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ABSTRACT

The purpose of the present study was to investigate the 

effects of ventral mesencephalic lesions on the acquisition of 

three visual discrimination tasks. Normal and midbrain damaged rats 

learned in successive order a brightness (white-black), a horizontal- 

vertical and a cross-disc discrimination. j3s with bilateral damage 

to the red nucleus performed significantly poorer on the brightness 

discrimination than control ^s and _Ss receiving asymmetrical mid­

brain lesions. On the horizontal-vertical discrimination, red 

nucleus lesioned _Ss were significantly poorer than the control and 

other Ss sustaining midbrain damage. Several rats failed to learn 

the third discrimination task. Analysis of lesion locus revealed 

the red nucleus and the medial portion of the substantia nigra as 

critical structures for the establishment of visual discrimination 

responses. The performance decrements resulting from ventral mes­

encephalic damage were interpreted within a centrencephalic view of 

brain function.

vii



INTRODUCTION

Lesion studies attempting to ascertain the functional signif­

icance of midbrain structures in learning have been contradictory.

On the one hand, Sprague, Liu, Stellar and Chambers^ and Hernandez-
irPeon and Brust-Carmona-* have proposed that the mesencephalic 

reticular formation (MRF) plays a central role in learning. Evi­

dence in support of this - possibility are the progressive alterations 

in electrical activity of midbrain structures seen during various
O 11conditioning procedures. The work of Sprague ej: _al. indicates 

that either lateral or medial midbrain damage interferes with 

learning. According to these investigators, cats with lateral 

lemniscal midbrain lesions were deficient in learning due to their 

hyperactivity and their inability to localize and orient to stimuli, 

whereas the animals with medial reticular lesions showed impairments 

in learning because of their distractability in the learning situa­

tion, sluggishness and hyperemotionality.

In contrast, several studies have indicated that lesions

within the MRF do not result in learning deficits. Doty, Beck and 
.2Kooi have reported no impairment in either the acquisition of 

conditioned respiratory reflexes or the performance of conditioned 

leg-flexion responses following extensive medial mesencephalic 

lesions. Chow and Randall-*- also have found that cats with serial 

lesions in the MRF exhibit no serious impairment in the learning of
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either a visual discrimination habit or a conditioned avoidance 

response. Recently, Kesner, Fiedler and Thomas^ reported that MRF 

damage in the rat does not seriously impair acquisition of avoidance 

conditioning or maze learning.

On the other hand, few studies have considered other mid­

brain structures which may play a role in the learning process. 

Recently, Thompson^ has suggested that the ventral mesencephalon 

functions as the integrative link between sensory, motivational and 

motor systems. According to the views expressed by Thompson and his 

associates, performance of a visual discrimination response is 

elicited and maintained by the activity of a descending occipito- 

pretecto-tegmental pathway terminating in the ventral midbrain. The 

engram for such responses is hypothesized to develop at the terminal 

endings of the descending fiber tracts in the region of the red 

nucleus and substantia nigra. Evidence for this interpretation comes 

from a study by Thompson, Lukaszewska, Schweigerdt and McNew^ in 

which they report that ventral mesencephalic damage disrupts the 

relearning of brightness and pattern discriminations. Furthermore, 

it has been found that bilateral damage to this ventral midbrain 

region impairs the retention of an avoidance response to photic and
1 flauditory stimuli, D seriously interferes with the retention of pre-

Ooperatively learned visual size and form discriminations,0 and 

abolishes a previously learned kinesthetic habit. ^

Although there is ample evidence to suggest that the region 

of the red nucleus is critical for the performance of previously
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acquired visual discriminative responses, no data exist as to the 

ipportance of this structure for learning. The present study inves­

tigated the effects of lesions of the red nucleus and other tegmental 

structures on the acquisition of three discrimination tasks.

Assuming that the red nucleus functions in the maintenance of visually
i oguided behavior as suggested by Thompson, rubral damaged animals 

should exhibit greater learning deficiencies on all three problems 

than those rats suffering damage to adjacent tegmental structures.



METHOD

Subjects

Forty-eight male adult albino rats of the Wistar strain were 

employed in the study. Prior to surgery, all jSs received prelimi­

nary training in a two-choice visual discrimination box. This 

training involved escape and avoidance of shock in the start box, 

displacement of light gray stimulus cards and retreat into the goal 

box. Details of the general training procedures may be found else­

where. '*'5 Nine experimental animals die'd after placement of the 

lesions in the midbrain, while one control £ succumbed during 

experimental training. In addition, behavioral scores of one ex­

perimental animal were discarded due to the presence of a large 

neoplasm in the striate cortex. Data are reported for 26 j>s with 

lesions of the midbrain and 11 control Ss.

Apparatus

The training apparatus was a two-choice discrimination box
14similar to that described by Thompson and Bryant. It consisted of 

a start box, choice chamber and goal box. The former two compart­

ments contained a grid floor, while the floor of the goal box was 

constructed of wood. The only means by which the _S could enter the 

goal box was by pushing aside one of the two stimulus cards which 

were located behind the two six-inch square doors found at the end of
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the choice chamber. The grid section directly in front of each door 

was electrified independently from the remaining grid floor. All 

portions of the grid were connected to a variable transformer.

Surgery

Twenty-four hours after preliminary training, experimental _Ss 

received unilateral, stereotactically placed lesions in the midbrain 

tegmentum, All operative techniques were performed under deep chloral 

hydrate anesthesia and semi-aseptic conditions. Approximately 14 

days later a symmetrical lesion was placed on the contralateral side. 

Lesions were produced by passing a constant current of 2.0 to 2.3 ma. 

for 10 seconds through an insulated electrode having a 1.0 mm. 

exposed tip.

Discrimination Learning

From 19 to 22 days after the second operation, all ^s were 

initially required to learn a brightness discrimination (Problem I), 

The rat was placed in the start box and the door separating the start 

box from the choice chamber was subsequently raised. If the S 

failed to leave the start box within five seconds, brief shocks were 

given. Failure to enter the goal box within 30 seconds resulted in 

additional shocks. A response to the unlocked white card (positive) 

admitted the animal to the goal box, whereas a response to the 

locked black card (negative) was punished by shock applied to the 

feet. An error was defined as an approach response to the negative 

card which brought forefeet in contact with the charged grid
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section located immediately in front of the door. Eight trials were 

given daily with an intertrial interval of 60 seconds. The positive 

card was varied from the left to right window in a double alternation 

sequence. Training was terminated when reached the criterion of 

learning of no more than one error in two consecutive days. Fifty 

overlearning trials administered at the rate of 10 trials per day 

followed the attainment of the criterion. During this phase, the 

right-left position of the positive card followed a sequence mixed 

with single and double alternation runs.

After completion of overlearning, training on a pattern dis­

crimination (Problem II) was initiated. The training procedure was 

identical to the previous task; only the discriminada differed. The 

positive stimulus consisted of a horizontal black and white striped 

card whereas the negative stimulus was a vertical black and white 

striped card. The striations were one-half inch in width. Training 

was terminated when S> had reached the learning criterion of no more 

than one error in two consecutive days. This was followed by five 

days of overlearning with the number of trials and the sequence of 

the positive stimulus presentation identical to Problem I.

Problem III consisted of a discrimination between a white 

cross on a black background (positive stimulus) and a white disc on 

a black background (negative stimulus). The cross had bars 5.5 

inches in length and 1.5 inches in width, whereas the disc was 4.0 

inches in diameter. Eight trials were given daily and the criterion 

of learning was identical to that utilized in the former tasks.
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Training on this problem was terminated if failed to reach the 

criterion after committing 100 errors. No overlearning trials were 

administered after the learning criterion was attained.

Histology

Following postoperative testing, operated j>s were sacrificed 

with an overdose of Nembutal. The brains were removed and fixed in 

10% formalin for a period of 60-72 hours. The brain was then sectioned 

coronally at 60 u with a freezing microtome. Every third section 

through the lesioned area was retained and photographed at 10-14 X by 

the method of Guzman-Flores, Alcaraz and Fernandez-GuardiolaIn 

determining the locus and extent of the lesion, only the central 

necrotic zone was considered. This zone consisted of the vacuolated 

area immediately surrounded by a region of severely coagulated 

tissue.

Postoperative Observations

Behavioral observations were made on all operated and control 

Ss during the interoperative recovery period (time between the first 

and second stage of the lesions) and during the remaining postopera­

tive period. Each was placed on an observation table and records 

were compiled as to a variety of responses including ease of handling,

extent of locomotor exploration, motor disturbances, circling

behavior, canting of the head, pupillary reflex and the testing of 

the labyrinth righting reflex. In addition, records were kept on the

body weights for each £3 during the recovery period.
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Measures of Performance

In analyzing the learning data, three different performance 

scores were calculated from the protocol sheets. "Criterion run" 

errors refer to the number of errors committed prior to the attainment 

of the learning criterion, while "criterion run" trials refer to the 

number of trials required to reach the criterion of learning. "Sig­

nificant run" errors are defined as the number of errors prior to a 

series of correct responses having a probability of less than .05. A 

table of running probabilities based upon a series of correct 

responses marred by only one error (a near-perfect series) was used 

to identify a significant run of correct responses.^  Analysis of 

the learning data for the five groups revealed that the appearances 

of the significant run of correct responses and the criterion run of 

correct responses were coincident in the three discrimination tasks.

Statistical Analysis

Differences in learning scores among the five groups were 

evaluated by the Mann-Whitney (one-tailed) nonparametric test. In 

addition, individual performance (error) scores earned by lesioned 

Ss were evaluated in terms of an arbitrary range of "normal per­

formance." This was accomplished in the following manner. Criterion 

run errors were compiled for the eleven control animals on the three 

discrimination tasks. On the basis of their performance, a cut-off 

point for the performance measure was calculated to establish the 

upper limit of normal performance on each problem. The cut-off point
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was set at a criterion error score 2.5 standard deviation units above 

the mean of the control group (see Table I). Thus, a brain damaged 

animal exhibiting a criterion run error score above the upper limit 

for that problem would be judged to display a learning deficit.
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TABLE I

MEANS, STANDARD DEVIATIONS AND RANGES OF ERROR SCORES DERIVED 
FROM GROUP C ON THE THREE DISCRIMINATION TASKS

Problem M SD Range M + 2.5 SD Range of Normal 
Performance

I 17.2 3.6 11-22 26.2 11-26

II 21.6 10.3 6-36 47.4 6-47

III 46.8 17.9 20-75 91.5 20-92



RESULTS

Description of Lesions

Histological analysis revealed that two rats sustained 

bilateral damage to the region of the red nucleus (Group RN) , seven 

,Ss had bilateral damage to the medial half of the substantia nigra 

(Group MSN) and two Sis received lesions which destroyed the lateral 

half of substantia nigra as well as the ventrolateral portion of 

the reticular formation (Group LSN). Fifteen animals were found to 

have bilateral asymmetrical lesions (Group ASL) . The lesions of 

this group yielded asymmetry either in the dorsal-ventral or the 

rostral-caudal plane. Eleven _Ss served as normal controls (Group

C).

Nonparametric analyses of variance (Kruskal-Wallis) computed 

on the four groups of operate Ss and normal controls with respect to 

error scores on the (1) brightness, (2) horizontal-vertical and (3) 

cross-disc discriminations were found to yield significant H's of 

(1) 29.70 (p<.001)3 (2) 15.16 (p<.01), and (3) 31.18 (p<.001), 

respectively.

Original Learning

Problem I (White-Black)

Table II summarizes the learning scores for the five groups 

of _Ss on the brightness discrimination. As revealed by the



TABLE II
LEARNING SCORES ON PROBLEM I FOR CONTROL AND FOUR OPERATE GROUPS

Group N Mean Errors SD Mean Trials SD Mean Overlearning 
Errors

Significant
U

c 11 17.2 3.6 45.8 10.8 1.7
RN 2 69.5 20.5 188.0 84.9 2.5 A,B,V,W

MSN 7 42.3 16.2 112.0 41.9 2.5 C,X
LSN 2 30.0 2.8 76.0 5.7 2.5 D,Y
ASL 15 37.2 15.4 95.4 33.3 2.0 E ,Z

A Learning scores (errors) significantly greater than that of Group C at .025 level.
B Learning scores (errors) significantly greater than that of Group ASL at .05 level.
C Learning scores (errors) significantly greater than that of Group C at .01 level.
D Learning scores (errors) significantly greater than that of Group C at .05 level.
E Learning scores (errors) significantly greater than that of Group C at .01 level.
V Learning scores (trials) significantly greater than that of Group c at .025 level.
W Learning scores (trials) significantly greater than that of Group ASL at .05 level.
X Learning scores (trials) significantly greater than that of Group C at .025 level.
Y Learning scores (trials) significantly greater than that of Group C at .025 level.
Z Learning scores (trials) significantly greater than that of Group C at .01 level.
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Mann-Whitney U test, operated Ss (Groups RN, MSN, LSN and ASL) made 

significantly greater number of errors and required more trials to 

acquire the brightness discrimination than the control group. The 

differences in errors and trials to criterion were significant at 

least at the .05 level. Group RN was found to perform significantly 

poorer than Group ASL. While Group RN was generally inferior to Group 

MSN in the performance of the discriminative response, the differences 

fell slightly short of statistical significance for trials (p=.07) and 

for errors (p=.07). Red nucleus Ss were also inferior to Group LSN, 

however, the power of the statistical test did not allow for comparison 

of performance scores between the two groups.

Figure 1 presents the learning curves computed from the rats 

in Groups RN, MSN, LSN, ASL and C on Problem I. These functions were 

derived in a manner similar to that described by Horel, Bettinger,

Royce and M e y e r .  ̂ The performance of the five groups was somewhat 

below chance on the first two days of testing. It will be noted, how­

ever, that the main difference between the operated groups is related 

to the criterion error run. As training progressed to higher 

criterion levels of performance, red nucleus ^s required more trials 

to achieve the highest criterion of 15 correct responses out of 16 

trials.

Problem II (Horizontal-Vertical)

Nonparametric analyses revealed that Groups RN, MSN and LSN 

performed significantly poorer than Group C on Problem II in terms of 

errors and trials to criterion (Table III). Further analysis
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TABLE III

LEARNING SCORES ON PROBLEM II FOR CONTROL AND FOUR OPERATE GROUPS

Group N Mean Errors SD Mean Trials SD Mean Overlearning 
Errors

Significant
U

C 11 21.6 10.3 62.5 29.4 2.0
RN 2 78.0 11.3 228.0 28.8 2.5 A,B,C,V,W,X

MSN 7 38.3 13.3 100.0 29.8 1.4 D,Y
LSN 2 45.0 1.4 136.0 22.6 2.0 E,Z
ASL 14 39.8 18.4 97.1 44.6 2.1 F

A Learning scores (errors) significantly greater than that of Group C at .025 level.
B Learning scores (errors) significantly greater than that of Group ASL at .05 level.
C Learning scores (errors) significantly greater than that of Group MSN at .05 level.
D Learning scores (errors) significantly greater than that of Group C at .01 level.
E Learning scores (errors) significantly greater than that of Group C at .025 level.
F Learning scores (errors) significantly greater than that of Group C at .01 level.
V Learning scores (trials) significantly greater than that of Group C at .025 level.
W Learning scores (trials) significantly greater than that of Group ASL at .01 level.
X Learning scores (trials) significantly greater than that of Group MSN at .05 level.
Y Learning scores (trials) significantly greater than that of Group C at .05 level.
Z Learning scores (trials) significantly greater than that of Group C at .025 level.
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indicated that Group ASL committed significantly more errors on the 

pattern discrimination than the control j5s, whereas there was no sig­

nificant difference between the two groups in terms of the number of 

trials required to reach the learning criterion. Of special importance 

is the fact that Group RN performed significantly poorer than Groups 

MSN and ASL.

Figure 1 discloses that the performance during the early 

phases of testing was quite similar for all groups. However, a marked 

divergence of the learning functions occurred as the criterion of 

learning was set at more than 11 correct responses out of 16 trials. 

Despite this disturbance in the level of achievement, red nucleus Sis 

were able to master the problem, though at a much slower rate than 

either the control Ss or the other midbrain damaged j3s.

Problem III (Cross-Disc)

All control animals succeeded in reaching the criterion of 

learning on the cross-disc discrimination. In contrast, neither of 

the rubral damaged _Ss were able to meet the criterion. Two of the 

seven animals comprising Group MSN and two _Ss in Group ASL also 

failed to reach the learning criterion. On this discrimination task 

(see Table IV), Groups C, LSN, MSN and ASL were found not to differ 

significantly from each other in terms of performance scores. This 

result is further substantiated by inspection of the learning curves 

for the four groups (Figure 1). In general, learning appears to take 

place at roughly the same rate. It is noteworthy that ^s receiving



TABLE IV

LEARNING SCORES ON PROBLEM III FOR CONTROL AND FOUR OPERATE GROUPS

Group N Mean Errors SD Mean Trials SD Significant U

C 11 46.8 17.9 152.0 69.0

RN 2 112.0 9.0 264.0 12.2 A,B,C,X,Y,Z

MSN 7 60.4 20.8 139.2 55.8

LSN 2 44.5 6.4 128.0 22.6

ASL 14 42.8 25.3 118.0 57.3

A Learning scores (errors) significantly greater than that of Group C at .025 level.
B Learning scores (errors) significantly greater than that of Group ASL at .025 level.
C Learning scores (errors) significantly greater than that of Group MSN at .05 level.
X Learning scores (trials) significantly greater than that of Group C at .025 level.
Y Learning scores (trials) significantly greater than that of Group ASL at .025 level.
Z Learning scores (trials) significantly greater than that of Group MSN at .05 level.
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damage to the region of the red nucleus could only achieve a criterion 

of 12 correct responses out of 16 trials.

Individual Performance and Locus of Brain Damage

The finding that several animals in Groups RN, MSN and ASL 

failed to learn the third discrimination task indicates the necessity 

of further examining the lesions in an effort to identify critical 

foci responsible for the capacity to learn visual discriminative 

responses.

Figures 2 and 3 present photographs of two Ss (RN-4 and 

RN-41) comprising Group RN. Both Ss had considerable difficulty in 

learning the brightness and horizontal-vertical discriminations. 

Furthermore, these j5s were unable to reach the learning criterion on 

Problem III even after receiving 248 and 280 training trials, 

respectively. At the time of their sacrifice, RN-4 and RN-41 were 

performing at chance level. Behaviorally, neither exhibited any 

serious motor disturbance at the time of postoperative testing. How­

ever, these rubral damaged rats manifested some difficulty in making 

correction responses during the early phases of training, though 

this was a transient phenomenon and usually disappeared by the third 

test day.

Figures 4 and 5 represent informative brain sections from 

rats suffering damage to the area ventral to the red nucleus. In 

MSN-49 (Figure 4), the lesions were centered within the posterior 

portion of substantia nigra and the cerebral peduncle. Damage



Figure 2. Unstained sections showing bilateral damage in the region
of the red nucleus (RN-4). White-black=55 errors, 128
trials; Horizontal-vertical=86 errors, 248 trials.



Figure 3. Unstained sections showing bilateral damage in the region
of the red nucleus (RN-41). White-black=84 errors, 248
trials; Horizontal-vertical=79 errors, 208 trials.


