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Figure 2. Unstained sections showing bilateral le­
sions in the anterior region of the red nucleus. Left 
column: RN-2. Size Retention = -218% savings; Threshold
errors = 2, 4, 5> 1; Form Retention = 100%. Right column: 
RN-24. Size Retention = -233%; Threshold errors = 2S 3, 0j 
11; Form Retention = 4%.
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observation that the brain damage imposed upon the other 6 
Ss in the group RN was at a level more posterior than the 
lesions of RN-2 and RN-24, suggests that the anterior region 
of the red nucleus may not be the most critical area in the 
maintenance of visual discrimination habits.

In Figures 3 and 4 are presented brain sections of 
three rats (DRN-14, DRN-9, and DRN-21) suffering damage 
dorsal to the area of the red nucleus. In DRN-14, the le­
sion destroyed a substantial part of the dorsal tegmentum 
and central grey. DRN-9's lesion was centered within the 
central grey and DRN-21 received brain damage centered be­
tween the central grey and the red nucleus, with the necrotic 
damage invading only the most dorsal aspect of the red nucle­
us. These three Ss of group DRN manifested a substantial re­
tention deficit on the first visual discrimination problem 
(size discrimination), with DRN-21 showing the greater loss. 
On the size threshold tasks, DRN-14 was unable to meet the 
criterion on the most difficult discrimination, but performed 
perfectly on the three easier threshold discriminations.
DRN-9 and DRN-21 were both able to meet criterion on the most 
difficult size discrimination task. On subsequent testing 
for retention of the form discrimination, DRN-14 achieved an 
error savings score of 47%, while DRN-9 and DRN-21 showed 
100% savings.
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Figure 3. Unstained sections showing bilateral le­
sions dorsal to the region of the red nucleus. Left column: 
DRN-14. Size Retention = -48% savings; Threshold errors =
0, 0, 0, 15+; Form Retention = 47%. Right column: DRN-9.
Size Retention = 2%; Threshold errors = 0* 2S 6, 11; Form 
Retention = 100%.
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Figure 4. Unstained sections showing a bilateral 
lesion centered between central grey and red nucleus in 
DRN-21. Size Retention = -207% savings; Threshold errors 
= 0, 0, 0, 6; Form Retention = 100%.
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Subjects placed in the asymmetrical group AML all had 

lersions which invaded at least unilaterally the region of 
the red nucleus with the exception of AML-25. Figure 5 
shows the brain sections of AML-25 and AML-19. AML-25 mani­
fested the best retention and threshold performances of the 
animals in the group AML, while rat AML-19 manifested the 
poorest retention and threshold performances of this group.

Information on the remaining 15 operate Ss concerning 
lesion locus, retention and threshold performance is pre­
sented in Figures 6, 7, 8, and 9.

Other behavioral observations
During the course of the postoperative recovery period, 

several behavioral disturbances were apparent in the experi­
mental animals. These disturbances, which were transitory, 
included aphagia and adypsia, impaired postural adjustment, 
absence of pupillo-constrictor response, canting of the head 
laterally, locomotor circling, obstinate progression, awkward­
ness of gait, absence of vibrissae movement, paucity of ex­
ploratory behavior, and resistance to handling.

Aphagia and adypsia were common behavior disturbances 
for all three groups. In order to maintain their weight, 
several forced-feeding techniques were introduced within 72 
hours after surgery. The animals were forced to eat a mix­
ture of wet mash, milk, and sugar via (1) forcing food into 
S/s mouth with the use of an eye dropper, spoon, or beaker,
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Figure 5. Unstained sections showing asymmetrical le­
sions in the midbrain. Left column: AML-25. Size Reten­
tion = -27% savings; Threshold errors = 0, 2, 0, 2; Form 
Retention = 87%. Right column: AML-19. Size Retention =
-275%; Threshold errors = 0, 2, 4, 15+; Form Retention = 
-87%.



Figure 6. Unstained sections showing bilateral le­
sions in the region of the red nucleus. Upper left: RN-3.
Size Retention = -318% savings; Threshold errors = 0, 0, 1, 
15+; Form Retention = 25%. Upper right: RN-4. Size Re­
tention = -145%; Threshold errors = 0* 0, 0, 15+; Form Re­
tention = 17%. Lower left: RN-16. Size Retention « -300%;
Threshold errors = 0, 15+, -, -; Form Retention = -19%.
Lower right: RN-20. Size Retention = -640%; Threshold
errors = 4, 7, 15+, -; Form Retention = 36%.
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Figure 7. Unstained sections showing bilateral le­
sions dorsal to the red nucleus. Upper left: DRN-32. Size
Retention = 89% savings; Threshold errors = 0, 0, 2, 15+; 
Form Retention = 100%. Upper right: DRN-11. Size Reten­
tion = 18%; Threshold errors = 2, 0, 0, 0; Form Retention = 
100%. Lower left; DRN-1. Size Retention = -144%; Thresh­
old errors = 3* 4, 14, 15+; Form Retention = 75%. Lower 
right: DRN-33. Size Retention = -45%; Threshold errors =
2, 2, 1, 7; Form Retention = 100%.
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Figure 8. Unstained sections showing asymmetrical 
lesions in the midbrain. Top: AML-5. Size Retention = 
-347%; Threshold errors =0, 0, 3, 15+; Form Retention = 
62%. Middle: AML-6. Size Retention = -225%; Threshold 
errors = 0, 33 0, 15+; Form Retention = 53%. Bottom: 
AML-13. Size Retention = -183%; Threshold errors = 0, 0, 
2, 15+; Form Retention = 53%.



Figure 9. Unstained sections showing asymmetrical 
lesions of the midbrain. Top: AML-22. Size Retention =
-138%; Threshold errors = 0, 0, 0, 12; Form Retention = 
82%. Bottom: AML-23. Size Retention = -100%; Threshold 
errors = 0* 12, 15+, -; Form Retention = 39%.
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and/or (2) forcing S. into a position so that his mouth area 
would remain in contact with the wet mash placed in a food 
dish (glass coaster). If these methods were insufficient to 
maintain S.'s weight after approximately 7 days, S. was then 
placed for several hours a day into a container (small plas­
tic wastebasket) with a wet mash solution from 1/2 inch to 
3/4 inch deep. These methods were terminated when began 
eating the food solution from the dish located in his home 
cage. Drinking from the water bottles was rarely observed 
in the operate Ss throughout the entire recovery period.

The disturbance in attitudinal adjustment was also 
common to Ss in the three operate groups. Essentially, when 
£[ was held by the tail and lowered to the surface of the 
table, he tucked his head so as to contact the table with 
the back of his neck. Normal Ss would, on the other hand, 
raise their heads and stretch out their forelegs, thus coming 
in contact with the table surface with the fore paws. This 
disturbance was transitory in most Ss, and was not severe in 
any S. at the time of testing.

A pupillary disturbance was manifested by several Ss 
of each operate group during the first postoperative week.
It consisted of abnormal dilation of one or both pupils.
This disturbance persisted in only one £5 (AML-23).

Canting of the head and locomotor circling were preva­
lent especially in the Ss of group AML, and were not uncommon
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during the first 12 hours postoperatively in the Ss of 
groups RN and DRN. Locomotor circling disappeared within 
the first postoperative week and head canting was minimal or 
unobservable by the time of testing.

Obstinate progression, operationally defined in the 
present case as repeatedly locomoting off the edge of a 
table, was a transient phenomenon observed in all Ss, with 
the exception of DRN-33. This rat suffered brain damage 
immediately dorsal to the anterior portion of the red nucleus. 
In general, the disappearance of this disturbance coincided 
with the recovery of vibrissae movement and exploratory 
activity which was observed between 3 to 12 days after the 
operation.

The most severe disturbance in gait occurred in two 
rats (RN-2 and RN-24) which suffered extensive damage to the 
anterior region of the red nucleus. For the first few days 
following the operation, S/ s locomotor behavior consisted of 
crawling with his belly on the table. A lower gait than 
normal (running close to the table) was observed in other Ss 
with ventral lesions. One £ (DRN-11) manifested a higher 
than normal gait (prancing) the first 2 postoperative days. 
However, the gait of all Ss appeared normal with the recovery 
of exploratory activity.

Although all animals were judged to be tame, several 
Ss within each group seemed to be excitable and resisted
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handling. This was transient and disappeared within the 
first postoperative week.

The relative duration of the behavior disturbances in 
the different Ss paralleled the duration of Ss1 disturbance 
in eating.

It is of great importance that during retention test­
ing following the 21 to 26-day postoperative recovery period, 
the operate Ss were generally indistinguishable from the 
controls. They showed good orientation toward the stimulus 
cards, exhibited frequent VTE's, appeared motivated to enter 
the goal box, and essentially were no different from normals 
in their correction of errors or in their reaction to shock.



DISCUSSION

The results of the present study clearly agree with 
previous reports (Thompson, 1963a; Thompson, et a_l., 1964; 
Thompson, et al.., 1967) that lesions in the area of the red 
nucleus seriously impair retention of visually guided be­
havior. The finding that lesions centered in the region of 
the red nucleus lead to significantly greater deficits than 
those more dorsally placed is also in agreement with the 
earlier observations of Thompson (1963a) on rats and of 
Myers (1964) on cats.

Myers (1964) investigated the effects of ablations of 
areas dorsal to the red nucleus (superior colliculus, dorsal 
tegmentum, and central grey) on retention of pattern dis­
criminations. He found that if lesions of the dorsal mid­
brain extended into the ventral central grey or into the 
ventral adjoining tegmentum, the result was a prolonged dis­
turbance in relearning of the difficult visual discrimination. 
Furthermore, Myers found, within rather broad limits, a 
direct relationship between the degree of the retention 
deficit and the extent of tegmental involvement. The results 
of the present study, on the other hand, clearly show that 
the locus of the midbrain lesion, rather than the size or ex­
tent of tegmental involvement, is critical.

40
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That Ss suffering lesions dorsal to the red nucleus 

exhibited a significant retention deficit on the size dis­
crimination but not on the subsequent form discrimination, 
would seem to conflict with the findings of Thompson (1963a) 
and Myers (1964). However, considering the difficulty of 
the visual discrimination task, the present findings are not 
inconsistent with either study. Thompson (1963a) found that 
destruction of the periaqueductal grey matter and the dorsal 
lateral tegmentum had no effect on retention of a simple 
black-white discrimination. It should be noted that the 
first retention problem used in the present study was sub­
stantially more difficult than the brightness problem used 
by Thompson (1963a). The second problem (form discrimina­
tion), considering the transfer effects resulting from the 
previous experience of the Ss on the size discrimination, 
becomes very closely equated in difficulty with the simple 
brightness problem. [Compare mean errors to learn the form 
discrimination in the present study with mean errors to 
learn the simple brightness discrimination in previous re­
ports of Thompson (1963a), Thompson and Rich (1961), and 
McNew, B. and Thompson (1966).] Hence, the results of the 
present study are consistent with the previous observations 
of Thompson (1963a) in that lesions dorsal to the red nucleus 
have little or no effect on retention of rather simple visual 
discriminations.
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Myers (1964) found that midbrain lesions dorsal to 

the red nucleus may disturb retention performance on diffi­
cult discriminations. This is consistent with the present 
findings to the extent that dorsal lesions produced a reten­
tion deficit on the difficult size discrimination. Thus, 
the present study, along with the previous reports of 
Thompson (1963a) and Myers (1964) suggest that midbrain le­
sions dorsal to the red nucleus disturb retention performance 
of difficult, but not simple, visual discriminations.

Observations of the £3s in the apparatus during post­
operative training confirm the conclusions arrived at earlier 
in this paper that neither peripheral-motor, attentional, nor 
motivational disturbances can account for the retention 
deficits observed following ventral midbrain lesions. Al­
though a sensory-perceptual deficit may indeed contribute to 
the poor retention performance, the results of the present 
study suggest that a disturbance in integrative-memory 
functioning rather than a sensory-perceptual loss is pri­
marily responsible.

Evidence implicating involvement of a disturbance in 
sensory-perceptual processes is two-fold: (1) Ss sustaining
damage to the region of the red nucleus, as a group, per­
formed significantly poorer than normal controls on the 
visual size threshold discrimination, and (2) difficulty 
manifested by all operate Ss on the size threshold task was
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significantly correlated with subsequent retention impair­
ment on the form discrimination task.

That a sensory-perceptual loss is not primarily re­
sponsible for the retention deficit is suggested by several 
other findings. First, difficulty on the size threshold was 
not significantly correlated with retention loss on the 
original size discrimination. Secondly, the three operate 
groups— Ss sustaining brain damage to the red nucleus, Ss 
receiving lesions dorsal to the red nucleus, and Ss suffer­
ing asymmetrical midbrain lesions— did not differ signifi­
cantly in regards to sensory-perceptual impairment as 
reflected by their performance on the threshold tasks. But, 
the groups did significantly differ from each other in re­
tention performance on both the size discrimination and the 
form discrimination. It is unlikely that a disturbance in 
sensory-perceptual processes can account for the differential 
retention impairment found among the three operate groups. 
Finally, no significant correlation was found between thresh­
old and retention performance for those Ss receiving rubral 
lesions.

The results of this investigation lend credence to a 
centrencephalic view of brain functioning (Penfield, 1954) 
and support the conception put forth by Thompson (1965) that 
the HMA (ventral mesencephalon along with the posterior 
lateral hypothalamus) serves as the core of the centrencepha­
lic brain system. Subjects suffering brain damage -to the
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region of the red nucleus manifested a disturbance in reten­
tion on both the visual size discrimination and the visual 
form discrimination, where the latter problem was presented 
to the animals after they had extensive experience on the 
more difficult visual size discrimination problems. The 
disruption of these habits by rubral damage, as mentioned 
earlier, cannot be readily accounted for by peripheral-motor, 
attentional, motivational, or sensory-perceptual disturbances. 
The data leaves little doubt of the great significance of 
this area in the mediation of learned behavior. However, 
the precise role or function of this ventral midbrain region 
remains speculative.

The centrencephalic model of Thompson (1965) suggests 
that the function of the HMA which includes the region of 
the red nucleus is the core of a system concerned with the 
integration and storage of extrinsic (sensory) and intrinsic 
(motivational) information, and is also concerned with the 
utilization of this information in directing the animal 
towards a goal. It is in this general area of the red nucle­
us that memory traces or engrams are hypothesized to be 
formed and later excited and compared with present experience 
in the initiation of visually guided behavior. According to 
this view, a lesion in the area of the red nucleus would 
destroy the substrate subserving an integrative-memory func­
tion .



An alternate view is that damage to the region of the 
red nucleus only indirectly disrupts normal memory functions 
by altering the physiology of forebrain structures (Myers, 
1964) or altering the essential level of cortical tonus 
(Lashley, 1954). Indeed, large tegmental lesions may cause 
changes in EEG patterns recorded over the entire cerebrum 
(Lindsley, Schreiner, Knowles, & Magoun, 1950). However, 
even with large lesions, which was not the case in the rubral 
damaged Ss of the present experiment, a disturbance in corti­
cal tonus, as reflected by EEG patterns, is reversible with 
an extensive recovery period (Doty, Beck, & Kooi, 1959). 
Although there is no doubt that the functional integrity of 
the visual cortex of the rat is of great importance in the 
mediation of complex visual discriminations, it remains to 
be seen how disruption in the integrity of the visual cortex 
by rubral damage could possibly cause the devastating ef­
fects on retention of visually guided behavior found in this 
investigation. The present author, in line with the centren- 
cephalic view of brain functioning, would rather assign to 
the visual cortex the sensory-perceptual functions of 
analyzing and synthesizing visual information rather than 
attributing to it an integrative-memory function.



SUMMARY

Previous research has indicated that the region of 
the red nucleus plays an important role in retention of 
visual habits. In addition, these earlier investigations 
strongly suggest that the retention loss produced by rubral 
lesions cannot be accounted for by either a peripheral motor 
disturbance, an attentional deficit, or an impairment in 
motivational-emotional functioning.

The purpose of the present study was to ascertain 
whether the abolishment of visual discrimination habits by 
damage to the area of the red nucleus results primarily from 
a sensory-perceptual loss or an integrative-memory deficit.

Four groups of rats— group RN, Ss receiving bilateral 
red nucleus lesions; group DRN, Ss suffering brain damage 
dorsal to the red nucleus; group AML, Ss sustaining asym­
metrical midbrain damage; and group NC, normal controls—  

were first tested for retention of a preoperatively learned 
visual size discrimination, then tested on size discrimina­
tion threshold, and subsequently tested for retention of a 
preoperatively learned form discrimination habit.

The group RN manifested a significantly greater 
deficit on the retention tasks than groups DRN, AML, and NC. 
Groups RN, DRN, and AML did not differ in their size thresh­
old performance, although they all performed significantly
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poorer than group NC.
In line with a centrencephalic model of brain func­

tioning., a disturbance in integrative-memory processes was 
interpreted to be primarily responsible for retention im­
pairment produced by rubral damage.
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