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Specific brain lesions producing nonspecific 
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Recent studies suggest that lesions to the globus pallidus, lateral thalamus, ventrolateral 
thalamus, parafascicular thalamus, substantia nigra, or midbrain central gray in adult rats 
are associated with a nonspecific (generalized) learning impairment. The present study showed 
that lesions to anyone of the foregoing structures, except the ventrolateral and parafascicular 
thalamus, in 21-day-old rats likewise produce a generalized learning impairment, as evidenced 
by significant deficits on a white-black discrimination, a nonvisual ll-deg incline-plane discrim­
ination, and a 3-cul maze. A possible brain-injured animal model of mental retardation is 
discussed. 

In a 1970 review article On mental retardation in 
animals, Meier reacted to the available experimental 
literature On localized brain damage in young ani­
mals in the following way: 

Nowhere do we see the generalized learning deficits com­
parable to inferior scholastic performance as we had ex­
pected from our knowledge of the behavior of the adult 
brain-injured. In non-human subjects whatever decre­
ment in performance observed is task-specific and, pos­
sibly, modality-specific as well. Brainstem and other 
forms of subcortical damage may have other significant 
effects, especially on emotional behaviors, but none 
which is uniquely and categorically relevant to learning 
disorders (Meier, 1970, p. 289). 

A reaction not unlike Meier's could appropriately be 
made to reviews of the more recent experimental lit­
erature in this area (Isaacson, 1975; Schneider, 1979; 
St. James-Roberts, 1979). 

In considering these rather perplexing findings it 
should be remembered that the brain sites explored 
with lesions in young animals, such as the cerebral 
cortex, hippocampus, and amygdala, are not the 
ones that playa nonspecific (generalized) role in the 
learning process in adult animals. Recent lesion ex­
periments on adult rats (Thompson, 1982a, 1982b; 
Thompson, Gallardo, & Yu, 1983), for example, 
have shown that no part of the cerebral cortex or lim-
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bic forebrain is essential for normal acquisition of 
both left-right (vestibular-proprioceptive-kinesthetic) 
discrimination and white-black (visual) discrimina­
tion problems. On the other hand, acquisition of 
these two tasks was found to be impaired in adult 
rats with discrete lesions to portions of the "extra­
pyramidal" system (globus pallidus, substantia nig­
ra, and red nucleus), diencephalon (lateral thalamus, 
ventrolateral thalamus, parafascicular thalamus, and 
posterolateral hypothalamus), limbic midbrain area 
(interpeduncular-central tegmental region, median 
raphe, and central gray), or pontine reticular forma­
tion. (These regions playing a nonspecific role in 
learning have collectively been termed the "general 
learning system"; Thompson, 1982a.) Is it possible 
that selective lesions to the foregoing brain sites in 
young rats will lead to a nonspecific learning deficit? 
If so, then the young rat bearing these lesions may 
conceivably serve as an animal model for certain 
classes of mental retardation, at least to the extent 
that both the brain-injured rat and the mental retar­
date evidence a generalized learning impairment 
(Denny, 1964). 

The initial study in this series (Thompson, Ramsay, 
& Yu, in press), which focused on the median raphe 
and pontine reticular formation, disclosed that wean­
ling (21-day-old) rats prepared with lesions to either 
one of these brainstem regions were found to be defi­
cient in learning a white-black discrimination, a nOn­
visual incline plane discrimination, a 3-cul maze, and 
an array of simple spatial tasks. Since weanling rats 
with relatively large lateral pontomesencephalic 
lesions learned each of these tasks as fast as the COn­
trols, the generalized learning impairment observed 
in the presence ~f median raphe and pontine reticular 
formation lesions cannot reasonably be explained in 
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terms of a nonspecific debilitating effect arising from 
brainstem damage. 

These encouraging results prompted us to carry 
out the current enterprise, to determine whether dis­
crete lesions to the globus pallid us, lateral thalamus, 
ventrolateral thalamus, parafascicular thalamus, 
substantia nigra, or midbrain central gray in wean­
ling rats would likewise produce a generalized learn­
ing impairment. (Data on the red nucleus and post­
erolateral hypothalamus, the remaining components 
of the general learning system, are not presented be­
cause of the high mortality rate associated with in­
juries to these regions in weanling rats.) Specifically, 
weanling rats receiving selective lesions to these struc­
tures or sham operations were first required to learn 
a white-black discrimination. Following learning of 
this problem, the animals were blinded by enuclea­
tion and subsequently were required to learn an in­
cline-plane discrimination. Data on acquisition of a 
3-cul maze are also included. For comparative pur­
poses, weanling rats with dorsal hippocampal lesions 
were also studied. (Lesions of the dorsal hippocam­
pus in adult rats do not produce deficient acquisition 
of a white-black discrimination problem; Sara & 
David-Remacle, 1981; Thompson, 1982a.) 

At this juncture, it should be pointed out that we 
have been unsuccessful in keeping neonatal (or even 
to-day-old) rats alive in the presence of lesions to 
some of the foregoing brainstem structures. While 
the use of neonatal subjects would be more relevant 
to developmental psychobiology than would the use 
of weanling subjects, information gathered on the 
latter is regarded as being better than no information 
at all. 

METHOD 

Discrimination Habits 

Subjects and Snrgery 
A total of 106 weanling (21-day-old) male Sprague-Dawley al­

bino rats, 38-55 g, underwent surgery under deep chloral hydrate 
anesthesia (400 mg/kg). All lesions were accomplished electrolytic­
ally (in one stage) by passing a constant anodal current of 1.0-
l.8 rnA for a duration of 8-10 sec through an implanted stainless 
steel electrode with 1.0 mm of the tip exposed. Seven groups sus­
tained bilateral lesions to either the globus pallidus (Group GP), 
lateral thalamus (Group L T), ventrolateral thalamus (Group VL T), 
parafascicular thalamus (Group PFI'), substantia nigra (Group SN), 
midbrain central gray (Group CG), or dorsal hippocampus 
(Group DH). The eighth group (Group C) served as sham-operated 
controls, undergoing the same surgical procedure as the experi­
mental groups, except for insertion of the lesion electrode and 
the application of current. 

Postoperatively, all animals were usually housed, two per cage, 
in medium-sized wire cages containing a constant supply of food 
pellets and water. During the first postoperative week, a dish of 
fresh sweetened wet mash was placed daily in each cage. Through­
out the recovery period, the animals were handled for approxi­
mately 5 min on every 3rd day. Preliminary training began 3 weeks 
after surgery. On the day prior to preliminary training, the vibris­
sae of each animal were shaved (see Thompson, 1982a). 

Apparatus 
Visual discrimination. A two-choice Thompson-Bryant discrim­

ination box, utilizing the motive of escape-avoidance of foot­
shock, was employed (see Thompson, 1978). Two pairs of stimulus 
cards were used in the apparatus. One pair (two medium gray 
cards) was employed in training the animals to displace a card 
in order to gain access to the goalbox. The second pair consisted 
of a white card and a black card. 

IneBne-plane discrimination. A single-unit T-maze, modifIed for 
escape-avoidance of footshock, was employed to establish the 
incline-plane (vestibular-proprioceptive-kinesthetic) discrimina­
tion habit (see Thompson, 1978, and Thompson, Arabie, & Sisk, 
1976). The stem of the T served as the startbox, and the left and 
right arms constituted the choice chamber. At the end of each arm 
was a window through which the rat could enter the endbox. 
During formal training, a black card mounted on a wooden block 
was placed against each window. The entire apparatus was secured 
to a platform that could be tilted 11 deg laterally. 

Procedure 
All animals were initially required to learn the visual discrim­

ination problem. Following learning, the animals were blinded by 
enucleation under deep chloral hydrate anesthesia and were subse­
quently required to learn the incline-plane discrimination problem. 
Throughout the experiment, the animals were run "blind"-the 
experimenter had no knowledge as to which group each subject 
belonged. 

Visual discrimination. On Day 1, each rat was allowed to ex­
plore the goalbox for 10 min. Subsequently, the rat was placed in 
a restraining cage for 10 min, after which it was returned to the 
home cage. 

On Day 2, each rat was trained to run into the choice chamber 
from the startbox, displace one of the cards blocking the window, 
and enter the goalbox in order to escape from (or avoid) footshock. 

On Day 3, training on the visual discrimination was begun. An 
approach response to the unlocked white (positive) card admitted 
the animal to the goalbox. On the other hand, an approach re­
sponse to the adjacent locked black (negative) card was automatic­
ally punished by footshock, with the animal subsequently being 
forced to respond to the white card in order to gain entrance into 
the goalbox. An error was defined as an approach response to the 
black card which brought the animal's forefeet in contact with the 
charged grid section, which extended 8.0 cm in front of the nega­
tive card. The position of the positive (and negative) card was 
switched from the right to the left window in a sequence mixed 
with single- and double-alternation runs. Usually, 8-10 trials were 
given each day with an intertrial interval of 50-75 sec. The crite­
rion of learning consisted of the first appearance of either a 
"perfect" or "near-perfect" run of correct responses having a 
probability of occurrence of less than .05 (Runnels, Thompson, 
& Runnels, 1968), followed by at least 75r1!o correct responding 
in the subsequent block of 8 trials given on the next day. In a 
few instances, the criterion was not reached within 100 trials, but 
the animals (and their respective trial and error scores) were con­
sidered to have met criterion on the l00th trial. 

The specific training procedure was as follows: The animal was 
placed in the startbox and the startbox door was raised. Failure 
to leave the startbox within 5 sec was followed by footshocks until 
the animal entered the choice chamber. No further footshocks 
were given unless the animal made an error or failed to respond 
to one of the cards within 5 sec. The animal was allowed to remain 
in the goalbox for 10 sec, after which it was transferred to the re­
straining cage to await the next trial. The animals were usually run 
in squads of two. 

IneBne-plane discrimination. On the day following the attain­
ment of the criterion of learning on the visual problem, the ani­
mals were habituated to each endbox of the T -maze for 5 min and 
then trained to run into one of the arms from the startbox, displace 
the card blocking the window, and enter the endbox in order to 
escape from (or avoid) footshock. During this period, the appa-



ratus was in the horizontal position. One hour later, the animals 
were blinded by enucleation. 

On the following day, the animals were trained on the incline­
plane problem. An approach response to the upward sloping arm 
led to an endbox that could be entered by displacing the unlocked 
card, whereas an approach response to the downward sloping arm 
led to a locked card that prevented the animal from entering the 
endbox on that side. Punishment for an error (approach to within 
10.8 cm of the locked card) was given by charging the grid section 
located below the locked card. The position of the correct (and in­
correct) arm was switched from the right to the left side in a se­
quence mixed with single- and double-alternation runs; 8-10 trials 
were usually given each day with an intertrial interval of 50-75 sec. 
The criterion of learning and the specific training procedure were 
the same as those described for the visual discrimination problem. 
When the criterion of learning was not met within 64 trials, train­
ing was terminated at that point. 

Histology 
At the conclusion of postoperative testing, each brain-damaged 

rat was killed with an overdose of chloral hydrate, its vascular sys­
tem was perfused with normal saline followed by 10Ofo Formalin, 
and the brain was removed and stored in IOOfo Formalin for 2-4 
days. Each brain was then blocked, frozen, and sectioned frontally 
at 90 microns. Every fourth section through the lesioned area was 
retained and subsequently photographed at 12 x by using the sec­
tion as a negative film in an enlarger (see Thompson, 1971). 

Measures of Performance 
Performance measures were trials to criterion and initial errors 

to criterion. In addition, a third measure (total errors to criterion) 
was also included because it was not uncommon for an animal to 
retreat from the charged grid section below the locked card and 
then to approach the locked card a second (third, fourth, etc.) 
time, each approach response resulting in footshock. Thus, total 
errors to criterion involved the sum of approaches to the locked 
card that resulted in footshock. 

The differences in mean performance scores between each brain­
damaged group and the control group were evaluated by the Mann­
Whitney U test. Since our prediction was that the former would be 
inferior to the latter, a one-tailed test was used. 

Maze Habit 

After the completion of the foregoing experiment, it was de­
cided to determine whether those lesion placements significantly 
impairing acquisition of both the visual and incline-plane discrim­
ination problems would also impair acquisition in a 3-cul maze 
that utilized the motive of escape-avoidance of footshock. The 
true path, which measured 120.5 cm from the startbox exit to the 
goalbox entrance, consisted of a 9O-deg turn to the left (avoiding 
the first cui), a 180-deg turn to the right (avoiding the second and 
third culs), followed by a 9O-deg turn to the left (see Thompson, 
1978). The apparatus was located in a sound-attenuated room that 
was illuminated by conventional ceiling fluorescent lights. No ef­
fort was made to control for intramaze olfactory cues or any ex­
tramaze cues. 

Data are reported on 29 rats that received either subcortical le­
sions or sham operations at the(age of 21-23 days. Following a 
6-week recovery period, each animal was initially given prelimi­
nary training in the Thompson-Bryant discrimination box to de­
velop and shape efficient escape-avoidance responses to footshock. 
On the following day, each animal was habituated to the goalbox 
of the maze for 5 min. Then it was placed in the startbox and the 
startbox door was raised. Failure to leave the startbox within 
5 sec was followed by footshocks. No further footshocks were 
given unless the animal made an error (entered a blind alley by 
at least the length of its head and thorax) or stopped forward pro­
gression in the maze. Upon entering the goalbox, a guillotine door 
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was lowered to prevent reentry into the maze. The animal was per­
mitted to remain in the goalbox for 10 sec, after which it was 
transferred to a restraining cage to await the next trial. Four 
trials were given daily with an intertrial interval of 50-75 sec. 
Training was terminated when the animal made no more than one 
error in 2 consecutive days. Both initial and repetitive (reentries 
into culs) errors were recorded. Histological verification of the 
location of the lesions was accomplished at the conclusion of 
postoperative testing. 

RESULTS 

Discrimination Habits 

Of the original 106 rats undergoing surgery, 31 
died prior to the onset of the learning tests, the high­
est mortality rate occurring in Groups GP and SN. 
An additional 20 rats were excluded from the experi­
ment because their lesions were either too small, 
grossly asymmetrical, or distant from the intended 
target area. 

Learning 
Table 1 summarizes the mean performance scores 

for all groups on the visual and incline-plane discrim­
ination problems. These results will be discussed in 
terms of the site of brain damage. 

Group C. All sham-operated controls succeeded in 
reaching the criterion of learning on the visual prob­
lem within S4 trials (excluding the criterion run) and 
on the incline-plane problem within 36 trials. In 
terms of trials (errors) to criterion, the Wilcoxon test 
for paired replicates disclosed that the visual prob­
lem was significantly more difficult to master than 
the incline-plane problem (ps < .01, two-tailed test). 

Group GP. Five rats sustained relatively discrete 
lesions to the globus pallidus like the one shown in 
Figure 1. As noted in Table 1, these animals were sig­
nificantly retarded in learning both discrimination 
tasks. 

Group LT. The lateral dorsal and lateral posterior 
thalamic nuclei were extensively damaged in four 
rats. Figure 2 shows a representative lesion to this 
thalamic area. As a group, these animals were signif­
icantly impaired in learning both problems. Two of 
these animals failed to reach the criterion of learning 
on the incline-plane problem within 64 trials. 

Group VLT. Five rats received relatively small 
thalamic lesions which were largely confined to the 
ventrolateral nucleus, such as the one shown in Fig­
ure 3. While these animals tended to learn the visual 
problem more slowly than the controls, the differ­
ences in performance measures failed to reach statis­
tical significance. However, performance on the 
incline-plane problem was significantly inferior to 
that of the controls. One of these animals failed to 
master the incline-plane problem within the limits of 
training. 



228 THOMPSON AND YU 

Table 1 
Mean Learning (Trial and Error) Scores for All Groups 

Trials Initial Errors Total Errors 

Group N Mean Range Mean Range Mean Range 

Visual Discrimination 

C 11 37.5 23- 54 19.0 12-30 24.9 17-36 
GP 5 55.4* 41- 67 25.8* 21-19 34.4* 31-42 
LT 4 48.5 32- 68 24.7* 16-31 33.5* 23-43 
VLT 5 53.0 30-100 25.4 16-40 30.6 19-48 
PFT 12 44.6 21-100 19.0 9-36 27.3 15-42 
SN 4 60.0* 42-100 28.2 18-45 34.2 19-58 
CG 4 53.5* 38- 71 23.5 18-29 30.7 25-37 
DH 10 40.4 22- 71 18.3 10-26 27.7 21-38 

Incline Plane Discrimination 

C 11 17.5 10- 36 9.2 6-14 10.9 6-15 
GP 5 28.8* 21- 41 12.2* 9-16 14.0* 11-18 
LT 4 46.7* 25- 64 21.0* 11-30 24.0* 11-39 
VLT 5 39.4* 15- 64 24.7* 8-30 27.5* 10-30 
PFT 12 38.3* 21- 64 18.5* 7-33 21.3* 9-38 
SN 4 56.5* 26- 64 25.0* 16-30 30.0* 18-38 
CG 4 45.5* 22- 64 24.3* 14-35 26.5* 18-35 
DH 10 34.0* 15- 64 16.5* 7-32 18.1 * 9-32 

*Differed from the controls at least at the .05 level (one-tailed test). 

Figure 1. Photographs of unstained sections showing a lesion 
to the globus pallidus in one rat. 

Figure 2. Photographs of unstained sections showing a lesion to 
the lateral thalamus in one rat. 



Figure 3. Photographs of unstained sections showing a lesion to 
the ventrolateral thalamus in one rat. 

Group PFT. The parafascicular nucleus and the 
habenulopeduncular tract were damaged in 12 rats. 
In most cases, the pretectal area and the posterior 
portion of the mediodorsal thalamic nucleus were 
also injured. A typical lesion is shown in Figure 4. 
As in the case of Group VLT, these animals showed 
no significant deficit on the visual problem, but were 
significantly impaired on the incline-plane problem. 
Two of these rats failed to reach the criterion of 
learning on the latter problem. 

Group SN. Four rats sustained relatively discrete 
lesions to the lateral portion of the substantia nigra. 
In all cases, the underlying cerebral peduncle was 
slightly invaded. Figure S shows a representative 
lesion to this midbrain area. These animals were sig­
nificantly inferior to the controls (at least in terms of 
trial scores) in acquiring both discrimination habits. 
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Figure 4. Photographs of unstained sections showing a lesion 
to the parafascicular thalamns in one rat. 

One of these animals failed to learn either problem 
within the limits of training, and two other animals 
were unable to learn the incline-plane problem within 
64 trials. 

Group eG. Four rats were subjected to extensive 
damage to the midbrain central gray. In most in­
stances, the overlying superior colliculus and adja­
cent reticular formation were only slightly injured 
(see Figure 6). In terms of at least one measure of 
performance, this group was found to be significant­
ly retarded in acquiring both discrimination tasks. 

Group DB. The dorsal hippocampus was the tar­
get of multiple electrolytic lesions in 10 rats. In most 
cases, such as the one shown in Figure 7, the overly­
ing medullary substance was damaged, but the subja­
cent thalamus was largely spared. These animals were 
virtually indistinguishable from the controls in ac-
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Figure 5. Photographs of unstained sections showing a lesion 
to the substantia nigra in one rat. 

quiring the visual problem, but were significantly im­
paired in acquiring the incline-plane problem. One of 
these animals failed to reach the criterion of learning 
on the latter problem. 

Other Observations 
Body weight. All animals were weighed after a 

3-week recovery period. Only those groups with palli­
dal (mean and standard error = 121.8 ± 7.3 g), ven­
trolateral thalamic (131.0±6.1 g), and nigral (119.0 
± 14.0 g) lesions weighed significantly (ps < .05, two­
tailed test) less than the controls (160.6 ± 6.9 g). The 
weights of the remaining groups were 187.8 ± 12.0 g 
(Group Ln, 150.7±7.l g (Group PFf), 155.6±6.5 g 
(Group CG), and 174.1 ± 3.6 g (Group DH). 

General health and behavior. Disregarding the 
relative size of the subjects, all brain-damaged (and 
control) rats appeared healthy and alert at the time of 

Figure 6. Photographs of unstained sections showing a lesion 
to the midbrain central gray in one rat. 

the visual discrimination test. The five animals (two 
with pallidal and three with nigrallesions) that showed 
eating and drinking disturbances beyond the second 
postsurgical day gradually recovered these behaviors, 
especially in the presence of a bowl of sweetened wet 
mash. Curiously, it was noted that three of the four 
rats with nigral lesions had at least two toes missing 
from one of their forepaws. 1 

Escape-avoidance behavior. All of the controls 
and most of the brain-damaged rats readily entered 
the choice chamber from the startbox and proceeded 
toward the goalbox (or endbox) either without foot­
shock or with the application of one or two foot­
shocks. Only eight animals (seven from Group PFT 
and one from Group SN) required more than the 
usual number of footshocks to force escape responses 
during training on the visual and incline-plane tasks. 
In addition, eight animals (six from Group PFT, one 
from Group VLT, and one from Group GP) appeared 



Figure 7. Pbotographs of unstained sections sbowing multiple 
lesions to the donal bippoeampus in one nt. 

"reluctant" to push open the white card in order to 
gain entrance into the goalbox-it was necessary for 
the experimenter to displace the card to allow the ani­
mal to enter the goalbox. 

A more commonly observed "aberrant" escape-
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avoidance response (which appeared mainly in the 
visual discrimination apparatus) consisted of ex­
tremely rapid (ballistic) running from the startbox 
toward the goalbox. This was seen in 8 control rats 
and in 18 brain-damaged rats (1 from Group SN, 2 
from Group GP, 2 from Group LT, 2 from Group 
PFT, 3 from Group VLT, 4 from Group CG, and 4 
from Group DH). By routinely imposing a delay of 
10-20 sec between inserting the animal into the start­
box and raising the startbox door, it was possible to 
reduce running speed in these animals. 

Maze Habit 

As shown in Table 2, those groups sustaining le­
sions to the globus pallidus, lateral thalamus, sub­
stantia nigra, or midbrain central gray exhibited a 
significant deficit in acquiring the 3-cul maze habit 
in terms of at least one measure of performance. 
(Lesions of the ventrolateral thalamus, parafascicu­
lar nucleus, and dorsal hippocampus were not inves­
tigated because they failed to impair acquisition of 
both the visual and the incline-plane discrimination 
problems.) The lesions suffered by Groups SN and 
CG were largely comparable to those examined in 
connection with learning of the two discrimination 
habits. With respect to Group GP, the lesions tended 
to be somewhat more lateral than the one shown in 
Figure 1. In the case of Group L T, the lesions tended 
to be slightly more anterior and ventral (damaging 
portions of the ventrolateral thalamic nucleus) than 
the one shown in Figure 2. 

When weighed at 42 days of age, Group GP (135.8 
± 8.0 g) and Group SN (126.4 ± 11.4 g) were signifi­
cantly (ps < .05, two-tailed test) lighter than the con­
trols (167.6±6.7 g). Although Groups LT (l27.8± 
15.5 g) and CG (142.8 ± 10.0 g) were also lighter than 
the controls, neither difference approached statistical 
significance. 

All animals appeared healthy and alert at the time 
of the acquisition test and all exhibited excellent 
escape-avoidance responses in the maze. Six of the 
eight rats in Group SN had at least two toes missing 
from one of their forepaws. 

Table 2 
Mean Learning (Trial and Error) Scores for All Groups on the Maze Habit 

Trials Initial Errors Total Errors 

Group N Mean Range Mean Range Mean Range 

C 9 5.3 4- 8 5.9 3-11 8.0 5-14 
GP 4 10.0* 8- 12 6.3 4- 8 9.8 5-14 
LT 4 12.0* 8- 20 16.3* 9-32 21.5* 12-46 
SN 8 13.5* 8- 32 9.9* 6-14 12.6* 7-25 
CG 4 10.0* 8- 12 13.3* 8-17 21.3* 11-33 

-Differed from the controls at least at the .05 level (one-tailed test). 
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DISCUSSION 

General Findings 

It has previously been reported that weanling rats 
subjected to median raphe or pontine reticular for­
mation lesions are deficient in acquiring a variety of 
laboratory tasks, including visual and nonvisual dis­
crimination problems, a 3-cul maze, and a series of 
simple spatial habits (Thompson et aI., in press). 
According to the results of the current study, wean­
ling rats with lesions to the globus pallidus, lateral 
thalamus, substantia nigra, or midbrain central gray 
also exhibit what appears to be a generalized learning 
impairment, as evidenced by deficient acquisition of 
a white-black discrimination, an II-deg incline-plane 
discrimination, and a 3-cul maze. These findings are 
inexplicable in terms of the presence of any nonspeci­
fic debilitating effects arising from brain damage in 
the weanling rat. In the current expriment, for exam­
ple, the group with extensive dorsal hippocampal 
damage, although impaired in learning the incline­
plane problem, earned excellent performance scores 
on the visual problem. Moreover, weanling rats with 
relatively large lesions to the lateral portions of the 
brainstem at pontomesencephalic levels have been re­
ported to learn both of these discrimination problems 
(as well as the maze habit) as fast as sham-operated 
controls (Thompson et aI., in press). 

While the foregoing results on weanling rats are 
in accord with earlier lesion studies on adult rats 
(Thompson, 1982a, 1982b; Thompson et aI., 1983), 
the findings relative to damage to the ventrolateral 
thalamus and the parafascicular thalamus are not. 
Our weanling rats sustaining ventrolateral or para­
fascicular thalamic lesions, unlike adult rats with 
these lesions (Thompson, 1982a, 1982b), failed to ex­
hibit a significant learning impairment on the visual 
discrimination problem, although they did exhibit a 
significant learning impairment on the incline-plane 
discrimination problem. One possible explanation of 
this discrepancy may lie in the fact that the adult rats 
examined in the earlier study sustained appreciably 
larger lesions to these thalamic regions than those 
sustained by the weanling rats of the present study. 
This explanation, however, tends to suffer from the 
finding that our weanling rats with "small" ventro­
lateral or parafascicular thalamic lesions were ser­
iously impaired in acquiring the incline-plane prob­
lem, even though this habit is considerably easier to 
master (by control rats) than is the visual habit. Fur­
thermore, it is important to note that the pallidal and 
nigrallesions received by our weanling rats were like­
wise smaller than those received by adult rats (see 
Thompson, 1982a, 1982b), and yet the former still 
produced significant learning deficits on both the 
visual and incline-plane problems. 

Alternatively, this discrepancy could seemingly be 
interpreted within the context of either greater plasti­
city of the weanling brain in comparison with that of 
the adult brain (McWilliams & Lynch, 1983) or de­
layed behavioral manifestations of early brain dam­
age (Goldman, 1974). These notions, however, may 
not be reasonably applicable to the discrepancy un­
der discussion when it is considered that our weanling 
rats with pallidal, lateral thalamic, nigral, central 
gray, median raphe, or pontine reticular formation 
lesions did, in fact, exhibit significant retardation in 
learning the visual (as well as the incline-plane) dis­
crimination habit. 

Whatever the cause of this discrepancy, these data 
on the ventrolateral and parafascicular thalamus 
tend to limit the generality of the assumption that 
those lesion placements producing a generalized learn­
ing loss in adult rats will also produce a generalized 
learning loss in young rats. 

One rather surprising result emerging from this 
study deals with the substantial learning impairment 
on the incline-plane problem in those rats with dorsal 
hippocampal damage. Adult rats that have been 
trained preoperatively on the incline-plane problem 
do not exhibit a significant retention deficit follow­
ing extensive damage to the dorsal hippocampus 
(Thompson et aI., 1976). While no corresponding 
data on adult rats have been reported in relation to 
acquisition of this discrimination, Gittelson and 
Donovick (1968) found that adult rats with septal le­
sions learn an incline-plane problem about as fast as 
do controls. This pattern of results is of considerable 
interest, but it will remain refractory to explanation 
until further information is available on the effects of 
hippocampal lesions in adult rats on acquisition of 
the incline-plane discrimination problem. 

Anatomical and Functional Considerations 

While the overall data derived from our recent 
studies of weanling and adult rats suggest that selec­
tive lesions to the globus pallidus, lateral thalamus, 
substantia nigra, midbrain central gray, median 
raphe, and pontine reticular formation are associated 
with a generalized learning impairment, they lack the 
precision necessary to identify the specific elements 
within each of these structures that may playa signif­
icant role in the general learning process. This, of 
course, is due to the fact that typical electrolytic le­
sions to the brain destroy perikarya as well as fiber 
systems. This complication, however, does not ser­
iously detract from our previous interpretation re­
garding the functional significance of these structures 
in learning, since we do not ascribe specific func­
tions to specific parts of the brain. As discussed else­
where (Thompson, 1982b, in press), the foregoing 
subcortical regions, collectively termed the "general 



learning system," are conceived as a functional entity 
that serves to mobilize the activities of the brain for 
the task at hand (e.g., assists in the engagement of 
the appropriate specific mechanisms1), possibly 
through the intervention of a complex attentional 
process. The evidence favoring this conceptualization 
is admittedly scant and subject to other interpreta­
tions. However, it does have the virtue of providing 
a framework within which the results of a wide range 
of lesion studies on animal learning and memory can 
be interpreted (see Thompson, 1983). 

A Possible Animal Model of Mental Retardation 

One of the distinguishing features of mental retar­
dation in the young human is the presence of a global 
learning defect (Denny, 1964). Since brain damage in 
the adult human is most often accompanied by spe­
cific neuropsychological deficits (Russell, 1981), it is 
generally held that certain classes of mental retarda­
tion arise from early insult to a progressively differ­
entiating mammalian brain. However, the study of 
circumscribed brain injuries in young animals has not 
supported this view. Discrete lesions to the cerebral 
cortex or limbic forebrain in young animals, for ex­
ample, do not produce a generalized learning im­
pairment (Isaacson, 1975; Meier, 1970). Even pre­
natal induction of microcephaly in rats has not con­
sistently led to a generalized learning impairment 
(Rabe & Haddad, 1972; Tamaki & Inouye, 1976). 

One likely reason for the failure to observe a gen­
eralized learning loss in the young brain-damaged 
animal (and for the consequent failure to develop a 
brain-damaged animal model of mental retardation) 
is that the brain sites explored with lesions (e.g., cere­
bral cortex and limbic forebrain) are not the ones 
that participate either directly or indirectly in the 
genera/learning process in the adult animal (Thomp­
son, 1982a, 1982b; Thompson et aI., 1983). As shown 
in the present study (see also Thompson et aI., in 
press), a generalized learning loss may be observed in 
the young brain-damaged rat provided that the tar­
gets for the lesion placements involve certain brain­
stem structures that are implicated in the general 
learning process in the adult rat. 

Although providing remarkable support for the 
view that there is a brainstem involvement in mental 
retardation (Buchwald, 1975), it is difficult to deter­
mine at the present time whether these results on the 
laboratory rat will prove to be generalizable across 
different mammalian species. For this reason, the use 
of the young brain-injured rat (one with lesions to the 
general learning system) as an experimental model 
for the study of certain types of mental retardation 
remains in doubt. If, however, an attentional defect 
is found to contribute to the generalized learning im­
pairments observed in our experiments,3 then a rea­
sonable parallel between the learning disabilities of 
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our brain-injured rats and those exhibited by mental 
retardates could exist, at least to the extent that the 
latter have likewise been attributed to some kind of 
attentional defect (Denny, 1964; Zeaman & House, 
1979). 
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NOTES 

1. Rats with severed dorsal roots or peripheral nerves have been 
observed to bite off their toes, a condition called "autotomy" 
(Wall,Devor, Inbal, Scadding, Schonfeld, Seltzer, & Tomkiewiez, 
1979). One of us (R.T.) has occasionally observed this behavior in 
adult rats with nigral lesions that encroached upon the cerebral 
peduncle. It remains to be seen whether this behavior in the nigral­
lesioned rat is induced by interruption of descending inhibitory 
influences upon spinal michanisnis. 

2. Any given laboratory task can be conceived as being mediated 
by a nonspecific mechanism (the general learning system) and one 
or more specific mechanism, the latter depending upon the cogni­
tive, sensory, motor, and motivational demands of the task itself 
(Thompson, 1982c). 

3. Attentional processes have periodically been linked to extra­
pyramidal (Hassler, 1978), thalamic (Wallesch, Kornhuber, Kunz, 
& Brunner, 1983), limbic midbrain (Wirtshafter & Asin, 1982), 
and brainstem reticular formation (Ray, Mirsky, & Pragay, 1982) 
structures, most of which are components of the general learning 
system. 

(Manuscript received August 24, 1983; 
revision accepted for pUblication December 8,1983.) 
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