
the present report, a quite different analy- 
sis of the relationship of dose to response 
has been published (8). 

DEWITT STETTEN, JR. 
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28 June 1956 

Activity of Cerebral Neurons 
in the Transition from 
Wakefulness to Sleep 

The transition from wakefulness to 
sleep-whether natural or induced by 
barbiturates-is accompanied by a 
change in the electric activity of the 
brain, which has been classically de- 
scribed as a passage from a "desynchron- 
ized" to a "synchronized" state. Recent 
studies of this change in electric activity, 
by means of microelectrodes (1, 2) ,  have 
shown that it is related to the patterns 
of activity of cortical and thalamic neur- 
ons; synchronization is accompanied by 
a grouping, and desynchronization by 
a lack of grouping, of their action-po- 
tentials. 

On the basis of the time, phase, and 
amplitude characteristics of the grouped 
action potentials, it has been inferred 
(2)  that, in the synchronized state, some 
of the neurons of the diffuse thalamic 
projection system become active in a 
regular sequence, so that a wave of 
activity approaches, reaches, and goes 
beyond the tip of the recording micro- 
elkctrode. - 

- 

This report presents direct evidence, 
obtained by the use of paired microelec- 
trodes, for the sequential character of the 
propagation of impulses during the syn- 
chronized state (3). 

Experiments were performed in cats 
that had been anesthetized with Nem- 
butal. Paired microelectrodes made of 
stainless steel were stereotaxically di- 
rected into the diffusely projecting nuclei 
of the thalamus, and the recording points 
were subsequently checked by histologi- 
cal control - ( 4 ) .  Tracings weie obtained 
through two identical amplification chan- 
nels and a double-beam cathode-ray os- 
cillograph (Fig. 1 ) . 

Figure 2A-G shows a series of groups 
of action potentials (from one complete 
spindle-burst 5) recorded during the syn- 
chronized state from the center median 
of the thalamus, with a transversally di- 
rected pair of microelectrodes. In A, the 
activity reaches first the medial electrode 
and later the lateral electrode, indicat- 
ing propagation in the lateral direction. 
In B. it reaches both electrodes at the 
same time, indicating propagation in a 
direction perpendicular to the plane of 
the electrodes. In C, it reaches first the 
lateral and later the medial electrode, 
indicating a reversal of propagation in 
the medial direction. In  D and E, the 
amplitude of the action potentials in- 
creases considerably, indicating that the 
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Fig. 1. Diagrammatic representation of the microelectrode, amplifier, and cathode-ray 
oscillograph arrangement and of the time relationships that should obtain between groups 
of action potentials recorded on two tracings, if activity is propagated in the direction 
of the arrow. ( As/At =velocity of propagation.) 

Fig. 2. Successive groups of action poten- 
tials (from a complete "spindle-burst" 
developing at 7 cy/sec) recorded from 
the center median, with one pair of micro- 
electrodes, directed medio-laterally. Tips 
of microelectrodes 4 CL in diameter, 30 p 
apart. Upper tracing in each strip is 
from the lateral electrode, lower tracing 
from the medial electrode. Amplifier 
time constant equals 0.2 sec. upward de- 
flections are negative. Time between 
successive strips equals approximately 
1/7 sec. 

propagating wave of activity is now 
closer to the tips of the microelectrodes. 
In F and G, the wave of activity is again 
more distant and reverses its direction of 
propagation. 

Recordings obtained from other dif- 
fusely projecting nuclei, in other experi- 
ments, with pairs of microelectrodes 
separated by 30 to 100 CL, directed either 
in the medio-lateral or the antero-pos- 
terior plane, show very similar patterns 
of propagation. The following conclu- 
sions can be drawn from these observa- 
tions. 

1) The transition of the electric ac- 
tivity of the brain from the desynchron- 
ized to the synchronized state is related 
to the appearance, in the diffuse thalamic 
projection system, of waves of activity 
propagated sequentially from neuron to 
neuron. 

2) The changes and reversals in the 
direction of propagation of the wave of 
activity (that is, from medio-lateral, to 
antero-posterior then to latero-medial, 
and so on) indicate that the latter goes 
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I ) a ~ kand forth, through, and around the. 
recording site, which suggests some kind 
of "reverberation," although the exact 
geometric pattern of the pathway and its 
dinlensions could not be deterrr~ined at  
this stage of the investigation. 

3 )  Since the distance between the tips 
of the microelectrodes is known, the ve- 
locity of propagation can be estimated 
by measuring the time that the "wave- 
front" takes to travel from one tip to the 
other. I t  has been found in these experi- 
ments that the order of magnitude of the 
velocity of propagation is 0.5 to 5 
mm/sec. 

M. VERZEANO 
Department of Biophysics, University 
of California, Los Angeles 
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Selective Action of Pentobarbital 
on Component Behaviors of a 
Reinforcement Schedule 

Dews ( I )  has shown that the effects of 
sodium pentobarbital on a learned re-
sponse in pigeons depend critically on the 
schedule of reinforcement used to main- 
tain the response. Behavior under a fixed- 
interval reinforcement schedule (that is, 
after a fixed period of time, the first 
occurrence of some arbitrarily selected 
response makes food accessible to the 
subject for a brief period) shows great 
sensitivity to sodium pentobarbital. Dif- 
felent subanesthetic dosages produce a 
variety of changes, including both a de-
pressive and an excitatory effect. On  thc 
other hand, behavior under a fixed-ratio 
reinforcement schedule (that is, food iu 
presented after everv nth occurrence of 
the response) is resistant to the drug. 
With this schedule of reinforcement, dos- 
ages approaching the anesthetic level are 
required to produce any change in the 
rate of emission of the response under 
observation. 

The differential reaction of differently 
maintained behavior to sodium pentobar- 
bital is here further investigated ( 2 ) .  
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A :  FIXED INTERVAL; NO DRUG 
A,: FIXED INTERVAL; SODIUM PENTOBARBITAL 
B: 	 FIXED RATIO; NO DRUG 
C: 	 TANDEM FIXED INTERVAL FlXED RATI0;NO DRUG 

CI: 	 TANDEM FlXED INTERVAL FlXED RATIO; SODIUM 
PENTOBARBITAL 
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Fig. 1. Cuniulative response curves showing the effects of sodium pcntobarbital on be- 
havior maintained hy fixed-interval and tandem schedules of ieinforcement. 

Two food-deprived pigeons were used, 
and the response was pecking an illurni- 
nated disk. The reinforcement was brief 
access to food. The experimental appa- 
ratus has been described by Ferster ( 3 ) .  

The schi~dule of reinforcement used in 
this experiment is one that combines cer- 
tain features of both fixed-interval and 
fixed-ratio schedules. The pigeon is rein- 
forced after 10 min, but for the 13th re- 
sponse after 10 min, instead of the 1st 
response after 10 min (as in an ordinary 
10-min fixed interval). This schedule is 
designated as a tandem: fixed interval of 
10 min, fixed ratio of 12 responses ( 4 ) .  

The brhavior resulting from the tan- 
dem schedule is similar to behavior under 
fixed-interval reinforcement, in that the 
animal's response rate increases as the 
end of the 10-min period approaches. 
The behavior shows the effect of the 
fixed-ratio component in the relatively 
high rates of response that occur. 

Figure 1 shows sample cumulative rec- 
ords for fixed-interval, fixed-ratio, and 
tandem schedules of reinforcement, in 
A ,  B, and C, respectively. Cumulated 
number of responses is along the ordinate; 
time is along the abscissa. A shows a rec- 
ord for a 10-min fixed interval. Five suc- 
cessive 10-min intervals are shown. The 
pen is reset to the bottom of the record 
after each reinforcement. The tvnical 

/ A  

characteristics of each fixed-interval per- 
formance are the initial period of no re- 
sponding and the subsequent positive ac- 
celeration in the curve ur, to a terminal 
rate of about two responses per second. 
H shows records for a fixed ratio of 25 
responses. The short diagonal strokes to 
the rieht of the record indicate reinforce- u 

ments. The rate here is four to five re- 

sponscs per second and there are no 
pauses. In C ,  a sample record for a tan- 
dem (fixed interval of 10 min, fixed ratio 
of 12 responses) is shown. There are 
again five successive intervals, the pen 
being reset after each reinforcement. Al- 
though the performance here retains the 
positive curvature of the ordinary fixed 
interval, it can be seen that the over-all 
rate of response is much higher than in 
the ordinary fixed interval and that there 
is some tendency for short groups of re- 
sponses at high rates to occur. Both of 
these differences from ordinary fixed-in- 
terval performance can be attributed to 
the presence in the tandem schedule of 
the small fixed-ratio component. 

The  effect on the fixed-interval per-
formance of 2 mg of sodium pentobarbi- 
tal, injected intramuscularly 5 min before 
the start of the record, is shown in Al .  
The effect is clearly one of depression, 
even though casual observation of the 
pigeon's general activity would not re-
veal any disturbance. The second interval 
in A1 contained only one response, the 
reset of the pen is therefore absent for 
this interval. The first and third intervals 
exemplify another frequently observed 
effect of pentobarbital, in addition to the 
depression. In these two intervals, the re- 
sponse curve did not show the positive 
acceleration that is typical of normal 
fixrd-interval performance. 

C1 shows the tandem performance 5 
min after the intramuscular injection of 
4 mg of sodium pentobarbital. The drug 
h ~ saqain resulted in an over-all depres- 
sion of responding. There is, in addition, 
no evidence of positive curvature in each 
interval and almost all low or intermedi- 
ate rates of response have disappeared. 


