
THE EFFECTS OF BILAT~RAL STIMULATION OF THE 
HIPPOCAMPUS ON PERS~VERATIVE NEURAL PROCESSES 

by 

John P. Harcourt, Jr. 

Submitted in partial fulfillment of the requirement. f 
graduation wi t h honors in the Department of 
Psychology, Wa shington and Lee University 

"May 1, 1963 



ACKNOWLEDGMENT 

The writer wis hes to express his 
appreciation to Dr . Leonard E. Jarrard , 
who served as director of the present 
research, and t o Dr . Wi lliam M. Hinton 
for his added as sis t ance and encoura ge 
ment o 



TABLE OF CONTENTS 

List of Tables • • • • • • e e e e • e e e e • • • • e e e e O • 0 e • e • 

List of Illustrations~ •••••••••······•·· · ••• 

Secti n 

Introduction • • • • • • • • • • • • • • • • • • • • • • • • • • • 

De scr · ption of 

Description of S 

ubjec s •••••••••••••••• 

e r y .. . . .. . . ..... • • • • • 

Descr ption of Apparatus ·••••• · ··•••••• 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Procedure 

Results • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Discussion • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Swnrna ry ••••••••••••••• • •••••••••••••••• 

Bibliography ••••••o••••••••••••••••••••••••• 

iii 

iv 

V 

1 

4 

4 

5 
·5 

7 

10 

15 

16 



List of Tables 

Table Pa ge 

I . Summary of data and results of ana lysis of 
variance for average latency per 
trial ••••••••••••••••••••·•••••••••• 19 

II . 

I I I . 

IV. 

Summary of data and results of 
analysis of variance for average 
running time per trial ·•••••·••••••· 

Summary of data and results of 
ana lysis of variance for trials 
to criterion ••••••••••••••••···•••·• 

Summary of data and results of 
ana lysis of variance for total 
number of errors ••••••·••••••••••••• 

V. Summary of data a nd results of 
analysis of variance for avera ge 

20 

21 

22 

weight ••••••••••••••••••••••o••••o•• 23 

iv 



LIST OF ILLUSTRA TI ONS 

Figure 

1 . 

2 . 

4. 

5. 

Dia gram of bipolar electrode • • • • • 

Picture of Lashley Maze Type III o • • • 

Pict re of stimulating box and 
equip ent •• o ••••• o •• 0 ♦ ♦ 0 

Trials to ·criterion per animal by 
(groups • • • • • • • 0 • • • • • • • • 

Cumulative Number of errors for the groups 
as function of days of testing . • • • • 

V 

Page 

24 

25 

25 

26 

27 



INTRODUCTION 

In recent years there has been a significant amount 

of' Yrnrk done in the f' ield of :memory and the physiological 

processes that are involved. One main area of research 

has been connected with perseveration theory. The first 

clear statement of the perseveration - consolidation theory 

was made by Muller and Pilzecker (1900). They stated that 

previous to consolidation of memory traces the traces per

severate over neural pathways . They further stated that 

these neural perseverative processes were requisite to the 

consolidation of the memory trace for recently acquired 

memory; and that these processes may be subject to external 

interference. 

Although several methods have been used in research 

on perseveration theory (Gli~kman, 1961), the most successful, 

to date, appears to be the employing of electroconvulsive 

shock (ECS). The initial study on perseveration theory using 

ECS was done by Duncan (1949)0 In this study, rats in an 

avoidance conditioning problem were given one trail per day 

for 18 days. The animals were divided into eight groups, 

which were administered ECS 20 sec., 40 sec., 60 sec., 4 min,, 

15 min., 1 hr., 4 hrs., and 14hrs., respectively, following 

the termination of each trial. Duncan found that if an hour 

or more elapsed between the learning trial and administration of 
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ECS, there was no eff ect upon memory . Electroconvulsive 

shock within 15 min., however, resulted in a depressed 

learning rate of the avoidance response. The learning defi

cit was found to be inversly related to the length of time 

intervening between the learning trial completion and on-

set of the ECS convulsion. In a study pat t erned after Duncan, 

Gerard (1955) used hampsters, and found that the persevera

tive processes could be found to last for an hour. 

In a more recent study, Thompson and Dean (1955) using 

a discrimination problem and five groups of 12 subjects each 

administered ECS 10 sec., 2 min., 1 hr., and 4 hr . after 

learning trials. The fifth group served as a control . Sig

nificant differences were found for the 10 sec., 2 min., 

and 1 hr. groups . The memory deficit was inversely related 

to the length of time intervening between learning trials 

and administration of ECS . There was no significant differ

ence between the 4 hr. and the control groups . 

The results of these studies, and others with similar 

results (Thompson and Pennington 1957, Thompson 1958), point 

to the acceptance, by many investigators, of the perseveration 

theory (Glickman, 1961). The next step in studying persevera

tion theory was to try to localize the specific area of the 

brain which controls perseveration. In an excellent review 
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of the area, Glickman (1961) reported very little work 

along these lines. In one study by Mahut (1958), chroni

cally implanted electrodes were used in the thalamic 

neuclei. Glickman (1958) implanted electrodes in the 

midbrain tegmentum. In both studies some interference with , 

the normal processes of memory was reported. 

The present study is a further attempt to localize 

the specific area of the brain which controls perseveration. 

Attempted localization of pers~veration in the hippocampus is 

suggested in Glickman's review (1961). Glickman, referring 

to Milner and P nfield (1955) and Scoville and Milner (1957), 

points out that experiments using hippocampal lisions indi

cate that subjects are unable to learn postoperative material , 

but retain material learned preoperatively. Although the 

specific areas controlling such phenomena are not definitely 

known, Glickman points to a need for research in the hippo

campus. 

The present experiment is designed to measure the effects 

of bilateral stimulation of the hippocampal area of the white 

rat on the acquisition of a Lashley Maze Type III. With 

stimulation at a sufficiently low level to eliminate spread

ing, and administered at an interval long enough to eliminate 

assocntion, it was assumed that any memory deficit could be 

attributed to a disturbance of the perseverative neural pro-

cesseso 
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Method 

Subjects: The Ss were 24 male albino ra t s of the Sprague-

Dawley Disease Resistant strain obtained from the Dublin 

Laboratories. The &s were approximately 110 days old at 

the beginning of the experime nt. They were deprived of food 

until they reached a pproximately 85% of their normal body 

weight. At that time the 24 Ss wer e divided into three gr oups 

of eight animals each which were equal in weight. 

Sugery: Bilateral bipolar electrodes embedded in a common 

nylon base were chronically implanted in the &s brains. The 

electrodes consisted of 0.010 inch triple insulated nilstain 

wires wound together.~ diagram of the electrodes can be found 

in Figure 1. Cross sections of the tips of the electrodes 

were ba red and separated. The Ss under Nembutal anesthesia 

(40 mg ./kg .), were placed in a C.H. Stoelting Stereotoxic 

instrument. Two holes were dri l led in the skull at locations 

as defined in the de Groot atla s (1959). Eight operated 

experimental animals had electrodes implanted in the hippo~ 

campus at the following coordinates: 3.7 mm. posteri or to 

Bregma '; ; 3 mm. laterally on each side of the midline; 3 mm. 

down from the top of the skull. Eight operated control 

animals had electrodes implanted at the following coordinates 

in the neocortex: 3.7 mm. posterior to Bregma~ ; 3 mm. 

laterally on either side of the midline; 1.5 mm. down from 
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the top of the skull. The eight remaining fs served as 

unoperated controls. 

Appara tus: A Lashley Maze Type III (Lashley 1929) was 

used in the learning task. The maze is pictured in Figure 

2. The r.taze was constructed of 3/4tt plywood wi th an in

side l ength of 46 1 and alleys of 4' in width . The ""mm~e was 

61
• high and covered with hardware cloth. A ¼ teaspoon in 

an aluminum holder served as the food cup in the goal box. 

A microswitch conne cted to the start box door started a 

Standard Electric timer when the door was rais ed. When the 

door was lowered the first clock was stopped and another of 

the same type started. When the goal b ox door was lowered 

the second clock was stopped by means of a ml croswitch. 

Thus, it was possible to record latency and running time for 

each trial. 

Procedure: Two days following surgery the fs were placed 

on a deprivation schedule. Animals were deprived for 10 

days before pretraining began. During this peri od, each 

was handled approximately 15 min. a day. Training consisted 

of a pretraining period of four days and a test period of 

16 days . 

Day l of pretrai~ing consisted of 10 feeding trials 

in the goal box. The goal box was modified to prevent com~ 
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plete familiarization with the test environment. During 

these trials §. remained in the goal ·box until it had ea ten, 

and was then removed while more food was put in the food 

cup. Throughout preliminary training and the test period 

two Noyes Co. food pellets in several drops of water were 

used as rewardo The second day of pre training consisted 

of 10 more trials in the modified goal box . Day 3 of the 

pretraining period consisted of 10 trials in a straightway. 

The straightway was of the same dimensions as an alley of 

the test maze . A guillotine door of the same type as those 

used in the test situation was placed half down the straight

way. This was to familiarize the §_s with the operation and 

noise of the door. Day 4 consisted of 10 more trials in the 

straightwayo 

During the test period each animal was given three 

massed trials per day for 16 days in the Lashley Maze Type 

III. Following each block of three trials the animal was 

returned to a holding cage for 10 min. The animal was then 

transferred to the stimulating box. The stimulating box 

and equipment are pictured in Figure 3. Ten min. was chosen 

as the interval between learning trials and stimulation. 

This interval was employed to assure no association ( Kimble 

1961); while getting the greatest possible effect from the 

stimulation. Following the procedure of t~hut (1958), each 
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experimental and operated control animal was given a 15 sec. 

burst of 60 cycle sine wave at.25 voltso Control animals 

were placed in the stimulation box without stimulation for 

a period equivalent to that of the two stimulation groups . 

Latency, running time and number of errors were recorded 

fo each trial. 

Results 

The following measures were used in evaluating the 

data: (1) latency, (2) running time, (3) trials to 

criterion, and (4) total number of errors for the test per

iod. In evaluating the data, four Ss were eliminated. Sub

jectsl, 2, and 18 would not run in the test apparatus, and 

f 20 died on the fourteenth day of testing. Subjects 1 and 

2 were cortical control animals. Subject 18 was a contro 

animal; and.§. 20 was a hippocampal animal. 

A between-within analysis of variance (Edwards, 1950) 

was used in evaluating the data. In cases where the E value 

was significant, the test for the difference between the 

means required for significance (Lindquist, 1953) was employed. 

Table I summarizes the data and results of the analysis of 

variance for latencyo The E of 4.944 was significant at the 

.05 level of confidence. This i ~icates a significant dif

ference between the three main groups . The test .for the 

dif.ference between means required for significance revealed 
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that the cortical control and hippocampa l groups had sig

nif cantly faster average latencies than the control group . 

The differences between the means were 1. 598 a nd 1. 678, re

spectively . There was no significant difference between the 

hippocampal and cortical control groups, whose means d ffered 

by 0 . 80 . 

The data and analysis of variance results for average 

running time are summarized in Table II . The F. value of 

2 . 118 obtained was not significant . A second analysis was 

run, eliminat ng the data for S 10 because of the radica l 

deviation of these score s from the gr~u p mean. The dat 

results of the second analysis of variance are summarized n 

Table III . Figure 4 presents the trials to criterion data 

for each animal in each group . The E value of 3.761 was 

significant at the .05 level of confidence. The difference 

bet •een the means of the -hippocampal and control groups wa s 

5. 643 . This difference was not sufficiently large enough 

for significance . The difference between the me a ns for the 

hippocampal and cortical control groups was 8.476 . It re

vealed that the hippocampa l group required significantly 

more trials to reach the criterion than he co r tical control 

group . There was no significant difference bet ~en the 

cortical group and the control group, wh se means differed 

by 2 . 833 . 
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Table IV summarizes th results of the analysis of 

variance and data for total errors . Figure 5 shows the 

cumulative number of errors per group as a function of 

days . The E value of 4. 141 was significant at the . 05 level 

of confidence . The difference between the rreans of the 

hippocampal and control groups of 2. 15 is not large enough 

for significance . The differences between the means of the 

cortical control group and hippocampal a nd control groups 

were signi icant , revealing that the cortical control group 

had significantly fewer errors than the other two groups • . 

The differences between the means were 22 . 14 and 24 . 29 . 

An analysis of variance was also run on the avera ge 

weight of the animals during the experiment . The data and 

results of analysis of variance are surmna rized in Table 

V. The F value of 7. 844 was significant at the .05 level 

of confidence . The test for the difference between the 

means required for significance revealed that the cortical 

control and hippocampal gr oups had significantly lower 

avera e weights than the control group •• Mean differences 

of 18 . 76 and 25 G29 were obtained . The difference between 

the means of the cortical control and hippocampal groups 

was 6. 53 . It was not large enough for significance . 
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Discussion 

The purpose of' this study 1,11/as to determine the effects 

of bilateral hippocampal stimulation on perseverative neural 

processes as indicated in a learning task. The evaluation 

of the data indicates that the hippocampal and cortical con

trol groups had significantly 1 wer laten ies and unning 

times than the control group, but did not differ significantly 

themselves . The ~sin the hippocampal group required sig

nificantly more trials to criterion than the cortical cont ol 

group . Further , the cortical control group made signif'icantly 

fewer errors than either of the other two groups. 

The f'act that the hippocampal and· cortical control 

groups -had significantly faster latencies and running times 

than the control groups can probably be explained in terms 

of differences in motivation. The results of the analysis 

of' the data for body weight revealed that the cortical con

trol and hippocampal groups weighed significantly less than 

the control group . The lower body weight would indicate 

greater motivation, and,thus, may account f'or the differences 

obtained. 

Although there was no significant difference in trials 

to ·criterion between the hippocampal animals and the control 

animals , there is a definite trend indicatedo The similarity 

of the data for the control and cortical control groups and 
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the obvious diss imi larity of the hippocampal group is 

evident. That the hippocampal group dif fered significant ly 

from the cortical control group indicates t ha t chance f actors 

may have played an important part because of the small number 

of Sso With more ~s to eliminate the strong influence of 

chance factors, it may be that significant differences be

tween the hippocampal and control groups would be f ound. 

The significant differences between the cortical contr~l 

group and the control and hippocampal groups for total errors 

can be explained in two ways . The first possibility is that 

the difference was merely chance; and, thus, a replicat ion 

of the study would no t reveal the same results. A second 

possibility is that stimulation of the ns~cortex has a facil

itating effect on learning. The first explanation--chance-

is the m~e; likely for several reasons. First, is the fact 

that in the other measures, the cortical control group· showed 

no trend suggesting a facilitating effecto In the most im

portant measure of learning, trials to cri terion, the cortical 

control gr oup was very similar to the control group and did 

not approach a significant difference. The differences 

between the cortical control and control groups for average 

latency and running time have already been explained in terms 

of possible differences in motivationo The final argument 

against the possibility of a facilitating effect is neo-
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cortical ablation data. In a study by Jarrard, Isaacson 

and icklegren (1963) it was reported that ablation of the 

neocortex had no effect on the acquisition or extinction 

of a learning tasko 

A major part of any experiment of this type is the 

data that is obtained from histological analysis of t he 

brains. Such data is necessary to assure proper placement 

of the electrodeso It is entirely possible that the coor

dinates in the present experiment were, for some reason, 

wrong. The only method to as sure that the electrodes in 

this study were in the desired areas of the brain is through 

examination of the brain by histology. Since the histology 

is a long process, histological data was not availa ble for 

inclusion in this thesis. Histological data will, however, 

be available in the near future. 

Another possible explanation of the negative results 

obtained in this study, other than improper 'placement of 

electrodes, is that the amount of stimulation used was not 

sufficient. The major problem in this area is to avoid 

spreading of the stimulation to other areas of the brain. 

It is, therefore , necessary to use only a small amount of 

stimulation. It seems unlikely that there was any spreading 

effect in the present study. A spreading effect would be 
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almost analagous to ECS, in that it would effect several 

areas of the brain, and probably give results similar to 

the ECS results. Another problem in the present study 

was control of motivational factors. The difference in 

motivation between the control animals and cortical control 

and hippocampal anim~ls was evident. It certainly effected 

1
latency and running time data, and may well have effected 

the ,other measures as well . Finally, there is an a pparent 

need to run a larger number of ~sin order to eliminate the 

influence of chance factors due to the small aumb' b of ~s 

emp~oyed in the present study. 

In reJ:.11er and Pilzec.l{er I s presentation of :the per

severa ti on theory it was noted that persev•erative neural 

processes may be subject to external interference. As pointed 

out in the introdu~tion, there is some evidence that the 

hippocampus might play an important role in controlling these 

perseverative neural processes (Glickman, 1961). The present 

study was designed to determine the effects of bilateral 

stimulation of the hippocampus on perseverative neural pro

cesses . The results obtained in this study indicate that 

there is no significant effect on such processes from hip

pocampal stimulation. This does not point to the rejection 

of the theory, nor of the hypothesis that the hippocampus 

may play an important role in controlling perseverative 

proce sses. There does , in fact, appear to be a definite 

trend suggesting some possible effect of stimulation. Wi th 
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a larger number of ~sand more closely controlled motiva 

tional factors significant differences could possible 'be 

obta ned . 
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Summary 

The purpose of the present study was to determine 

the effects of bilateral stimulation of the hippocampus 

on perseverative neural proces ses as indicated by ac

quisition of a learning problemo 

Twenty-four male albino rats were divided into three 

equal groups. An experimental group of 8 ~shad electrodes 

implanted in the hippocam us. An operated control group 

of 8 §.s had electrodes implanted in the neocortex. A third 

group of 8 Ss served as unop-era ted controls. Each animal 

was given three trials per day for 16 days in a Lashley 

1~ze Type III. Ten min . after each block of three trials 

the hippocampal and neocortical animals were each stimulated 

by a 15 sec . burst of 60 cycle sine wave at .25 volts. 

Analysis of variance and tests for the difference be

tween means required for significance indicated,that under 

the conditions , of t he present study, bilateral stimulation 

of the hippocampus has no apparent effect on the persevera

tive neural processes . Several suggestions were made for 

the improvement of the present study. 
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TABLE I 

Summary of Data and Results of Analysis 
of Variance for Average Latency Per Trial 

GROUP : HI PPOCAMPAL CORTICAL CONTROL 

Rat . No o: 7. 2. 01 5. 2. 63 
8. 2 . 29 6 . l o79 

11. 1. 93 9. 2.47 
12 . 1. 18 14. 1 . 76 
17 . 2. 19 15. 2. 27 
22 . 3 . 17 24 . 2. 37 
2,2 0 2. 16 

EX 14 . 93 EX - 13. 29 = -
1'vt -

Between groups 
Within groups 

2. 135 'ffl • 2. 215 

Sum of Squares 

12 . 29 
23 . 56 

~:-Significant at the 4 05 level of confidence . 

differences between means: 

cortical control - hippocampal = . 080 

control - hippocampal = 1. 678 

control - cortical control = 1 . 598 

df 

2 
. 9 

3 . 
4 . 

10 . 
13 . 
16 . 
19 . 
21 .. 

EX 
1I 

Mean Square 

6 . 13 
1. 24 

difference between means required for significance : 1 .. 279 

CONTROL 

2. 97 
4 . 51 
4 . 06 
2. 38 
3. 14 
2. 07 
7. 5_6 

= 26. 69 .. 
= 3. 813 

F 

4 . 944-:i-
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TABLE II 

Summary of Data and Results of Analysis 
of Variance fo.r Avera ge Running Time Per Trial 

Grou:12 : HIPPOCAMPAL CORTICAL CONTROL CONTROL 

RAT NO : 7 10 . 58 
8. 

11 . 
12 . 
17 . 
22 . 
2~ . 

E~ = 58 . 66 
M - 8.38 

Between groups 
Within Groups 

7. 96 
8. 98 
6. 89 
8. 24 
8. 17 
7. 84 

5. 
6. 
9. 

14 . 
15 . 
24 . 

~ 
M 

Sum of Squares 
315. 01 
772 . 24 

~ 

• 

7. 30 
6. 21 
8. 79 
5. 75 

10 . 11 
7. 21 

45 . 37 
7. 48 

df 
2 
19 

-1:-Significant at the ,,05 level of confidence . 

differences between means: 

hippocampal - cortical con trol - 0. 90 
control cortical control ~ 8. 81 
con rol - hippocampal = 7. 91 

difference between means required for significance : 

3. 
4. 

10. 
13 . 
16 . 
19 . 
21 . 

~ --
M a 

Mean Square 
157. 51 
40 . 64 

7.328 

9. 12 
18 . 86 
24.i4 

7. O 
9. 3~-
7.50 

37 . 00 

11i.06 
1 . 29 



GROUP: 

RAT NO . : 

... 21 -

TABLE III 

Stun.~ary f Data and Results of Analysis of 
Variance for Trials to Criterion 

HIPPOCAMPAL CORTIEAL CONTROL 

7. 17 5 . 12 
8. 17 6 . 9 

11 . 15 9. 13 
12. 14 140 12 
17. 22 150 9 
22 . 21 240 15 
2~ . 35 

EX : EX = 70 

CONTROL 

3. 13 
4 . 26 

10. 42 (Eliminated) 
1 • 12 
16. 11 
19. 10 
21 . 12 

EX :: 87 141 
M • 20 . 1)-1-3 M • 11 . 667 1l = 14 . 500 

Between gr oups 
Within groups 

Sum of Squares 

212 . 99 
509 . 68 

1:-s gnifi cant a t the ·.05 l e e l of confidence . 

differences between me ans: 

hippocampal - control = 5 . 643 
hippocampal - cortical control • 8. 476 
control - cor tical control • 2. 833 

df . Mean Square 

2 
18 

106 . 495 
28 . 316 

difference between means required for significanee : 6.045 
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TABLE IV 

Summary of Data and Results of Analysis of 
Variance for Total Number of Errors 

GROUP : HIPPOCAMPAL CORTI CAL CONrROL 

RAT NO . 70c 51 5. 25 
8 . 27 6 . 21 

11 . 38 9 . 20 
12 . 31 14 . 11 
17 . 46 15 . 25 
22 . 38 24 . 24 
23 . 6~ 

EX = 296 EX : 126 
~ = 42 029 ~ :: 18 . 00 

Sum of squares df . 

Between groups 1732 . 26 ;2, 
With n groups 3974 . 29 1 9 
')}-Signif icant at the •. o5 leve l of c onf i dence . 

diffe rences between me ans : 

hi ppocampal - cortica l control ~ 
control - cortical control s 
hippocampal - control- = 

24 . 29 
22 . 14 . 
. 2 . 15 

CONTROL 

3 . 20 
4 . ; 10 . 

13 . 
16 . 22 
19 . 28 
21 . 75 

EX - 281 -
!JI = 40 . 14 

mean square 

866 . 13 
209 . 17 

diffe r ence between means require d f or significance: 16 . 62 

F 
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TABLE V 

Summary of Data and Results of Analysis 
of Variance for Average Weight 

GROUP: HI PPOCAMPAL CORTICAL CONTROL 

RAT NO . : 7o 126 5. 145 
8. 161 6. 132 

11 . 145 9. 148 
12. 127 14 . it1t 17 . 133 15 . 
22 . 134 24 . 123 
24 . 127 

EX : 856 EX = 953 
M :: 136 . 14 ll :: 142 . 6.7 

Sum of squares 

Between groups 
Within groups 

2337 . 50 
2831 . 05 

-:~Significant at the 05 level of confidence . 

differences between means: 

control- hippocampal = 25 . 29 
control- cortical control = 18 . 76 
cortical control- hippocampal • 6. 53 

df 

2 
19 

CONTROL 

3. 169 
4 . 184 

10 . 153 
13 . 155 
16 . 152 
19 . 163 
21 . 122 

EX :: 1128 
,r = 161 .~3 

mean sgure 

1168. 75 
149. 00 

F 

7. 844 

difference between means required for significance .: 14. 032 
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FIG. I. DIAGRAM OF ELE-CTRODE EMPLOYED 
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1ig. 2 . Picture of Lashley Maze Type III 

Fig . 3. Picture of stimulating box and equipment 
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FIG. 4. TRIALS TO CRITEION PER ANIMAL BY GROUPS 
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