to make directed locomotor move-
ments was correlated negatively with MI in the RF group and
positively with MI in the DC group. In the braln damaged

groups the pattern of relations of MI were rather simllar

*There is no reason to suspect that vocalization
three different times during the test is an indication of
exactly the same amount of emotionality as jumping to a puff
of air--to achieve even an indication of equality of units
a much larger N would be needed.
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on both days but the two patterns were qulte different in
the control group. On the first day MI was highly positively
correlated with the latencles to escape to the small island
during criterion trials (ESL23) and latency of the jump re-
sponse during criterion trials of jump avoidance conditioning
(JACL) and on the second day MI was highly negatively related
to ESL2%2 and JACL. On neither day did MI show a high corre-
lation with SH6 (the measure of the ability to make directed
movements) . ‘

The first test of emotionality (El) showed only
moderate relations with the other variables except in the
RF group where it was negatively related to grooming during
exploration (GR) and positively related to MI. The amount
of GR was closely related (but negatively) to E2 in both
brain damaged groups (rho=-.78 and -.86 in the RF and DC
groups, respectively). Also ESL was closely related to the
time to find the compartment during exploration (OFL) in
both groups with brain damage.

Summary of Behavioral Results

There was no detectable difference in water con-
sumption. The emotlonality of the rats with RF lesions was
rated higher than that of rats with DC lesions which in turn
was rated higher than thast of the control rats. The emotion-
ality results were based on a new scale that was correlated

Il

with but more reliable than the one (by Brady and Nauta,

-

1953) commonly used. In the open field rats with septal
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damage show a greater amount of initial freezing and walk
about more slowly and less frequently after they begin ex-
ploring. In addition rats with RF lesions are more serious-
ly affected on these measures than those with DC lesions.
They also show less grooming than rats with DC lesions but
there was no detectable difference between the grooming of
the DC group and that of the control group.

Even though brain damaged rats made escape re-
sponses at more than twice the rate of control rats during
an escape test, a somewhat greater percentage of control
rats learned spontaneously to escape to the 1sland. In ad-
dition during subsequent escape training (which was pre-
ceded by passive avoldance training in which there were no
detectable differences between groups in the number of
training trials needed before an animal climbed and froze
on an island for 60 sec.), the septal damaged animals needed
more trials to learn to escape to the island than did the
control rats. Furthermore, even after this extra tralning
the septal damaged rats made more errors during two one-hour
tests of movement inhibition (staying on the i1sland) than did
control rats. The braln damaged rats were much worse than
the control rats at learning to avoid shock by jumping to a
platform. Finally there was a moderate but significant
deficlt in the amount of welght gained per day in the brain

damaged groups.
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In an analysis of the interrelations between 16
of the measures for each of the three groups it was found
that the most dissimllar patterns of interrelations involved
the movement inhibitlion test. In the RF group it was highly
negatively related to jump avoidance errors while in the DC
group the two measures were positlively correlated. Movement
la tency on the last three days of exploratory testing 1n
the two brain damaged groups and the number of shaping trials
needed to learn to escape from shock to a safe 1slend in an
open field in the control group showed similar patterns of
relation to other tests. Based on behavioral observations
as well as the pattern of correlations, it was concluded
that these measures with similar patterns were measures of
the abiliﬁy to make directed locomotor movements. This a-
bility was rather highly associated with more than half of
the measures analyzed 1n the three groups. Even though
emotionality after prior handling was only moderately re-
lated to the abllity to make directed locomotor movements
this finding is notable because there have not been previous
reports of correlations between hyperemotionality. In ad-
ditiocn there were very high correlations between emotion-
ality and grooming in the brain damaged groups.

Histoleogical Study with Behavlor Correlates

All animals in the DC group had bilateral damage
to both the medial and lateral septal nuclel and to both the

anterior and posterior portions of the septum, except one
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animal which had only unilateral damage to the lateral nu-
clei. All animals in this group also showed some expansion
of the lateral ventricles at and posterior to the level of
the hippocampal commissure (hydrocephalus). The animal with
unilateral damage to the lateral nucleus received a rela-
tively high emoticnality rating especially on the first
test, but also made few errors on MI, many exploratory
responses 1in the open field, and had low latencies to move,
to find the wall, and to find the compartment in the open
field. Its performance on other measures was about average
for the group. Only one animal had damage 1n the medial
portion of the anterior caudate nucleus and this was uni-
lateral. Its behavior was not noticeably different from
other members of the DC group. Four animals received some
damage to the preoptlic area although this damage was uni-
lateral in two of these and confined to the most anterlor
portions in a third. The remalning enimal had damage to
the preoptic area on both sidss of the midline. This ani-
mal showed the best JA performance of the DC group and was
tied with three others for the lowest MVL of that group.
There was bilateral damage to the medlal, lateral,
anterlior and posterior portions of the septal area 1in all
animals in the RF group. All had expanded lateral ventri-
cles at and posterior to the level of the hippocampal com-
missure znd some demage to the anterior part of the caudate

nucleus, although this damage was unilateral in four animals,
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confined to the dorsomedial portion bilaterally in two
others and confined to the medial portions bilaterally in
the remaining four. In addition one of these animals with
bilateral damage had damage to the medial frontal cortex
just anterilor to the genu of the corpus callosum. This
animal showed the least exploratory behavior and the worst
performance on JA of the group. However, the overall cor-
relation of caudate damage with JA was only .08 and with MI
it was only .18. One effect that might be expected to re-
sult from damage to the caudate nucleus or internal capsule
fibres 1s the backwards circling found during exploration.
However, since this was present in nearly as large a per-
centage of the DC group as of the RF group, it cannot be
accounted for by such damage. Seven of the animals (ex-
cluding the one with frontal cortical damage and two others)
had damage in the preoptic area. Thils damage was bilateral
and fairly extensive (though not symmetrical) in six cases.
though it was confined to the dorsal portion in two of these.
The seventh had damage to the anterlor portion only. There
wes a rank-order correlation (Spearman's, corrected for
ties) of -.76 (p ¢ .0l with & two-tailed test) between the
extent of preoptic damage and JA errors. In addition pre-
optic damage wes correlated -.45 with MVL (the three animals

without preoptic dama

{08}
[0}

had the greatest MVLs in the group

but the three with damage confined to the dorsal or anterior

<
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portions had lower MVLs than those with more extensive

damage), and +.52 with MI1 and MI2 combined.
In cecnclusion, both groups showed total damage to
the septal area in nearly all Ss. However, there was con-

siderably more damage outside of the septal area in the RF
group. This extra-septsl damage involved the anterior
caudate nucleus, ths preoptic area and in one § the medial
frontal cortex. Relations between the histological and be-
havioral evidence suggests that the differences between the
RF and DC groups were due to the preoptic damage 1in the RF
group. In particular the more preoptic damage in combina-
tion with septal damage an animal had, the fewer errors 1t

made on JA and the more errors it made on MI.



CHAPTER 3
EXPERIMENT 2

Experiment 1 found a surprising high negative cor-
relation between the amount of preoptic area, braln damage
added to septal area damage and errors during jump avoldance
conditioning, but there was a small positive correlation be-
tween additional preoptic damage and errors on a movement
inhibition task. The present experiment was designed to
provide an independent replication of these effects as well
as to include controls for experimenter and order effects
and for variability in brain damage. Thus, even though no
correlation between caudate or cortical damage and the be-
haviors measured was found in the last study, groups with
damage in elther one of those zreas without preoptic damage

were 1ncluded in this study.

Method
Subjects

The Ss were 93% male albino (Sprague-Dawley) rats

3
W 1

The actual number was considerably larger before
the Ns were reduced by deaths (up to $0% in one group) and
lesion variability.

79
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from Woodlyn Farms, Ontario, weighing 250-350g. at the time
of the operations. Testing was done between 10 and 20 da.
after the operations.

Surgery and Histological Study

Surglcal procedures were similar to those used in
Experiment 1 except for electrode placements and for the use
of electrolysis in all cases (with 2 ma. DC for 15 sec.).
The coordinates for the septal lesions were the same as
those in the previous experiment except that the electrode
was lowered from 2.5 mm. anterior to bregms and at an angle
of 7° to the coronal plane (as well as at an angle of 1L°
to the sagittal plane). This resulted in the same tip posi-
tion as in the previous experiment. Preoptic lesions were
made by the use of the same coordinates as the septal le-
sions except that the electrodes were lowered an additional
3 mm. The change in coordinates for the septal lesions was
made so that comblned preoptic-septal lesions could be made
with only one drill hole and dura puncture on each side of
the midline. The septal-frontal cortical lesions were made
by adding a lesion 2 mm. anterlor to the septal lesion and

the caudate-septal leslons were made by adding a lesion 1 mm.
o

lateral and 25 mm. dors

1)
i)

1 to each side of the septal lesion.
Histological procedures were the same as the pre-
vious experiment except that ths tissue was stained with

thionin.
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Movement Inhibition Test

The movement inhibition (MI) apparatus was the same
as that used in the previous experiment except that the small
(23 in.) island was placed adjacent to the center of one
wall., TUnder these conditlions the majority of the brain
damaged animals could learn to escape to the island within
1 hr. without being shaped by the experimenter. Therefore,
testing in thils apparatus was the same as in the previous
experiment except that no escape testing or training was
used.

Active Avoidance Learning

The method used for jump avoidance (JA) condi-
tioning was the same as in the previous experiment except
that the animals were allowed only 5 sec. to avoild the
shock. In some animals JA preceded MI and in others MI
preceded JA., In both cases JA was preceded by 15 min.
exploration of the JA apparatus but MI was not preceded by
exploration. Table 12 presents the number of animals per
group and the order of testing.

Statistical Methods

The principal results were analyzed by computing
the % time off the island in the MI tests and the number of
JA errors divided by 30 (which is the same as the % of JA
errors 1f it is assumed that all trials after reaching the

criterion of 9 out of 10 errorless trials would have been

errorless if tested to 30 trials). The following groups

d
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Table 12. Groups, Ns and testing order.

Group N Group N
Cl 10 vz L
c2 6 Fse 6
Pl 10 CDs2 L
e 6 CDs1 L
S1 10
S2 10
P81 9
pPS2 1l

C - sham operated controls

P - preoptic damage

S - septal damage

F - frontal cortical damage

CD - caudate nucleus damage

U - unilateral septal damage

1 - JA presented first

2 - JA presented second

combined letters - damage in both
structures 1indicated

were excluded from this analysis either because both orders
were not tested or because the Ns were small: FS2, CDS2,
CDS1l, and US2. These groups were compared with the others
by means of the Mann-Whitney U. The analysis was also done
with the scores normalized by means of the arcsine trans-
formation. The latter analysis gave the same probabllity
levels as the former indicating that the analysis of wvari-
ance is robust with respect to the particular deviations
from normality Tound in this study. As a second check,
paired comparisons were based on the Mann-Whitney U and
the probability levels determined from that test were also

reported.
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Results

Movement Inhibition and Jump Avoldance Performance

Table 13 and Flg. 2 present the means of the JA
and MI scores used for the principal analysis. Table 1L
presents the analysis of variance based on these means.

The analysis of variance revealed large (p < .001) group X
test and order X test interactions and a moderate triple
interaction (P=.06). As in the previous experiment, S2
showed poorer JA performance than PS2 (p<« .005), and both
ocperated groups were worse than C2 (p «.0005). In addition
both of the septal damaged groups were worse than P2 (p¢.0005).
The difference between the groups with septal damage (PS2 and
- 82) was apparently.due to the detrimental effect (p «.05) of
prior expérienoe with MI on the JA performance of septal
damaged animals. Thls order effect was not present 1n the

P or C groups and was obliterated by adding preoptic damage
to the septal damage. Although prior experience with MI
hindered or did not affect JA performance, prior experience
with JA improved MI performance 1in all three brain damaged
groups (p< .05 or less). Testing order had much less ef-
fect on the MI performance of the controls than it did on

the brain damaged groups and it was somewhat less effective
for the PS group then for the S or P group. The PS group

was also the only group that scored higher (P=.001) than

control Ss on MI when both testing orders were comblned.
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Fig. 2. Jump avoidance (JA) and movement
inhibition (MI) performance for groups
of animals with preoptic and septal (PS),
septal (S), preoptic (P) or shem (C) brain
damage with all significant differences
(based on Mann-Whitney U) shown.
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Mean JA

Table 13.

and MI performance.

Group i (exryrs X 199) Mltéz Ei?:ng§f
JA Flrst JA Second| JA First JA Second
C 31 28 L3 L2
P 26 29 8 67
S 82 96 20 89
P 79 82 BT 82
See Table 12 for group designations.

Analysis of

Table 1.

variance of JA and MI performance.

SOURCE DF MS B P
Between Ss
Groups (G) 2 17876 35.447 .001
Order (0) 1 15556 30.87 .001
G X0 3 367 1.00 | WS
Error 67 5oL
Within Ss
Test (T) 1 1131 1.95 NS
GXT 3 1200 7.32 | .00l
OX T 1 10292 17.78 D01
GXOXT 3 1hol 2.58 | .06
Error 67 579
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Teble 15 presents the means and medians of JA
and MI.performance for U2, FS2, CDS2, and CDS1 and shows the
comparisons of these with other groups that were tested in
the same order. The unllaterel septal damage péoduced MI
end JA performance that wss very similar to that of the C
and P groups. The FS2, CDS2 and CDS1 groups were not de-
tectlbly different from the other groups with bilateral
septal damage (S and PS), except that like the S2 group,
FS2 and CDS2 performed worse on JA than PS2.

In summary, prior MI experlence 1s detrimental to
JA performance in animals with septal lesions (group 3) but
not animals with combined septal and preoptic lesions (group
PS). 1In addition, lesions of the preoptic area only (P} pro-
duced no detectable effect and both groups (S and PS) with
septal damage were much worse than both the P group and the
control (C) group. On the other hand, MI performance was
improved by prior JA experience 1in all the brain damaged
groups but not in control rats. In additlion when MI was
presented first the groups with septal damage performed worse
than the control group. Finally, it should be noted that ex-
cept for|the refinement of the testing procedures and the
lesion accuracy, the S2, PS2 and C2 groups were a replica-
tion of Experiment 1. The comparisons betwesn these three
groups produced differences that were in total agreement

between the earlier experiment and this one.
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Table 15.

JA and MI performance of U2, FS2, CDS1 and CDS2
groups compared with other groups tested 1n the
same order (see Table 12 for group designations
and Table 13 for means not listed here). P
(based on Mann-Whitney U) less than value given
unless otherwise stated.

i JA (Errors x 200) MI (% time off island)
U2 FS2 [ CDS2 | CDST| U2 FS2 [CDS2 JCDST
C NS .01 .05 .001] NS .05 NS NS
P NS .0005| .005 | .001| NS NS NS .01
S .001 | NS NS .05 | .05 |NS NS NS
PS .001 | .005 | .005 | .05 [=.06 |NS NS NS
U2 =,005 |=.01 +.06 NS
cDs2 NS NS NS NS
Median | 13 100 100 100 | 63 99 L7 97
Mean 20 100 100 100 | 63 87 119 8l

Histological Study

All animals with septal damage (except the US
group) received nearly total damage to both the medial and
lateral septal nuclei at the middle and anterior levels (at
and anterior to the level of the anterior commissure) and in
all but 9 of these animals (3 in the S group, L in the PS
group, 2 in the CS group and 2 in the FS group), there was
extensive damage to the posterior septal area as well. In

only one of the animals in the S group was there any preoptic
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damage and this was very slight. The only additional damage
in the S group was some slight (usuelly unilateral) damage

to the cingulate cortex overlying the septal area in 7 of the
animals. In addition hydrocephalus was eilther very slight

=1
N

or non-exlstent in all Ss.” A typical septal lesion is
shown-in Fig. 3.

In contrast to the septal lesions the preoptic
lesions did not show bilateral damage except in a few cases
where the lesions were qulte smsll. Very likely bilateral
preoptic damage accounted for the high mortality rate (above
50%) of animals with preoptic damage (in both the P and PS
groups) and this acted to select the animals with unilateral
damage. In addition to preoptic damage, 1n some cases the
anterior hypothalamic nucleus was also partially damagec on
one side of the midline. An example of a preoptic lesion is
shown in Fig. L. The animals in the PS group showed the
same pattern of damage as those in the P and those in the S
groups combined.

The CS lesions were confinedto sepbel damege plus
damage to a small, dorsomedial portion of that structure and
to some of the overlying cortex. The FS lesions damaged the
medial portions of the cortex anterior to the genu of the
corpus callosum and iIn most cases showed some damage to the

medial cingulate cortex overlying the septal area. The

Therefore, since the findings of the first and
second experiments were compatible, there was no detectable
effect of the hydrocephalus.



Fig. 3.

A typical septal lesion,
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Fig. L.

A typical preoptic lesion.
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unilateral septal leslons produced damege only to part of

the lateral septal nucleus on one side of the midline.



CHAPTER |
EXPERIMENT 3

The third experiment was designed to test whether
the impaired JA performance due to septal damage in rats
could be due to an aversion to light such as that found by
Schwarzbsum et al. (1967). The ratipnéle is that since
overhead lighting was used in the previous experiments the
JA defilcit could be due to a conflict on the part of septal
damaged rats between avoiding the shock and avolding (jump-
ing toward) the light. TIf this were the case, lighting fthe
JA apparatus from below should improve the performance of

these animals.

Method
The Ss were 13 nailve albino rats similar to those
in the second experiment. Five of these made up the control
group and elght the experimental group.  The surgical and
histologlcal procedures were the same as those for the ap-
propriete groups in the previous experiment except that the
tissue was stslned with cresyl violet. The JA training

technigue wasg 2lso the sawme as that used in the second

0O
o
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experiment except that testing was conducted 1n a sound-
proof and lignft-proof cubicle with the only source of light
placed beneath the JA apparatus. t illuminated the grid
with approximately 7 FC. To permit comparisons with the
previous experiment, performance was analyzed in the same

- way as in that experiment (performance = errors X ;;g

Results

Jump Avoidancs Performance

The mean JA performance for the present experiment
are shown in comparison with the Cl and S. groups of ex-
periment 2 in Table 16. There was no apparent difference
between the C groups of the two experiments or between the
S groups. But like experiment 2, in this experiment there
was also a significant difference between the C and S groups

(Mann-Whitney U=1, p=.002).

Table 16. Mean JA performance of C and S
groups of experiments 2 and 3.

Exnerimenc| Control (C) N Septal (3) N
Group Group

3 30.8 5 79.1 8

2 30.9 6 2.l 10
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Histologiceal Study

The septal damage in this experiment was very
similar to that found in Experiment 2. The only notable
exception was one animal with a fairly large hemorrhage in
the area cf the septal nuclei that caused extension of one
of the lateral ventricles posterior to the level of the
hippocampal commissure. The performance of this S was the
second poorest of the group (without this S, the group mean

JA performance would be 77.1 instead of 79.1).



CHAPTER 5
DISCUSSION

In general the results indicate that in a variety
of tasks the behavioral effectiveness of rats with septal
damage 1s markedly reduced. Thils is true for exploratory
behavior a2s well as for learning to escape or avold shock.
This lack of effsctiveness appeared to be due to a marked
deficlency in the ability to make appropriately directed
movements. Thus, durlng exploratlion rats with septal damage
take longer than normasl rats to find the wall of an open
field even though they showed a much greater tendency %o
remaln at the wall once they found it. They also took a
longer then normal time after approaching the wall to find
a small compartment adjacent to the wall, even though they
also showed a much greater tendency to remain in the com-
partment then normal rats, Durling escape learning rats with
septal damage ran or jumped four times as often as normel
"rats, but fewer of the braln damaged animals actually es-
caped shock by running to a safe "island" on the grid.

Even after tne aprropnriste ezscape response was learned by

the septal damaged animsls, they made mor-e srrors (left
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the island more frequently) than control enimals in two one-
hour tests of movement inhibition. Furthermore, although
rats with septal damage escaped shock as readlily as ncrmal
rats by jumping out of a 1-ft. deep box, they were much
slower to learn to avoid the shock. In fact 1f the latency
of the shock (CS-US interval) was reduced from 15 to 5 sec.
(the latter was used in experiments 2 and 3), several septal-
damaged rats were unable to wmake any avoldance responses
during the 30 trial test. The effect on avoidance learning
could not be due to such post-trial effects zs handling be-
cause 1lnstead of returning the animals to the grid by hand
they were returned by mesans of a small box which the septal-
damaged rats entered readily. It was also not due to an
aversion to light because lighting the apparatus from be-
neath the grid did not improve the performance of the rats
with septal damege (Ixperiment 3). In addition the effect
wag exaggerated by pricr movement Inhlbition experlence
(i.e. there was negative transfer) as long as there was no

preoptic d

WM

mage combined with the septal damage. The control
rats and the rats with preoptic damage also did not show the
negative trasnsfer.

The results slso indicste that a single generalil-
zatlon concerning the effects of septsl lesions may be ap-

propriaete for a wide variety of behavioral effects but would

ct

not explain all the effects of these lesionsg. For example,

althougt the irebility to malke directed locomobor movaements
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was releted to hyperemotionality after handling, explora-
tion, and escape and avoldance learning, 1t was not re-
lated to the amount of weight gained per day cr to the
amount of hyperemotiorality without prior handling.

Three possible reasons for the inability to make
directed movements willl be considered. First, Mc Cleary
(1961) has suggested that septal damaged rats may not be
able to inhibit rssponses. This generalization was pre-
viously discussed by me in some detall (Dirlawmn, 1967, pp. 2-9
and 58-65). Briefly, the generslization was found to be ap-
pealing because it 1s conzistent with the followlng findings:
(1) that some nerve cells may inhibit others, (2) that stimu-
lation of some portions of the septal area inhiblts some re-
flexes (Hodes 2t al., 1951; Kaada, 1960), and (3) that ac-
cording to Mc Cleary's own well-concelved study of septal
daﬁage (1961), lesions may impair learning to inhibit a
passive response and facilitate learning to make an actilve
response, On the other hand, the genersiization was found
to be insdequate because 1t 1s inconsistent with the follow-
ing findings: (1) that some active responses are lncom-
patible with others (e.g. see Bindra, 1961) and therefore
all active responses could not simultaneously be facilitated,
and consecuently 1t would be impossible to predict how the

loss of response inhibition would affect s

—

in given situations, (2) thet septel stimulstion facilitates

that some
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1967; Kenyon, 1942), The present findings provide addi-
tional support for the third inadeguacy of the generaliza-
tion that the septal area is inhibitory. Damage to an in-
hibitory structure would not te expected to cause the long
movement latenciles before exploring the open field that
were found in the septal-damaged animals of the present
study. In addltion damage to such a structure would not be
expected to impalr the abllity of an animal to move to a
safe place as septal damage did in the present study.

In a later article by Mc Cleary (1966), the gen-

eralization sbout septal functions was revised. According
to the revision, the septal area inhibited only the most
probable response in & given situation. Thus, septal dam-
age would result in the facllitation only of the most prob-
able response in the situation and a less probable response,
that weas incompatible with the first, might actually be sup-
pressed by septal damage. Therefore, the first 1lnadequacy of
the loss-of-response-inhibition generalization does not apply
to this revision. Furthermore, with additional evidence (see
Mc Cleary, 1966), the other inadequacies of the earlier general-
ization were mitigated. However, the revision produced new
difficulties. First, the simplicity of the earlier general-
ization was lost: although the neural organization neces-
sary for a structure to 1nhibit active responding 1is clear
(2ll connections betwseen septal cells and any others in-
volved in the productlon of sasctive bshavior would be in-

hibitory), tne orzeznizstion necessary for 2 struchure to
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inhibit only those cells involved in the production of
highly probable responses is not clear. Secondly, al-
though there is much evidence about septal functions that
is consistent with the revised generalization (see Mc Cleary,
1966), there 1s some evidence that is definitely inconsis-
tent with it. For exawmple, grooming by rats within the first
20 min., of the first exposure to a four-arm, plus (+) maze is
definitely not the most probable response for normal rats but
it 1s the most probable response for septal-damaged rats
(Dirler, 1969). Furthermore, in the present study the first
response of normal animals when placed in the center of an
open fleld was to move toward the wall. An animal that
has lost the ability to Inhiblt probable responses would
not be expected to take a much longer time to make this
responce than control animals. Nevertheless, the septal-
damaged rats of the present study did take a much longer
time than the control rats.

Although it may well be that no unitary general-
ization gbout septal dysfunction 1s possible, it may still
be of value tc search for a new conceptualization of the
effects of geptal dysfunctlion. It would be of definite
advantage 1f a new conceptualization could (1) account
for the tendency of septal-damaged animals to perseverate

in a number of szituations as well as [2) provide 2 different
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view of the propert of sevtal cells than that suggested
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this chapter 1s devoted to a third generallzation that ac-
counts for a number of the perseverative effects that were
outlined by Mc Cleary (1966) without suggesting that septal
cells are inhibitory only wilth respect to cells involved in
the production of highly probable responses. This inter-
pretation has not pfeviously been offered as a’generaliza—
tion concerning septal dysfunction but has been used as a
description of the effects of septal damage on one particu-
lar type of behavior. This concerns the fragmentatlon of
behavior that Carlson and Thomas (1968) reported as an ef-
fect of septal damags on maternal behavior. According to
them, all the specles-speciflc components of maternal be-
havior were present in such animals bubt they were not put
together in an appropriate (effective) seguence. That de-
scription fits a number cf the present findings as well.
After the first test of exploration the normal rats would
go from the center of the open fleld to the enclosed com-
partment in one smooth sequence. But even on the fourth
day several brein-damaged animals first clrcled backwards
from the center, then approached the wall and finally en-
tered the compartrment 2s a third szeparate movement. During
the escape test, the septal damaged rats made more escape

responses but with less probability of escaning than the

o
(]

control rats.

The fragmentation was even more clear in the

escene tralningz and avoldance learning situations. Durin
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escape sheping of the septal-damaged rats, maximum shock
had to be applied first for running to or freezing in the
corners of the field, then for any peripheral location,
then for not putting the forelegs on the island and finally
for not bringing the fourth leg onto the island, whereas
in the control rats shaping was rarely needed before the
animals could run from the corner of the grid to the center
and climb on the island in one smooth sequence (after ex-
tensive shapling of the brain daemaged rats their response
durations were still much longer than those of the control
rats). Also, in the jump-avoidance-learning situation the
septal damaged animals were able to approach the wall within
the 5 sec. interval before shock and from time to time an
animal would jump straight in the air and land back on the
grid before it was shocked, but it took much longer than
the control rats for these animals to combine the approach
to the wall with the jump to the top in one smooth sequence.
Thus, if an integrated response 1s defined as the longest
sequences of movements that sn anl a2l can make in smooth
succession, then for every integrated response that a nor-
mal rat learns, a septal-damaged rat must learn a chein of
responses.

One difficulty with the generalization that septal
lesions cauze respohse fragmentation 1s that an added pre-
optic lesion tended to improve performance on JA when MI

testing wag done prior to JA testing--it might be questioned
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how damage in ons part of the braln could destroy the inte-

n another

e

gration of a responrnse and how additional damags
part could even partially put the response back together.
However, the examinaticn cf the results of Expefiments 1

and 2 suggests that the preoptic damage only improved per-
formance in situations where there was nsgative transfer
from previous experience and then it never improved perfor-
mance beyond the level which obtalined when there was no
previous interfering experience. There were three major
findings which support this interpretation. First, previous
MI experience {which was mostly experience with shock in
septal-damaged rats) mads JA performance worse in the S2
group of Experiment 2 while 1t had no effect on the perfor-
mance of the PS2 group. On the other hand when there was
positive transfer, preoptic damage tended to interfere.
Thus, in Experiment 1, the DC group {(with septal damage
only) showed shorter latencies to move, to find the wall
after moving and to enter the comparbtment after findlng

the wall on later days than on the first day, but the RF
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cont=zined several animals with oreoptlc as well

did not. In this respect, preopntic damage
appears to have effects on extloratory behavior that are
similar to those of amygdaloid lesions. Schwarzbsum and

Gay (1966) have shown that with amyzdalold damage ther

w
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not the typical bstween-days decline in exploratory behevior.
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They also reported the typlcal within-day decline even in
animals with amygdaloid damage. Thils was not found in the
RF group of Experiment 1. However, in contrast to the lack
of between-days decline, the lack of the within-day decline
appeared in both the DC group (with relatively little pre-
optic damage) and in the RF group. Therefore, the lack of
between-days decline appears to be a function of preoptic
damage while the lack of within-day decline appears to be

a function of septal damage. In this context it 1s interest-
ing that there are extensive, direct connections between the
amygdala and preoptic area via the stria terminalis (Gloor,
1960). A second finding that supports the view that pre-
optic damage affects transfer is that there was less decline
in emotionality over tests 1in the RF group than in the DC
group. A third finding is that in Experiment 2 prior JA
training improved learning to escape to the island in the

MI apparatus much more in the 31 group than in the PS1 group.
One difficulty is that preoptic-only lesions did not diminish
MI-JA or JA-MI transfer compared with control lesions. How-
ever, this difficulty is mitigated by the total lack of
apparent JA-MI or MI-JA transfer 1n sham operated control
animals. Thus, the preoptic lesions appeared to cause a
definite deficit in transfer in several different types of
tasks when added to septal lesions. Also, the fact that

the preoptic-septal groups performed in a way very similar

to that of the septal group when there was no prior
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experience, suggests that the preoptic damage had little
effect on responss fragmentation per se.

Some other effects of septal lesions may be Inter-
pretable as slide effects of response fragmentation as well.
For example, the enhanced probabllity of some stereotyped
component acts may be a compensation for decreased effi-
clency. Thus, 1f motivation to retrieve pups 1s the same
as in normal animals and the effectlveness of each response
is markedly reduced, then it would be'expected that septal
animals would produce more responsgses. This could account
for the perseverative effects of septal lesions on maternsal
behavior (Carlson and Thomas, 1968), grooming (Dirlam, 1969),
aggressive behavior in wild rats (Bunnell and Smith, 1966)
and other behaviors such as those discussed by Mc Cleary
(1966).

That aggressive behavior is associated with re-
Sponsé fragmentation in laboratory rats as well as wild
rats 1ls suggested by the correlation of the second test of
aggression with the wm-zsures of the inability to make di-
rected movements. To my knowledge there has been no other
report of hyperemotionallty correlating with other effects
of septal lesions. It 1s likely that this 1s due to the
facts that (1) the animals are relatively tame by the time
later tests are made and (2) the less emotional animals
are, the less differentiatlion previously used rating scales

show.
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Regarding maze learning and other findings in-
volving learning with consummatory rewards, more attention
to the details of the behavior is needed to test the ade-
gquacy of the response-fragmentation generaliization. Thus,
it would appear that there should be greater deficits in
learning than those reported, 1f the generalization is not
to be qualified. Por example, rerhaps fragmentation is ap-
parent only when the animsl is threatened or when there are
stringent requirements for fast responses (as during active
avoldance learning) or when there is no such requirement
perhaps 1t 1s apparent only when the behavior sequences are
relatively long or complex (as in umweg or "reasoning"
tests).

An additionsal difficulty was mertloned esrlier:
in each of the behaviors described above, there is a problem
in deciding what are component acts and what are whole acts.
As a preliminary step the criterla used by Pilaget (1952) to
differentiate voluntary from involuntary behavior 1In infants
could be used: voluntary acts are (1) not centered on the
body, (2) novel adaptations rather than stersotyved or
repetitive acts and (3) composed of many intervening acts
rather than few. However, these criteria are rather ab-
stract. The work of Vanderwolf (1¢4L, 1969) on the hip-
pocampal EEG and voluntary behavior suggests an alternative
criterion and provides additional evidence on the role of
,

ne lntegzration of stereotyoed component

te

the sentel erea in ©
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acts. It 1s well known that septal damage prevents the ap-
pearance of rhythmical slow activity (RSA) in the hippocampal
EEG (Green and Arduini, 195l). Vanderwolf's studies indi-
cate that such activity is correlated with the initiation
of voluntary movements such as jumping to avoid shock or
walking during exploratlion. It is not correlated with com-
ponents of such stereotyped beshaviors as grooming and mating
and only appears in these behaviors when postural adjustments
are made during tne transition from ohe component 22t to the
next. Since septal damage disrupts hippocampal RSA 1t might
be expected that those behaviors with which RSA 1s associ-
ated would also be disrupted. This conclusion 1s consistent
with the findings of the present study in which rats with
septal lesions were found to be slow to initlate walking
during exploration and Jjumping during avoidance training,
but were more normal when making groomiang, feeding, drinking
or undirected escape responses (running, jumplng, struggling,
attacking, freezing). It is also consistent with other stu-
dies of septal damszed animals wnich found a disruption of
integrated, effective sequences of stereotyped acts but ao
effect on or an enhancement of the probsbllity of the Iso-
lated actz.

In an experiment, which like the present study in-
voived the observation of a variety of behaviors in each of
a number of brain-demaged animals, Gliclkman, Higgins eand

Iscacson (1970) alsc fcocund & correlation Letween the behaviors
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correlated with hippocampal RSA and those affected by limbic
system damage. In their study, hippocampal damage in
gerbils produced an increase in the frequency of those be-
haviors correlated with RSA. Whether or not this increase
implies a disruption of the behaviors is difficult to de-
termine because the behaviors were not analyzed in terms of
effectiveness. For example, the frequency of locomotion,

re aring and sniffing were analyzed, but not the latency to
find a reinforcing stimulus, and the frequency of attack or
fighting was analyzed but not whether the attack led to the
eventual flight or submission of either the attacker or the
opponent. Some findings, however, suggest that these in-
creases may reflect a disruption. A major example is that
although Hippocampal leslons produced more locomotlon in an
open field (a definite difference from the effects of septal
lesions in the rat), there was very little decline compared
with control animals in locomotion over the 10 min. test
period. This latter result suggests that the locomotion
was not as effective in the hippocampal-damaged gerbils as
in the controls. This conclusion is based on an analogy be-
tween exploration and consummatory behaviors such as eating,
mating, etec. If consummatory acts are effective, then over
time they are self;terminating (e.g. ove£ time, eating tends
to terminate eating). It is well-known that this is true of
the exploration of normal animals. Since it is not true of

the exploration of animals with hippocampsal damage, this
- B g iy L
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suggests that the behavior 1g not effective. A latent learn-
ing study would be needed to test this suggestion, but at
least 1t is consistent with the finding thast hippocampal
damage results in excessive but ineffective locomotion in
other situations (e.g. where escape from shock 1s dependent
on inhibiting locomotion--Teitelbaum and Milner, 1963).

Thé.study by Glickman et gl. illustrates some of
the considerations that must be accounted for in analyzing
behaviors in terms of voluntariness. Vanderwolf (1969)
describes two ma jor criteria: (1) "The type of movement
sald to be 'voluntary' can easily by controlled by any one
of a number of different motive states." and (2) "The se-
quence of movements 1s not fixed." The concept of fragmen-
tation (iﬁto fixed sequences of behaviors), discussed above,
is primarily concerned with the second criterion. Since the
concept of effectiveness 1s concerned wlith the goal of the
behavior from which the motives must be inferred, it 1s con-
cerned with the first criterion. In short, to analyze be-
havior in terms of voluntariness, the goal as well as the
pattern of the behavior must be consldered.

In conclusion, the present findings suopport the
generalization that septsl damage causes a fragmentation of
voluntary behaviors. Thus, integrated seguences of such
behaviors have = decreased probabllity of appearance but
isolated component-acts are either unaffected by the damags

or made more probeble. The generalizastion does nobt preclude

9]
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the possibility that such voluntary behaviors could be
learned, but it should take septal damaged animals longer
than normal animals because for every effectlve response a
normal animal learned the septal damaged animal would be
learning a chain of responses. Finally, the response-frag-
mentation generallization may be restricted to situations
which normalij are threatening or fear-inducing to the

specles being considered.



CONCLUSIONS

1. An historical review of the study of septal damage
suggested that detailed, within-subjects observations of
animals in seferal sltuations and interpretation of these
observations in terms of the effectiveness of the behavior
for the survival of the animals are néeded for a more com-

plete understanding of the effects of septal damage.

2. Three experiments, reported in this study showed the
following effects of septal damage:

(a) Septal lesions disrupt directed movements
made during the testing of exploration, escape, movement
inhibition, and jump avoidance learning;

(b) The disruption of directed movements is re-
lated to hyperemotionality when 1t 1s measured by a newly
developed scale, which indicated the emotionality of pre-
viously handled (tame) animals more reliably than previ-
ously used scales;

(c) When added to septal lesions, preoptic damage

-

disrupts both positlve and negative transfer;

+13
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(d) The disruption of directed movements during
jump avoldance learning 1s not due to intertrial handling

£

or to a tendency on the part of septal-damaged rats to
avoid light; and
(e) Although a wide variety of effects of septal

damage are interrelated, some affects (like ths decrease in

weight-gain) are not related to others.

3. Interpretation of this and previoﬁs experiments suggests
the following generslization and two corollaries:

(a) For a wide variesty of the effects of septal
damage, there is a fragmentatlion of voluntary behaviors, such
that integrated sequences of such behaviors have a decreaged
probabllity of appearance dbut lsolated component-acts are
elther unaffected or made more probable; and

(b) The fragmentation of voluntary behaviors re-
sults in both (i) the perseveration of isolated acts and
(ii) the slower learning of effective responses, because

for every effective response that a normal animal makes
ind 3

a septal-damsged animal must make a chain of isolated acts.
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APPENDIX:

Performance of individual animals.

1l



Table Al.

L5

Water consumption during first week after
from operation (cc.).

recovery (3 de

2)

DC RE Sh

Ss Consumption Ss Consumpticn Ss Consumptlon
1 243 1 280 1 161
3 179 2 20k 2 187
L 175 L 22l 3 217
6 16l 5 196 5 21l
{ 210 6 166 6 186
8 200 7 138 7 181
9 17 8 153 8 168
10 19k 9 163

11 175 11 123

12 21l 12 139

13 165




Table A2,

Emotionality ratings for
individual animals.

Ss Day 1 Day 2 Day 3 Total
DC T 5 6 6 T7
3 L 3 5 12
L L 2 3 9
6 7 0 5 12
7 10 2 7 19
8 2 2 L 8
9 8 2 2 12
10 9 2 7 18
11 L 0 0 I
12 3 2 0 5
13 7 2 7 16
RF 1 9 9 10 28
2 5 7 Iy 16
Iy 5 1 6 12
5 7 7 11 25
6 9 6 10 25
7 8 10 8 26
8 5 7 6 18
9 5 5 6 16
11 13 8 9 30
12 9 7 5 21
Sh 1 7 1 3 11
2 2 0 I 6
3 5 1 2 8
5 2 3 2 7
6 0 3 1 L
I L 3 Ly 11
8 3 0 1 3
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Frequency of open-field behavior of individual

Table A3.

7

animals (Li-day totals).
Behaviors
Ss  [Explo- Groom- |lnac- Del'eca-fSquares|Leav- bnter-
N ration ing tivity tion tra- ing ing
(foecal| versed| wall com-
boli) part-
ment
DC 1 23 0 57 2 38 1 5
3 6 L 73 L 1L 0 L
L 16 8 55 8 55 0 13
6 16 11 53 6 39 1 7
7 28 g L7 5 2l 0 L
8 19 3 58 8 26 0 3
9 6 7 67 1L 13 0 2
10 17 7 56 10 69 3 [
11 18 1L L8 3 69 3 12
12 25 6 Lo 9 29 0 6
13 3 g 68 10 1 0 3
RF 1 17 1 62 3 7h 1 1
2 15 2 63 1z 25 0 Ly
L 25 L 5l L7 17 0 5
5 13 3 6l 1 28 0 i
6 10 1 69 7 23 1 5
7 0 0 80 15 0 0 0
8 S 1 70 7 16 0 3
9 L 10 66 8 12 0 3
11 3 0 77 9 10 0 2
12 6 2 T2 8 17 0 0
Sh 1 3l 7 39 20 150 6 10
2 Lo 2 38 1 136 9 18
3 Lo 9 29 L 86 5 12
5 22 1L Ll 1l 60 3 7
6 L1 3 35 6 163 9 15
T 27 L L9 3 15 0 5
8 31 7 Lo 0 79 L 11
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Table Iy (cont'd).

Ss Latency to enter compartment
B after finding wall¥®

Day 1 Day 2 |Day 3 |Day L

DC 1 15 2 1 11
3 5 4 1 B

Iy 13 17 3 6

6 L 6 1 &

7 L 0 1 0

8 13 2 Max 1

9 5 T Max NFW
10 9 L 1 1
11 6 5 3 9
12 3 0 1 1
13 9 3 6 Max
RF 1 Max 18 Max Max
2 2 6 10 Max

Iy 1 0 1 0

5 6 1 Ly 3

6 2 2 3 2

7 NEW NEW NEW NE'W

8 L 2 0 Max

9 1 9 10 Max
11 Max 0 Max Max
12 Max Max Max Max
Sh 1 L 2 i 0
2 2 1 1 0

3 0 0 1 0

5 6 0 1 0

6 2 0 3 0

A 1 0 0 0

8 3 0 0 0

“Max-did not enter compartment on
this test day;

NEW-did not find wall on thils test

day.
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Table AS.

150

Behavior of individual animals during the escape test.

HEscape responses

Freeziln

g responses

o8 Iinding

Ss Number Number i1n| Number|Latency (in island (X=
- during test]| first 2 12 sec. S found
min. periods) Tsland)
DC Iy 125 L3 (29) 16 X in 19 min.
6 188 L3 23 19
i 50 33 19 10
8 (61) 5l (6) 13 X in 5 min.
9 116 L3 27 Ll
10 (29) 2l (8) 5 X in L min.
11 71 27 Sl 8
12 63 Ll 73 10
13 12 28 L 10
RF 1 89 33 L7 16
2 101 17 29 7
L (27) 25 (32) 8 X in 10 min.
5 98 Ik 50 12
6 87 23 11 21
i 151 3l 13 12
8 78 30 L2 11
9 122 37 37 9
11 108 2l 28 15
12 205 58 20 18
Sh 1 Lo 8 L5 5 X in 21 min.
2 (22) 13 (25) 9 X in 15 min.
3 (35) ) (0) -- X in 2 min.
g 22 11 6l 10
6 (30) 23 (18) 7 X in 8 min.
i 65 16 53 !
8 25 -5 8ly 6




Performance of individual animals on escape trainin

Table Ab.

151

o

and passsive avoidance.
Number of shaping Mean escape Number of trials
trials during latency (sec.) during passive
Ss escape training on last 3 trials avoldance test
~  |Large[Small|Total|Large |Small|ALlLl Cr~|Large|Small|Total
I8l.] Isl. Isl.] Isl.] trialg] Isl.] Isl.
DC 1 2 0 2 2 9 8 2 2 Ly
2| 15 Iy 19 10 3 8 1 0 |
L 1 L 5 12 10 “d 0 1 1
61 9 0 9 11 7 10 4 1 Iy
7 2 76 78 6 1 5 2 2 L
8 0 0 0 1 L 7 0 2 a
9 1 1 2 1 11 13 2 1 3
10 0 3 3 5 3 5 1 1 2
11 2 8 10 6 1 13 2 Ly 6
12 8 2 10 15 10 13 1 0 1
131 18 0 18 11 1L 12 1 1 2
REF 1 o’ 3 10 11 17 15 L 1 S
2 7 0 7 L 22 10 1 1 2
L 0 0 0 9 i 10 0 5 5
5 8 0 8 5 7 11 3 1 Ly
6 2 8 10 7 6 8 2 3 5
7 7 6l 71 22 11 1l 3 2 5
81 10 0 10 & 18 13 0 0 0
9 6 2L 27 6 L 6 1 0 1
iy ] T 0 7 5 19 10 7 0 T
12 L 0 n 9 12 g 0 0 0
Sh 1 0 0 0 2 7 I 0 1 1
2 0 3 3 2 3 5 0 7 7
3 0 & 2 2 2 6 0 0 0
51 2 1 3 2 3 L L 0 L
6 1 1 2 9 6 7 0 Ly L
7 2 1 2 6 L 6 2 1 3
8 2 2 Ly 2 2 i 3 3 6
“Cr. - Criterion (last 5 trials were criterion trials for

each island).
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Table A7.

Movement inhibition performancs

of individuzl animals.
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Table AS8.

Jump avoldance performance
of individual animals.

Errors

Mean la-
tency on
criterion
trials
(sec)

Errors
after first
avoldance

Trial 1
escape
latency
(sec.)

=]
=

02]
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105
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Table AQ.

Weight gain (in gm.) per day of
individual animals.

DC RE Sn
Welght (S5 | Weight [S5 | Welght
gain - gain - gain
1 1.7 1 1.6 1 1.9
3 Lo X 2 149 2 1.6
L 1.3 Ly diw 3 2.4
6 1.h 5 1.3 5 s0
7 1.3 6 1.1 6 1.8
8 1.6 ! Lw? 7 Ew
9 iy | 8 1.l 8 1.3
10 2.4 9 1.8
11 1.9 11 1.
12 1.8 12 L'
13 1:3




Table A1lO0.

Mean JA and MI performance
of individual animals.
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S8 JA (errors [MI (% time Ss JA (errors |[MI (% tTlime
- X 100/30) |off island)| — X 100/30) |off island)
ClL 1 13 7 ce 1 33 3
2 50 100 2 23 100
3 30 93 3 27 L1
Ly 63 2 Ly Lo Ly
5 L7 5 5 17 7
6 13 100 6 27 18
7 13 8
8 27 98
9 13 8
10 L0 10
S1 1 80 3 82 1 100 100
2 77 30 2 100 100
3 53 21 3 100 100
Ly 97 B Ly 100 90
5 87 58 5 100 88
6 83 10 6 77 100
7 100 5 7 100 98
8 L7 52 8 100 100
9 100 13 9 87 a7
10 100 2 10 93 20
Pl 1 37 3 P2 1 30 82
2 33 z 2 20 25
3 30 2 3 23 72
Ly 33 L5 Iy 30 27
5 37 [ 5 20 97
6 20 8 6 53 100
i 23 2
8 17 3
9 17 4
10 13 2




Table A10 (cont'd).
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Ss JE (errors |MI (% time | Ss JE (errors [MI (% time
= X 100/30) |off island)| ~ X 100/30) |off island)
PS1 1 100 52 PS2 1 73 23
2 77 50 2 100 67
3 70 98 3 90 95
Ly 83 52 Ly 93 80
5 57 118 5 80 100
6 100 92 6 67 L2
7 100 17 7 63 100
8 1,0 38 8 87 97
9 65 9 90 100
10 60 100
11 90 L2
12 60 100
13 100 100
1l 97 97
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