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CHAPTER I 

INTRODUCTION 

Purpose 

Prior to the work of several pioneer researchers (Bro-

dal, 1947; Papez, 1937; Ramon y Cajal, 1934; Smith, 1897; and 

Swan, 1934) the hippocampus was considered to subserve pri

marily olfactory functions. These researchers, however, 

demonstrated that olfactory impulses play a subordinate role 

in the functions of the hippocampus. Since the publication 

of these articles, a large amount of work has been under

taken to determine the true functions of this rather large 

area of the brain. 

The hippocampus is a part of the third limbic system 

according to the classification of Pribram and Kruger (1954) . 

In spite of the large number of publications to date, the 

hippocampus and the entire third limbic system have remained 

mysterious and relatively incomprehensible. Indeed, the 

study of the hippocampus has been sufficiently difficult to 

prompt Olds (1959) to state facetiously that "the hippocampus 

changes function with each new experiment." Actually, the 

previous work in this area has probably only begun to investi 

gate the possible functions of the hippocampus. In general, 

previous researchers have investigated a rather limited 

sample of behavior and a small number of dependent variables. 

In addition, the interpretations of the previously completed 
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research have tended to be rather monolithic and narrow in 

scopee 

Another difficulty concerning hippocampal research 

has been the lack of communication between the various disci

plines which have an interest in the hippocampus. A review 

article has not been published m almost twenty years, and 

the behaviorally oriented researchers do not make reference 

to the work of physiologists and vice versa. 

The purpose of this paper, then, is twofold. The 

primary purpose is to study the effects of hippocampal abla

tion upon a fairly large number of behavioral measures with 

the hope of gaining some insight into the possible functions 

of this area of the brain. A second purpose is to present 

a concise, and yet fairly detailed review of the previous 

anatomical, physiological, and behavioral literature per

taining to the hippocampuso In attempting to achieve this 

second purpose, some data will be presented which apparently 

is not related to the experiment as a whole. However, these 

data are included in the hope that some future investigator 

may benefit from this presentation of the previous literature 

Terminology 

Since there is variation among authors regarding termi 

nology in this area, it is necessary to define some important 

structures referred to in this paperc The term hippocampus 

refers to the hippocampus proper, and not to the adjacent, 

and somewhat continuous regions of the brain, such as the 
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hippocampal gyrus. The hippocampus proper includes Ammon's 

horn, the dentate gyrus, and the subiculum. To avoid con

fusion, the term hippocampal gyrus will be excluded and the 

term entorhinal cortex will be used instead. 

The dorsal hippocampus in primates is the posterior 

hippocampus of subprimates, while the ventral hippocampus 

of primates is the anterior hippocampus of subprimates. 

Since this paper concerns subprimates, the terms dorsal 

hippocampus and ventral hippocampus will not be used. 

General Anatomy of the 
Hippocampal Formation 

In the rat, the hippocampus is a narrow cortical 

structure composed of densely packed cells with a broad 

fiber stratum on both sides, and the dendrites of the hippo

campal cells ramify m this stratum. The hippocampus is 

folded into the lateral ventricle about the hippocampal 

fissure. A small medial limb forms the dentate gyrus, and 

a larger lateral limb forms the hippocampus proper (Masso-

pust, 1961). Figure 1 shows the rat hippocampus with all 

surrounding structures removed. 

In man, the hippocampus proper is within the floor 

of the inferior horn of the lateral ventricle and is covered 

by the ependymal lining of the ventricle. Beneath the 

ependyma lies a layer of myelinated fibers called the 

alveus. The alveus becomes continuous with the fimbria 

along the medial aspect of the hippocampus and continues 
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Figure 1. Photographs of the rat hippocampus with all 
structures dissected away. Photograph above is an anterior 
view and lower photograph is a basal view. 



into the body of the fornix (Peele, 1961). 

The dentate gyrus is a narrow band of cortex grooved 

transversely as its name suggests, and is surrounded by the 

hippocampus on all sides except one. The dentate gyrus is 

continuous with the hippocampus within the hippocampal fissure 

It extends anteriorly to the notch of the uncus, continues 

across the inferior surface of the uncus and spreads out 

over the medial surface of the latter as the bands of Gia-

comini. Posteriorly the dentate gyrus is continuous through 

the fasciolar gyrus below and behind the splenium with the 

supracallosal gyrus. Occasionally the fasciolar gyrus shows 

small elevations on its posterior surface, known as the gyri 

of Anders Retzius (Peele, 1961). 

Cytoarchitecture of the Hippocampal 

Formation 

This section is based primarily on observations taken 

from the human brain, but since no detailed discussion of 

the cytoarchitecture of the rat hippocampus is available, 

the human data will be presented. One may probably assume 

that the structures described are similar in the rat. 

In proceeding from the entorhinal region to the hippo

campus prop'er and dentate gyrus, several distinct changes 

occur. From the six layered entorhinal region to the hippo

campus , certain entorhinal layers drop out and others are 

rearranged in the various zones. These zones beginning with 

the entorhinal region include (in order): the parasubicular 



region, presubicular region, subicular region, prosubicular 

region, hippocampus, and dentate gyruso Lorente de No (1934) 

has given an elaborate discussion of the finer details of 

architecture, but this paper is concerned mainly with the 

hippocampus proper and the dentate gyrus. 

The Hippocampus Proper 

There are three fundamental layers in the hippocampus, 

the external plexiform layer, the pyramidal layer, and the 

polymorphic layer. The external plexiform or molecular 

layer contains small neurons of the Golgi II type. There 

are many fibers entering the external plexiform layer from 

the external layer of the subiculum, some of which have 

traversed the cortex of the subiculum. The axons of the 

neurons have many branches and end within the layer (Peele, 

1961). 

The pyramidal layer contains many large pyramidal 

cells mixed with small pyramidal cells and Golgi II cells. 

The large and small pyramidal cells show differences in 

morphology and dendritic development. 

The polymorphic layer is believed to contain several 

types of cells, including basket cells and modified pyra

midal cells. The polymorphic pyramidal cells are the 

projection cells of the dentate gyrus. 

In addition to the three fundamental layers, several 

secondary laminae are formed by the arrangement of axons and 

dendrites of cells in the fundamental layers> Passing from 



the alveus inward, these laminae are as follows: the stra

tum oriens, the stratum pyramidale, the stratum radiatum, 

the stratum lacunosum, and the stratum moleculare. Accord

ing to Lorente de No, the last three laminae correspond to 

the molecular layer of the isocortex. 

The stratum oriens consists of fibers and polymorphic 

cells and is divided into an inferior and superior zone. 

The inferior zone, adjacent to the alveus is of less com

plexity and contains fusiform or triangular cells, the 

dendrites of which ramify within the molecular layer. The 

superior zone contains the basal dendrites of the pyramid 

cells and the collaterals of axons of the pyramidal cells. 

Within this zone the dendrites and axon collaterals form a 

plexus sometimes referred to as the internal plexiform layer. 

The pyramidal layer contains many large pyramids mixed 

with small pyramids and Golgi II cells. There are differ

ences in morphology and dendritic development between the 

large and small pyramids. Basal dendrites enter the stratum 

oriens and synapse with pyramidal axon collaterals. 

Apical dendrites enter the stratum radiatum and some 

reach the molecular layer and synapse with axons of granule 

cells. The pyramidal axons descend through the stratum 

oriens where they radiate collaterals and enter the alveus. 

There are pyramidal, triangular, and fusiform cells 

in the stratum radiatum. The axons of the pyramids enter 

the alveus and the axons of the triangular and fusiform cells 

may arborize within the stratum radiatum or may enter the 
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stratum lacunosum or pyramidal layer to ramify (Peele, 

1961) . 

The stratum lacunosum contains many myelinated fibers 

and small neurons. The fibers include collaterals from 

alvear axons, shorter collaterals from the axons of pyra

midal cells, terminal fibers from the white substance, and 

terminals of certain pyramidal dendrites. There are many 

small Golgi II neurons and many fibers from the external 

layer of the subiculum in the external plexiform or mole

cular layer. 

The hippocampus proper is divided into four regions 

by finer variations in intrinsic structure on the basis of 

histological data collected by Lorente de No (1934) . These 

regions are commonly referred to in the literature, and are 

illustrated in Figure 2. 

According to Purpura (1959) , the division of the 

hippocampus into a number of fields rests upon histological 

criteria which have differed from one researcher to another. 

Rose (1927) divided the hippocampus into five regions, while 

Lorente de No (1934) believed that the hippocampus could 

best be separated into four regions: CAl, CA2, CA3, CA4. 

Lorente de No, on the basis of both Golgi and Cox techniques, 

defined fourteen cell types in the hippocampus. Purpura 

(1959) states that the configuration of different neurons, 

location and distribution of dendrites and axons, and termi

nation of afferents.g§ve the principle clues to the nature 

of different regions. It is assumed that cell types are 
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. path 

Figure 2. Upper figure. Scheme of the hippocampus and den 
tate gyrus. Lower figure. The general direction of flow 
in the structures shown in upper figure (from Krieg, 1957). 
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not dispersed, but that each region has specific cell types. 

Each field has distinct types of elements with different 

forms and connections. There are small pyramids m region 

CAl, while larger pyramids are m CA3 and CA4o According 

to MacLean (1959), one ceases to see cells with Schaffer 

collaterals when going from region CA2 to region CA3. The 

beginning of region CAl is marked by the stratum radiatum 

neuropil, which is located above the pyramidal cell bodies. 

The pyramidal cell bodies end at the subiculum, which is 

marked by the beginning of the perforating fibers. 

The Dentate Gyrus 

The dentate gyrus is also composed of three laminae. 

The layers are an outer molecular, a granular, and pcciy-

morph layer. 

A molecular layer is continuous with that of the 

hippocampus around the depths of the hippocampal fissurec 

Its fibers include those entering from other regions to 

terminate there. Small cells are found more superficially 

in the molecular layer while the larger ones are deeper. 

The granular layer of the dentate gyrus is composed 

of small cells whose axons pass through the polymorph layer 

and enter the pyramidal layer of the hippocampus. 

Several types of cells form the polymorph layer. 

Basket cells with radiating dendrites pass into the molecu

lar layer where they give rise to basket-like collaterals 

which descend again into the granular layer. The axons of 
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the pyramidal cells in the polymorph layer pass through 

the inferior part of the alveus into the fimbria and on 

into the fornix (Lorente de No, 1934; Peele, 1961). There

fore the pyramids of the polymorph layer are the projection 

cells of the dentate gyrus. The granule cells are con

sidered to be associative since they send axons into the 

pyramidal layer of the hippocampus. 

The Connections of the Hippocampus 

Afferent Fibers 

Until the past few years, the hippocampus had been 

considered to be olfactory cortex. However, olfactory 

fibers are known to reach only as far as the prepiriform 

and periamygdaloid areas of the cortex, which do not have 

direct connection with the hippocampus. Impulses from 

olfactory fibers (and from the amygdala as well) appear to 

reach the hippocampus via the entorhinal cortex. (Rî sseii;!, 

1961) . 

The alvear path is composed of fibers from the medial 

part of the entorhinal area and are distributed to region 

CAl only fPeele, 1961; Russell, 1961). The entorhinal region 

sends many axons to the hippocampus via the subiculum. 

(Lorente de No, 1933; Ram6n y Cajal, 1955). These axons 

travel via two paths, the alvear path and the perforant path. 

The perforant path is composed of fibers from the 

lateral entorhinal area. This pathway contributes to hippo

campal areas CAl, CA2, CA3, and to the dentate gyrus. Region 
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CA4 probably received these fibers indirectly from the other 

regions. The incoming fibers of the alvear and perforant 

groups end in relation to the granule cells of the dentate 

gyrus and the pyramidal cells of the hippocampus. Fibers 

from the hippocampal commissure also end m this area. 

They appear to arrive via the perforant path. In regard 

to pyramidal cells, it appears that the alvear fibers and 

chiefly about the basal dendrites and cell bodies of the 

pyramidal cells (Peele, 1961). 

Although the fornix is the chief efferent pathway 

of the hippocampus, it also appears to contain some afferent 

fibers. These come mainly from the septal region (Green, 

1960; Russell, 1961) . 

Efferent Fibers 

A considerable amount of neurological research has 

been concerned with the projections of the fornix, which 

is the mam efferent pathway of the hippocampus. Simpson 

(1952) divides the fornix into a precommissural and a post-

commissural division. The former is several times larger 

(by fiber count) and terminates m the septal region. The 

postcommissural division terminates m the mammillary body 

of the hypothalamus. Furthermore, when lesions are restricted 

to the anterior portion of the hippocampus, degenerating 

fibers can be traced only to the septal region, while lesions 

involving the posterior portion of Ammon's formation result 

in fiber degeneration which extends to the mammillary body 
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(Russell, 1961). 

The efferent fibers in the fornix arise from pyra

midal cells of the hippocampus and from pyramidal cells in 

the dentate gyrus. The presubiculum also contributes some 

fibers to the fornix and many fibers cross the hippocampal 

commissure or psalterium to the contralateral hippocampus. 

Hippocampo-septal Projections 

Nauta (1956) has found indications that all of the 

septal cell.^groups, including the bed nucleus of the hippo

campal commissure and the nucleus of the diagonal band, i 

receive fibers from the hippocampus via the precommissural 

or postcommissural fornix. There is indeed a large amount 

of evidence to support Fox's statement that ". . . the 

septum is a subcortical way station m the path of the 

fornix, o " iFoXy 1943, p 31), 

Hippocampo-preoptJ c Projections 

This connection appears to be established largely by 

the precommissural forniXo Some of these fibers reach the 

lateral preoptic nucleus via the medial forebrain bundle, 

while other shorter fibers terminate m the bed nucleus of 

the anterior commissurec Nauta has pointed out that no 

hippocampal efferents appear to continue in the medial fore 

brain bundle beyond the preoptic region. Thus, the caudo-

lateral region of the hypothalamus, which has been shown to 

be prominently involved m autonomic mechanisms associated 
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with affective behavior, seems to be situated outside of 

direct hippocampal influence. However, hippocampal impulses 

could be transmitted to this region via the septum (Nauta, 1956) 

Hippocampo-hypothalamic Pathways 

The hippocampus sends direct projections to the dorsal 

hypothalamus and periventricular zone of the hypothalamus, 

Nauta is of the opinion that the projection to the dorsal 

hypothalamic area may be related to the widespread projec

tion of the hippocampus to the midline region of the thalamus 

and might actually represent an indirect component of that 

projection. The pathway from the hippocampus to the peri-

ventricular zone of the hypothalamus may have a different 

function since it terminates m the arcuate nucleus of the 

hypothalamopituitary mechanisms controlling ACTH release 

during stress (Laqueur, e^ £i= > 1953). This pathway seems 

to arise exclusively in the caudal one-third of the hippo

campus (Nauta, 1956). 

Hippocampo-thalamic Projections 

Nauta (1956) has confirmed earlier work which mentions 

the existence of massive, direct projections of the hippo

campus to the thalamus. The anterior nucleus complex of the 

thalamus receives a large number of these fibers. Indirect 

hippocampal fibers may reach this complex via the mamillo

thalamic tract. It IS not possible at the present time to 

determine the extent of overlap of these two hippocampal pro

jections., There is evidence, however, that the anteroventral 
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region of this complex receives direct hippocampal fibers, 

while the mammillo-thalamic tract contributes to the antero-

medial nucleus. Rose and Woolsey (1948) have presented 

evidence that these two major divisions of the anterior thala

mic nucleus project to almost all of the limbic system. 

Likewise Adey (1951) has demonstrated fibers which project 

from the limbic cortex to the presubiculum and to the latero-

dorsal nuclei of the thalamus (Nauta, 1953). This evidence 

has prompted Nauta (1956) to suggest that the circiut 

hippocampus-anterior thalamic nucleus-limbic cortex-presubi-

culum-hippocampus may influence activity in frontal and 

parietal association areas. 

Hippocampo-reticular Projections 

The hippocampus also sends projections to the thalamic 

reticular formation. The median and paramedian regions of the 

thalamus receive hippocampal projection fibers. These nuclei 

have been shown by Morison and Dempsey (1942) to be part of 

the thalamic reticular systemo 

Nauta describes fornix fibers which bypass the mammil

lary body and distribute m the midbrain tegmentum. These 

fibers were traced through supramammillary decussations into 

the tegmental regions of both the midbrain and the pons. In 

the rat, however, these fibers apparently are indirectly 

influenced by the hippocampus and are directly influenced 

by the septal region. Only lesions of the septal region 

caused degeneration of these fibers. Conceivably these 
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fibers could be a pathway by which the hippocampus could 

extend an influence over portions of the brain-stem reti

cular formation. 

Hippocampo-mammillary Projections 

The mammillary bodies receive strong input from the 

hippocampus. Most of the fibers terminate in the medial 

nucleus of the mammillary bodies (Nauta, 1956; Simpson, 1952). 

However, diffuse, sparse connections of the fornix with all 

remaining parts of the mammillary body have been reported 

(Nauta, 1956). In addition, Nauta has traced a few fibers 

from the fornix to the supramammillary region. 

Hippocampo-prefrontal Connections 

According to Nauta (1964) , the likelihood of narrow 

front-limbic relationships has been suggested on the basis 

of both behavioral and anatomical data. Fulton (1952) and 

Pribram (1958b) have postulated such connections on the basis 

of (1) a correspondence in certain general characteristics of 

the behavioral effects of both prefrontal and limbic lesions, 

and (2) the possibility that the thalamic dependences of 

both the prefrontal cortex and the medio-basal telencephalon 

form part of what Pribram calls the "internal core" of the 

thalamus. 

In addition, evidence of connections between the pre

frontal cortex and the hippocampus has come from fiber de 

degeneration studies. Adey and Meyer (1952b) have traced 
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degenerating fibers in the monkey from the frontal lobes to 

the cingulum bundles, and the presubiculum, and the entorhinal 

area, which send massive projections to the hippocampus proper 

Hippocampo-caudate Pathways 

According to Rosvold and Szwarcbart (1964) demonstra

tions of caudate interactions with the hippocampus have been 

done by Umbach in 1959. Umbach demonstrated that direct 

stimulation of the caudate nucleus induced slow waves in the 

caudate for a fraction of a second and that the hippocampal 

electrical activities were relatively inactive during this 

period. After this phase, spindle activity developed in 

both structures. The hippocampus and caudate nucleus are 

also among the subcortical structures which develop synchro

nous activity during conditioning (John and Killiam, 1959). 

Some Biochemical Aspects of the Hippocampus 

There appear to be differences m the biochemical 

composition of the various fields of the hippocampus. Accord

ing to Purpura (1959), Fleischhauer and Horstmann (1957) 

have demonstrated that intravenous injections of an ammonical 

solution of diphenylthiocarbazone (dithizone) results in 

selective vital staining of the dentate and regions CA3 and 

CA4 of the hippocampus. Purpura further reports that the 

reddish-purple staining of these regions is the result of 

the formation of a zinc-dethizone complex which assumedly 

indicates that the stained regions contain extraordinarily 

high concentrations of zinc-metalloenzymes. Purpura not 
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only confirmed these results, but also extended them by 

comparing the intensity of the reaction in different por

tions of the hippocampus. The author reports that within 

ten to fifteen minutes after intravenous injection of dithi

zone in cats, it was observed that the dentate and regions 

CA3 and CA4 of the posterior segment of the hippocampus 

were intensely stained, but that toward the mid-ventricular 

segments the staining of CA3 and CA4 was less intense. 

The anterior parts of the hippocampus were practically un

stained after the same period of time. Selectivity of two 

types is revealed by these observations. Not only are regions 

CA3 and CA4 biochemically differentiated from regions CAl 

and CA2, but of equal importance is the finding that posterior 

regions CA3 and CA4 appear to be biochemically different from 

anterior regions CA3 and CA4. 

The Phylogeny of the Hippocampus 

The hippocampal primordium, which becomes Ammon's horn 

in higher animals, and the pyriform cortex make up the bulk 

of the cerebral hemisphere in amphibians and various verte

brates. According to Green (1960), amphioxus is the only 

vertebrate lacking the hippocampal primordium. 

Green (1960) has pointed out that much of our present 

knowledge of the mammalian hippocampus has come from the 

work of Smith (1897) . Smith regarded the primitive hippo

campus as being entirely supracallosal in its position and 

regarded the infracallosal (dorsal) portions of the hippo-
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campus to be the result of the formation of the "hippocampal 

flexure." "A main difficulty of this theory is its apparent 

inability to explain why the hippocampal commissure comes 

to be positioned infracallosally and yet remains in contact 

with the-hippocampus proper. In primates, the hippocampus 

is pushed backward due to the growth of the corpus callosum. 

As a result the primate hippocampus lies almost entirely 

in the temporal lobe. 

Johnston (1913) postulated that the septum, fornix and 

hippocampal commissure are an extension of the hippocampal 

primordium. Green (1960) states that the paraterminal body 

may be considered to be functionally related to the hippo

campal primordiuip, regardless of where the exact boundary 

between the two may exist. This manner of looking at the 

various relationships of the hippocampus at different levels 

of phylogenetic development can be of great help in simpli

fying the data which are available. In this framework the 

corpus callosum is conceived to grow through the hippocampal 

primordium-paraterminal body, and as a result, fibers to and 

from the hippocampus can be found above and below the corpus 

callosum and within it as well. As one notes the develop

ment of the hippocampus of higher animals, it can be observed 

that the hippocampus is gradually pushed into the temporal 

lobe. This is a result of the growth of the corpus callosum 

and of the cerebral hemispheres. 
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Functions of the Hippocampus 

General Orientation 

It was pointed out previously that the primitive 

arrangement of the hippocampal primordium helps to explain 

the afferent and efferent connections o*f the hippocampus. 

Before the development of the neocortex, the hippocampus 

establishes connections with the brain stem. These connec

tions are established via the paraterminal body to the ^ 

hypothalamus and diencephalon, as well as in the direction 

of the striatum (Green, 1960). It was for this reason that 

Herrick (1948) postulated that the hippocampal primordium 

served as a correlator of afferent impulses from a variety 

of visceral centers in the brain stem and then relayed them 

to the neocortex. 

Several workers have demonstrated that olfactory 

impulses play a subordinate role in the function of the 

hippocampus (Brodal, 1947; Papez, 1937; Ramon y Cajal, 1934; 

Smith, 1897; and Swan, 1934). Since the publication of 

these papers, a large amount of research into the possible 

functions of the hippocampus has been completed. The results 

of this work have so far remained inconclusive. The behav

ioral changes due to ablation and stimulation of the hippocampus 

have varied widely (Kimble, 1963; Zeman and Innes, 1963). 

Although a rather large amount of behaviorally oriented 

research has been published, a great deal of this research 

has been done by investigators whose main interests lie in 
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non-behaviorally oriented disciplines, such as electro-

physiology and clinical neurology. .The following section 

is a brief review of the findings of these non-behaviorally 

oriented investigators. The results were obtained primarily 

by the use of electrophysiological techniques, but some find

ings of clinical neurologists are also included. The primary 

interest of these investigations has been the correlation 

of hippocampal activities with activities of other neural 

centers and other physiological characteristics such as the 

biochemistry of the hippocampus. 

Electrophysiological Studies of the Hippocampus 

Exploratory Studies 

Purpura (1959) believes that we cannot add much to 

the findings of Ramon y Cajal (1955) and Lorente de No (1934). 

The early work of Ramon y Cajal established that the hippo

campus received its main afferents through the subiculum and 

not via the fimbra. Recently there has been considerable 

interest in the origin and distribution of the projections 

of the-̂  fimbra upon the hippocampus, but compared to the 

afferents which arrive via the subiculum, these afferents 

are likely to be of relatively minor importance. Of course, 

size alone is probably not a good criterion for the impor

tance of a-pathway (Purpura, 1959). 

Purpura reports that one of the primary objectives of 

his studies of the hippocampus is to define some of the 

synaptic organizations of this structure which can be activated 
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by afferent pathways. Purpura and his associates decided 

to study the effects of stimulation of the perforant path, 

since it Is one of the most prominent projections and can 

be selectively activated. Stimulation of the perforant path 

evokes a surface-positive response from almost the entire 

dorsal and ventricular surface of the hippocampus. The 

response has a latency of about 3-msec. The author believes 

that the surface positivity indicates that synaptic activa

tion of apical dendrites by perfo-ant fibers results in an 

outward flow of current from the pyramidal neurons. When 

the perforant path is stimulated by paired pulses, responses 

which not only show very early >ummarior, but also facili

tation, can be observed. The authc states that in his 

experience, this is never cbse.ved in afferent responses 

which are evoked from the neocortex. Positivity at the 

alveus is associated with a negativity which is prominent 

at the level of the cell bodies and is maximum amplitude 

at the level of the apical dendrites. Following weak stimu

lation of the perforant path, synaptic activation of apical 

dendrites results in the generation of a iS-msec. monophasic 

negativity. It is assumed that this response is a depolar

izing postsynaptic potential which is developed in the apical 

dendrites. In addition, it is postulated that the stimulation 

is unquestionably effected via a pre-synaptic pathway and is 

therefore an indirect response of the apical dendrites (i.e., 

the post-synaptic potentialj. The excitatory post-synaptic 

potential (e.p.s.p,) when evoked at 2-msec. Intervals summate 
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and exhibit facilitation. 

Mandell and Chapman (1963) stimulated the hippocampal 

formation and the region of the amygdala in man. Stimula

tion of the amygdala was followed by an increase in the 

level of plasma 17-hydroxycorticosteroids. Hippocampal 

stimulation generally resulted in a decreased level of 

corticosteroids, but in two instances these decreases were 

followed by a secondary increase. 

Yokota and Fujimori (1964) attempted to relate changes 

in hippocampal electrical activity with spinal motor reflexes 

and autonomic functions. This work was based on the research 

of Torii (1961) who postulated that there are two functional 

systems within the brain that influence the electrical activity 

of the hippocampus. He refers to these systems as the slow 

wave system and the fast wave inducing system Yokota and 

Fujimori believe that there is a close relationship between 

the slow wave components of hippocampal electrical activity 

and somatomator and vasomotor activities. 

Alterations in the histological structure of the areas 

of the hypothalamus receiving direct hippocampal projec

tions have been associated with changes m consciousness, 

amnesia, confabulations and delirium (Peele, 1961), These 

same symptoms have been noticed in animals after direct 

electrical stimulation of the hippocampus and after chronic 

lesions of the hippocampus (Green, 1960). Lesions of the 

hippocampus have also produced some of the behavioral changes 

believed to be involved m the seizure process. These changes 
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include abnormal fears, pupillary changes, and hypersthesia 

(Peele, 1961j. 

Ansst, Arana, Migliaro, Saude, and Segundo (1954) 

have shown increased voltage m the neocortex, sleepiness, 

and knee and ankle jerks due to hippocampal stimulation. In 

experimental animals it has been demonstrated that the dis

charges induced by stimulation of the hippocampus tend to 

spread throughout the limbic system. A functional ablation 

of this system is the assumed result. 

Several investigators have demonstrated that the hippo 

campus has a very low threshold follcvving e^ec t r oshock. 

Jung (1950) found that the hippocampus ?howed the lowest 

threshold to electro-hock oi an> region m the cerebral hemi

sphere, while Kaada (i95l! has demonstrated that the 

hippocampus was second only m sensitivity to the pyriform-

amygdaloid region m its reaction to dircvt stimulation. 

In cats, eiectroiy t J .: lesions m the hippocampus have 

been shown to induce seizures ivhich show mort of the charac

teristics of psychomotor epilepsy '.Green ̂  et̂  £i • » 1957) 

In addition, several researcher^ have reported that electri

cal stimulation will cause the arrest of a conditioned 

response (MacLean, 1957;. Also Correi) (195?! has shown 

that goal directed running m cats is slowed considerably by 

hippocampal stimulation. 

The Hippocampus and Aud.iOgenlc_ Seizures 

Kim and Kim (1962) found that hippocampal ablation 
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increased the susceptibility of rats to audiogenic seizures. 

Although the surgical control group was also found to be more 

susceptible to such seizures than the nonsurgical control 

group, there were qualitative differences between the suscep

tibility of the surgical controls and the hippocampally 

ablated animals. The surgical control group was found to be 

more susceptible to the seizures under strong sound, while 

the hippocampally lesioned animals were found to be more 

susceptible to seizures when presented with a weak sound. 

The Hippocampus as a Memory Processing Unit 

Another line of research has stemmed from recent 

indications that components of the temporal region of the 

brain, particularly the hippocampus and entorhinal cortex, 

are significantly involved m the processing of novel infor

mation into storage, as well as its early consolidation 

and recall (Magoun, 1964). Hughlmgs Jackson (1888) reported 

a case in which temporal lobe seizures spread from a focus 

in the uncus. During the seizure the patient was prevented 

from both the processing of experience into memory and its 

subsequent recalls More recently, Femdel and Penfield (1954) 

have, by direct electrical stimulation of the hippocampus, 

elicited this type of temporal lobe seizure. This is charac-

terized both by auras of recollection (deja vu) and by 

interruption of memory processing and retrograde amnesia. 

Penfield (1959) has demonstrated that actual previously 

remembered experience can be remvoked or elicited by direct 
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stimulation of the lateral temporal cortex. This aura effect 

is only observed in patients with seizures and probable 

alteration of function in this region of the brain. 

Still another line of clinical evidence for hippo

campal involvement in memory function stems from the work 

done by Korsakoff (1890). He described a type of symptom, 

referred to as Korsakoff's syndrome, in which there was severe 

impairment of recent memory while long term memory remained 

intact. Several cases have been reported in which focal, 

bilateral destruction of the hippocampus was observed at 

autopsy (Victor, Angevine, Mancall, and Fisher, 1961). Still 

more definite reference has been made by Penfield and some 

of his associates (Penfield and Milner, 1958; Milner, 1958). 

They found that patients with surgical ablations of the tem

poral lobes presented symptoms like those of Korsakoff's 

patients. This indicates that the ablated neural region 

must serve in the processing of memory, as well as in its 

early fixation and recall. It is not, however, the store

house for all memories once induced. Such storage seems to 

involve widespread cerebral participation (Magoun, 1964). 

These clinical observations have been supplemented 

by animal research m which bilateral ablations of the tem

poral lobes and more particularly the hippocampus, have 

resulted m serious memory defects. The classical Kluver-

Bucy syndrome involves the tendency for animals with bilateral 

temporal lobectomies to exhibit repetitious handling or mouth

ing of familiar objects, as though they were novel, and 
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general visual agnosia. Stepien, ejt aJ. , a960j and Kaada 

(1961) believe that m both rats and monkeys hippocampal 

ablation is the significant lesion, and a resultant memory 

defect, rather than visual or emotional disturbance, is the 

most important factor. In such preparations both discrimi 

native performance and avoidance learning is impaxred 

although previously learned tasks may be retamedc 

In order to serve m memory processing, the hippo

campus must be activated by all sensory modalicies. In 

addition to forward passage m classical sensory pathways, 

all afferent signals evoke ascending activity m less speci

fic routes through the central brain stem and medial 

diencephalon (Magoun, 1964). Thii, central transmission 

continues farther to the septum and is conducted into the 

hippocampus by centripetal fibers of the fornxx (̂ Green and 

Adey, 1956). 

Upon reaching the hippocampus, all Input seems equally 

capable of evoking a pattern of electrical activity called 

the theta rhythm. Work regarding the thetd rh/thm has 

branched mainly from the work ot Green and Adey. The theta 

rhythm consists of synchronous hxgh amplitude, slow frequency 

waves of four to seven cycles per second. It is the pattern 

characteristic ot hippocampal activation and is thought to be 

invariably a noncommitant of the low amplitude, high frequency 

pattern of the neocortical actxvatxon. 

The theta rhythm is obtained by a variety of methods. 

Green and Arduini (1954) have observed the theta response m 
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rabbits at the same time the neocortex was showing an acti

vation response produced by peripheral stimulation. Cats 

and monkeys do not show such a pronounced theta response 

although evoked potentials are observed. Direct stimula

tion of the brain stem reticular formation has also been 

shown to elicit a theta rhythm m the hippocampus (Peiel©, 

1961), 

Green (1959) has concluded that the theta rhythm 

arises from longitudinal currents flowing between the soma 

of the hippocampal pyramidal cells and the proximal portion 

of their apical dendrites. He believes that the waves 

represent graded, non-propagated, electronic changes, from 

varying phases of which arise the propagating, pulse-coded, 

digital output responsible for transfer of information to 

other parts of the brain. 

Adey, another worker concerned with the hippocampal 

theta rhythm, has explored changes In this rhythm durxng 

approach learning in the cat. In naive animals the condi

tioned stimulus evokes irregularly-ranging theta responses, 

distributed widely m the hippocampus. As the learned response 

develops, however, the theta pattern becomes generally restric

ted to the dorsal hippocampus and the entorhinal cortex. Its 

amplitude and frequency at this stage are very regular. Adey, 

et al. , (1960, 1961) have also employed computer techniques 

to study phase relationships between theta pattersB in the 

hippocampus and those in the entorhinal cortex during the 

early stages of approach learning. During the early stages 
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of acquisition, theta waves in the hippocampus precede those 

in the entorhinal cortex, suggesting impulses traveling from 

hippocampus to cortex. In the well-trained animal, however, 

theta waves in the entorhinal cortex precede those in the 

hippocampus, suggesting impulses traveling from cortex to 

hippocampus. 

Magoun (1964) has pointed out that m physical systems 

the match of variable signals against some type of measuring 

scale has been shown to possess advantages for information-

processing beyond those afforded by the capacities of a 

single channel operating by itself alone. Adey, et al., 

(1960) have suggested that the theta rhythm, rather than 

itself conveying information, may serve as a phase-comparator 

or carrier wave against which more variably-patterned, infor

mation-conveying signals (̂ which are arriving simultaneously 

over other channels) can be compared or measured. The result 

mg combination would then lead to the establishment of 

traces wherever memories are stored. Adey (1961) postulated 

that these shifting patterns of wave discharge may serve in 

the induction of enduring biochemical modifications in the 

neurons involved. 

Habituation and the Hippocampus 

Adey et^ ^1_. , (1960) have demonstrated that electrical 

activity recorded from the hippocampus shows a different 

pattern of activation during the stages of habituation from 

isocortical activities at the same stage of habituation. 
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As habituation proceeds, a shift is recorded in electrical 

phase of the activity in the various layers of the hippo

campal formation. In the "startle" stage the electrical 

activity of the layers that are connected with the brain

stem core precedes that of layers more immediately connected 

to the isocortex while in the "conditioned" stage the phase 

relationship is reversed. In this final stage of the problem-

solving situation the behavior of the habituated organism 

is relatively free of errors. 

The preceeding findings may be related to the work of 

Green and Arduini (1954) which indicates that when electri

cal patterns of the isocortex and hippocampus are recorded 

simultaneously in the rabbit, the two often exhibit inverse 

relationships with fast discharge in the isocortex being 

associated with large, slow-wave activity in the hippocampus 

and vice versa. Although he is aware of the work of Green 

and Arduini (1954) which seems to indicate that the hippo

campal arousal pattern is uninfluenced by total decortication, 

and also that specific ablation of the entorhinal area has 

no influence upon hippocampal activity, Magoun (1964) believes 

that there is sufficient evidence to indicate that the ento

rhinal cortex may serve as a link between the hippocampus and 

the isocortex. 

Grastyan (1959) reports that an initial series of studies 

done by him and his associates indicated that the hippocampus 

performs inhibitory functions exclusively. Later, however, 

Grastyan came to believe that this conclusion was an over-
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simplification and so he began another analysis of the elec

trical activity of the hippocampus. As a starting point, 

he selected the special rhythmic slow activity described by 

Green and Arduini (1954) . It has generally been accepted 

that this activity represents the;:arousal reaction unique 

to the hippocampus and so Grastyan expected that every 

stimulus, especially the unfamiliar stimulus that causes 

arousal, would elicit these slow potentials in the hippo

campus in addition to neocortical desynchronizationc This, 

however, was not the case for stimuli that were familiar to 

the cat. For example, "Puss" elicited the familiar slow 

waves, while stimuli that were completely novel to the ani

mal, elicited desynchronization not only of the neocortex, 

but of the hippocampus as well. 

The Hippocampus and the 
Galvanic Skin Response (GSR) 

Bagshaw, Kimble, and Pribram (1965) tested m.onkeys 

having lesions of the hippocampus, amygdala, and infero-

temporal isocortex in a situation which was designed to 

determine if these structures were necessary for the habitu

ation of behavioral responses. Normal animals, animals with 

hippocampal lesions and animals having lesions of the infero-

temporal isocortex, were found to habituate within thirty 

trials, while animals having lesions of the amygdaloid region 

were observed to have decreased GSR reactivity to the stimulus 

The initial hypothesis had been that the GSR and 

behavioral indices of orienting and habituation run parallel. 
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The previously mentioned results indicate that the GSR com

ponent of the orienting reaction signifies some process other 

than orienting per se. The authors suggest that two compo

nents of the orienting reaction should be distinguishable. 

One such component would be "cortical, related to perfor

mance; the other, autonomic, related to 'registering' the 

novelty of the event." This interpretation is somewhat 

reminiscent of the hypotheses of Grastyan (1959) who also 

postulated that the orienting response could be subdivided. 

Grastyan has data which indicates that the hippocampal theta 

wave appears in an early stage of development of the condi

tional reflex and thus represents a conditional reflex 

phenomenon and not an arousal reaction. Grastyan would 

like to distinguish between the conditioned and the uncon

ditioned aspects of the orienting response. 

The Hippocampus and 
Processes of Inhibition 

It is generally believed that the first major insight 

into the process of inhibition was published in 1946 when 

Renshaw found antidromic inhibition of motoneurons in the 

spinal column to be associated with mterneuronal discharge 

(Magoun, 1964). Eccles (1957) discovered that the neural 

inhibitory process is the reciprocal of excitation, since it 

depends upon hyper-polarization or increased conductance of 

the neuronal membrane, which prevents a level of depolari

zation leading to discharge. Eccles and his associates 

confirmed the related discharge of interneurons observed by 
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Renshaw and further postulated that they may serve as chemical 

commutators. Eccles elaborated an inhibitory transmitter 

substance responsible for hyperpolarization of the post

synaptic membrane. 

This work has stimulated search for a possible chemical 

transmitter. Gamma-aminobutyric acid (GABA) was considered 

to be a likely candidate for a while, since its central 

administration stimulated neural inhibition, while increased 

excitability followed its depletion (Magoun, 1964). There is 

evidence, however, (Terzuolo, Sigg, and Killam, 1960) that 

GABA may not serve such a function. 

The application of GABA to the fimbria and to region 

CAl results in a response which is much different from the 

response elicited by electrical stimulation. Stimulation of 

the fimbria evokes a response from CA2 and CA3 consisting 

of a brief diphasic component and a longer duration potential. 

Responses recorded from the region of CAl of the same seg

ment are quite different. Topical application of GABA to these 

loci results m the opposite response m regions CA2 to CA3. 

According to Purpura (1959) the postsynaptically evoked com

ponent is "peeled-off" by GABA. In CAl responses, blockade 

of surface negativity by GABA manifests an assumed negativity 

below the surface. 

Livingston (1959) suggested that this work means that 

the hippocampus is analogous to a piano which is played upon 

by the subiculum. When one records from the hippocampus, a 

derivative of the controlling activity of another location 
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is being measured. 

Behaviorally Oriented Studies 

The following section is a discussion of behaviorally 

oriented research, which involves, not only the hippocampus 

per se, but also the various behavioral measures which will 

be used in this paper. Most of these investigations use 

ablation techniques, but a few studies have used stimula

tion as the independent variable. 

Activity Studies 

General Activity--Teitelbaum and Milner (1963) mea

sured activity by two methods: the number of light-beam 

interruptions in a photo-cell activ:Lty cage, and running 

speed in an unbaited T-maze. An interesting finding was 

the inability of hippocampally lesioned animals to inhibit 

motor movement in order to avoid shock. Roberts, Demer, 

and Brodwick (1962J have found that hippocampally ablated 

animals show less spontaneous alternation in a T~maze as 

compared to control animals and also that hippocampally 

lesioned animals show less reduction of activity over time 

in a new environment. 

Kim (1960) has shown that hippocampally lesioned 

rats build less adequate nests than control animals. He also 

measured activity in tambour-mounted cages. He did not 

quantify the techniques he used, but he did believe that 

hippocampally ablated rats were generally more active 
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(especially in the daytime and in cold weather). 

Another activity study which did not involve hippo

campally ablated animals, but which is relevant to this 

discussion, is a study done by Strong (1957) which shows 

an interaction of drive and activity as a function of appa

ratus. Each type of apparatus measured a different type 

of activity and each activity interacted differently with 

various drive levels. 

General Open-Field Research--Hall (1934) has probably 

done more to advance the open-field as a psychological appa

ratus than any other experimenter. Hall was interested in 

emotionality and m order to define fear in operational 

terms, he took advantage of the observation that rats appear 

to be frightened when they are put in a strange environment. 

The animal will usually manifest his emotionality by an 

increased frequency of urination and defecation and by a 

decrease in the frequency of eating. Hall placed the animals 

in a brightly lighted, enclosed area, which was eight feet 

in diameter, for fourteen consecutive days. The animal had 

free access to food. Most animals show fear in the open-

field situation by an inhibition of eating or by increased 

defecation and urination. The number of trials necessary 

before adaptation varies from animal to animal (Hall, 1934). 

The open-field is also used as a measure of locomotor activity 

and of exploratory activity. 

The Effect of Cerebral Lesions Upon Activity m Open-

Field Devices--Kimble (1963) has demonstrated that rats with 
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hippocampal lesions entered significantly more squares in 

an open-field than normal animals. He tested the animals 

for one trial pre-operatively and one trial post-operatively. 

Beach (1941) affected lesions in rats involving vary

ing amounts of cortical tissue (both frontal and posterior) 

and corpus striatum. The frontal lesions resulted in incon

sistent results. Although the average effect on activity 

was an increase of 122 per cent, three of the rats showed 

a decrease in activity. Since each animal had been tested 

preoperatively, Beach was able to note that the effect of 

frontal lesions was to make initially active animals more 

active and initially inactive animals more inactive. There

fore, while Beach's results are in general agreement with 

earlier work, he believes that the exceptions should be 

emphasized. These findings have helped to dispel the notion 

that brain injury necessarily results in an increase in 

activity. 

A study by Glickman, Scroges, and Hunt (1964) also 

used an open-field device. They formed a variety of corti

cal and subcortical lesions. They interpret their results 

as suggesting that gross locomotor activity of the rat in 

a novel situation is primarily under subcortical control. 

Following lesions of the reticular activating system, changes 

in activity represented a shift in the initial level of acti

vity in the apparatus. A most important observation is that 

the rate of habituation m the experimental group proceeded 

at the same rate as in control animals and animals with 

cortical lesions. 
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Glickman, Scroges, and Hunt also point out that their 

results are contrary to the results of Roberts, Dember, and 

Brodwick (1962) who studied animals with hippocampal lesions 

in a measure of exploratory activity (T-mazes). In this 

study, there was no alteration in initial activity, but 

there was a large modification of the habituation ratf?. 

Glickman, Scroges, and Hunt point out that there may be 

separate systems in the brain which selectively modify either 

initial activity or the rate of habituation in such measures 

of activity. They also suggest that the change brought about 

by lesions of the reticular activating system was due to 

reactions to novel stimuli rather than a basal activity 

level. This is interesting in the light of Kim's (1960) 

finding that the basal metabolism of hippocampally ablated 

rats was about the same as the metabolism of normal control 

animals. 

Glickman, Scroges, and Hunt did not find a correla

tion between activity in the open-field and activity in 

revolving drums. It has been suggested by several workers 

that mechanisms regulating exploratory activity are physio

logically separate from mechanisms regulating activity in 

more famijiar environments. For example, Beach (1941), 

Zubek and De Lorenzo (1952) found that frontal lesions which 

produce increased activity in rats in familiar environments 

did not have such effects in novel test situations. 

The Effect of Cerebral Lesions Upon Activity in Revolv

ing-Drums- -As early as 1920 Lashley reported that lesions of 
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The frontal lobes resulted in increased activity in acti

vity wheels. Lashley used a very small number of subjects 

in this study, but his results have been supported by Rich-

ter and Hawkes (1939) who also found that frontal lesions 

increased activity in revolving drums. They hypothesized 

that these lesions decreased the normal inhibitory charac

teristics of the cerebral cortex. 

Strong (1963) in unpublished data, found that hippo

campally lesioned rats were less active than controls in 

activity wheels. Beach (1941) also included a measurement 

of animal's activity by the revolving drum technique. The 

results are the same as the open-field data. While the 

general effect of frontal lobe lesions was to increase acti

vity, the exceptional animals were most enlightening. The 

results indicated that animals which were relatively more 

active preoperatively were even more active postoperatively, 

while animals which were relatively inactive preoperatively 

were found to be even less active postoperatively. 

Hippocampally Ablated Animals 
in Learning Sltuatiolirs" 

Isaacson (1963) has studied hippocampally ablate^ 

rats in a maze designed to increase proprioceptive feedback 

and in Y-maze. Hippocampally lesioned rats showed poor 

retention on both of these mazes. He also has demonstrated 

that hippocampally ablated rats are much less distractable 

when novel stimuli are introduced into a straight runway. 
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In addition, Kimble (1963) found that hippocampally 

ablated rats made more errors than controls on both the 

simple and complex forms of the Hebb-Williams maze. How

ever, they performed even more poorly on the simple form 

than on the more complex form. 

Perhaps one of the clearer experiments was done by 

Flynn and Wasman (1960) . They demonstrated that bilateral 

stimulation of the hippocampus prevents the performance of 

a response instrumental in avoiding a noxious stimulus, but 

does not interfere with the acquisition of this learned 

response. Furthermore, they have shown that bilateral 

hippocampal stimulation reduces the amplitude and increases 

the latency of cortically induced movement. 

Another line of study in this area revolves around 

the apparent fact that animals with hippocampal lesions 

seem unable to form a passive avoidance response (Isaacson 

and Wickelgren, 1963) while they learn active avoidance 

responses with little difficulty. (Brady, Schreiner, Geller, 

and Kling, 1954; Isaacson, Douglas, and Moore, 1961; McCleary, 

1961) . 

As early as 1917, Franz and Lashley found that the 

response of turning to the right in a T-maze was not destroyed 

by lesions of the frontal lobes. Likewise removal of por

tions of the temporal lobes, of the parietal lobes, or of 

the entire region anterior to the genu of the corpus callo

sum also failed to destroy the habit. 

In further study, Lashley tested the effect of such 
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lesions upon more complex problems. The most complex maze 

was referred to as the Lashley III maze. It had four rows 

and eight culs-de-sacc Lashley found that the extent of 

brain injury was not important m the simpler problems. 

He did find that lesions greatly impaired the learning of 

the more complex problem, Lashley found no correlation 

between the location of injury and the deficit m learning 

ability. He did, however, find a correlation between this 

deficit and the size of the lesion. As Munn (1950) has 

stated, Lashley has been largely misunderstood on this point 

since Lashley was a leader in pointing out the localized 

nature of certain sensory and motor functions. 

Racine and Kimble (1965) found that hippocampally 

ablated rats were totally unable to perform a delayed alter

nation task, even at extremely brief delays. The cortical 

controls showed no deficit. These results confirmed similar 

results with hippocampectomized monkeys (̂ Rosvold and Szwarc

bart, 1964), 

Madsen and Kimble (1965J hypothesized that hippocampal 

ablation would alter the animal's capacity for storing infor

mation by rendering the neurophysiological storage mechanism 

less efficient. They tested this hypothesis by comparing 

the performance of hippocampally ablated rats with control 

groups in a Lashley III maze. The effects of surgery as well 

as the effects of massed Versus distributed practice were 

observed. The results rather clearly indicated that animals 

with hippocampal lesions made more errors than either of the 
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control groups. The intertrial interval and mtertrial 

interval by surgery interaction effects indicated that the 

hypothesis was correct, although the effects were not highly 

significant statistically. The difference between hippo-

campal-massed and hippocampal-distributed was not significant 

at the ,05 level. 

Kimble (1961) found no impairment in the learning of 

a simultaneous discrimination by hippocampally ablated rats. 

The hippocampectomized animals were deficient, however, on 

a successive discrimination problem. It was postulated that 

all cues must be present for a hippocampectomized animal to 

solve successfully a discrimination problem. 

Lash (1964) has postulated that hippocampally ablated 

animals can solve problems which are solvable on the basis 

of external cues. This conclusion is based on the data 

obtained from the avoidance conditioning studies and the 

simultaneous discrimination data obtained from Kimble's 

Study. Lash believes that when hippocampally ablated ani

mals are required to solve problems m which response learning 

is a critical variable, they can perform as efficiently as 

the control groups. 

Lash (1964) found that hippocampally ablated animals 

showed significantly lower response alternation rates in 

three variations of a T-maze. These results are believed 

to be m accord with the "short-term-recall" hypothesis of 

Kimble (1961). 

Rick and Thompson (1965) found that rats trained to 
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make an avoidance response to the onset of a photic stimulus 

showed no retention of the response subsequent to bilateral 

damage to the septofornix area, hippocampus, anterior thala

mus, or posterolateral hypothalamus. Lesions of the anterior 

hypothalamic nuclei or interruption of the rostral medial 

forebrain bundles did not seriously interfere with retention. 

The authors believe that the results indicate a priority of 

a thalamic route over a hypothalamic route in the functional 

activation of the hippocampal-septal system. 

Goldstein (1965) administered postoperative shocks 

to animals with damage to the parietal lobe, the hippocampus, 

and the amygdala. The test method was a classical condition

ing session during which the CS is paired with a shock of 

fixed duration. This test preceded a hurdle jump test res

ponse. Performance measures were therefore derived from a 

motor response which was observed during a post-conditioning 

session and which had never occurred in the presence of 

shock. It was discovered that animals with lesions of the 

hypothalamus and amygdala showed no evidence of learning the 

response. Animals with hippocampal lesions, however, were 

able to learn the test response. 

Several workers have data which indicate that hippo

campally ablated animals are deficient m ability to inhibit 

certain types of behaviors. For example, Niki (1965) has 

demonstrated that hippocampally ablated animals respond more 

frequently than cortical control animals during the extinc

tion of a differential bar-pressing response. In another 
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experiment that same author found that hippocampal ablation 

increased the rate of bar-pressing to negative stimuli with

out effecting the response rate to positive stimuli. 

In the same article Niki refers to "a striking paral

lelism between the behavioral effedts of hippocampal ablation 

and those of electro-convulsive shock (ECS)." The author 

points out that these correlations are not surprising con

sidering the susceptibility of the hippocampus to seizure 

discharges. Kessler and Gellhorn (1943) demonstrated that 

extinguished avoidance responses in rats can be restored 

by ECS and Niki has demonstrated that the same phenomena 

can be observed as a result of hippocampal ablation. 

Clark and Isaacson (1965) found that hippocampally 

ablated rats pressed a lever more often and obtained fewer 

reinforcements under a 20-sec. differential reinforcement of 

low rates (DRL) procedure than the neocortically lesioned con

trol group or the normal control group. The authors attribute 

this result to an inability of the hippocampally ablated ani

mals to withhold responses during the delay interval. This 

may be due to a greater resistance to extinction during the 

formation of a temporal discrimination. 

The above results were incompatible with the results 

of Gol, Kellaway, Shapiro, and Hurst (1963) in which four 

hippocampectomized rhesus monkeys were able to perform a 

22.5 DRL schedule. It is probable that the amount of delay 

which can be tolerated by hippocampectomized animals varies 

with species. 
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Peretz (1965) trained hippocampally ablated cats 

to open a small window for a food reward. The animals were 

then placed on an extinction schedule, and it was found 

that hippocampally ablated animals extinguished more slowly. 

The author suggests that hippocampal lesions may have the 

general effect of increasing the effectiveness of positive 

reinforcementt. 

Self-stimulation of the Hippocampus 

Olds (1958) has reviewed some of his findings regarding 

electrical self-stimulation of the brain. For the following 

discussion, scores of 0 to 12 per cent are considered to be 

low; scores of 20 to 50 per cent are considered to be moder

ately high; and scores of 50 to 100 per cent would be 

considered to be very high (Olds, 1958, P. 245). These 

scores are the percentage of time the animal responds regu

larly during the acquisition phase of learning. For computing 

the scores, periods of thirty seconds or longer without a 

response are counted as periods of "no responding,"' while 

the rest of the time is counted as "response time." Response 

time was divided by total acquisition time to get the per

centage score. The operant level is approximately 4 to 10 

per cent. 

Olds has found that the hippocampus has an extreme 

range of scores. For example, two placements in the anterior 

hippocampus score 39 and 49 per cent, which are high above 

the operant level and indicate that stimulation of the parti-
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cular locus is rewarding. One electrode m the fimbria 

scored only 1 per cent, which is below the operant level 

and is indicative of negative reinforcement. Three other 

placements scored only slightly over the operant level and 

were considered to be neutral in reward value. 

The neutral and negative placements tend to fall in 

the lateral and borderline parts of the hippocampus. There 

is, however, a mesial lobe of the anterior hippocampus which 

seems to give positive reinforcement consistently (Olds, 

1958) . 

The Hippocampus and 
Affective Defense 

Hess (1928) found that by stimulating the brain stem 

and periventricular gray matter in cats, he could observe 

opening of the palpebral fissures, retraction of nictitating 

membranes, widening of pupils, hissing, and assault with 

claws and teeth. Hess also found that by stimulating the 

preoptic region and ventral septal region, in addition to 

the prefornical region of the hypothalamus, he was able to 

elicit an affective defense reaction with a directed attack. 

In addition, Ingram in 1952 found that stimulating the dorso-

medial nucleus of the hypothalamus resulted in a progressive 

rage expression and attack. 

Andy and Akert (1955) found indications that rather 

complex signals, which were normally sufficient to cause 

attack, failed to do so during a hippocampal afterdischarge. 
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The following is a description of this: "The removal of 

a captured mouse from the teeth of a tomcat induced against 

the experimenter the most vicious attack of which the animal 

IS capable." In two cats, similar behavior was consistently 

elicited before and after hippocampal afterdischarges; but 

they failed to respond with angry behavior during the on

going seizure activity of the hippocampus. The actual extent 

of seizure propagation is difficult to evaluate even if 

simultaneous records are taken from a dozen or more brain 

areas. Nevertheless, it may be concluded that the blockade 

of neuronal circuits which results from the self-sustaining 

afterdischarges of the hippocampus may interfere with the 

animal's capability to respond with defense behavior to com

plex "danger and distress'" signals, even though the full 

repertoire of expressions has actually remained under hypo

thalamic control. The contribution of the hippocampus, 

then, is presumably in the elaboration of afferent mecha

nisms which provide the hypothalamic center with triggering 

signals and regulate their responsiveness (Akert, 1961). 

As has been mentioned previously, the hippocampus 

projects directly to the arcuate nucleus of the hypothala

mus which IS believed to be involved in ACTH release during 

stress. This would also indicate a possible role of the 

hippocampus in the adjustment of the organism to conditions 

of stress. 



47 

The Hippocampus and Sexual 
Responses 

Stimulations m the septum and rostral diencephalon 

which result m erection are commonly associated with after-

discharges m the hippocampus (MacLean and Ploog, 1961). 

During these after-discharges, erections may become throbbing 

in character and reach maximum size. Such findings suggest 

that the hippocampus modifies the excitability of effector 

neurons involved in penile erection. For several minutes 

following afterdischarges, one may see abnormal spiking 

activity in the hippocampus, and during this time there may 

be waxing and waning of partial erections for periods com

monly as long as five minutes, and sometimes as long as ten 

minutes. 

Comparable to previous observations m the cat, it 

has been striking to observe how apparently calm, contented, 

and placid an animal such as the aggressive rhesus monkey 

becomes after one or more hippocampal afterdischarges have 

been elicited. These apparent changes m mood may last 

for several hours. 

Theories of Limbic System Function 

The Hippocampus as a Detector-Coder 
of Temporal Patterns of Information 

There have been few attempts to integrate what is 

known about the hippocampal tormation into a theoretical 

framework. There have been a few notable exceptions to 
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this trend. One such exception is the work of McLardy (1959). 

He arrived at his conclusions mainly on the basis of morpho

logical considerations, but his theory of hippocampal 

function does explain a considerable amount of behavioral 

and electrophysiological data. 

While McLardy accepts the existence of the perforant 

path to the hippocampus, he believes that the input to the 

medial entorhinal cells and the input to the subiculum have 

not been convincingly established. He postulates, on the 

basis of his own histological observations and other evi

dence that the mam input to both the medial entorhinal 

region and the subiculum is derived from branched collat

erals which bypass the thalamus. McLardy further postulates 

that these collaterals are from the ipsilateral pathways 

of all modalities and that the different modalities are 

projected systematically along the molecular layer of the 

dentate. 

By using a modified Bielschowsky technique utilizing 

paraffin and colloidin sections, McLardy reports structures 

not seen in frozen silver impregnations or Golgi techniques. 

By the use of this method he has studied in detail what has 

been referred to as the "mossy fiber system," This refers 

to the axons flowing out of the dentate into region CA3 of 

the hippocampus. The elements of the mossy fiber system 

are bundles of unmyelinated axis cylinders enclosed in 

periaxoplasm. The periaxoplasm divides and reunites with 

itself and forms a multinucleated mass of tissue. Finally 
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all the elements terminate m the axis o£ the hippocampus 

and form long "endless loops," 

McLardy believes that these connections give the 

mossy fiber system two unusual neural properties: that of 

an information mixer and that of a delay mechanism. As an 

information mixer, the mossy fiber system can at the same 

time hold signals from other regions. As a delay mechanism, 

the mossy fiber system can slow impulses below normal con

duction rates so that the total system holds a relatively 

long time span. It is postulated that these two charac

teristics of the mossy fiber system contribute to at least 

two detector-coder mechanisms whose inputs are in series 

and whose outputs are m parallel. The functions postulated 

are that of an intensity gradients detector-coder and that 

of a complex pattern detector coder. 

The intensity detector-coder mechanism would be the 

CA3 pyramids and neurons of the presubiculum. The complex 

temporal pattern detector-coder is postulated to be composed 

of CAl pyramids and entorhinal neurons. 

McLardy supports his hypothesis with a variety of 

evidence. The pathways, of which he makes use, have for 

the most part been verified convincingly. The system also 

lends itself to the explanation of many psychological phe

nomena. Among the phenomena McLardy attempts to explain 

are flicker fusion and the rapid spread of hippocampal 

seizures to the entorhinal cortex. 

1*."^ ̂ ^CHNOUOeiCAC cou.tei 
LUBBOCK. TEXAS 
LIBRARY 
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General Functions of the 
Limbic System 

Pribram U961) in an excellent theoretical review, 

has discussed some possible approaches by which the data 

taken from observations on animals can be related to the 

available clinical data. 

The history of the problem begins with neurobe-

havioral studies performed on animals. The data indicate 

that limbic structures are involved m behavior that MacLean 

(1958) describes as the "four-F's" feeding, fleeing, fight

ing, and sex. These data have been used to support the cone 

concept that the limbic systems serve motivational and emo

tional roles. Pribram, however, believes that when this 

concept is examined carefully, the support will prove to be 

spurious. If motivation and emotion are conceived to be 

viscerally determined reactions, the limbic systems ought to 

be primarily concerned with visceral regulation. This is the 

position taken by MacLean in his approach to the problems 

of this area. Pribram does not deny that MacLean has ade

quately demonstrated that there are special relations of 

motivation and emotion with the autonomic nervous system 

and the viscera, but he points out that these relations 

are not selective; other parts of the cerebral mantle, such 

as the motor cortex, are also important in the control of 

autonomic and visceral activities, and the limbic system 

has certainly been implicated in other types of behavior. 

In order to accoutt for data in terms of the emotion-
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motivation concept, an alternative hypothesis has been pro

posed by Green (1958). Green believes that the limbic 

systems serve instinctive, innate patterns of behavior which 

are phylogenetically and ontogenetically old. This, while 

not clearly separated from MacLean's visceral hypothesis, 

is sometimes involved in conjunction with the visceral hypo

thesis to account for the data. The mam support for this 

concept comes from comparative neurology, since some of the 

structures included in the limbic systems are among the 

oldest to be found in the endbrain. Pribram believes that 

this hypothesis fails under closer scrutiny because not all 

the structures in the limbic systems are old. Some of the 

structures appear only in primates, and behavior such as 

fleeing, tested m a conditioned avoidance situation, is 

learned and highly specific to the situation. Abnormalities 

of sexual behavior produced by limbic system lesions in cats 

have been shown to depend not on hypersexuality per se, but 

on the differences between normal and operated cats as to 

where sexual behavior takes place--that is the territorial 

range, Pribram rather cogently argues that the experiential 

components that determine this sort of behavior are not to 

be Ignored, 

The neurosurgical clinic has produced another set of 

data that are relevant to the problems of this area, but which 

do not fit under the heading of motivational and emotional 

behavior. Milner (1958) has presented evidence that resec

tions of the medial structures of the temporal lobe of the 
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bram of man--the amygdaloid and hippocampal formations of 

the limbic system--result m a very peculiar and dramatic 

syndrome. Patients with such lesions are able to repeat 

correctly a series of digits that they have just heard for 

the first time. On this test of immediate memory they are 

practically as efficient as they were preoperatively. More

over, their memory for events prior to their surgical 

operation is apparently normal, and they are capable of 

reacting emotionally m trying situations. These patients, 

if distracted however, are unable to carry out a sequence 

of actions--that is, they are unable to recall what they 

are supposed to do. If there is an interruption of a test 

procedure, the patient will not only be unable to continue 

where he left off, but also will not even recall that there 

was a test. The patient can be directed to a grocery store 

where he can purchase the items on a written list without 

having to refer to that list any more often than would a 

normal person. Once he has completed the shopping, however, 

he does not recall what he is supposed to do next and is 

incapable of finding his way home. 

At first glance there would seem to be little simi

larity between the "four-F" syndrome observed in the animal 

studies and the clinical observations of Milner. Pribram, 

however, believes that a deeper analysis can show some 

common elements. The element in common, says Pribram, is 

that the "four-F's" and the behavior shown by Milner's 

patients are all comprised of sequences of acts (Pribram, 
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1958a), Deficiencies appear where the execution depends on 

some fairly complex plan that must be retained by memory." 

Lesions located in the limbic system can be thought to inter

fere with behavior because of some defect m the planning 

mechanism and not because of disturbed emotion or motivation, 

nor primarily because of some global defect in memory. Limbic 

system function is thus conceived to be related primarily 

to the mechanism of the execution of complex sequences of 

action. 

Pribram and Kimble (1963) tested the hypothesis that 

limbic system lesions affect the ability to complete sequences 

of behavior. The hippocampus was selected as the structure 

to be ablated. The authors reported selective interference 

with the acquisition of behaviors which involve the execu

tion of sequential responses. There was no indication of 

"short-term" memory deficits with two-choice visual discrimi

nations over intertrial intervals up to six minutes. In 

addition, no emotional changes were noted in these animals, 

although the authors suggested that this possibility ought 

to be investigated. 

The "sequences of events" interpretation has also 

been applied to other data. For example, Racine and Kimble 

(1965) tested hippocampally ablated rats in a delayed alter

nation problem. The failure of the hippocampectomized rats 

to perform the delayed alternation task contrasted with the 

performance of the cortical control group, which showed no 

deficit. Although the authors did not discount "recent 
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memory loss" as a possible interpretation, the fact that the 

hippocampectomized animals showed no consistent improvement 

at even very short delay periods, seemed to indicate that 

some other concept may need to be invoked. The authors 

believe that interference with sequential responding is 

the more tenable explanation. 

McCleary (1961) Jias suggested another hypothesis of 

hippocampal function. He ablated portions of the subcallo-

sum in cats, and they performed similarly to hippocampally 

ablated rats (Lash, 1962). McCleary believes that his 

effects result from the disruption of a pathway, which 

mediates response inhibition that passes caudally from 

mesial frontal cortex via the subcallosum to the brain stem 

and ventral hypothalamus. McCleary postulates that animals 

suffering damage to this system would be unable to inhibit 

responses which they had previously made m that situation. 

Herrick (1933) has suggested that the role of the 

hippocampus is that of an activator or sensitizer of the 

nervous system as a whole and especially of certain sensori

motor systems which are simultaneously influenced by other 

exteroceptors. Activation would lower the threshold of excit 

ability for all stimuli and specific responses would be 

facilitated. 

V 

Problem Areas and Hypotheses 

The preceding review has indicated a need for the 

investigation of the problems which follow: 
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1. Are the behavioral effects of hippocampal lesions 

a result of an increased "drive" level, or are 

these results caused by the removal of structures 

involved with inhibition? 

2. Will hippocampectomized rats show a modified 

reaction to novelty as opposed to control groups? 

3. Are the behaviors associated with hippocampal 

ablation the result of a deficiency in immediate 

memory? 

4. Will animals with hippocampal lesions show a 

deficit m "sequencing of behaviors" as has 

been suggested by Pribram (1961)? 

The research hypotheses pertaining to these problem 

areas are as follows: 

1. The behavior of the hippocampectomized rat will 

be shown to be the result of the removal of 

inhibitory structures rather than to an increased 

level of drive. This will be illustrated by the 

tendency of the hippocampectomized group to be 

more active in a stabilimeter device than control 

groups and less active in revolving drums than 

control groups. The revolving drums have tradi

tionally been considered to measure "drive", while 

Strong (1957) has demonstrated that stabilimeters 

measure a different type of behavior. 

2. Hippocampectomized rats will demonstrate a modi

fied reaction to novelty when they are compared 
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with control groups. This reaction will be mani

fest by a significant difference between the 

activity of hippocampectomized and control ani

mals in an open-field. The hypothesized modified 

reaction to novelty of the hippocampectomized 

animals will also be observed over a period of 

days, not only in the open-field but in the sta-

•''. bilimeters and the activity wheels as well. 

3. Animals with hippocampal lesions will not show 

a deficiency in "sequencing of behaviors" as 

measured by a three barred operant conditioning 

chamber, which requires the animal to chain rather 

long sequences of behavior in order to obtain a 

food reward. 

4. Hippocampally ablated rats will not demonstrate 

a deficiency in immediate memory as measured by 

certain types of errors (alternation errors) in 

a Lashley III maze. 

5. Hippocampectomized rats will demonstrate an ina

bility to inhibit an ongoing response. This will 

be demonstrated by the tendency of the hippocampally 

ablated group to commit the error of running past 

the door into the cul-de-sac (door error) in a 

Lashley III maze. 



CHAPTER II 

METHOD 

Subjects 

The subjects were twenty-one male albino rats from the 

laboratory stock of the Department of Psychology at Texas 

Technological College. The surgical procedures were per

formed while the animals were approximately 120 days of, age. 

The animals were randomly placed in groups according 

to the surgical treatment received. There were seven animals 

in each of the three treatment groups. 

Surgical Technique 

All lesions were formed by aspiration using clean, 

but not sterile, technique. After the animal received a 

surgical dose of nembutal, an incision was made in the scalp 

and the connective tissue on top of the skull was removed. 

(Figure 4). The temporal muscles on the lateral aspect of 

the skull were then separated from the bone by blunt dis

section, and retractors were placed eo that the muscles were 

held away from the side of the skull. A burr hole, using a 

dental drill,„was created midway between the lamda and bregma 

and about two millimeters lateral to the sagittal suture. 

The burr hole was next enlarged with a rongeur so that the 

skull bordered by the sagittal suture, lamda, and bregma 

57 
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Figure 3. Steps m the surgical process. Upper photograph 
shows the exposed skull. Lower photograph shows the en
larged skull openings. 
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was removed (Figure 4). The meninges were then severed with 

a sharp edge and the cortex overlying the hippocampus removed. 

In figure 5 the white matter is the hippocampus. If the 

animal was to receive a hippocampal ablation, the appropriate 

portion of the hippocampus was then removed. Figure 5 shows 

the thalamus as it is exposed in a radical ablation of the 

hippocampus. The lesion was then filled with gelfoiani and 

the scalp sutured. Each animal was given 100,000 units of 

penicillin for two days postoperatively. 

The cortical control group was comprised of animals 

having lesions of the cortex immediately rostral to the 

hippocampus. The radical hippocampal-ablated group consisted 

of animals in which the anterior two-thirds of the hippocampus 

was ablated. The most posterior portion of the hippocampus 

is not accessible to this type of surgery without excessive 

damage to surrounding structures. 

Apparatus 

Activity Wheels 

Thirteen activity wheels were employed. The revolving 

drum of eleven of the wheels is fourteen inches in diameter 

and four inches wide. The outside box is eleven inches in 

length by six inches in height by five inches in width. 

The two other wheels are of a different make. The 

revolving drum of these wheels is also fourteen inches in 

diameter, but it is six and one-half inches wide. The out

side boxes on these wheels are also smaller than the other 
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Figure 4, Steps in the surgical process. Upper photograph 
shows the exposed hippocampus. Lower photograph shows the 
exposed thalamus after hippocampal ablation. 
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wheels. The box dimensions are eight inches in length by 

four and one-half inches in height by four and one-half 

inches in width, A counter is connected to the wheels so 

that the number of revolutions may be counted. This appa

ratus is a measure of locomotor activity and the wheels* 

inertia acts as a kinesthetic feedback to the animal. The 

wheels were arranged on a table as shown in Figure 6. 

Stabilimeters 

Twelve contact-type stabilimeters as described by 

Strong (1957) were employed. The floor area of this appa

ratus is ten inches square and the cage is eleven inches 

in height. The floor rests on a screw at the center of the 

bottom side. The bottom of the floor was countersunk to 

prevent the screw from coming out of position. Below the 

floor is a square frame which has metal contacts attached 

to it. Contacts are also attached to the floor itself so 

that as the animal moves, the floor will tilt and cause one 

of the pairs of contacts to meet. When this occurs, an elec

trical impulse is sent to a counter. The stabilimeters were 

arranged on a table in the same room as the activity wheels 

(Figure 7A) . The counters were in a separate room and are 

shown in Figure 7B. 

Although this apparatus will measure activity of a 

locomotive nature, it is most sensitive to more gross non-

locomotive activity such as scratching and grooming. 
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Figure 6, Upper photograph. Arrangement of the stabilimeters 
Lower photograph. Counters for the stabilimeters. 
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Open-Field 

The animals were also placed in an open-field which 

has an inside-clear-dimension of forty-six inches on each 

side. Sixteen eleven and one-half inch squares are painted 

on the floor, and the walls are sixteen inches high. This 

apparatus is considered to be a measure of general locomotor 

and exploratory activity. The dimensions and floor plan of 

the open-field are given in Figure 8. 

Lashley III Maze 

The floor plan of this maze is given in Figure 9. 

The maze was arbitrarily divided into units as shown in 

Figure 10, The maze is equipped with an Esterline-Angus 

recording device which not only allows the animal's path 

to be traced, but also allows measurement of the animal's 

latencies- for each unit. Figure 11 shows the position of 

the experimenter in relation to the apparatus. 

Three-barred Operant Conditioning Chamber 

This apparatus is pictured in Figure 12. It is 

equipped with a series of control circuits which allow the 

experimenter to require the animal to press the bars.in 

different sequences in order to receive a .097 gram food 

pellet. The control unit is wired so that any incorrect 

This scoring system is based on work done by 
Dr, Robert K. White while he was associated with the Depart 
ment of Psychology at Texas Technological College. 
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Figure 7. Dimensions and Floor Plan 
of the open-field. 
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Figure 10. Upper photograph. The Lashley III maze. Lower 
photograph. Position of the experimenter during testing. 
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a. 
n 

B 

Figure 12. Animal pressing bars in the operant conditioning 
chamber. A-a "B" lever press. B--a "C" lever press. C--
reinforcement. 
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bar press will reset the unit and require the animal to 

begin anew. 

The operant conditioning chamber was located in a 

separate room from the control unit and experimenter. It 

was possible to observe the animal without disturbing him 

through a large glass window between these two rooms. 

A recording device was also connected to the appa

ratus. The apparatus differentially recorded presses of the 

A, B, and C levers plus the number of reinforcements received. 
* 

Procedure 

General Procedure 

After all animals were allowed at least thirty days 

for post-operative recovery, they were gradually deprived 

of food until they reached 80 per cent of their preoperative 

weight. At that time .they were placed m one of the three 

activity devices (i.e., activity wheels, stabilime Ler̂ j or 

open-field). The order for these devices was approximately 

counterbalanced. One-third of the animals started on the 

activity wheels, one-third started on the stabilimeters and 

one-third started on the open-field. 

After the animals had been tested on all three acti

vity measures, they were tested on the two learning devices 

(i. e., the six-unit Lashley III maze and the three-bar-

operant conditioning chamber). The order for the two 

learning measures was counterbalanced. As nearly as possible 
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one-half of the animals began on the maze while one-half 

began on the operant conditioning chamber. All animals 

were of the same approximate age for each measure. 

Because of the long length of time that the animals 

remained on a deprivation diet, additional care was taken 

to maintain their good health. Their diet was often supple

mented with fresh vegetables, fruits, and cod-liver oil. 

Procedure for the Activity 
Wheels and Stabilimeters 

The experimental procedure for each of the activity 

wheels and stabilimeters was the same. Each morning beginning 

at approximately 7:00 A.M., the animals were fed, weighed, and 

rotated across the machines. This procedure usually required 

around one hour to complete, but, of course, this time varied 

with the number of animals involved. When all animals had 

been fed, weighed, and rotated, the doors of the wheels 

were opened, or in the case of the stabilimeters, the switch 

was turned to the "on" position. In no instance was this time 

past 9:00 A.M. 

The activity wheel and stabilimeter counters were read 

at 8:00 A.M., Noon, 4:00 P.M., 8:00 P.M., and Midnight. The 

counters were not read at 4:00 A.M. The eight hour period 

from Midnight to 8:00 A.M. was divided by one-half. Tempera

ture recordings were taken at the same time the counters 

were read. The animals remained in both the activity wheels 

and stabilimeters for ten consecutive days. 
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Procedure for the Open-Field 

The animals were tested in the open-field for fifteen 

minutes over ten consecutive days. The experimenter sat 

in a chair which was in the same location at all times. 

Three different experimenters all of whom were skilled in 

handling rats scored this activity. Each experimenter tested 

a different rat each succeeding day. Each animal was placed 

in the box in the same manner each day. The animal was 

placed in the corner next to the experimenter so that his 

nose was pointed toward the corner. The animal's activity 

for the fifteen minute period was then recorded. After an 

animal had been measured in the open-field, he was returned 

to his home cage and given a maintaining ration of food. 

Because of the experimenter's varying class schedules, it 

was impossible to measure all animals in the study at the 

same time. However, each individual rat was tested at the 

same time for each of the ten days. 

Procedure for the Lashley III Maze 

Each animal was removed from his home cage and weighed 

before being tested on the maze. After the animal was placed 

in the start box, the door was opened as soon as the animal 

was apparently looking at the door. The door was not opened 

if the animal was headed in the wrong direction or looking 

in another direction. The animal's path was traced through 

the maze. After an animal had progressed to a succeeding 

row, he was prevented from returning to the previous row by 



74 

means of a guillotine-type door. 

After the animal reached the goal-box, he was allowed 

to eat a mash composed of powdered Purina lab chow and'water. 

He was allowed to remain in the goal box for approximately 

two minutes on the first trial and approximately thirty 

seconds on all subsequent trials. After testing, the animal 

was returned to his home cage and given a maintaining ration 

of lab chow. The animals were tested on the maze once each-

day for twenty-five days or until they had completed three 

consecutive errorless trials. 

Procedure for the Three-Barred 
Operant Conditioning Chamber 

Initially each animal was placed within the operant 

conditioning chamber and trained to press the "C" lever for 

a small food pellet. After learning this task, the animal 

was placed within the chamber fbr two days and allowed to 

press the "C" lever on a 100 per cent reinforcement schedule 

for fifteen minutes each day. On the third day the control 

unit was set so that the rat would have to press first the 

"A" lever, then the "C" lever in order to receive reinforce

ment. When the animal had performed to criterion on the 

"AC" problem, he was required to press ABC, then ABAC, and 

finally ABABC for reinforcement. The order then was (1) C; 

(2) AC, (3) ABC, (4) ABAC, and (5) ABABC. 

Each animal was tested for fifteen minutes each day. 

The criterion for successful completion of a problem was 

twenty-five reinforcements within the fifteen minute period. 
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and when an animal reached criterion, he was placed in the 

next higher sequence. All animals were run for at least 

twenty-seven days regardless of their advancement. 

At the time the animal was placed in the chamber, the 

experimenter pressed the sequence correctly and the animal 

was allowed to eat the resulting food pellet. The animals 

were not given any cues on problems more complex than the 

"C" lever sequence. On a few occasions, when the pellet 

fell out of the tray, the animal was manually given another 

pellet. After fifteen minutes the animal was removed from 

the problem-box, returned to his home-cage and given a ration 

that would maintain him at the 80 per cent deprivation weight 

Each individual animal was tested at the same time period 

each day. On this problem the animals were not tested on 

Sundays. 

Histological Procedure 

After each animal completed all measures, it was 

given an overdose of nembutal and sacrificed. The animal 

was perfused with 10 per cent formalin and the brain removed 

from the skull. After removal from the skull, the brain 

was soaked in a 10 per cent formalin solution in a tightly 

stoppered jar for at least two weeks. Sections were then 

cut at 50 microns and were stained in Sudan Black B according 

to the procedure of Massopust (1961) and mounted in glycero-

gel (Wooton and Zwemer, 1935). 
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Experimental Design 

Independent Variables 

For the statistical treatment of this study, the 

type of surgery performed was considered to be the indepen

dent variable. The variables are as follows: 

1. A radical ablation of the anterior two-thirds 

of the hippocampus, 

2. An ablation of the overlying neocortex only. 

3. No surgery whatsoever. 

Dependent Variables 

The dependent variables grouped according to appa

ratus are as follows: 

For the activity wheels and stabilimeters, the total 

number of revolutions or contacts for each four-hour period 

were measured for each animal. 

The dependent variables for the open-field were as 

follows: 

1, The total number of squares entered per session, 

2, A ratio of inside squares entered divided by the 

number of outside squares entered per session. 

3, The total number of rears per session. A rear 

is considered to have occurred when the animal 

stands upon his hind legs and orients to his 

surroundings. 

The dependent variables for the Lashley III maze. 
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measures taken on each animal, each day, were as follows: 

1. Total number of door errors per row. This is 

the error of running past the door within a 

row. 

2. Total alternation errors per row. This is the 

error of turning in the wrong direction after 

having passed through a door. 

3. The total number of units entered in each row, 

4. The total time spent in each row. 

The dependent variables for the operant conditioning 

chamber are as follows. These measures are to be taken on 

each animal, each day. 

1. The total number of reinforcements per three 

minute time period. 

2. A ratio formed by dividing the number of rein

forcements for five three-minute periods by the 

total number of bar presses within that same 

period. The sessions were fifteen-minutes per 

day and each session was divided into five por

tions for this measure. 

3. The total number of A, B, and C lever-presses 

respectively for each three minute time period. 

Statistical Treatment 

Activity Wheels and Stabilimeters 

The analysis of the data from the activity wheels 

and stabilimeters was done by an analysis of variance. 
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The computations were done on the IBM 1620 computer at 

Texas Tech, using a program written by Allen Heath. The 

experimental design was a 3 X 7 X 1 0 X 5 factorial arrange

ment. There are two between factors and two within factors. 

(Table 1). The activity wheel data was analysed separately 

from the stabilimeter data, but the same 3 X 7 X 10 X 5 

design was utilized. 

On the activity wheels and stabilimeters, a T-score 

was computed for each animal on each device taken separately. 

That is, each rat's score on each counter of a particular 

device had the mean of the scores on that particular counter 

subtracted from each individual score and this divided by 

the standard deviation of the scores on the particular 

counter. This yielded a z-score. In order to avoid nega

tive numbers, a T-score was then computed from the z-score. 

When T-scores for all the scores had been computed, an 

analysis of variance was computed using the T-scores as 

data. 

Open-Field 

The experimental design for the open-field is shown 

in Table 2. It is a 3 X 7 X 10 Type I design. There are 

two between factors and one within factor. The same design 

is used to analyse each of the three dependent variables on 

the open-field. 



TABLE 1 

FOUR FACTOR 3 X 7 X 5 X 10 ANALYSIS 
OF VARIANCE DESIGN USED TO 

ANALYSE THE DATA FROM 
THE ACTIVITY WHEELS 
AND STABILIMETERS 

79 

Source df Error Term 

Between Subjects 

Treatments (A) 

Subjects (B) 

Within Subjects 

Days (C) 

Time Within Days (D) 

AC 

AD 

CD 

ACD 

2 

6 

9 

4 

18 

8 

36 

72 

(B + AB) 

(BC + ABC) 

(BC + ABC) 

(BD + ABD) 

(3D + ABD) 

(BCD + ABCD) 

(BCD + ABCD) 

Total df * 1049 
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Lashley III Maze 

The data from the Lashley III maze was analysed by 

an analysis of variance, done on the IBM 1620, The design 

is shown in Table 3. The 3 X 7 X 15 X 6 design has two 

between subjects factors and two within subjects factors. 

Three-Barred Operant Conditioning Chamber 

The data from the operant conditioning chamber was 

also analysed by means of the IBM 1620 for sequence AC. 

The design used for all of the dependent variables of the 

operant chamber is shown in Table 5. 
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TABLE 2 

THREE FACTOR 3 X 7 X 10 ANALYSIS 
OF VARIANCE DESIGN USED TO 

ANALYSE THE DATA FROM 
THE OPEN-FIELD 

Source df Error Term 

Between Subjects 

Treatments (A) 2 (B + AB) 

Subjects (B) 6 

Within Subjects 

Days (C) 9 (BC + ABC) 

AC 18 (BC + ABC) 

Total df = 209 
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TABLE 3 

FOUR FACTOR 3 X 7 X 25 X 6 ANALYSIS 
OF VARIANCE DESIGN USED TO 
ANALYSE THE DATA FROM 
THE LASHLEY III MAZE 

Source 

Between Subjects 

Treatments (A) 

Subjects (B) 

Within Subjects 

Rows (C) 

Days (D) 

AC 

AD 

CD 

ACD 

df 

2 

6 

5 

24 

48 

10 

120 

2/fO 

Error Term 

(AB + B) 

(BD + ABD) 

(BD + ABD) 

(AB + B) 

(BD + ABD) 

(BCD + ABCD) 

(BCD + ABCD) 

Total df = 2208 



TABLE 4 

FOUR FACTOR 3 X 6 X 7 X 5 ANALYSIS OF 
OF VARIANCE DESIGN USED TO ANALYSE 
THE DATA FROM THE THREE-BARRED 
OPERANT CONDITIONING CHAMBER 
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Source df Error Term 

Between Subjects 

Treatments (A) 

Subjects (B) 

Within Subjects 

Days (C) 

Time within trials 

AC 

AD 

CD 

ACD 

CD) 

2 

5 

6 

4 

12 

8 

24 

48 

(AB -̂  B) 

(BC - ABC) 

(BD ^ ABD) 

tBC ^ ABC) 

(BD + ABD) 

(BCD •̂  ABCD) 

(BCD + ABCD) 

Total df = 629 



CHAPTER III 

RESULTS 

General Procedure 

The data were analyzed by twelve separate analyses of 

variance. The data were processed by the IBM 1620 Computer 

at Texas Technological College using a program for equal 

cells written by Allan L. Heath (1962). Duncan's New Multi

ple Range Test, as described by Edwards (1960), was employed 

as a means of determining where the statistical significance 

lies. In the case of the activity wheels and stabilimeters, 

a correlation matrix was used to determine the relationship 

of activity to temperature. 

Stabilimeters 

Table 5 summarizes the results of the analysis of vari 

ance for the stabilimeters. It is apparent that the Surgery 

(A) main effect is highly significant (p greater than .01). 

The Time Within Days (D) main effect is also significant at 

the .01 level, although the Surgery by Time Within Trials 

(AD) interaction is not statistically significant. The Days 

by Time Within Days (CD) interaction is also significant at 

the .01 level, although the Surgery by Days by Time Within 

Days (ACD) interaction is not statistically significant. 

Duncan's New Multiple Range Test revealed that the 

activity of the hippocampally ablated group is significantly 

84 
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TABLE 5 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER OF 
CONTACTS IN THE STABILIMETERS 

Source 

Between Subjects 

Suj-gery (A) 
Subjects (B) 
Error Term (B ^ AB) 

Within Subjects 

Days (C) 
AC 
Error Term (BC + ABC) 

Time Within Days (Dj 
AD 
Error Term (BD + ABD) 

CD 
ACD 
Error Term (BCD-rABCD) 

df 

2 
6 
18 

9 
18 

163 

4 
8 

72 

36 
72 

648 

Sum 
Squares 

21068.94 
1333.01 
6428.38 

1067.09 
1810.49 

13598.81 

15855.37 
1426.95 

10529.61 

5366.37 
4144,15 

33937,35 

Mean 
Squares 

10534,47 
222.16 
357,13 

118,56 
100.58 
83,94 

3963.84 
178.36 
146.24 

136.48 
57.55 
52,37 

F 

29, 

1, 
1, 

27, 
1, 

2, 
1, 

.49 

.41 

.19 

.10 

.21 

.37 

.09 

P 

.01 

NS 
NS 

.01 
NS 

.01 
NS 

Total Sum Squares = 115233,56 
Total df = 1049 
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different from the non-surgical control group as well as from 

the surgical control group. Figure 13 illustrates the distri

bution of the treatment effects over days. It is important 

to remember that the data are not presented in raw scores, 

but in standard scores (T-scores) . 

On the basis of these data, it appears that the 

effects of hippocampal ablation upon activity as measured 

by the stabilimeters are rather pronounced. In addition, 

since the activity of the surgical control group does not 

differ significantly from the activity of the normal con

trols, it appears that the bulk of the variance is due to 

the effects of hippocampal ablation per se. If the variance 

were attributable to a general brain damage effect, the 

surgical controls would be expected to be much more active 

than the non-surgical controls. 

Although there is a highly significant Time Within 

Days (D) effect, it appears that hippocampal ablation does 

not significantly affect the animal's daily activity cycle, 

since the AD interaction is not statistically significant. 

Likewise, hippocampal ablation does not seem to effect signi

ficantly the habituation of the animals to the stabilimeter 

device. This effect is probably measured best by the ACD 

interaction. 

A qualitative description of the behavior of the hippo

campally ablated animals may help the reader to gam a better 

grasp of the datao At the midnight reading the experimenter 

was able to correctly identify the hippocampally lesioned 
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animals after a short observation period. Animals m the 

nonsurgical control group and the surgical control group 

were usually curled up and apparently sleeping soundly, while 

animals in the hippocampally ablated group were often actively 

exploring their cage-^even at this late hour. The hippo

campectomized animals, as shown by the data, were more active 

th(PDughout the other periods of the dmy as well. 

It was not possible to control the temperature in the 

building in which most of the stabilimeter data was collected, 

so a Pearson correlation coefficient was computed for the 

relationship between activity and temperature. It was found 

that the activity of the normal control group correlated -.20 

with temperature, the activity of the surgical control group 

correlated -.28 with temperature, and the activity of the 

hippocampectomized growp correlated -„29 with temperature. 

The Open-Field 

Units Entered 

A summary of the results of the analysis of variance 

for the total number of units entered in the open-field may 

be found in Table 6. The data indicate that the Surgery 

effect (A) is statistically significant at the .01 level. 

However, the Trials effect (C) and the Surgery by Trials 

effect (AC) are not statistically significant. 

Duncan's New Multiple Range Test revealed that sta

tistically significant differences lie between the mean 

score of the hippocampally ablated group and the mean score 



89 

TABLE 6 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 

OF UNITS ENTERED IN THE 
OPEN-FIELD 

Source df Sum Mean 
Squares Squares 

Between Subjects 

Surgery (A) 2 2987291.46 1493645.73 6.52 .01 
Subjects (B) 6 2499615.12 416602.52 
Error Term (B -*- AB) 18 4117528.06 228751.55 

Within Subjects 

Trials (C) 9 87397.64 9710.85 1.37 NS 
AC 18 189311.21 10517.29 1.48 NS 
Error Term (BC + ABC)162 1145183.65 7069.03 

Total Sum Squares = 8526712.02 
Total df = 209 
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of the nonsurgical controls. The hippocampally ablated group 

is not significantly different from the surgical controls and 

the surgical controls are not significantly different from 

the nonsurgical controls. Figure 14 illustrates the data 

that were obtained from measuring the total number of units 

entered by each animal in the open-field. 

Table 7 summarizes the results of the analysis of vari

ance for the ratio of total inside squares entered divided 

by the total outside squares entered in the open-field. It 

may be seen that hippocampal ablation does not have a significant 

effect upon this ratio. 

Rears 

Table 8 describes the analysis of variance for the 

total number of rears in the open-field. The F-ratio for 

the Surgery main effect (A) is significant at the .05 level. 

Duncan's Multiple Range Test discovered that while the hippo

campally ablated group and the surgical control group both 

differ significantly from the nonsurgical controls, the 

hippocampally ablated group does not deviate significantly 

from the surgical controls. Figure 15 illustrates the effect 

of surgery upon the total number of rears in the open-field 

over days. 

General Behavior 

As in the other measures, a qualitative description 

of the behavior of the different groups may help to clarify 
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TABLE 7 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE RATIO OF TOTAL 
INSIDE SQUARES ENTERED DIVIDED 
BY TOTAL OUTSIDE SQUARES 
ENTERED IN THE OPEN-FIELD 

Source df Mean Sum 
Squares Squares 

Between Subjects 

Surgery (A) 2 .013574 .006787 0.49 NS 
Subjects (B) 6 .081222 .013537 
Error Term (B + AB) 18 ,4886 ,0271 

Within Subjects 

Trials (C) 9 ,043691 ,004854 Jlill NS 
AC .18 ,074094 ,004116 0,95 NS 
Error Term (BC + ABC) 162 ,6978 .0043 

Total Sums Squares = 1.317998 
Total df = 209 
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TABLE 8 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 
OF REARS IN THE OPEN-FIELD 

Source 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B -•• AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

df 

2 
6 
18 

9 
18 
162 

Sum 
Squares 

26687.03 
9336.72 
45390.94 

7161.16 
10854.87 
79260.17 

Mean 
Squares 

13343.52 

2521.71 

795.68 
603.05 
489.26 

F 

5.29 

1,62 
1.23 

P 

.05 

NS 
NS 

Total Sums Squares = 169353.92 
Total df = 209 
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the data. Upon placement in the open-field, a hippocampally 

ablated animal would typically begin to trot rather rapidly 

around the outside perimeter of the area. Although tHe hippo

campally lesioned animals stopped running only rarely, they 

had the curious habit when they did stop, of stopping only 

at the corners of the box, A normal control animal would 

typically take a few steps, rear upon his hind legs, begin 

to sniff the air, and to orient to the surroundings in a 

visual manner. He would then take a step or two more and 

repeat the rearing procedure. The normal group would not 

trot around the outside perimeter in the manner typical" of 

the hippocampally ablated group. However, the surgical group, 

while quite active, did not achieve their high activity scores 

in the same manner as the hippocampally ablated group. 

Qualitatively speaking, the surgical controls looked more 

like the normal controls than the hippocampally ablated group. 

They were more apt to rear and less apt to trot around the 

perimeter than the hippocampally ablated group. 

Jumps 

One the second day, a most surprising phenomenon 

occurred. The experimenter was sitting m his chair, not 

paying close attention to a normal control animal in the 

apparatus at the time. The animal had not been active during 

the previous portion of the trial and was resting rather 

quietly in the corner nearest the experimenter's chair. The 

routmeness of the trial came to an abrupt halt when the 
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experimenter suddenly discovered the rodent to be m his lap. 

Not really knowing what else to do, the experimenter replaced 

the animal into the apparatus, whereupon the animal promptly 

jumped out again. Fearing that a great deal of work was 

being "ruined", the experimenter began to attempt to pre

vent the animal from escaping the box. This attempt took 

the form of a clipboard which was laid across the top of the 

corner. After hitting his head on the board a time or two, 

the animal apparently learned that he would not be able to 

escape in the same manner as before--at least he soon moved 

over a foot or more and promptly jumped out at that point. 

The experimenter again repeated his previous behavior--that is, 

he again picked up the animal and replaced him into the appa

ratus. After going through this cycle several times, the 

experimenter began to tire of the "new game" which was being 

played. At this point the experimenter decided to leave the 

animal alone when the animal jumped. When the animal did 

jump, he was allowed to remain perched upon the rather thin 

wall of the apparatus for a short period of time. After a 

short while, the animal began to negotiate the rather pre

carious pathway along the top of the wall in the direction of 

the experimenter. After reaching the experimenter, the ani

mal climbed into the experimenter's lap--whereupon he was 

replaced into the apparatus and the cycle was repeated. 

This was not the on^y time that this behavior occurred. 

This sequence was repeated many times, not only by this ani

mal, but by most of the animals in the two control groups. 
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As is apparent in Figure 16, the hippocampally ablated group 

did not typically attempt to jump out of the apparatus. 

There were a few attempts at jumping performed by an animal 

in the hippocampally ablated group on trial three. These 

jumps were rather weak attempts, however, and the animal was 

not able to reach the top of the wall. 

Activity Wheels 

Table 9 reveals that there were no statistically sig

nificant results measured by the activity wheels that can 

be attributed to hippocampal ablation. Although the Day 

effect (C), and the Time Within Days effect (D), as well as 

their interaction (CD), are all statistically significant, 

the Surgery main effect (A) and all of the interactions 

which involve surgery (AC, AD, ACD) are not statistically 

significant. Table 10 summarizes the means (in T-scores) 

for the surgery main effect. It is apparent that the hippo

campally ablated group is the least active group, while the 

normal controls are the most active group. The differences, 

however, cannot be attributed to the effects of surgery. 

Since it was not possible to control the temperature 

in the older building, a Pearson correlation coefficient 

was computed between the activity of the various surgical 

groups and temperature. It was found that the activity of 

the normal control group correlated->46 with temperature, the 

activity of the surgical control group correlated -.1)S with 

temperature, and the activity of the hippocampectomized group 
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TABLE 9 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER OF 

REVOLUTIONS IN THE 
ACTIVITY WHEELS 

99 

Source 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B + AB) 

df Sum 
Squares 

2 2103.47 
6 6513.45 
18 13227.26 

Mean F 
Squares 

1051.737 
1085,57 
734,848 

1.43 NS 

Within Subjects 

Days (C) 9 
AC 18 
Error Term (BC + ABC) 162 

Time Within Days (D) 4 
AD 8 
Error Term (BD + ABD) 72 

4975.788 
577.407 

14777.263 

552.865 6,06 .01 
32.078 0.35 NS 
91.217 

9735.613 2433.903 16.72 .01 
1277.414 159,676 1.09 NS 
10480,17 145,557 

CD 36 
ACD 7 2 
Error Term (BCD + ABCD)648 

4757,583 
2970,757 
31461,007 

132,155 2.72 .01 
41,260 0,84 NS 
48,550 

Total Sums Squares = 96343.750 
Total df = 1049 
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correlated -.35 with temperature 

TABLE 10 

MEAN REVOLUTIONS (IN T-SCORES) IN THE ACTIVITY 
WHEELS AS A FUNCTION OF SURGERY 

SURGERY MEAN T-SCORE 

Hippocampally 
Ablated Group 48.071 

Surgical 
Control Group 50.602 

Non-surgical 
Control Group 51.388 

The Three-Barred Operant Conditioning Chamber 

A summary of the analysis of variance for the effects 

of surgery upon the total number of bar-presses in the operant 

conditioning chamber is presented in Table 11. The effects 

of Surgery (A) are statistically significant at the .01 level. 

The Surgery by Trials by Time Within Trials interaction (ACD) 

is also statistically significant at the .01 level, 

A Duncan's Multiple Range Test revealed that the bulk 

of the variance in the Surgery main effect can be attributed 

to the effects of hippocampal ablation per se. The mean 

score of the hippocampally ablated group differs significantly 

(p less than .01) from both of the control groups. The 

mean score of the surgical control group does not differ signi 

ficantly from the mean score of the normal control group. 



TABLE 11 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 
OF RESPONSES IN THE OPERANT 

CONDITIONING CHAMBER 
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Source df Sum 
Squares 

Mean 
Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B-:+ AB) 

2 185339,15 
5 40219.57 
15 73409.38 

92669.58 
8043.91 
4893.95 

18.93 .01 

Within Subjects 

Trials (C) 6 
AC 12 
Error Term (BC + ABC) 90 

Time Within Trials (D) 4 
AD 8 
Error Term (BD + ABD) 60 

CD 24 
ACD 48 
Error Term (BCD + ABCD)360 

4594.35 
4852.94 
39192.25 

808.7 
1026.35 
4807.03 

3590,74 
7108.12 
27708.17 

Total Sum Squares = 352437.27 
Total df = 629 

765.73 
404.41 
435.46 

202.20 
128.29 
80.11 

149.61 
148.09 
76.96 

1.75 NS 
0.92 NS 

2.52 .05 
1.60 NS 

1.94 
1.92 

.01 

.01' 
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The effect of surgery upon the total number of bar presses 

is illustrated in Figure 17, 

The results tabulated in Table 12 are taken from an 

analysis of variance for the effects of Surgery (A) upon 

the total number of reinforcements in the operant condition

ing chamber. The effects of surgery upon this measure are 

significantly different at the .01 level. 

A Duncan's Multiple Range Test revealed that the mean 

score of the hippocampally ablated animals is statistically 

significant from both of the control groups (p less than 

.01). The mean score of the surgical control group does 

not differ significantly from the mean score of the normal 

control group. It appears then, that the variance can be 

attributed to a hippocampal effect (as opposed to a general 

brain damage effect), 

It may also be seen from Table 12 that the interaction 

of Surgery with Trials is also statistically significant 

(p less than .05). These data are illustrated in Figure 

18. The interaction between Surgery and Time Within Trials 

(AD) is statistically significant at the .05 level. These 

data are illustrated in Figure 19, 

Table 13 summarizes the results of the analysis of 

variance for the effects of Surgery upon the ratio of the 

total number of reinforcements divided by the total number 

of bar-presses in the operant conditioning chamber. None 

of the effects are statistically significant. This measure 

was intended to be a measure of learning efficiency. It 
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TABLE 12 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER OF 
REINFORCEMENTS IN THE OPERANT 

CONDITIONING CHAMBER 
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Source df Sum 
Squares 

Mean F 
Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Tertn (B + AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Time Within Trials (D) 
AD 
Error Term (BD + ABD) 

CD 
ACD 
Error Term (BCD + ABCD) 

2 
5 
15 

6 
12 
90 

4 
8 

60 

24 
48 

360 

3667.26 
863.90 
2146.51 

1287.58 
1111.63 
1925.36 

46.97 
71.33 
222.73 

148.28 
90.56 

1231.73 

1833.63 
172.78 
143.10 

214.60 
92.63 
21.39 

11.74 
8.92 
3.71 

1.10 
1.89 
3.42 

12. 

10, 
4. 

3, 
2, 

1 
0 

,81 

.03 

.33 

.16 

.40 

.80 

.55 

.01 

.01 

.01 

.05 

.05 

.05 
NS 

Total Sum Squares = 11949.94 
Total df = 629 
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TABLE 13 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE RATIO OF THE TOTAL 
NUMBER OF REINFORCEMENTS DIVIDED 

BY THE TOTAL NUMBER OF BAR 
PRESSES IN THE OPERANT 
CONDITIONING CHAMBER 

Source df Sum Mean F 
Squares Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B + AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Time Within Trials (D) 
AD 
Error Term (BC + ABC) 

CD 
ACD 
Error Term (BCD + ABCD) 

2 
5 

15 

6 
12 
90 

4 
8 

360 

24 
48 

360 

.13889 

.94159 
2.6898 

.43045 

.42565 
5.2897 

.29748 

.35832 
11.6428 

.78366 

.86989 
11.64280 

.06944 

,1793 

.07174 

.03547 

.0587 

.07437 

.04479 

.0323 

.03265 

.01812 
,32341 

0 

1, 
0, 

2, 
1. 

,38 

.22 

.60 

.30 

.38 

NS 

NS 
NS 

NS 
NS 

NS 
NS 

Total Sum Squares = 25.02690 
Total df = 629 
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appears that hippocampal ablation does not interfere with 

learning efficiency when it is measured in this manner. In 

fact; the hippocampally ablated group is found to be slightly 

more efficient, although not to a significant degree. 

The data which have been discussed in regard to the 

operant conditioning chamber were obtained while the animals 

were attempting sequence AC only. An interesting result 

is that not only did hippocampally ablated animals reach 

criterion more rapidly, but they solved more complex problems 

as'well, 'Only one non-surgical control animal performed to 

criterion' on- the-ABC sequence and this animal did not solve 

the ABAC problem within* the alloted time period. Two of the 

surgical control^ animals performed to criterion on the ABC 

sequence, buttbhese animals did not solve the ABAC sequence 

within the twenty-five day period in which the animals were 

tested. Only one hippocampally ablated animal failed to per

form to criterion on the ABC sequence, but only one hippo

campally ablated animal successfully completed the ABAC 

sequence within the twenty-five day time period. Several 

hippocampally ablated animals learned the ABABC sequence, 

but more than twenty-five days were required. 

The Lashley III Maze 

Door Errors 

The analysis of variance for the effects of surgery 

upon the total number of door errors per row in the Lashley 

III maze is summarized in Table 14. The surgery (A) effect 



TABLE 14 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 

OF DOOR ERRORS IN THE 
LASHLEY III MAZE 

109 

Source df Sum Mean F 
Squares Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B + AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Rows (D) 
AD 
Error Term (BD + ABD) 

CD 
ACD 
Error Term (BCD-^ABCD) 

2 
6 
18 

24 
48 

432 

5 
10 
90 

120 
240 
2160 

802.34 
340.40 
573.89 

1143.54 
580.09 

1938.94 

170.21 
115.98 
431.07 

378,82 
795,56 
5943.48 

401.17 
56.73 
31.88 

47.64 
12.08 
4.48 

34.04 
11.59 
4.78 

3.15 
3.31 
2.75 

12. 

10. 
2, 

7, 
2, 

1 
1 

,60 

.63 

.69 

.12 

.42 

.14 

.20 

.01 

.01 

.01 

.01 

.05 

NS 
.05 

Total Sum Squares = 12874.01 
Total df - 3149 
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is found to be highly significant (p less than .01). A Dun

can's Multiple Range Test revealed that the hippocampally 

lesioned group is significantly different from the normal con 

trol group at the .01 level and significantly different from 

the surgical control group at the .05 level. The normal con

trol group is significantly different from both of the 

surgical groups at the .01 level. 

Further analysis of Table 14 reveals that all of the 

interactions involving surgery are also statistically signi

ficant. The Surgery by Trials (AC) interaction, which is 

found to be significant at the .01 level, is illustrated in 

Figure 20. The Surgery by Rows (AD) interaction, which is 

significant at the .05 level, is illustrated in Figure 21. 

The Surgery by Trials by Rows (ACD) interaction is also found 

to be statistically significant (p less than .05), but 

because of the very large number of scores involved, this 

effect is not graphically illustrated. 

Alternation Errors 

Table 15 summarizes the results of the analysis of 

variance for the effects of surgery upon the total number of 

alternation errors pei row in the Lashley III maze. The Sur

gery (A) effect and the Surgery by Trials (AC) interaction 

are significant at the .01 level. A Duncan's Multiple Range 

Test for the Surgery main effect revealed that all of the 

scores of the different groups are significantly different 

from each other at the .01 level. This effect is illustrated 
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TABLE 15 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 

OF ALTERNATION ERRORS IN 
THE LASHLEY III MAZE 

113 

Source df Sum Mean 
Squares Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B t AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Rows (D) 
AD 
Error Term 

CD 
ACD 
Error Term (BCD^-ABCD) 

2 
6 
18 

24 
48 

432 

5 
10 
90 

120 
240 

2160 

35.20 
9.19 
20.40 

36.61 
0.44 
77.95 

36.60 
1.40 

81.50 

21,19 
31.41 

338.97 

17.66 
1.53 
1.13 

1.52 
2-:44 
0.18 

7.30 
1.55 
0.90 

0.17 
0.13 
0.15 

15 

8, 
2, 

8, 
1, 

1. 
0, 

.62 

.44 

.44 

.11 

.55 

.13 

.86 

.01 

.01' 

.01 

.01 
NS 

NS 
NS 

Total Sum Squares = 715.26 
Total df - 3149 
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in Figure 22. Observation of Figure 20 reveals that the 

interaction effects are due to the very large increase in 

the number of alternation errors by the hippocampally lesioned 

group in the first five trials. The similarity of the hippo

campally ablated group to the cortical control group is 

particularly evident after trial nineteen. 

Further analysis of Table 15 reveals that no other 

effects which involve surgery are found to be statistically 

significantc The Surgery by Rows (AD) interaction approaches 

significance, however (p less than .10), and this effect 

is illustrated in Figure 23, A most interesting result is 

the rather spectacular drop in the number of door errors 

committed by the hippocampally ablated group in row six. 

Total Latency per Row 

Table 16 summarizes the results for the analysis of 

variance for the effects of surgery upon the total latency 

per row in the Lashley III maze. None of the effects invol

ving Surgery,(A) are found to be statistically significant 

(p greater than .05). 

Total Number of Units 
Entered per Row 

The results of the analysis of variance for the effects 

of surgery upon the total units entered per row in the Lashley 

III maze are presented m Table 17. The Surgery (A) main 

effect is found to be significant at the .01 level. A Duncan's 

Multiple Range Test revealed that each of the surgical groups 
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TABLE 16 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL LATENCY PER 

ROW IN THE LASHLEY III MAZE 

117 

Source 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B + AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Rows (D) 
AD 
Error Term (BD + ABD) 

df Sum Mean F 
Squares Squares 

2 197208. 
6 263248. 
18 6738. 

24 7012568. 
48 282117. 
432 4941380. 

5 
10 
90 

224952. 
52688. 
338098. 

CD • 120 859219. 
ACD 240 603097. 
Error Term (BCD+ABCD) 2160 6773437. 

98604. 
43875. 
37434. 

292190. 
5877. 
11438. 

44990. 
5269. 
3756. 

7160. 
2513. 
3135. 

2.63 

25.54 
0.51 

11.97 
1.40 

2.28 
.80 

NS 

.01 
NS 

.01 
NS 

.01 
NS 

Total Sum Squares = 21958589. 
Total df = 3149 



TABLE 17 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF 
SURGERY UPON THE TOTAL NUMBER 

OF UNITS ENTERED IN THE 
LASHLEY III MAZE 

118 

Source df Sum Mean F 
Squares Squares 

Between Subjects 

Surgery (A) 
Subjects (B) 
Error Term (B + AB) 

Within Subjects 

Trials (C) 
AC 
Error Term (BC + ABC) 

Rows (D) 
AD 
Error Term (BD + ABD) 

CD 
ACD 

2 
6 
18 

24 
48 

432 

5 
10 
90 

120 
240 

Error Term (BCD + ABCD)2160 

12123. 
4976. 
8861. 

20621. 
8851. 

34455. 

3656. 
2119. 
6478. 

70160. 
12950. 
99469. 

6062. 

492. 

859. 
184. 
79. 

731. 
212. 
72. 

59. 
54. 
46. 

12, 

10, 
2, 

10, 
2, 

1, 
1, 

.31 

.77 

.30 

.15 

.94 

.28 

.17 

.01 

.01 

.01 

.01 

.01 

NS 
.05 

Total Sum Squares = 216674. 
Total df - 3149 
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is significantly different from each of the other groups 

(p less than .01). 

The Surgery by Days (AC) interaction, which is signi

ficant at the .01 level, is illustrated in Figure 24. The 

Surgery by Rows (AD) interaction, which is statistically 

significant at the .05 level, is illustrated in Figure 25. 

It is apparent that the measures of door errors and total 

number of units entered are measuring the same effect, 

since the graphs of these effects are almost identical. 

Since there is no significant difference in the Sur

gery (A) effect in the analysis of variance for the total 

latency per row, while the hippocampally lesioned group 

entered significantly more units per row, it is apparent 

that the hippocampally ablated group ran faster in the maze. 

Summary 

A qualitative description of the behavior of the various 

groups in the Lashley III maze may be of some help in under

standing the results. The normal control group typically was 

rather cautious in the maze, especially around the doors. A 

normal control animal would almost always stop at the door and 

explore the area visually, tactually, and olfactorally, before 

going through. The surgical control group typically was more 

active in the maze than the normal control group, but the 

behavior of these animals was more similar to the normal con

trol group than to the hippocampally ablated group. The 

hippocampally lesioned group was very active in the maze as 

is shown by Figure 24. These animals typically ran rather 
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wildly up and down each alley before going through a door, 

and quite often the animals of the hippocampectomized group 

did not even slow down when they did go through the door. 

This wild running in the maze is the cause of the large num

ber of door errors committed by the hippocampectomized group 

as well as the cause of the large number of units entered 

per row which is characteristic of the hippocampally lesioned 

group. 

The behavior of the hippocampally ablated group in 

the Lashley III maze is very similar to the behavior of this 

group in the open-field, in the sense that the hippocampec

tomized animals ran rather wildly in both apparatuses, and 

typically stopped only at a corner or culs-de-sac. 

Histological Results 

The results are presented with the aid of Figure 26, 

and the descriptions are based upon an atlas prepared by 

Craigie (1925). By referring to the upper portion of Figure 

26, the lower portion of the figure can be meaningfully organ

ized. The lower portion of the figure is a reconstruction 

of a rat's brain in coronal section. The upper portion of 

the figure is a drawing of the dorsal and ventral view of the 

rat's brain, indicating sections through frontal planes. 

Section 1 of the lower portion of the figure is approxi 

mately at the same plane as section A30 of the upper portion 

of the figure. Section 2 of the lower portion of the figure 

is approximately at the point of section A23 of the upper 
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Figure 26. Upper figure. A dorsal view of the rat's brain 
on the left and a ventral view on the right. The_lines 
ndicate ^"^^ ---̂ -̂ r̂̂ c wî irh are shown m the sections shown 
in the lower tigu: 

left and a ventral view on cue ix^^^. î î  
e the sections which are shown in the secti 
lower figure (from Zeman and Innes, 1963). 
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portion of the figure. Section 3 of the lower portion of 

the figure is at the same approximate plane as section A19 

of the upper portion. Section 4 of the lower part of the 

figure is approximately in the same plane as section A13 of 

the upper portion. Section 5 of the lower part of the figure 

is at the same approximate plane as section AlO of the upper 

portion of the figure. 

The results of the histological verification procedure 

are presented by means of the figure presented in the lower 

portion of Figure 26. The black portions of the figures 

represent areas which are known to have been destroyed by 

the surgical procedure. 
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H 16 

H-16. The results of the surgery performed upon this 

animal appear to be exceptionally good. The boundaries of 

the lesion did extend further anteriorally than is usual. 

The hippocampus appears to be almost totally ablated. 

Postoperative protocol. The operation required fifty minutes 

and no unusual bleeding was encountered. The operation 

appears to be good. 
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H 8 

H-8. It appears that the results of surgery performed 

on this animal were good. Damage to the more anterior por

tions of the hippocampus was extensive, but the more posterior 

portions of the hippocampus escaped damage. 

Postoperative protocol. The operation took slightly over 

one hour, but the surgery appears to be good. There was some 

bleeding on both sides of the brain, but it stopped rather 

quickly. 
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H 3 

H-3. The results of surgery performed on this ani

mal appear to be generally good. There seems to be rather 

extensive damage to the hippocampus on the right side, but 

the lesion on the left side is smaller. There appears to 

be no thalamic damage. 

Postoperative protocol. There was no bleeding encountered 

during the course of the operation. There was some post

operative swelling, but it soon subsided. 
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H n 

H-11. Most of the histological data taken from this 

animal is not available. Observation of section 2 indicates 

that the hippocampus was not damaged in this region. Sec

tion 3 reveals that the hippocampus was damaged rather 

radically on the left side, and to a lesser extent on the 

right side. 

Postoperative protocol. Extensive bleeding was encountered 

on both sides of the brain. The bleeding on the right-side 

was especially noticeable. 

* Missing slides. 
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ki i t jj jt'itgigMr^ 'Ml iTTJii 

H-19. This animal died before being processed pro

perly and as a result it is not possible to verify the 

lesions. Section 1 indicates that there was some isocorti

cal damage in the frontal region. 

Postoperative protocol. Although the animal seemed to have 

some respiratory difficulties, respiration did not cease 

during the operation. There was no severe bleeding and 

there was no observable damage to the thalamus. 

* Missing slides. 
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H 15 

H-15. The surgical results seem to be good. The 

reconstruction of the surgery which ordinarily would have 

been in section 4 is not available. As can be seen in sec

tion 2, there is a possibility of some damage to the reticular 

nucleus of the thalamus. 

Postoperative protocol. A very nice exposure of the thala

mus was obtained. The operation is considered to be very 

good. 

* Missing slides. 
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H20 

H-20. Most of the histological data taken from this 

animal was lost. The animal died before being properly 

processed and the brain was damaged during the attempt to 

remove it from the cranium. The reconstructions in sections 

4 and 5 indicate that the results of surgery in these regions 

were good. The rather radical ablation on the right side 

in section 5 seems to verify the postulate of the post

operative protocol. 

Postoperative protocol. Severe bleeding was encountered on 

the right side. It is possible that the ablation was carried 

too far posteriorly causing a rupture of the wall of the 

transverse sinus. 

* Missing slides 
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C54 

C-54. The results of surgery performed on this ani

mal seem to be good with the exception of a mild encroachment 

upon the hippocampus that can be observed in section.3. 

Postoperative protocol. No trouble--good operation 
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C2 

€-2. The surgery performed upon this animal seems 

to be generally good, with the exception of a minor encroach 

ment upon the hippocampus which can be observed in section 2, 

Postoperative protocol. An extremely good exposure of the 

hippocampus was obtained on the left side. The exposure of 

the hippocampus on the right side is very good also. The 

animal bled very little during the operation. 
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CjvSĵ . Only one section of this animal's brain was 

obtained. It is apparent that the surgery which is recon-
t 

structed in section 2 is good, but no information regarding 

the other section is available--beyond that information in 

the postoperative protocol. 

Postoperative protocol. No bleeding was encountered during 

the course of the operation. The operation is considered 

good. ^ 

Missing slides. 
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C-18. It is. apparent that there is damage in this 

animal beyond that which was intended by the experimenter. 

It is probable that the damage was incurred postoperatively, 

since the animal carried a large scab on his head for several 

weeks postoperatively and since the postoperative protocol 

indicates that the animal had a tendency to bleed rather 

freely. 

Postoperative protocol. The animal bled very freely--bleed-

ing encountered on both sides of the brain. A good exposure 

of the hippocampus was achieved, although one slight nick 

was placed in the hippocampus at the time of surgery. 

* Missing slides. 

1 
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A Supplementary Study 

At the same time that the data for the present paper 

was being collected, a supplementary study involving two 

additional types of hippocampal lesions was also being under

taken. Since the results of this supplementary study have 

helped to form many of the thoughts which will be discussed 

later, this experiment will be discussed briefly. 

There were two uncontrolled factors in this supple

mentary experiment which prevented this study from being 

included in the main experiment, but these factors did 

suggest a great deal of future research and supplemented 

the main experiment very nicely. One of the uncontrolled 

factors was that the Department of Psychology moved to new 

facilities during the experiment and a second reason was that 

the rat colony of the Department of Psychology inadvertently 

became contaminated, during the process of the experiment. 

The activity measures were taken in an old annex in which 

the Department of Psychology was located at the time. The 

supplementary study, however, was conducted in the quieter 

and generally more stable environment of the new building. 

This, of course, raised the problem of how to compare the 

animals of the new study to the animals of the main study. 

Still another problem which beset the new study was that a 

different strain of rats was accidently introduced into the 

rat colony. These animals were extremely docile and lethar

gic in nature and, as will soon be discussed, did not react 

to hippocampal ablation in the same manner as the previously 
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observed rats. 

The two types of hippocampal ablations used in the 

new experiment were an ablation of the anterior one-third 

of the hippocampus and an ablation of the middle one-third 

of the hippocampus. The hippocampally ablated group of the 

main study received ablations of the anterior two-thirds of 

the hippocampus. 

In general, rats receiving lesions of the anterior 

one-third of the hippocampus appeared to behave in the same 

manner as the hippocampally lesioned group of the main study. 

The animals receiving lesions of the middle one-third of the 

hippocampus, however, actually became less active than the 

control groups. This is the opposite of the reaction of 

other hippocampally ablated groups. 

The site of the lesion, however, was found to be only 

one important factor in the manner in which an animal reacts 

to hippocampal lesions in the various activity and learning 

devices. When lesions were formed in the previously men

tioned lethargic strain of rats, it was found that ablations 

of the anterior-one-third and lesions of the anterior two-

thirds of the hippocampus caused these animals to become 

less active than the control groups, while animals receiving 

lesions of the middle one-third of the hippocampus became 

more active than the control groups. 

These results are highly reminiscent of the results of 

Beach (1941) who found that rats having lesions of the prefron-

tal region did not necessarily become more active after 
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Surgery. Beach found that lesions in this area caused ini

tially active animals to become even more active, while 

initially inactive animals became even less active after 

surgery. It appears that the same is true in regard to 

lesions of the hippocampus. While lesions involving the 

anterior one-third of the hippocampus caused the more active 

rats to become more active than the control groups, lesions 

of the middle one-third of the hippocampus caused the ini

tially active animals to become less active. The exact 

opposite results were obtained with the docile, lethargic 

strain of animals. With the lethargic strain, it was found 

that the lesions of the middle one-third of the hippocampus 

made the animals more active than the control groups, while 

lesions of the anterior one-third and anterior two-thirds of 

the hippocampus caused the animals to become less active than 

the control groups. 

It should be noted that an "active" animal performed 

in a manner similar to the hippocampally lesioned group of 

the main study, while an "inactive" animal performed in a 

manner similar to the normal control group of the main study. 

This was true for all of the behavioral measures used in 

this study. 

These results, although not extensive, do support the 

hypotheses of several researchers (e.g., Kimura, 1958; 

Nauta, 1956; and Russell, 1961) that the hippocampus is not 

functionally homogeneous. These results also suggest a great 

deal of future research. 



CHAPTER IV 

DISCUSSION 

Activity Measures 

Stabilimeters 

Examination of Table 5 reveals that the effects of 

hippocampal ablation are quite significant in regard to acti 

vity as it is measured by the stabilimeter device. The 

physical characteristics of the stabilimeter are such that 

it is quite sensitive to small abrupt movements such as 

grooming and scratching. The device is not particularly 

sensitive to locomotor movements. 

Q)en-Field 

It appears that the total number of units entered in 

the open-field and the total number of rears in the open-

field are not functions of a hippocampal effect per se. 

Since the hippocampally ablated animals do not differ signi

ficantly from the surgical control group, it is assumed 

that the effects upon the total number of units entered and 

the total number of rears are due to a general brain damage 

effect. However, the jumping behavior is quite a different 

sort of thing. Since only control animals manifest this 

behavior, it is assumed that there is a true hippocampal 

effect operating in regard to jumping in the open-field. 

139 
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Several lines of research point to the involvement of 

the hippocampus in an animal's response to novelty. Electro

physiological data seem to indicate that the presentation of 

novel stimuli elicits a theta response in the hippocampus. 

Lissak and Grastyan (1960) believe that the hippocampal theta 

response shows that the hippocampus plays a role in inhibiting 

the orienting reflex. Kaada, Jansen and Anderson (1953) 

believe that they elicited visual exploration by stimulating 

the hippocampus in cats. Likewise, experiments indicating 

that hippocampectomized animals are more active in activity 

cages, and the experiments which indicate that hippocampally 

lesioned animals run faster in an unbaited T-maze than control 

animals, suggest that the hippocampus plays an important role 

in an animal's reaction to novelty. The data of this study, 

especially the observed tendency of the control animals to 

jump out of the open-field, would also seem to indicate that 

the hippocampus is important in an animal's ability to habitu

ate to novelty. 

The hypothesis of Roberts, Dember and Brodwick (1962); 

Kimble (1963) ; and Teitelbaum and Milner (1963) that hippo

campally ablated animals exnlore more than control animals 

is not shared by the present writer, since the operational 

definition of exploratory activity put forth by these workers 

is misleading. It is true that the hippocampally ablated ani

mals entered more squares in the open-field than the control 

groups, but it is the opinion of this writer that number of 

squares entered is not a good measure of exploratory activ-
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ity. Usually when the hippocampectomized animal is placed 

in the open-field, he immediately begins to trot around the 

outside perimeter of the box. The control animals, however, 

typically take a few steps, rear upon their hind legs, and 

orient to the surroundings in a visual manner. These "rears" 

are probably a better measure of exploration than is loco

motor activity. The tendency of the control animals to 

attempt to escape the situation indicates that these animals 

have done much more "exploring" than the hippocampally 

ablated animals. The tendency of the hippocampectomized 

animal to continue to trot around the perimeter on the tenth 

day, much as he had on the first day, seems to indicate that 

these animals are simply running and not exploring in the 

usual sense of the word. 

As can be seen in Figure 14, the normal control group 

did not appear to habituate to the open-field as measured 

by units entered. However, this result is probably mis

leading since there are other data which indicate that the 

locomotor activity of the control groups did not remain 

stable for the same reasons that the locomotor activity of 

the hippocampally lesioned group remained stable. For exam

ple, the fact that the rats which attempted to jump out of 

the field were initially forced back to the floor caused 

these animals to enter more units in their attempts to find 

a portion of the wall at which they would not be forced back 

to the floor. Therefore, the rats which attempted to escape 

the situation entered more squares in the process of jumping. 
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For this reason, the failure of the normal group to show a 

decreased number of units entered m the open-field over 

days is not surprising. However, the jumping behavior, 

which is typical of the control groups, seems to indicate 

that the control animals had habituated to the situation, 

while the hippocampally lesioned animals did not habituate. 

Activity Wheels 

The finding that hippocampal ablation does not have 

a significant effect upon activity as measured by the activ

ity wheels agrees with the data published by several other 

workers. This writer is aware of only one study m which 

hippocampally ablated rats were reported to deviate signi

ficantly from control groups m revolving drums. This was 

an unpublished study done by Strong (1963) who found that 

hippocampally ablated rats were significantly less active 

in activity wheels than the control groups. The results of 

the present study were in the same direction as Strong's data, 

but did not achieve statistical significance. 

The main difference between the procedure of this 

study and Strong's procedure is that Strong's animals remained 

in the revolving drums for only one hour per day, while the 

animals of the present study remained in the revolving drums 

for ten consecutive days. For this reason the animals in 

Strong's study were exposed to more novelty than the animals 

of the present study. Therefore, the normal animals in Strong's 

study were even more active than the normals of this study. 
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Learning Measures 

The Three-barred Operant Conditioning Chamb er 

:em 

The results of the experiment involving the operant 

conditioning chamber would not seemingly have been predicted 

by previous theories of limbic system function. Pribram has 

probably developed the most intricate theory of limbic syst^ 

function, and indeed, the operant conditioning experiment 

was designed with this theory in mind. Pribram (1961) has 

postulated that the limbic systems are primarily involved 

with the ability to complete sequences of behavior. It 

would seem difficult to explain the results of the present 

study by use of this hypothesis. Although it has been shown 

by Niki (1965) that hippocampally ablated rats are more 

resistant to extinction in a Skinner-box situation, the 

results cannot be explained by resistance to extinction 

alone. While hippocampectomized animals «re more resistant 

to extinction, the results presented in Table 13 seem to 

indicate that hippocampally ablated animals are as efficient 

learners in this situation as are the control animals. 

Since the hippocampally lesioned group is equally as 

efficient as the control groups, while being more resistant 

to extinction, it is not surprising that the hippocampecto

mized animals are superior performers in this operant 

conditioning situation. However, these data do not fully 

describe the performance of the hippocampally lesioned group. 

The hippocampectomized group often failed to obtain reinforce-9 



144 

ments as a result of not pressing a lever hard enough to set 

the switch, even though the animal may have successfully 

touched the levers in the proper order. These errors are 

due to the rather manic bar pressing exhibited by the hippo

campally lesioned rats. The control animals also made such 

errors, but this error was a'particular disadvantage for 

the hippocampectomized animals, since they were usually 

attempting to solve problems involving longer sequences. 

The results of the three-barred operant conditioning 

chamber do not seem to be compatible with the hypothesized 

function of the hippocampus m immediate memory, since 

immediate memory would be a necessary part of the success

ful solution of the problems m the operant conditioning 

chamber. However, examination of Figure 19 does reveal one 

result which might be an indication that hippocampectomized 

animals are deficient in memory functions. Since the hippo

campally ablated group obtained fewer reinforcements in the 

first three minutes of each day, it is possible that hippo

campectomized animals are somewhat deficient in longer 

term memory functions. 

The Lashley III Maze 

Although the hippocampectomized animals performed 

more effectively in the operant conditioning chamber than did 

the control groups, they were generally inferior to the con

trol groups in the Lashley III maze. As was shown in Table 

14 and Table 15, the hippocampally ablated animals committed 
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significantly more door errors than the surgical control 

groups while the total number of alternation errors committed 

by the hippocampectomized group was significantly less than 

the number of alternation errors committed by the surgical 

control group. It is assumed that door errors are measuring 

a function of the hippocampus, while alternation errors 

measure a general brain damage effect. As can be seen from 

a comparison of Figure 20 with Figure 24, a measure of the 

total units entered does not seem to measure anything that 

is not measured by door errors. 

The total latency between the various surgical groups 

is not significantly different. The control animals were 

typically rather cautious in the maze during the first few 

trials. The hippocampectomized animals were not considered 

to be cautious in their maze-behavior, but they required as 

much time to travel the distance from the start to the goal-

box because they made many errors. However, since the 

hippocampectomized animals entered more units per unit of 

time, they ran more rapidly in the maze. 

Some Attempts at Synthesis 

It is an apparent paradox that hippocampally ablated 

rats are the most active in all measures of activity except 

revolving drums. For example, it is quite puzzling that 

hippocampally ablated rats are the most active group in the 

open-field and yet are the least active group in the activity 

wheels since both of these apparatuses supposedly measure 
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locomotor activity. One observation of possible consequence 

may be the fact that the hippocampally ablated animals, on 

the relatively rare occasions when they did stop running, 

usually stopped in one of the corners instead of the center 

of the box. The wall stands out as a cue which is sufficiently 

prominent to elicit a response from the hippocampectomized 

animal. If this is true, then it is possible that the drum 

of the activity wheel also serves as a sort of "corner" or 

barrier that is sufficiently above the hippocampectomized 

animal's threshold. In a study being conducted at the present 

time. Dr. P. N. Strong has reported preliminary data that 

indicates hippocampally ablated rats are less active than 

control groups in a "honey-comb maze" which lacks an open 

space (as in the open-field) or a defined runway (as in the 

Lashley III maze). Along this same line. Figure 21 shows 

that the number of door errors committed by the hippocampec

tomized group dropped drastically in the last row. The 

difference between the door in the last row and the rest 

of the doors is that the last door has a barrier on the left 

side (see Figure 8). Apparently this barrier serves as a 

sufficiently meaningful cue whereas the other doors do not 

serve as effectively for the hippocampectomized group. The 

point of similarity between the corners of the open-field, 

the revolving drum of the activity wheels, and the last door 

of the Lashley III maze may be that they are all the most 

prominent stimuli of the situation. If the hippocampectomized 

animal is responding to such a stimulus, then perhaps the 
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behavior of the hippocampally ablated animals in the operant 

conditioning chamber may be described more fully. Since the 

bars are the most promiment stimuliiin this situation, as well 

as the only relevant ones, the tendency to ignore the less 

promiment stimuli would be an advantage. 

For years it has been known that food deprivation 

causes rats to be more active in measures of activity such 

as revolving drums. Campbell and Sheffield (1953) have demon

strated that in a highly constant environment, food deprivation, 

even up to 72 hours does not produce more than a slight increase 

in "spontaneous" activity compared with the increase which 

occurs during ten-minute periods in which visual and auditory 

stimuli in the experimental situation are altered. The change 

in level of activity provoked by changes in environmental 

stimuli are much more related to hours of food deprivation 

than are the so called "spontaneous" activities. From these 

and other data, Sheffield and Campbell (1954) have proposed 

that hunger does not function as a stimulus to activity but 

instead is a state in which thresholds of normal activity 

responses to internal and particularly to external stimuli 

are lowered. 

The relevance of Sheffield and Campbell's hypotheses 

to the hippocampal literature may be through the suggestion 

of Pribram (1961a) that the limbic systems serve as the regu

lators of biostats which are located m the hypothalamus 

and other lower centers. It would not seem to be improbable 

that the threshold of a hippocampally lesioned animal to 
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external stimuli has been raised. The implication of this 

hypothesis is that the phenomena which are discussed by 

Sheffield and Campbell (i. e., a lowered lower threshold 

to external stimuli as a result of food deprivation) are 

probably mediated to a very large extent by the hippocampus 

Since the-'hippocampus has been implicated in almost all of 

the-phases of learning, including habituation (Green and 

Arduini, 1954; Leaton, 1965; and Roberts, Dember, and Brod

wick, 1962), in extinction (Niki, 1965), and in acquisition 

of passive avoidance responses (Isaacson and Wickelgren, 

1963), this structure would seem to have all the necessary 

credentials to serve as a regulator of thresholds for an 

animal's reaction to external stimuli. 

Summary of the Hippocampal Ablation Data 

The data from the hippocampal ablation seem to group 

in four basic categories. First the hippocampectomized 

animal seems to resist adaptation. Secondly hippocampally 

ablated animals appear to be less subject to external 

inhibition. The fact that animals having hippocampal 

lesions have difficulty in learning response inhibition 

seems to constitute a third category. A fourth category 

involves the electrophysiological data which appear to 

implicate the- hippocampus with both the acquisition and 

habituation stages of learning. 
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The Hippocampus and Resistance to Adaptation 

•The hippocampectomized animal seems to resist adapta

tion. Pferhaps this is not surprising in light of Adey's 

studies which have emphasized the electrical activity of the 

hippocampus during the stages of habituation. 

It has been shown by Hernandez-Peon, ejt al. , (1956) 

and others that the functional integrity of the brain stem 

reticular system is a necessary part of learning. Sharpless 

and Jasper (1956) have demonstrated that selective lesions 

within the specific sensory paths produced differential 

effects upon adaptation. It was found that removal of the 

cortex abolished pattern-specific adaptation, while transection 

below the thalamus abolished both pattern-specific and fre

quency-specific habituation. Sharpless and Jasper concluded 

that habituation of arousal occurs within the brain stem 

reticular and the unspecific thalamic systems and their asso

ciated pathways. 

Nauta (1956) has pointed out that the hippocampus has 

direct connections with the thalamic reticular system and 

at least indirect connections with the brain stem reticular 

system. There seems to be sufficient anatomical evidence 

to justify linking the hippocampus with a physiological 

system involved with adaptive behavior. 

In addition to the data mentioned above, there seems 

to be a large amount of behavioral data indicating that the 

hippocampus is the cortical representative of an adaptive 

system. The studies of Roberts, Dember, and Brodwick (1962) 
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and Glickman, Scroges, and Hunt (1964) present evidence that 

hippocampal lesions interfere with the processes of habitu

ation. The findings of Niki (1965) that hippocampectomized 

rats are more resistant to extinction are also relevant to 

this discussion. In the present study, the consistent run

ning of the hippocampally ablated group in the open-field 

seems to indicate that these lesioned animals were not habitu

ating to the situation in a normal manner. Since the analysis 

of variance for the effects of surgery upon the activity over 

days in the revolving drums and the stabilimeters is not 

significant, the development of adaptation in the hippocam

pectomized group did not deviate significantly from either 

of the control groups in these situations. 

Leaton (1965) , using an opportunity to explore as 

reward, found that hippocampally ablated rats perseverated 

their responses to a greater degree than the control groups. 

The results were interpreted as indicating that hippocampal 

lesions effect the animal's ability to habituate to novelty. 

The Hippocampus and External Inhibition 

Isaacson and Wickelgren (1963) have data which demon

strates the effect of introducing novel stimuli upon the 

behavior of hippocampally ablated animals. The animals were 

trained to run a straightalley which was fifty-four inches 

long. On the eighth and ninth days, wooden strips with 

sta|)led sandpaper were placed over the floor of the alley. 

The results showed that the time of the hippocampectomized 
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group was not altered by the novel stimuli, while the control 

groups slowed considerably as a result of the novel stimuli. 

Still another demonstration of this resistance to the effects 

of external inhibition is the finding of Brady (1958) that 

lesions of the hippocampus in rats can virtually eliminate 

the conditioned emotional response (CER) and make it diffi

cult and sometimes impossible to retrain. 

It is an apparent paradox that hippocampectomized 

animals resist adaptation on the one hand and yet they are 

less subject to external inhibition. If the hippocampus is 

a major pathway by which cortical inhibition is projected 

upon the hypothalamus, the ablation of this structure might 

throw the organism out of balance to the degree that any 

incoming sensory impulses may add little activation to that 

which is already present. Specifically the animal may be 

at such a high level of activity, due to the release of hypo

thalamic structures, that any novel stimuli are not able to 

noticeably increase the overall activity of the animal. 

The Hippocampus and Response Inhibition 

It has been rather conclusively established that hippo

campally ablated animals have difficulty in learning response 

inhibition. For example, Niki (1965) has demonstrated that 

hippocampectomized rats are more resistant to extinction in 

an operant conditioning situation than control groups. It 

was also found that hippocampal lesions increase the bar-press 

rate in response to negative stimuli without having a notice-
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able effect upon the response rate elicited by positive stimuli. 

Also, Clark and Isaacson (1965) found that rats having lesions 

of the hippocampus are less efficient on a DRL operant con

ditioning task than control groups. 

Isaacson and Wickelgren (1963) have demonstrated that 

hippocampectomized animals are able to form positive avoidance 

responses, but are unable to form passive avoidance responses. 

Passive avoidance requires that the animal inhibit a response 

in order to avoid punishment, while active avoidance requires 

that the animal perform some active response in order to 

avoid punishment. 

These data, in conjunction with the available anatomi

cal results, seem to indicate that the hippocampus is in 

some way involved with the cortical inhibition of certain 

responses. It would appear that "drive" is not increased 

when a lesion is formed in the hippocampus, but that the nor

mal inhibitions of the cortex are released. It has traditionally 

been believed that revolving drums measure '"drive", while 

Strong (1957) has demonstrated that stabilimeters measure 

a different type of behavior. Therefore, the finding that 

hippocampectomized animals differ significantly from control 

groups in activity as measured by the stabilimeters, but do 

not differ significantly from the control groups in activity 

as measured by the revolving drums, indicates that "drive" 

is not increased by hippocampal ablation. 

Perhaps the latest theory of hippocampal function is 

the notion that hippocampal lesions produce behavior which can 
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be described as a tendency to repeat previously learned 

responses to k greater extent than do normal animals. This 

phenomenon has been called "response perserveration" by 

Ellen and Wilson (1963). This hypothesis has also been 

invoked by Jarrard, Isaacson, and Wickelgren (1964) as a 

possible explanation of their results. Furthermore Kimble 

and Kimble (1965) have also attempted to test this hypothesis 

by requiring the animals to perform a reversal in order to 

obtain reward. The results showed that the hippocampally 

ablated group made significantly fewer reversals; made more 

errors, and took more trials to reach the criterion set for 

the first reversal than the control groups. No significant 

differences were obtained between the hippocampectomized 

group and the control groups on the learning of the initial 

position habit. The authors refer to the impairment of the 

hippocampally ablated group as an impairment of "behavioral 

flexibility." 

Kimble, Kirkby, and Stein (1966) have interpreted the 

fact that hippocampectomized animals have difficulty in form

ing passive avoidance responses m terms of the "response 

perseveration" hypothesis. The animals were tested in two 
( 

types of passive avoidance situations^-one which involved 

the punishment of a response which had been rewarded previously 

and a second which involved the punishment of a response which 

had not been previously trained. No impairment was observed 

as a result of hippocampal ablation in the situation involving 

punishment of the response which was not trained previously. 
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The hippocampectomized animals were found to be deficient 

in the reversal task, however. The authors state that they 

are aware of the possibility that the variance may be due to 

inherent differences in the situations, but they prefer to 

believe that the differences are due to a difficulty that 

hippocampally ablated animals have in reversing a previously 

learned response. 

Some of the data of the present study also seems to 

be relevant to this discussion. The behavior of the hippo

campectomized animals in the Lashley III maze indicates that 

these animals are deficient in their ability to inhibit an 

ongoing response. For example, the failure of the hippocam

pectomized animals to stop at the doors illustrates the 

hippocampally lesioned group's inability to inhibit an on

going response. Still another example of the deficit of the 

hippocampectomized group may be observed by means of Figure 

23. The alternation error m the first row is a result of the 

tendency of the surgical groups to come out of the stait-box 

directly into the culs-de-sac; the normal control group is 

much better at turning immediately after leaving the start-

box. It is apparent, however, that this alternation error 

is not a direct result of the hippocampal ablation since the 

surgical control group also tends to make this same error. 

A Postulated Prefrontal-hippocampal System 

There is a remarkable similarity of overlap between 

the subcortical projections of the limbic forebrain and those 
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of the prefrontal cortex. This similarity is particularly 

marked in regard to the projections upon the hypothalamus, 

subthalamus, and rostral midbrain. Valenstein.iand Nauta 

(1959) have data which indicate that the prefrontal cortex 

affects the same general brain stem regions as are also regu

lated by the limbic forebrain. Likewise, Nauta (1964) suggests 

that the prefrontal cortex is the isocortical representative 

of the same category of functions that is contributed to by 

the limbic forebrain. 

Akert (1964) has discussed his admiration of the manner 

in whichW. J. H. Nauta has been able to piece together the 

systems of interconnections among hypothalamus, limbic system, 

and prefrontal cortex. Akert points out that Nauta's work 

has frequently provided anatomical evidence for the reality 

of connections postulated previously on purely physiological 

data. Akert has done this for the postuiited prefrontal-

hippocampal connections as well (Nauta, 1964). According 

to Akert, the prefrontal cortex can now more safely be 

regarded as the superstructure of limbic and visceral 

activities. 

There are behavioral and anatomical data which support 

the concept of a "frontal lobe system." Rosvold and Szwarc

bart (1964) have pointed out similarities in the organization 

of cellular activity in the parts of this postulated system. 

For example, the finding that damage to the dorsolateral 

frontal cortex results in similar impairment on delayed re

sponse or differentiation tasks regardless of the sensory 
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system involved in the task (Rosvold and Mishkin, 1961) would 

seem to be a good example of data which might be best explained 

by conceptualizing in terms of a frontal lobe system. To be 

more specific, one neural model which would satisfactorily 

account for the nonspecificity of such an effect would be one 

in which afferents from several modalities converge on the 

same neuron. According to Rosvold and Szwarcbart, Fessard 

(1960) has emphasized that the area which is least specific 

with regard to sensory modality is the frontal association 

cortex. In area, the rule is an equivalence of effect on 

the neuron regardless of source of the incoming stimulation. 

Convergence also occurs in the caudate, the hippocampus, and 

the subthalamus with little preference shown for any one 

modality. Green and Machne (1955) have shown that some cells 

in the hippocampus are nonspecific responders and may be 

activated as a result of stimulation arriving over any incom

ing paths. 

Adey et al., (1961, 1962) have data which indicate that 

the electrical activity of the hippocampus is correlated with 

performance only in certain stages of learning, Rosvold and 

Szwarcbart (1964) have postulated that Adey's data indicates 

that any delayed-response impairment caused by lesions is 

associated with an interruption of response mechanisms, rather 

than of mechanisms related to stimulus presentation or to 

the delay. The authors believe, however, that it is not the 

response itself (that is, approaching the food wells and 

searching for the hidden bait) which is interfered with in 
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hippocampal ablations; instead, it is probably some central 

process which relates this response to the conditional aspects 

of the task. This means that the response is selected, not 

by the cerebral events initiated by the immediately preceding 

stimulus, but erroneously by persisting central activity which 

was initiated earlier in a similar context. It is postulated 

that such a dysfunction could occur in the hippocampus, which 

not only receives impulses from many separate sources, but 

also seems to regulate motor functions. 

The hippocampus, then, may be an important regulator of 

efferent activity, but there are other areas which seem to 

serve this function as well. Indeed, Rosvold and Szwarcbart 

(1964) believe that this capability seems to be a common 

characteristic of the components of what they refer to as 

the "delayed-response system." The authors believe that it 

is probable that cerebral activity is modulated by a compre

hensive system made up at least of frontal cortex, the caudate 

nucleus, the hippocampus, and the subthalamus. 

Although it has been convenient to discuss the sub

cortical components of the prefrontal region and limbic 

system as if each were a homogeneous structure entirely serv

ing the same function, it is becoming apparent that this is 

probably not true. For example, Szabo (1962) has shown that 

the caudate nucleus has at least three distinct segments 

based on the topographical arrangement of its efferent con

nections with the globus pallidus and substantia nigra. 

According to Rosvold and Szwarcbart (1964) , Nauta has found 
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that at least two of these seem to be differentially related 

to frontal cortex. Dorsolateral frontal cortical lesions 

resulted in degeneration only in the anterior and dorsal 

portion of•the head of the caudate nucleus. 

The cingulate gyrus is also known to be arranged in 

a nonhomogeneous fashion. McCleary (1962) has demonstrated 

that the cingulate is topographically arranged in regard 

to its projections upon the hypothalamus. 

That the hippocampus does not serve homogeneous func

tions has been indicated by the data of several researchers, 

including work done by the present writer (p. 136). Other 

data which support this contention has been presented by 

Adey in 1961. Adey found that region CA4 was also the pri

mary focus of the rhythmic slow-wave activity which is 

correlated with the acquisition of the delayed response 

task. It may well be that behavioral studies involving 

selective ablations will find that there is a focal area 

involved with some specific function such as has been found 

in regard to delayed-response functions (Rosvold and Szwarc

bart, 1964). 

Development of Theories of Limbic Function 

In 1937, Papez published an article which he believed 

to be an exposure of what he termed "the neural substrate 

of emotion." He postulated that a circuit of anatomically 

connected centers were also connected in terms of function. 

The circuit was as follows: The hippocampus via the fornix 
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to the mammillary bodies of the hypothalamus, to the anterior 

nucleus of the thalamus, to the cingulate cortex, and back 

to the hippocampus. There are ports of entry and of exit 

from the circle at both cortical and subcortical points. 

Although it appears doubtful that the structures 

operate in the manner in which Papez described, his work 

did generate a large amount of research. Although the lim

bic cortex had originally been considered to be primarily 

olfactory in function, Papez's article, along with one by 

Herrick (1933) , suggested that the rhinencephlon was involved 

with much more than olfaction alone. Both of these workers, 

however, suggested that thd limbic system was involved with 

one general class of behavior. 

A second stage in the development of theories of lim

bic system function is exemplified by the work of MacLean 

who has referred to the limbic system as the "visceral brain." 

MacLean, as was mentioned previously, describes limbic system 

function in terms of the "Four-F's", and he has attempted to 

integrate innate as well as emotional behaviors into a theory 

of limbic system function. 

Bard and Mountcastle (1947), following Bard's (1928) 

discovery of "sham-rage"' in decorticate cats, were unable 

to duplicate the "sham-rage" effect. When they ablated the 

amygdala. Bard and Mountcastle found the sham rage. An exam

ple of this effect could be elicited by stroking the animal's 

back. This stroking elicited the most vicious attack of which 

the animal was capable, although the attack was poorly directed 
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and the aroused emotions subsided very quickly. When the 

hippocampus was ablated in a decorticate cat, Bard and 

Mountcastle found that a more placid animal was the charac

teristic result. The point of this discussion of the data 

presented by Bard and Mountcastle and the data of MacLean 

is that research in limbic system function was beginning to 

indicate that the system is not involved m any one category 

of behavior, but is an exceedingly complex system. 

The next stage in the development of theories of lim

bic system function is perhaps best exemplified by Karl 

Pribram, who together with T. Kruger (1954) has suggested 

that the limbic system could be subdivided into three sepa

rate categories on the basis of histological, electrophysiolo 

gical, and behavioral data. It was postulated that each of 

these systems subserves a different function. This idea 

represents a different stage in limbic system theorizing 

since the implication is that the limbic systems are involved 

in many aspects of behavior. Pribram (1961a) states that 

stimulation of limbic structures seems to cause "areas of 

excitability" in lower centers. Pribram describes these as 

the setting of biostats or the determination of thresholds 

of these lower centers. 

The trend, then, in theories of limbic system function 

has been to attribute more and more complexity to the lim

bic system. It appears that the various structures are far 

too complex to attribute any one behavioral effect to any 

one area. 
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This trend, however, has not carried over into the 

researches of the individual anatomical entities which com

pose the limbic system. To be more specific, researchers 

in this area appear to be continuing to search f(pr one func

tion which they hope can be attributed to a given structure. 

This is particularly evident in the hippocampal research of 

late. For example, Kimble (Kimble and Kimble, 1965; Kimble, 

1966) is presently investigating the possibility that hippo

campally ablated animals are suffering from a lack of 

flexibility in adaptive behaviors, and Pribram (e.g., Pribram, 

1961b) has postulated that the whole limbic system is involved 

in the integration of sequences of behavior. 

It is the belief of the present writer that such 

attempts to solve the riddle of limbic system function are 

doomed to failure. To be certain, the hypotheses which have 

been mentioned have all been supported by well-executed 

experiments, but the fact that so many hypotheses can be 

supported would seem to be a valuable bit of data in itself. 

It is postulated that the hippocampus (and indeed the 

entire limbic system))does not act as a homogeneous structure 

and that no single function is served by the hippocampus as 

a whole. That the hippocampus is not a homogeneous structure 

has been well-demonstrated by several researchers outside 

the discipline of psychology (e.g., Kimura, 1958; Nauta, 1956; 

Purpura, 1959; and Russell, 1961). This should prompt be

haviorally oriented researchers to attempt broader theories 

of hippocampal function. If Pribram's (1961) hypothesis that 
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the limbic systems are concerned with the setting of "bio

stats," then it would follow, on the basis of the presently 

available data, that the hippocampus is concerned with the 

setting of many biostats--not just one category of biostats. 

As a final suggestion, it is postulated that the other 

structures of the limbic system will also be found to be 

nonhomogeneous structures. This has already been shown to 

be true for the cingulate (McCleary, 1961), and for the amyg

dala (Fox, 1940) . 

If any functional systems are to be found, it may be 

that these systems will involve relatively minute portions 

of various structures. For example, it may be that certain 

portions of the hippocampus are involved in a reciprocal 

relationship with a nucleus (or portion of a nucleus) of 

the amygdala, as well as other minute portions of the cen

tral nervous system. 

Suggestions for Future Research 

There appear to be a number of good reasons for divid-
9' 

ing the hippocampus into functionally different segments on 

the basis of both anatomical and physiological data. Purpura 

(1959) has data which indicate that there are biochemically 

distinguishable regions of the hippocampus, while the data 

of several other workers (e.g., Pribram and Kruger, 1954; 

Nauta, 1956; Russell, 1961) also seem to justify the assump

tion that the hippocampus is not functionally homogeneous. 

In spite of the data which seems to indicate that the hippo-
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campus is a functionally diversified structure, behaviorally 

oriented researchers have not yet undertaken studies designed 

to investigate the behavior associated with activities of 

various portions of the hippocampus. On the basis of these 

data and the previously mentioned preliminary studies which 

were mentioned as part of the present paper (see p.136). 

it is suggested that such investigations will prove to be 

a fertile area of research. 

In addition, another suggested line of research stems 

from the accidental discovery that different strains of rats 

respond quite differently to hippocampal ablation. The pre

viously mentioned data published by Beach in 1941 which shows 

that ablation of the prefrontal area caused initially active 

animals to become more active while initially inactive ani

mals became less active is quite suggestive m regard to the 

data mentioned in this paper. If this type of data can be 

replicated as a result of hippocampal ablation, then the 

postulated "frontal lobe system" composed of the prefrontal 

region of the frontal lobes and various limbic structures, 

would seem to be supported by even more convincing evidence. 

It may be that the effects of hippocampal ablation may be 

a function not only of genetic strain but of previous experi

ence as well. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Method and Procedure 

Twenty-one male albino rats were tested m five be

havioral situations. One-third of the animals received 

ablations of the anterior two-thirds of the hippocampus, 

one-third of the animals received ablations of the cortical 

structures immediately overlying the hippocampus, and one-

third of the animals received no surgery. 

The five apparatuses were as follows: activity wheels, 

contact-type stabilimeters, an open field, a six-row Lashley 

III maze and a three-bar operant conditioning chamber. Re

cordings were taken every four hours (with the exception of 

4:00 A.M.) for ten consecutive days on both the activity 

wheels and the stabilimeter devices. Observations from the 

open-field were taken for fifteen minutes each day for ten 

consecutive days. The data taken included the total number 

of units entered by each animal, the number of times the 

animal reared upon its hind legs, and the numbei of times 

the animal attempted to jump out of the apparatus. 

The animals were tested in the Lashley III maze for 

one trial each day for twenty-five consecutive days or until 

the animal had completed three consecutive errorless trials. 

A differentiation was made between the two possible types of 

errors which can be made m the maze. The error of running 

164 
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past the door into the cul-de-sac was labeled as a "door-

error" and the error of turning m the wrong direction after 

going through the door was labeled an "alternation-erroro" 

The animals were also tested for twenty-five days in 

a three-bar operant conditioning chamber. The animals were 

initially shaped up on bar C and allowed to press that bar 

on a continuous reinforcement schedule for two consecutive 

days. At that time no further cues were given the animal 

and an automatic control unit was employed so that the ani

mal was required to press first bar A, and then bar C in 

order to obtain reinforcement. If the animal made any error, 

the device automatically reset and the animal had to begin 

anew. After the animal had performed to a criterion of at 

least 25 reinforcements in a single fifteen minute trial, 

he was required to attempt a more difficult problem. The 

order of the sequences was as follows: C, AC, ABC, ABAC, 

ABABC. 

Results 

Stabilimeters 

The hippocampally ablated group was found to differ 

significantly from the cortical controls and the normal con

trols at the .01 level. There was no significant interaction 

between surgery and days. 
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Activity Wheels 

There was no significant difference between the groups 

as measured by activity wheels^ 

Open-Field 

Hippocampally ablated animals entered significantly 

more squares (p less than .01) than the other two groups 

of animals. Hippocampally ablated animals reared signifi

cantly (p less than .01) less than the other two groups. 

Starting on the second day of testing, several animals of the 

normal and cortical control groups began to jump out of the 

box which had walls 18 inches high. Hippocampally ablated 

animals did not jump and only rarely stopped running around 

the outside perimeter. 

Lashley III Maze 

Although there was no significant difference m the 

total number of errors, there was a difference m the types 

of errors committed by hippocampally ablated animals. The 

hippocampally ablated animals made significantly more door 

errors while there was no significant difference between the 

number of alternation errors committed by the cortical con

trol group and the hippocampally ablated group. There were 

differences between the two groups over rows on both types 

of errors, however. 
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Three-Barred Operant Conditioning Chamber 

Surprisingly it was found that hippocampally ablated 

animals were not only as efficient as the control groups in 

this task, but because they were more resistant to extinction 

and pressed the bars more often (p greater than .01) they 

were able to solve the problems much more rapidly over time 

and were able to solve more complex problems as well. 

Discussion of the Hypotheses 

It is assumed that the results indicate that hippo

campally ablated animals do not manifest an increased level 

of drive. This is illustrated by the tendency of the hippo

campectomized group to be more active in a stabilimeter device 

than control groups and less active in activity wheels than 

control groups. Activity wheels have traditionally been con

sidered to measure "drive," while Strong (1957) has demonstrated 

that stabilimeters measure a different type of beliavior, and 

show decreased activity under high drive conditions. 

Pribram has hypothesized that hippocampectomized animals 

are deficient in "sequencing of behaviors." The results of 

the experiment involving the three-barred operant conditioning 

chamber indicate!that Pribram's hypothesis is not completely 

correct, since hippocampally lesioned rats were superior to 

the control groups in the solution of these rather long chain

ing problems. 

Hippocampally ablated rats did not demonstrate a de

ficiency in immediate memory as measured by a significant 
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increase in the total number of alternation errors committed 

by the hippocampally lesioned group. 

Conclusions and Suggestions 

One of the major trends in theories of limbic system 

function has been toward the attribution of more and more 

complexity to these structures. However, this trend has not 

continued in the researches of the individual entities which 

comprise the limbic system. Instead, it appears that most 

investigators in this area are attempting to attribute one 

major class of behaviors to some single anatomical structure. 

Whatever the functions of the hippocampus may be, a mono

lithic interpretation will not be adequate, since this 

structure has been shown to be involved with many different 

categories of behavior. The results of this study indicate 

that the hippocampus is involved with inhibitory functions 

and the ability of the animal to react to novel stimuli. 

Some suggestions for future research include further 

investigation of the behavioral effects of small, specific 

lesions of the hippocampus, and the behavioral effects of 

previous learning and genetic strain upon hippocampal 

activity. 
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