
of protein synthesis, puromycin, pre? 
vents the induction by cortisone of such 

enzymes (5), as well as that of others 
concerned with gluconeogenesis (6). 
Puromycin also lowers the level of liver 

glycogen in normal mice (7). 
Actinomycin, an inhibitor of RNA 

synthesis (8), also interferes with the 
rise of liver enzymes induced by corti? 
sone. This suggests that the stimulation 
of the synthesis of certain RNA species 
may be one of the primary actions of 
the hormone (5). The effect of actino? 

mycin is more specific than that of 

puromycin; it interferes with the in? 
crease in liver tyrosine transaminase 
and tryptophan pyrrolase which is 

brought about by cortisone, but it does 
not interfere with the rise in the amount 
of trytophan pyrrolase induced by the 
substrate. 

We have now asked the question 
whether the prevention of the cortisone- 
induced rise in liver enzyme levels will 
inhibit the stimulation of glycogen dep? 
osition by the hormone. Therefore, cor? 
tisone was administered to starved rats, 
alone or in conjunction with the afore- 
mentioned inhibitors, and the amount 
of liver glycogen was estimated 6 hours 
later. Puromycin prevents the cortisone- 
induced rise in glycogen levels and ac? 

tinomycin inhibits it by approximately 
70 percent (Table 1). The differences 
observed are highly significant statistic- 
ally. None of the treatments influenced 
the total liver or body weight signifi? 
cantly. To illustrate the effect of the 
same treatments on an individual en? 
zyme, the tyrosine transaminase activity 
of some of the livers is also included in 
Table 1. Puromycin and actinomycin 
largely prevented the cortisone-induced 
elevation of this enzyme (5). 

It is not known which of the enzymes 
controlled by cortisone regulate the rate 
of glycogen deposition in the liver. 
Some of them have a direct effect on 
gluconeogenesis (9) or on the regulation 
of glucose concentration (10). The ele? 
vation of the level of transaminases 
may be responsible for enhanced gluco? 
neogenesis (11, 12). The rate of increase 
of the activity of some of these en? 
zymes is significantly lower than the 
rate of glycogen deposition, but it is 
possible that the small initial rise which 
does coincide with rapid glycogen dep? 
osition is important. It is possible that 
the amounts of other enzymes whose 
response to cortisone treatment has not 
yet been studied will prove to be more 
important in the regulation of glycogen 
deposition. We did not attempt to eval- 
uate the role of individual enzymes but 
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Table 1. Effect of puromycin and actinomycin 
on the rise of liver glycogen and tyrosine 
transaminase levels induced by cortisone. 
Adult male Sprague Dawley rats starved for 
24 hours were injected intraperitoneally with 
saline suspensions of actinomycin (0.14 mg/ 
100 g) 7 hours before the rats were killed, 
puromycin (multiple injections, 6 mg/100 g 
each) at 1, 2, 3, 4, 5, and 6 hours before the 
rats were killed, and cortisone (25 mg/100 g) 
6 hours before the rats were killed. The gly? 
cogen content of each liver and the tyrosine- 
a-ketoglutarate transaminase activity [micro? 
moles reaction product, p-hydroxyphenylpyru- 
vate (HPP), formed per gram of liver per 
minute] of three livers in each group were 
measured (13, 14). Each glycogen value 
is a mean (? standard error) of results ob? 
tained with 14 to 16 separate rats; each of 
the three tyrosine transaminase values was 
obtained from a separate liver. 

Glvcoeen Tyrosine 
Substances rfwinn transaminase 

administered i,w( (jonole HPP liver) g_1 min-1) 

None 0.32 ?0.06 1.1 1.3 0.9 
Cortisone 2.56 ? 0.39 3.7 3.5 4.2 
Cortisone + 

puromycin 0.43 ? 0.07 1.4 1.5 1.8 
Cortisone -f 

actinomycin 0.96 ? 0.14 1.7 1.6 1.4 

demonstrated that substances which 

generally prevent the cortisone-induced 
rise in liver enzyme levels also inhibit 
the cortisone-induced glycogen deposi? 
tion. Such inhibition would not be an? 
ticipated if cortisone controlled glyco? 
gen deposition by influencing the speed 
of catalytic processes without alteration 
of enzyme amounts. Thus, these results 
are compatible with the suggestion (7) 
that hormonal regulation of metabolism 
in vivo may be brought about by 
changes in enzyme concentrations. Such 
a dependence on protein synthesis 
would explain the inability (commonly 
experienced) to demonstrate physiolog- 
ically meaningful hormone action in 
cell-free systems in which the biosyn? 
thesis of macromolecules is largely in? 
terrupted (15). 

Olga Greengard 
G. Weber 

R. L. SlNGHAL 
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Cerebral Heterostimulation 

in a Monkey Colony 

Abstract. In an established colony 
a sub ordinate monkey repeatedly 
pressed a lever which stimulated the 
caudate nucleus of the boss monkey 
by radio and inhibited his aggressive 
behavior. In other experiments, timed 
stimulations of the posteroventral nu? 
cleus of the thalamus of the boss 
monkey, paired with a tone, increased 
his aggressiveness and established con? 
ditioned escape responses of the whole 
group. Both types of experiments may 
be useful in neurophysiological and 

pharmacological investigations. 

Electrical stimulation of some areas 
of the brain induces positive reinforce? 
ment, and rats, cats, and monkeys 
learn to stimulate themselves by press? 
ing a lever repeatedly for hours or even 
days (1). This method is very valuable 
for physiological and pharmacological 
analysis of the central nervous system. 
Since animals are capable of self- 
stimulation, they might stimulate the 
brain of a cagemate if suitable means 
were provided. 

In a colony of four monkeys (Ma- 
caca mulatta) the boss, Ali (5.2 kg), 
was an ill-tempered, powerful male 
who often expressed his aggressiveness 
by grimacing and biting his own right 
hand (Fig. 1). Ali had friendly rela? 
tions with the female, Sarah (4.0 kg), 
was hostile toward the other female, 
Elsa (4.6 kg), who ranked No. 3 in 
the group, and paid less attention to the 
male, Lou (3.8 kg), who was lowest 
in social rank, as determined by the 
peanut test and by offensive-defensive 
reactions. The colony was housed for 
several weeks in a cage 7 by 3 by 3 
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Fig. 1. Control. Left to right: Sarah, Ali (the aggressive boss, biting his own hand), 
Lou, and Elsa (hanging from ceiling). 

ft in a soundproof air-conditioned 
room with constant day and night 
cycles of 12 hours each. The monkeys 
were observed through a one-way win? 
dow from an adjoining room, and their 
behavior recorded by time-lapse pho? 
tography (one picture every 2 seconds 
for 8 hours daily); the data were ana? 

lyzed with the aid of automation (2). 
Elsa and Lou were the controls. Multi- 
lead electrodes were implanted in the 
head of the caudate nucleus, thalamus, 
central gray, reticular substance, and 
other cerebral areas of Ali and Sarah. 
Two additional subcutaneous leads 
made connections between any cerebral 
contact and a small stimulating device 

strapped to the back of the animal. 
This device is a modified radio receiver 

(3) with a sensitivity of 2 to 4 p.v, and 
it is reliable within a range of several 
hundred feet. Its only function is to 

close a switch to activate a transistor? 
ized stimulator whose output intensity 
is adjusted before the experiments. In 
this way cerebral stimulations are reli? 
able and independent of possible vari? 

ations, such as antenna orientation and 

changes in radio signals. Further tech? 
nical details have been published else- 
where (4). 

Controls were established first with 
the monkey lightly restrained in a 
chair. Each cerebral point was elec- 

trically stimulated; voltage and milli- 

amperage were monitored in an oscil- 

loscope, and bipolar recordings of the 
electrical activity before and immedi? 

ately after the stimulations were ob? 
tained with an eight-channel Grass 

electroencephalograph. None of the 
effects described was accompanied by 
electrical afterdischarges. In all cases 
stimulations were monopolar, unidirec- 

Fig. 2. Elsa, pressing the lever, stimulates by radio the caudate nucleus of Ali (on 
right side of cage), producing behavioral inhibition. Elsa's attitude is significant be? 
cause her attention is directed not to the lever but to Ali. It is unusual for lower-ranking 
monkeys to look straight at the boss of the colony because this evokes retaliation. 
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tional, with exponential fall, 0.5 msec 
of pulse duration, and 100 cy/sec. The 
electrode resistance was about 50,000 
ohms, and intensities up to 4 ma were 
used. 

After stimulation under restraint, Ali 
and Sarah were both released in the 

colony, one wearing a radiostimulator 
and the other a dummy. In both, tele- 
stimulation of the central gray and of 
the posteroventral nucleus of the thal- 
amus evoked antisocial behavior with 
increased chasing, jumping, biting, and 

fighting which was quantified and ana? 

lyzed (2). Stimulation of the caudate 
nucleus induced behavioral inhibition 

(5) and was selected to test possible 
heterostimulation. In Ali and Sarah 
caudate stimulation produced similar 
effects including slight ipsilateral head 

turning, loss of interest in food, and 
inhibition of activities, such as drink? 

ing, taking of pellets, walking, picking, 
self-grooming, and diminution of spon? 
taneous aggressiveness. The latter was 
more impressive in Ali because of his 

greater size and ferocity. Caudate 
stimulation did not modify the behav? 
ioral categories of nestling (two mon? 

keys embracing each other), balling 
(one monkey with head down on 

knees), lying down, or being groomed 
by another. During caudate stimulation 
it was possible to touch the animal 
with one's bare hands, and in this 
manner the monkeys were caught re? 

peatedly. The animals were not com? 

pletely inhibited and on occasion with- 
drew a few steps without attempting to 
retaliate or bite. 

After controls were established a 
lever was attached to the cage. At any 
time any monkey could press this bar, 
which automatically started a tone 
which was followed 2 seconds later by 
a 5-second radiostimulation. Tone and 
stimulation ended simultaneously. In 
the first series of experiments, the tone 
was set at 600 cy/sec, and Ali carried 
the stimulator connected to the caudate 
nucleus for 4 consecutive days. The 
lever was located close to a feeding tray, 
and the first day monkeys exploring the 
area occasionally touched the lever, 

starting the tone-simulation cycle. The 
second day, Elsa pressed the bar 12 

times, while each of the other monkeys, 
including Ali, touched the lever only 
0 to 5 times. On the third and fourth 

days, Elsa pressed the lever 17 and 25 

times, and the other monkeys 0 to 7 

times. Figure 2 shows one example of 
Elsa stimulating Ali (6). After the fourth 
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day, radiostimulation was discontinued, 
but the tone remained connected for 
1 week. The next two recorded lever 

pressings started the tone and produced 
some head-turning and behavioral in? 
hibition in Ali, but extinction appeared 
quickly, and successive tones were not 
effective. The number of lever pressings 
by Elsa diminished to 9 the first day 
and to 1 to 8 per day during the fol? 

lowing 6 days. No evidence of increased 
self-stimulation appeared in these 
studies. Immediately after these experi? 
ments the radiostimulator was attached 
to Sarah for three consecutive days, and 
the tone was changed to 500 cy/sec. For 
each monkey, including Sarah, 0 to 6 

daily lever pressings were recorded with 
no significant increase in the number 
for any animal during the 3 days. 

Curiosity probably was not the cause 
of the increase in lever pressing because 
fewer were recorded on the first than 
on the fourth experimental day. Cor? 
relation with radiostimulation seems 
more probable because lever pressings 
during the third and fourth days were 
more than twice as many as during any 
of the seven extinction days when only 
the tone could be activated. The lever 
was permanently attached to the cage 
and competed for the monkeys' at? 
tention with padlocks and food on the 
floor, swings, and other parts of the 
living quarters. This competition may 
explain the low number of lever press? 
ings, and it makes more significant the 
increased pressing resulting when Ali 
was radiostimulated. Observation of the 

colony and analysis of films showed 
that several times Ali's threatening atti- 
tude was followed by Elsa's lever press? 
ing (6). 

The studies continued with the radio? 
stimulator again strapped on Ali, this 
time connected to a contact in the pos- 
teroventral nucleus of the thalamus, and 
with the tone set at 900 cy/sec. Previ? 
ous radiostimulations of this area had 
increased Ali's aggressiveness. When 
the lever was attached to the cage, it 
was triggered only seven times during 
three consecutive days. Then the lever 
was removed and was actuated by a 
timer once every minute for half an 
hour. After the fourth trial, signs of 

conditioning were evident. At the onset 
of the tone, Ali showed increased ag? 
gressiveness, and the other three mon? 

keys grimaced and climbed to the cage 
ceiling. On several occasions this escape 
reaction to the tone started before Ali 
initiated any threat. Later the stimula- 
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tion was discontinued, and during 30 

trials the tone continued to sound once 

every minute and induced a reaction 
25 times in Elsa, 11 times in Ali, and 7 
times in both Sarah and Lou. This 

experiment was duplicated on three 
different days with results showing 
similar characteristics and indicates that 

conditioning may be established through 
association of the tone with aggressive 
behavior evoked in Ali. In another 
series of investigations, there was no 
individual or social conditioning when 
motor areas were stimulated in Ali and 
in Sarah by radio-timed control. 

Performance of instrumental re? 

sponses may be induced by cerebral 
stimulation and may be conditioned to 

auditory or visual cues (7). The fact 
that 4<spontaneous-like" behavior evoked 

by brain excitation may also be con? 
ditioned to an indifferent stimulus is a 

relatively new finding. These results f 
have been confirmed in further experi? 
ments (8). Behavioral conditioning has 
also been established on a time basis by 

programmed stimulations of the supe? 
rior vestibular nucleus of the thalamus 
without giving the monkey any cue 
other than fixed interval of 1 minute 
between stimulations (9). 

Social conditioning may help in the 

analysis of cerebral stimulation because 
each member of the colony is an in- 

terpreter of the reactions of the stimu? 
lated animal. Heterostimulation pre? 
sents obvious questions about hier- 
archical control, reciprocal punishment, 
instrumental self-defense, and other 

problems related to human behavior 

(10). 
Josi M. R. Delgado 
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Relationship between Nuclear 

Volumes, Chromosome Numbers, 
and Relative Radiosensitivities 

Abstr act. An inverse relationship be? 
tween a volume estimated to be associ? 
ated with interphase chromosomes and 
acute lethal exposure to x- or gamma 
radiation has been found in 16 plant 
species. The apparent differenees in ra? 
diosensitivities found would seem spuri- 
ous, since the estimated average energy 
absorbed in the nucleus per chromo? 
some (3.6 X 106 ev) approaches a con? 
stant (variation less than fourfold) in 

spite of wide ranges of lethal exposures 
(0.6 to 75 kr), of nuclear volumes (43 
to 1758 fi), and of somatic chromo? 
some numbers (6 to 136). The regres? 
sion line obtained can be used io pre- 
dict the radiosensitivities of other plant 
species if their nuclear volumes and 
chromosome numbers are known, 

The radiosensitivity of a species, as 
indicated by degree of growth inhibi? 

tion, is correlated with the average vol? 
ume of interphase nuclei and with 
chromosome number (I, 2). If these 
variables are controlled one at a time, 
an increase in nuclear size with chromo? 
some number constant increases sensi? 

tivity and an increase in chromosome 
number with nuclear volume constant 
decreases sensitivity. Apparently the 
number and size of targets in the nu? 
cleus (excluding the nucleoli) are the 

major factors determining radiosensitiv- 
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