16), digit span (2, 3, 6, 17), verbal
reasoning (2, 3), size constancy (2, 3),
and depth perception (2, 3, I12).
Finally, hallucinatory phenomena were
rare. This is in agreement with the
more recent deprivation experiments
(3, 13, 18, 19) which indicate that
these phenomena are not as common as
was originally believed (7, 6).

It is possible that our effects and
their resemblance to the “deprivation”
phenomena would have been even
greater if a more severe condition of
immobilization had been employed.
The fact that all of the volunteers en-
dured the week quite easily and that
there were no failures indicates that
our procedure was not particularly
stressful. Furthermore, it would appear
to be less stressful than prolonged iso-
lation where approximately a third of
the volunteers fail to endure periods
longer than 4 days (13, 20).

These behavioral and physiological
changes are probably mediated by the
same neural mechanisms that are be-
lieved to be involved in producing the
classical perceptual deprivation phe-
nomena—that is, a disturbance of the
activity of the ascending reticular acti-
vating system as a result of a decrease
in the level and variability of sensory
input (6, 21). In the present experi-
ment, however, the decreased varia-
bility of input is from the tactile-
kinesthetic (and vestibular) rather than
visual and auditory senses. Interference
with these sense modalities alone may
be sufficient to produce certain be-
havioral changes, especially in the light
of several reports pointing to the
“powerful excitatory influence of so-
matic sensory excitation” upon the
reticular activating system (22). In
addition to this nonspecific reticular
system, it appears that the specific
sensory systems may also be involved
in these behavioral effects (23).

These results have important impli-
cations for the numerous sensory and
perceptual deprivation experiments in
which the subjects are instructed to lie
quietly, often for long periods of time
(1). They raise the possibility that the
behavioral deficits reported in these
studies may be as much a.function of
restricted motility as reduced visual and
auditory input, if not more. Our find-
ings are also relevant for the treatment
of hospitalized patients, particularly
those whose condition is such that it
requires prolonged immobilization in a
cast or in an iron lung. Adverse
psychological effects may occur if ap-
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propriate measures to stimulate bodily
activity are not taken. The findings,
incidentally, are also applicable to the
“man-in-space” program. Finally, the
results have some relevance for the
centuries old practices of swaddling
and cradling of infants. Although these
practices have now virtually dis-
peared, they still exist among some
peasants of Central Europe and Italy,
as well as in Lapland and in certain
North American Indian tribes (24). In
the light of our data it is possible that
these practices may produce some de-
gree of intellectual retardation. This
view is supported by Hill and Robin-
son (25), who reported a case of re-
tarded mental development which they
believed was brought about “almost
entirely by the drastic restrictions made
to his movements.” This was a 6-year-
old boy who, because of a skin condi-
tion, had severe restrictions placed on
arm and leg movements. Although this
is a single case, the results, nevertheless,
are suggestive. These swaddling and
cradling practices may also retard per-
ceptual development, particularly in
view of Riesen’s (I0) demonstration
of perceptual deficits in kittens and
primates who were merely restrained
in holders (26).
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Carbon Tetrachloride Poisoning
in Rats: Alteration in Ribosomes
of the Liver ’

Abstract. Microsomes from livers of
albino rats treated with carbon tetra-
chloride were compared with those
from normal rats with respect to their
ability to incorporate amino acid. Acute
carbon tetrachloride poisoning results
in depressed capacity of microsomes to
incorporate amino acid. From ultra-
centrifugal data, there is an apparent
dissociation of 79S ribosomes into 54S
components.

Carbon tetrachloride (CCl:) causes
hepatic necrosis, and a single sufficient
exposure produces acute liver injury in
many animal species (I). Injury oc-
curs with such regularity and with such
similarity of pattern that one can only
conclude that some fundamental proc-
ess is deranged by this toxic agent.
How it acts has been the subject of
considerable conjecture and experiment
(2-5). The first subcellular elements
suggested as the seat of the injury were
the mitochondria (2, 3). Examination
of the data revealed that the functional
changes in the mitochondria occur at a
time when the liver already shows sig-
nificant damage when examined with
the light microscope. With the electron
microscope a much earlier and more
subtle injury can be detected in the
coarse endoplasmic reticulum (3, 5, 6).
Coincident with this change there ap-
pears a depression in protein synthesis,
the metabolic activity now known to be
associated with the coarse endoplasmic
reticulum (5, 7, 8). This report deals
with experiments which extend the evi-
dence for the site of action of CCl: in
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damaging the liver; our data indicate
that a change regularly occurs in a sig-
nificant proportion of liver ribosomes.

The experiments were divided into
two categories: (i) examination of the
in vitro capacity of two reconstituted
cell-free systems to incorporate labeled
amino acids; (ii) examination by means
of the ultracentrifuge of the distribu-
tion of particle size in the ribosome
fraction.

Fasted male Sprague-Dawley rats
weighing between 200 and 250 g were
used as subjects. They were given
0.5 ml of CCL (per 100 g of body
weight) dissolved in an equal volume
of mineral oil by stomach tube. The
control animals were given an equal
volume of pure mineral oil. All ani-
mals were placed in individual cages
and permitted water as desired, but no
food. Three hours after the adminis-
tration of the materials the animals
were killed by a sharp blow to the
head. The livers were perfused in situ
by way of the aorta with chilled 0.85
percent saline. They were then quickly
removed and placed in an ice-cold
medium consisting of 0.35M sucrose,
0.025M KCl, 0.005M magnesium chlo-
ride, buffered with 0.05M tris at pH 7.6.
The livers were homogenized with four
volumes of this fluid for 1 minute. The
resulting homogenate was centrifuged
at 12,000g for 10 minutes in a Servall
SS1 centrifuge. In one set of experi-
ments, this supernatant liquid was used
without further modification. In a sec-
ond set of experiments, the supernatant
material was centrifuged for 1 hour at
an average relative centrifugal force of
105,000g in a No. 40 Spinco rotor in a
Spinco model L preparative ultracentri-
fuge. The liquid from the 105,000g
centrifugation was saved as a source
of pH 5 enzyme and soluble RNA
(sRNA), and the pellets of microsomes
were resuspended in a small amount of
the medium used for initial homogeni-
zation.

In the first set of experiments, 2 ml
of the microsome-rich 12,000g super-
natant fluid were incubated with a mix-
ture containing radioactive valine.
When diluted with the microsome-rich
suspension, the final mixture contained,
per milliliter: 1 ymole of ATP, 0.15 y-
mole of GTP, 0.01 mg of PEP Kkinase,
10 pmole of PEP, 6 umole of MgCl.,
5 pmole of KCl, 4 pmole of reduced
glutathione, and 10 umole of valine-1-
C* with a radioactivity of 1 mc/m-
mole (9). Incubations were carried out
for 30 minutes at 37°C. The reaction
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was stopped by adding 8 ml of ice-cold
0.35M sucrose with 0.025M KCl,
0.05M MgCl: containing 0.1M valine
buffered with 0.05M tris at pH 6.5,
and chilling the mixture to 0°C. The
resulting suspension was centrifuged at
105,000¢ (average) for 60 minutes;
the liquid was carefully drained from
the pellet. The pellet was then sus-
pended in 7 ml of 5 percent TCA by
trituration. The proteins were isolated
by the technique of Siekevitz (10).

In the second series of in vitro in-
cubations the reaction mixture consisted
of 0.5 ml of the microsomal suspen-
sion, 1.5 ml of the supernatant from
the 105,000¢ centrifugation, and 0.2
ml of the same ATP-generating media.
The amino acid in this case was re-
placed by a concentration of 0.03 umole
of tritiated valine per milliliter with an
activity of 400 uc/umole. The reac-
tions were stopped, and the proteins
were then isolated as in the previous
method.

i S
P Lt

Fig. 1. Ultracentrifuge patterns of ribo-
somes isolated from CCl.-treated (top)
and control animals (bottom). The ribo-
somes were dialyzed against distilled water
for 18 hours at 0°C. The pictures were
taken at 16 min with a rotor speed of
37,020 rev/min. The faster peak has a
corrected sedimentation constant of 795,
the slower peak of 54S.

The dried protein was weighed into
low potassium-40 glass vials; it was dis-
solved in 1 ml of hydroxide of Hyamine
(11), and the resulting solution was
diluted with a toluene scintillating fluid
containing 4 percent PPO and 0.5 per-
cent dimethyl POPOP. The mixtures
were counted in a Packard 314 EX
liquid scintillation spectrophotometer.
Correction for quenching and conver-
sion of decompositions per minute was
accomplished by the addition of an in-
ternal standard.

Ribosomes were isolated for ultra-
centrifugal and chemical analysis by the
procedure of Takanami (I2). The pre-
pared ribosomes were redissolved in 2
ml of distilled ion-free water and dia-
lyzed against 5 liters of distilled water,
0.001M MgCl: or 0.06M KCl, 0.005M
MgCl,, 0.05M tris buffer (pH 7.8) at
0° to 4°C for 16 hours. The resulting
opalescent solutions were centrifuged at
13,000g in a Servall SS1 angle centri-
fuge for 20 minutes. The faintly
opalescent supernatant solution was
subjected to ultracentrifugal analysis in
a Spinco model E analytical ultra-
centrifuge. The rotor was maintained
at 20° to 24°C and the speed of cen-
trifugation was 37,020 rev/min.

Pictures were taken at 4-minute in-
tervals, and sedimentation coefficients
were determined; the constants were
corrected for concentration effects by
use of data of Hamilton and Peter-
mann, and of Keller, Cohen, and Wade
(13). No correction was made for the
Johnston-Ogston effect. The RNA was
determined by the orcinol method, and
protein was determined by the Folin-
Ciocalteau method on aliquots of the
solution analyzed centrifugally (14).

In the first set of experiments there
was a depressed incorporation of radio-
active amino acid into proteins isolated
from the microsome-rich fraction of the
CCl-treated animals as compared to
that of the controls. Microsomes from
four control animals incorporated amino
acids to the extent, on the average,
of 113 (=% 39) decompositions per
minute per milligram of material iso-
lated. Microsomes from four treated
animals incorporated amino acids to the
extent of only 59 (* 16) decompo-
sitions per minute per milligram. The
values are statistically significant (P
< 0.05). In order to decide whether
the aberration was in the sediment or
in the soluble portions of the reconsti-
tuted system, the second set of experi-
ments was performed. Here liver
microsomes from control animals were
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Table 1. Results of three experiments on micro-
somes and the supernatant from the centrifuga-
tion at 105,000g. Valine-2,3-H? with an activity
of 400 mc/mmole was used as the tracer.
Activity measurements were converted to de-
compositions per minute (dpm) per milligram
of protein per milligram of protein in the
ribosomal suspension by addition of an internal
standard.

Source
104
Microsomes S 105,000¢ dpm
upernatant

Control Control 1.63 = 0.10
Control Treated 1.75 = 0.21
Treated Control 0.35 = 0.17
Treated Treated 0.35 = 0.17

incubated with the liver supernatant
fraction from control or experimental
animals, and microsomes from experi-
mental animals were incubated with
supernatant from control or experi-
mental animals. The results of this
series of experiments (Table 1) are ex-
pressed as decompositions per minute
per milligram of protein per milligram
of protein in the microsomal suspension.
This was done in order to account for
variations in concentrations of micro-
somal suspensions from experiment to
experiment. The data show that the
depressed rate of incorporation of amino
acids into microsomal material is a
property of the microsomes of the CCls-
treated animals regardless of the source
of the supernatant material containing
the activating enzyme, the transfer
enzyme, and the sRNA. Furthermore,
it is apparent that the supernatant mate-
rial isolated from CCl-treated animals
does not inhibit the capacity of the
microsomes of control animals to in-
corporate amino acid.

The previous data, designating the
ribosomes as the site of a change in-
duced by CCl«~intoxication, suggested
examination of the physical properties
of the ribosome. After intoxication of
the animals, there is in the liver extracts
a marked decrease in the relative con-
centration of material in the 795 peak
and an increase in the slower 54S frac-
tion (Fig. 1). In repeated analyses the
decrease in the 795 peak appears equal
to the increase in the 545 peak without
significant changes in either the faster
or slower sedimenting components.

The evidence now seems secure that
ribosomes are the structures common
to all cells where the ultimate assembly
of amino acids into protein takes place.
Moreover, ribosomes from organisms
as varied as Escherichia coli, pea seed-
ling, rat liver, and rabbit reticulocytes
all seem to be composed of a series of
particles, and the sizes of particles from
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each of these sources are similar. The
larger particles appear to be formed of
aggregates of the small particles and the
distribution of particle populations can
be reversibly altered (/5). Finally, it
has been found that the capacity of a
ribosomal preparation to incorporate
amino acids is dependent upon the state
of aggregation of the particles. In par-
ticular, active incorporation of amino
acids appears to be associated with the
presence of the larger aggregates, 79S8
or greater. The effects of CCls, admin-
istered in vivo, on rat-liver ribosomes
provides new evidence to substantiate
these views.

The apparent dissociation of 798 par-
ticles into 54§ particles, indicated by
the reciprocal increase in the latter in
the CCl«-treated animals, seems to in-
dicate that some special part of the cell-
organelle structure is affected by the
CCl.. Experiments in which CCl: was
applied to the homogenate in vitro did
not produce a similar alteration in the
sedimentation pattern. Hence the chem-
ical defect does not appear to be a sim-
ple physical solvation of the ribosome.
The ultimate chemical nature of the
change produced in the ribosomes by
CCl: remains to be discovered (16).

' EpwARD A. SMUCKLER
EARrRL P. BENDITT
Department of Pathology,
University of Washington, Seattle
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Acta 39,

All-or-None Learning and the Role of Repetition in

Paired-Associate Learning

Abstract. The learning of a list of stimulus-response items is a two-stage process
involving response learning and association. It is assumed that both stages are
learned in an all-or-none fashion. Subjects were trained to learn a list of paired-
associate items with Rock’s substitution procedure. Their performance could be
predicted from the all-or-none theory with parameter estimates based upon the per-
formance of a different group of subjects who learned the same items under nor-

mal conditions.

In paired-associate learning the learn-
ing material is arranged in pairs con-
sisting of a stimulus item and a response
item. The stimulus-response pairs are
first presented together and then the
stimulus item is shown alone and the
subject is asked to give the response
item. Normally item pairs are repeated
until the subject always gives the cor-
rect response. With the substitution
procedure, however, an item pair is
replaced with a new one whenever the
subject fails to give the correct re-
sponse.

Rock (I) found that this proce-
dure did not retard learning when com-

pared to the usual procedure of re-
peated presentation of all items. From
this finding he concluded that learn-
ing was not gradual but an all-or-
none phenomenon, since replacing
“wrong” items should lead to slower
learning if learning were incremental.
The idea of all-or-none learning has
achieved a certain popularity in the
meantime, but Rock’s initial evidence
has been_questioned by recent investi-
gators. A process of item selection con-
founded the results obtained with the
substitution procedure. =Difficult items
were not learned and were therefore
replaced by new items in the substitu-
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