
rabbit anti-Lee serum (6) and not by 
anti-Asian influenza serum (7). 

The results are presented in Table 1. 
In a total of six passages the original 
allantoic fluid inoculum was diluted 
cumulatively to 10"-2'. The EIDso titers 
of the 3rd and 5th tissue culture passage 
fluids were 10"-43 and 10"-4 per 0.1 ml, 
respectively. Previous work with trans- 
missible cell cultures which did not sup- 
port the growth of influenza virus 
showed that in all but one case no 
infectious virus could be detected after 
6 days of incubation on the 1st tissue 
culture passage and that no increase 
in hemagglutinins occurred (2). Al- 
though the hemagglutination titers ob- 
tained from the fluids of infected 
MDCK cultures were not uniform, 
hemagglutinins were present in every 
passage, and in one case (5th passage) 
reached a titer of 1:1280. The irregu- 
larity in hemagglutination titers may be 
due to the use for passage of low dilu- 
tions of tissue culture fluid pools con- 
taining relatively large amounts of non- 
infectious virus. The cytopathic effect, 
though somewhat variable in degree, 
was definitely present in every passage. 

A simultaneous attempt to propagate 
influenza B virus in transmissible cell 
lines of bovine (8), ovine (8), porcine 
(9), and caprine (5) kidney was un- 
successful, as evidenced by the lack of 
cytopathic effects, inability to demon- 
strate hemagglutinins in the tissue cul- 
ture fluids, and the inability to detect 
viable virus in 3rd-passage tissue cul- 
ture fluids by amniotic inoculation of 
embryonated eggs. 

Andrewes (10) suggests a possible 
origin of the Asian influenza virus from 
an animal reservoir in China. My 
evidence of the ability of influenza B 
virus to propagate in cultures of canine 
kidney cells and the report by Ado and 
Titova (11) of the experimental infec- 
tion of puppies with an Asian strain of 
type A influenza virus suggest that the 
dog may be a good prospect as an 
animal reservoir of human influenza 
virus (12). 
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Adjustment of Monkeys to Five 
Continuous Days of Work 

Abstract. The efficiency of well-trained 
monkeys improved after repeated ex- 
posures to a prolonged task. This result 
suggests that resistance to fatigue may be 
increased by prior experience with the fa- 
tiguing situation. 

Experimental studies of fatigue and 
sleep loss in humans have often re- 
vealed surprisingly small decrements 
in performance, even after several days 
without sleep (1). In our experiments 
with monkeys we have also observed 
the same small performance decrements 
during 5 days of prolonged vigilance. 
We found, however, that the extent of 
the decrement was a function of the 
amount of prior experience with the 
fatiguing situation. 

Four mature male rhesus monkeys, 
seated in restraining chairs for the 
duration of the experiment, served as 
subjects. During 3- to 8-hour sessions 
these monkeys had been trained to press 
a lever in order to prevent electric 
shocks to their feet; any pause in re- 
sponding longer than 5 seconds pro- 
duced a 5 to 6 ma shock of approxi- 
mately 0.5-second duration (2). The 
downward force required to depress 
the lever was approximately 50 g. All 
of the monkeys had become highly 
skilled in the lever-pressing task before 
they were tested in prolonged sessions; 
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downward force required to depress 
the lever was approximately 50 g. All 
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Two of the monkeys were studied in 
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more than 300 total hours of avoidance 
practice. 

Two of the monkeys were studied in 

sessions of 48-, 72-, and 120-hour dura- 
tion before the standard 120-hour test 
was selected. The other two monkeys 
were tested after experiments on the first 
two monkeys had been completed; only 
120-hour tests were scheduled for these 
later animals. Subjects were fed their 
normal food ration in a 30-minute 
daily period (9:00 to 9:30 A.M.) dur- 
ing which they did not have to press 
the lever. Rest periods of varying 
length (2 to 10 days) alternated with 
periods on prolonged avoidance. The 
subjects ate well and appeared to be 
healthy throughout the course of the 
experiment. 

A safety provision in the circuitry 
prevented danger to an animal from 
the frequent shocks that would occur 
if the subject stopped pressing the 
lever. The shock circuit was automati- 
cally disconnected and the test termi- 
nated whenever an animal received 250 

-shocks within one day. 
Over the course of 4 to 6 months 

each monkey was tested in at least 
eight sessions of continuous lever- 
pressing (3), interrupted only by the 
30-minute daily eating periods and 
terminated either by (i) the passage 
of 120 hours, or by (ii) the occurrence 
of 250 shocks within a single day- 
whichever occurred first. Each pro- 
longed session was called a test. The 
total number of daily shocks was used 
as the measure of efficiency. 

Figure 1 compares performance 
decrements after different amounts of 
prior experience with the prolonged 
tests; each curve illustrates the de- 
creasing efficiency of the monkeys as 
the test continues for 5 days. Data of 
tests 1 and 2 represent group means 
for the first two 120-hour tests; data 
of tests 3 and 4, the next two tests; and 
so forth. 

In the computation of results for 
the tests shortened by the occur- 
rence of 250 daily shocks before the 
fifth day (which happened on only 
three tests during the experiment), 
monkeys were assigned 250 shocks for 
every scheduled test day that followed 
the day on which the 250-shock maxi- 
mum occurred. This assigned value is 
probably a very conservative estimate 
of how many shocks the subject would 
have received if the test had actually 
lasted the entire 5 days. 

The data show that decrements over 
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prior exposure to such tests. By para- 
metric analysis of variance of the 
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Fig. 1. Mean number of shocks per day on 
successive prolonged avoidance tests. 

successive tests, as well as the "days 
X tests" interaction, were statistically 
significant at well beyond the .01 level. 
During tests 7 and 8 subjects were do- 

ing as well on the fourth day of con- 
,tinuous work as they had originally 
done on the second day (tests 1 and 2). 
The largest improvements occurred on 
the fourth and fifth days of the tests 
(4). 

Even though on tests 1 to 3 indi- 
vidual monkeys showed marked dif- 
ferences in their ability to maintain 
performance over the 120 hours, every 
monkey clearly exhibited an adjust- 
ment-to-fatigue similar to that of the 
averaged results in Fig. 1. During tests 
7 and 8 all monkeys were doing well 
throughout the entire 5 days; the in- 
dividual differences among the mon- 
keys were much smaller than they had 
been originally. 

Since the monkeys were excellent 
avoidance performers prior to the first 
prolonged sessions (and no monkey 
received more than 20 shocks on the 
first day of test 1), the effect shown 
in Fig. 1 was certainly not due to 
simple acquisition of the lever re- 
sponse. What, then, was the mechanism 
through which this improvement took 
place? Do these results illustrate 
"learning" in the usual sense? Our 
monkeys may have learned to adjust 
to the situation by a change in work 
methods, either through the elimina- 
tion of unnecessary, tiring movements 
or by the acquisition of more adaptive 
responses. 

For example, we observed one 
monkey pressing the lever with dif- 
ferent hands, and another monkey 
closing his eyes between lever presses. 
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learned to "sleep" and lever-press 
simultaneously (5), a phenomenon that 
has already been examined in humans 
(6). We are currently obtaining con- 
tinuous electroencephalographic and 
photographic records of our subjects 
to determine whether the usual ob- 
jective indices of sleep are modified 
during the course of repeated pro- 
longed tests. 

It is possible that this adjustment- 
to-fatigue may be correlated with some 
physiological or biochemical adaptation, 
caused by changes in the normal sleep- 
ing cycles of the monkeys or by the 
stressful nature of the task. If the im- 
provement were an indirect effect of 
such adaptation, it might not be appro- 
priate to apply the term "learning" to 
the adjustment described here. 

Further analysis of adjustment-to- 
fatigue may prove of value in prac- 
tical problems which involve prolonged 
monitoring, such as might occur in 
industry, communications, and space 
flight (7). 

ROBERT BYCK* 
ELIOT HEARST 

Clinical Neuropharmacology Research 
Center, National Institute of Mental 
Health, Saint Elizabeths Hospital, 
Washington 20, D.C. 
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Electroencephalogram in the 

Permanently Isolated 
Forebrain of the Cat 

Abstract. The cerebral cortex of cats 
with chronic or permanent mesencephalic 
transections of the brain stem showed 
both high-voltage, slow-wave synchronized 
electroencephalographic patterns and low- 
voltage, fast-wave desynchronized rhythms 
when studied postoperatively. The alterna- 
tion of sleep and wakefulness electrical 
activity in the permanently isolated fore- 
brain is contrasted with the observations 
of Bremer in the acute "cerveau isole" 
preparation. 

Since the work of Bremer in the 
"cerveau isole" preparation (1), it has 
been generally accepted that the cat 
forebrain with a high transection of the 
brain stem exhibits a fixed EEG pattern 
of high-voltage, slow-wave activity sim- 
ilar to that found in one of the stages 
of sleep in the normal cat. In recent 
years this stage has been called deep 
sleep by Dement (2) and slow sleep 
(sommeil lente) by Jouvet et al. (3). 
Bremer's observations have been con- 
firmed recently (3, 4) in cats with 
rostropontine and mesencephalic tran- 
section. All of these studies have been 
performed, however, in experimental 
preparations with survival times of only 
3 to 9 days after transection of the brain 
stem. Only Batsel (5) has studied, so 
far, long-term preparations; his obser- 
vations, in dogs, are similar to those 
reported here in the cat. 

In addition to the dramatic physio- 
logical and behavioral changes seen in 
high decerebrate cats, one is also im- 
pressed by the clear-cut alternation be- 
tween sleep and wakefulness in these 
animals. 

The explanation of such striking 
change probably rests in the restablish- 
ment of homeostasis and in the lessen- 
ing of shock-like factors in the long- 
term preparation. Similarly, the same 
mechanisms could determine the per- 
manent "slow sleep" pattern of the 
short-term "cerveau isole" preparation, 
and conversely, a long-term isolated 
forebrain could exhibit both high-fre- 
quency, low-voltage waking patterns, 
and slow, high-voltage sleep rhythms. 

Woods and Bard have emphasized 
the importance of the time factor in 
neuroendocrine experiments performed 
in animals with extensive lesions in 
the nervous system (6). Adametz (7) has 
also shown the importance of what he 
calls "shock factor" (diaschisis) in the 
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of high-voltage, slow-wave activity sim- 
ilar to that found in one of the stages 
of sleep in the normal cat. In recent 
years this stage has been called deep 
sleep by Dement (2) and slow sleep 
(sommeil lente) by Jouvet et al. (3). 
Bremer's observations have been con- 
firmed recently (3, 4) in cats with 
rostropontine and mesencephalic tran- 
section. All of these studies have been 
performed, however, in experimental 
preparations with survival times of only 
3 to 9 days after transection of the brain 
stem. Only Batsel (5) has studied, so 
far, long-term preparations; his obser- 
vations, in dogs, are similar to those 
reported here in the cat. 

In addition to the dramatic physio- 
logical and behavioral changes seen in 
high decerebrate cats, one is also im- 
pressed by the clear-cut alternation be- 
tween sleep and wakefulness in these 
animals. 

The explanation of such striking 
change probably rests in the restablish- 
ment of homeostasis and in the lessen- 
ing of shock-like factors in the long- 
term preparation. Similarly, the same 
mechanisms could determine the per- 
manent "slow sleep" pattern of the 
short-term "cerveau isole" preparation, 
and conversely, a long-term isolated 
forebrain could exhibit both high-fre- 
quency, low-voltage waking patterns, 
and slow, high-voltage sleep rhythms. 

Woods and Bard have emphasized 
the importance of the time factor in 
neuroendocrine experiments performed 
in animals with extensive lesions in 
the nervous system (6). Adametz (7) has 
also shown the importance of what he 
calls "shock factor" (diaschisis) in the 
behavioral and neurological results of 
acute experimental procedures. 

To explore the problems of sleep- 

SCIENCE, VOL. 138 

behavioral and neurological results of 
acute experimental procedures. 

To explore the problems of sleep- 
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