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Visuo-Motor Integration in 

Split-Brain Cats 

A-bstract. Chiasm- and callosum-sec- 
tioned (split-brain) cats and controls were 
trained to displace the correct one of two 
different objects, using each forelimb half 
the time. During this discrimination train- 
ing, vision was restricted to one eye, thus 
confining visual input and learning to a 
single hemisphere in the split-brain ani- 
mals. It was found that either forelimb 
could be used about equally well by all 
the animals. 

It has recently been shown that inter- 
ocular transfer of visual discrimination 
learning is abolished in both cat and 
monkey by section of the optic chiasm 
and corpus callosum (1). Apparently, 
information essential to the learning and 
recall of visual discriminations fails to 
reach the contralateral hemisphere when 
the split-brain cat or monkey is obliged 
to use one eye. 

The experiment described in this re- 
port was designed to determine whether 
there is any impairment in the ability of 
split-brain cats to respond discrimina- 
tively to visual stimuli with the fore- 
limb homolateral to the hemisphere re- 
ceiving the essential visual information. 
The major cortical motor centers for this 
limb lie in the hemisphere contralateral 
to and surgically separated from that of 
the visual input. Previous experiments on 
callosum-sectioned animals and human 
beings (2) have not revealed any deficits 
in bilateral motor coordination or in bi- 
lateral transfer of motor learning. How- 
ever, systematic study of the motor per- 
formance of callosum-sectioned animals 
in which critical sensory information is 
restricted to one hemisphere is lacking. 
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Twelve cats served as the subjects 
(3). In seven of the animals, the chiasm 
and the callosum were sectioned in the 
midline, and in two, the chiasm alone 
was sectioned. The remaining three were 
normal controls. Beginning at least 4 
weeks after the operation, the animals 
were trained to displace a wood block 
with a forelimb in order to obtain a 
piece of food covered by the block. Dur- 
ing this preliminary training, the animals 
were adapted to a rubber mask, which 
restricted vision to one eye, and then to 
a forelimb restrainer, which consisted of 
a leather wristband and chain. This pre- 
liminary training usually required 3 to 5 
weeks. 

Discrimination training was begun im- 
mediately after the preliminary training 
was completed. Two discrimination prob- 
lems were used, each involving a choice 
between two wood blocks, located 2 
inches apart, one of which-the "cor- 
rect" one-covered food. For the first 
problem, the blocks were painted to dif- 
fer in brightness (black and white), and 
for the second, a different geometric pat- 
tern (circle and cross) was painted on 
the upper surface of each block. The 
animals were trained to perform the 
brightness problem first with one eye 
(eye 1), then with the other (eye 2). 
During this training, each animal was 
given 50 trials a day, one forelimb being 
restrained during the first 25 trials, the 
other during the remaining 25. The order 
in which the limbs were restrained was 
alternated from day to day. Training 
with a given eye was considered complete 
when the percentage of correct responses 
for either one of the forelimbs was above 
90 for four consecutive days. Identical 
procedures were employed for the pat- 
tern problem, which was presented after 
completion of the brightness-discrimina- 
tion training. 

Table 1 shows the mean percentage of 
correct responses made by each of the 
three groups of animals on each problem 
with the forelimb homolateral to and 
the one contralateral to eye 1. The data 
for one of the animals in the split-brain 
group was excluded from the computa- 
tions because the sectioning was found 
to be incomplete (4). It is evident that 
the difference between the means for the 
two forelimbs is small for each group on 

both problems. The data for individual 
subjects within each group reveal no sys- 
tematic relationship between the eye 
used and forelimb performance, the ho- 
molateral forelimb being the superior 
in about as many animals as the contra- 
lateral. The largest difference between 
forelimbs, in terms of the percentage of 
correct responses, was 7, which was ob- 
tained for one of the normal animals on 
the brightness problem. During the 
course of learning, one forelimb was sel- 
dom consistently superior to the other. 
The results were very similar with re- 
spect to forelimb differential for eye 2. 

The control animals reached criterion 
on the pattern problem with eye 2 in at 
least 82 percent fewer trials than with 
eye 1, whereas, in the split-brain group, 
the largest percentage reduction in trials 
to reach criterion was 19. The results 
suggest a similar difference between the 
control and the split-brain animals in de- 
gree of transfer of the brightness-dis- 
crimination learning but cannot be re- 
garded as conclusive because several 
complicating factors were operating dur- 
ing this portion of the experiment. 

These findings indicate that split-brain 
cats can respond appropriately with the 
homolateral forelimb to visual discrimi- 
nation cues that are communicated only 
to one hemisphere. There are at least two 
ways to account for the results. First, 
there is the possibility of direct control 
of each limb through the homolateral 
cortex. Although, for example, most of the 
corticospinal fibers innervating a given 
limb originate in the contralateral cor- 
tex, there is evidence that a small por- 
tion originate in the homolateral (5). 
Another possibility is that the animal has 
a subcortical integrating system, some- 
what similar to Penfield's hypothetical 
"centrencephalic system" (6), which re- 
ceives sensory information from both 
sides of the body, and in which impulses 
controlling all the limbs originate. These 
findings also confirm the loss of inter- 
hemispheric transfer of visual pattern- 

Table i. Mean percentage of correct re- 
sponses with the forelimb homolateral to 
and the one contralateral to eye 1 dur- 
ing brightness- and pattern-discrimination 
training. 

Brightness problem Pattern problem 

Homo- Contra- Homo- Contra- 
lateral lateral lateral lateral 
fore- fore- fore- fore- 
limb limb limb limb 

Normal animals 
76 77 72 75 

Chiasm-section animals 
78 75 70 72 

Split-brain animals 
74 74 73 69 
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discrimination learning in split-brain cats 
under a new type of training condition. 
The question of transfer of brightness- 
discrimination learning in these cats, 
which has not, been studied before, re- 
quires further research. 
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Psychology Department, Brown 
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Division of Biology, California 
Institute of Technology, Pasadena 
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Weathering of Fallout 

Abstract. Subjected to weathering by 
electrodialysis, fallout pellets collected 
after a nuclear explosion from the area 
near ground zero released trace amounts 
of their total beta activity. Airborne fall- 
out collected 612 miles from the test site 
released 51.8 percent of its Sr0? activity. 
Aircraft-collected fallout released 40.5 
percent of its Sr90 activity when collected 
from a tower shot and 86 percent when 
collected from a balloon shot. 

The weathering rate of fallout is of 
interest because natural decomposition 
would be the first step in the potential 
assimilation of fallout and would also be 
the index to its rate of movement into 
the biological cycle. 

The first set of samples was collected 
from the surface soil of the Nevada test- 
ing site. Fallout of this type has been 
described by Nishita and Larson (1). 
The particles appear to be glassy and 
spherical. Most of the particles were 
larger than 50 ~g in diameter. A few 
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would be the first step in the potential 
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the index to its rate of movement into 
the biological cycle. 

The first set of samples was collected 
from the surface soil of the Nevada test- 
ing site. Fallout of this type has been 
described by Nishita and Larson (1). 
The particles appear to be glassy and 
spherical. Most of the particles were 
larger than 50 ~g in diameter. A few 
ranged up to 2 mm in diameter. The 
particles used in this study were of sand 
size (0.05 to 1.0 mm) and were col- 

1276 

ranged up to 2 mm in diameter. The 
particles used in this study were of sand 
size (0.05 to 1.0 mm) and were col- 
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lected from contaminated sand with 
tweezers. 

The second set was collected at Los 
Alamos, N.M., 612 air miles from the 
test site. An environmental air sampler 
equipped with a respiration filter pad 
was used. The activity build-up occurred 
24 hours after a nuclear detonation. The 
third set was collected in pure cellulose 
filters that were mounted on aircraft 
which flew at an altitude of approxi- 
mately 20,000 ft through the cloud from 
a nuclear detonation. 

Duplicate samples of glass pellets were 
weighed (50 mg) and placed in small 
polyethylene bottles, and 12.5 ml of 
ground water was added. The samples 
were agitated by shaking intermittently 
during a period of 8 days, after which 
the liquid was removed by filtration and 
the gross beta activity of the liquid deter- 
mined. The ground water was prepared 
like a soil saturation extract (2) except 
that porous Bandelier tuff was used in- 
stead of soil. The pH of the extract was 
7.5. The cation content per liter was 
Na = 0.80 meq; K = 0.09 meq; Ca = 0.02 
meq; and Mg 0.05 meq. The principal 
anions present were bicarbonate, chlo- 
ride, sulfate, and nitrate. 

After filtration, the glass pellets were 
transferred back to the polyethylene 
bottles, and 10 ml of 1-percent ethyl- 
enediaminetetracetate (EDTA) (tech. 
grade, pH 10) was added. The samples 
were agitated by shaking intermittently 
during a period of 10 days, after which 
the supernatant liquid was removed and 
the gross beta activity of the liquid 
determined. 

After the removal of the EDTA super- 
natant liquid, the pellets were trans- 
ferred back to the polyethylene bottles 
and 10 ml of a suspension of H-clay was 
added. (Clay was removed from a sam- 
ple of Ten Site soil by conventional 
methods and converted to the hydrogen 
system by mixing with H-exchange resin 
and then removing the resin from the 
clay with bolting silk. The pH of the 
resulting clay was 3.05.) The samples 
were agitated by shaking for a period of 
10 days. Finally, the clay suspension was 
made IN with ammonium acetate and 
centrifuged. The clear supernatant liquid 
was plated out, and the gross beta ac- 
tivity was determined. 

The pellets were removed from the 
centrifuged clay by filtering through bolt- 
ing silk and washing with distilled water. 
The pellets were then transferred back 
to the polyethylene bottles, and 10 ml 
of water plus 1 g of H-resin (Amberlite 
IR-120) was added. The samples were 
agitated by shaking for a period of 10 
days. The mixture was made 1N with 
ammonium acetate and centrifuged. The 
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Table 1. Activity removed from glassy 
fallout pellets by different agents of 
weathering. 

Gross 
beta 

activity tivity 
Agent re- 

present moved 
( 10" 

count/min ) (%) 

Ground water 
(pH, 7.5) 2.17 0.01 

EDTA (1%) 
(pH, 10) 2.17 1.08 

H-Clay 
(pH, 3.04) 2.14 0.10 

H-Resin (IR- 
120) (pH, 2.4) 2.14 2.40 
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The total gross beta activity of the 
fallout pellets was determined by count- 
ing samples of 50 mg each and taking 
the average, and by fusing and digest- 
ing 50-mg samples and determining the 
average count of a plated liquid aliquot 
of the sample. To determine the total 
Sr90 content of the glassy pellets, the 
samples were fused with Na2CO3 in the 
same manner as that used in analysis of 
silicate minerals. The Sr90 was isolated 
by ion exchange (3). 

To study the effect of electrodialysis 
on the stability of the glass pellets, three 
fallout samples of 50 mg each were 
mixed with 100 g of uncontaminated 
soil. The mixture was placed in the di- 
alysis chamber and dialyzed for 48 hours. 
The distance between the cathode and 
the anode electrodes was 2 cm (the 
voltage was maintained at 100). After 
dialysis, the extract was analyzed for 
Sr90 by the ion-exchange method. 

To study the effect of electrodialysis 
on the stability of the samples collected 

Table 2. Strontium-90 activity removed 
by electrodialysis from different types of 
fallout. 

Activity 
Type of present Re- 
fallout (disintegra- move 

tion/min) (%) 

Glass pellets 
Nevada test site 3,015 Trace* 

(per 50 mg) 
Los Alamos en- 
vironment, col- 
lected by filter 1,547 51.8 

(per sample) 
Tower shot, col- 
lected by aircraft 
filter 38,780 40.5 

(per sample) 
Balloon shot, col- 
lected by aircraft 
filter 88,850 86.0 

(per sample) 
* Less than 5 disintegration/min. 
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