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Modification of Electric Activity 
in Cochlear Nucleus during 
"Attention" in Unanesthetized Cats 

Attention involves the selective aware- 
ness of certain sensory messages with the 
simultaneous suppression of others. Our 
sense organs are activated by a great 
variety of sensory stimuli, but relatively 
few evoke conscious sensation at any 
given moment. I t  is common experience 
that there is a pronounced reduction of 
extraneous sensory awareness when our 
attention is concentrated on some par- 
ticular matter. During the attentive state, 
it seems as though the brain integrates for 
consciousness only a limited amount of 
sensory information, specifically, those 
impulses concerned with the object of 
attention. 

An interference with impulses initiated 

by sensory stimuli other than those per- 
taining to the subject of attention seems 
to be an obvious possibility. It is clear 
that this afferent blockade might occur at 
any point along the classical sensory path- 
ways from receptors to the cortical re- 
ceiving areas, or else perhaps in the re- 
cently disclosed extraclassical sensory 
paths that traverse the brain-stem reticu- 
lar system (I ) .  

Recent evidence indicates the existence 
of central mechanisms that regulate sen- 
sory transmission. I t  has been shown that 
appropriate stimulation of the brain-stem 
reticular system will inhibit afferent con- 
duction between the first- and second- 
order neurons in all three principal so- 
matic paths (2-4). During central 
anesthesia, the afferent-evoked potentials 
in the first sensory relays are enhanced. 
This appears to be due to the release of 
a tonic descending inhibitory influence 
that operates during wakefulness and re- 
quires the functional integrity of the 
brain-stem reticular formation. 

The possibility that a selective central 
inhibitory mechanism might operate 
during attention for filtering sensory 
impulses was tested by studying (5) 
afferent transmission in the second- or 
third-order neurons of the auditory path- 
way (cochlear nucleus) .in unanesthe- 
tized, unrestrained cats during experi- 
mentally elicited attentive behavior. 
Bipolar stainless steel electrodes with a 
total diameter of 0.5 mm were implanted 
stereotaxically in the dorsal cochlear nu- 
cleus through a small hole bored in the 
skull. The electrode was fixed to the skull 
with dental cement. A minimum of 1 
week elapsed between the operation and 
the first electroencephalographic record- 
ings. Electric impulses in the form of 
short bursts of rectangular waves (0.01 to 
0.02 sec) at a frequency of 1000 to 5000 
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Fig. 1. Direct recording of 
click responses in the coch- 
lear nucleus during three 
periods ; the photographs 
were taken simultaneously. 
(Top and bottom) Cat is _ relaxed; the click responses 
are large. (Middle) While 
the cat is visually attentive 
to the mice in the jar, the 
click responses are dimin- 
ished in amplitude. 

- 
0.5 SEC. 

Fig. 2. Click responses recorded from the 
cochlear nucleus of the cat. (Top) cat is 
relaxed; (middle) cat is attentively sniff- 
ing an olfactory stimulus; (bottom) cat is 
relaxed again. Note the reduced amplitude 
of the click responses when the animal is 
sniffing. 

cy/sec were delivered to a loudspeaker 
near the cats at an intensity comfortable 
to human observers in the same environ- 
ment. 

Three types of sensory modalities were 
used to attract the animal's attention: 
visual, olfactory, and somatic. As is illus- 
trated in Fig. 1, during presentation of 
visual stimuli (two mice in a closed bot- 
tle), the auditory responses in the coch- 
lear nucleus were greatly reduced in 
comparison with the control responses; 
they were practica'lly abolished as long as 
the visual stimuli elicited behavioral evi- 
dence of attention. When the mice were 
removed, the auditory responses returned 
to the same order of magnitude as the 
initial controls. An olfactory stimulus that 
attracted the animal's attention produced 
a similar blocking effect. While the cat 
was attentively sniffing tubing through 
which fish odors were being delivered, the 
auditory potential in the cochclear nu- 
cleus was practically absent (Fig. 2).  
After the stimulus had been removed 
and when the cat appeared to be relaxed 
once more, the auditorily evoked re- 
sponses in the cochclear nucleus were of 
the same magnitude as they had been 
prior to the olfactory stimulation. Simi- 
larly, a nociceptive shock delivered to the 
forepaw of the cat-a shock that appar- 
ently distracted the animal's attention- 
resulted in marked reduction of auditor- 
ily evoked responses in the cochlear 
nucleus. 

If this sensory inhibition during atten- 
tive behavior, as demonstrated in the 
auditory pathway, occurs in all other sen- 
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sory paths except the ones concerned rvith 
the object of attention, such an inhibitory 
mechanism might lead to favoring of the 
attended object by the selective exclusion 
of incoming signals. I t  is conceivable not 
only that such a selective scnsory inhibi- 
tion might operate simultaneously for 
various scnsory modalities, leaving one or 
more unaffected but that the selectivity 
could extend to somc discriminable as-
pects of any single modality-for exam-
ple, to one tone and not to others. This 
suggestion finds support in the recent 
demonstration that sensory "habitua-
tion" may occur to a particular tone-
that is, a slo~c-ly developing inhibitory 
effect on auditorily evoked poten!ials ob-
served in the cochlcar nucleus on pro-
longed repetition of a given tone, an in- 
fluence that does not affect othcr fre-
quencies that are novel to the animal ( 6 ) .  
The  pathway by which this inhibitor) 
influence acts on incoming auditor) im-
pulses remains to be determined, but ex- 
periments now in progress have s h o r ~ n  
that during electric stimulation of the 
midbrain reticular formation, the audi- 
t o ~ y  potential in the cochlear nucleus 
is depressed ( 7 ) .  

T h e  present obse~vations suggest that 
thc blocking of afferent imp~~lses  in the 
l o ~ l e r  portions of a scnsoly path ma) be 
a mechanism \\,hereby sensor\ stimuli 
out of the scope of attention can be 
rnarlcedly reduced ~c~hi le  they are still in 
their trajectory to~vard higher levels of 
the central nervous systcm. This ccntral 
inhibitory mechanism may, therefore, 
play an important role in selective exclu- 
sion of scnsory messages along their pas- 
sage to~c-ard mechanisms of perception 
and consciousness. I n  a recent sympoiium 
on brain mechanisms and conqciouaneii, 
Adrian pointed out that "the aignalq from 
thc sense organs must be treated differ-
ently when we attend to them and \\hen 
we do not, and if we could decide rjhcre 
and how the divergence arises we ihould 
be nearer to understanding h o ~ v  the level 
of consciouqness is reached" ( 8 ) .  
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Effect of Barbiturates 
on Acetylation 

Several different groups of investiga-
tors have recently attempted to demon- 
stratr a biochemical action of barbitu-
rate? and othcr ccntral nervous systcm 
depressants. After RIcLennan and Elliott 
(1) showed that acetylcholine synthesis 
hy brain slices ~c-as inhibitcd by these 
agents, interest focused on the study of 
acetylation reactions gene~ally, either in 
tissue slices or in relatively purificd en-
zyme systems. The results of these stud- 
ies, her\ evcr, have been distinctly at 
variance with one another so that it has 
not been possible to draw any clear con- 
clusions other than that the experimental 
methods offered some unseen difficulties 
(2-4) .  Experiments carried out in this 
laboratory may shed somc light on this 
problem. 

The  acetylation systcm that ~c-as stud-
ied was that described by Kaplan and 
Lipmann-namely, the acetylation of 
arylamines by a pigeon liver enzyme in 
the presence of adenosine triphosphate 
( A T P )  and coenzyme A (coA) ( 5 ) .  
Both the crude coA and purified coA 
were used (Nutritional Biochemicals and 
Pabst Laboratories, 300 units/mg, 75 
percent purc j . The analytic procedure 
for sulfanilamide xvas that of Bratton 
and RIarshall ( 6 ) ,  using a photoelectric 
colorimeter. Similar results were obtainrd 
from the LISC of the pure and the crude 
coA preparations. 

Purified co.4 \\.as stable rc-hen it rt7as 
kept cold and dry, but aqueous solutions 
rapidly lost their activity, presumably 
through oxidation. By dissolving the coA 
in 1.0M cysteine at pFI 6.8, flushing the 
vessel with nitrogen, and storing in the 
freezing chamber of a refrigerator, it was 
possible to keep the coA solution active 
for 1 to 2 \reeks. 

The  effect of various barbiturates on 
this "pure" acetylating system can bi. 
seen in Fig. 1. All the barhituric acid 
derivatives uscd inhibit acetylation, the 
amount of inhibition being related to the 
concentration of the drugs. The  concen- 
trations uscd included the range achieved 
pharmacologically in the use of these 
agents as anrsthetics. One of the drugs 
Jvas a convulsant barbiturate, 1,3-di-

methylbutyl barbituric acid (7).and it 
too inhibits acetylation. Also tested Lvcre 
MC 1415 (2,2-diethyl-1,3-propanediol) 
and MC 2973 (2,2-diethyl-1,4-buianediol 
( 8 ) .  Neither of these substances pro-
duces any significant inhibition of acctyl- 
ation. 

\Vith respect to the mechanism of in-
hibition, addition of extra purified coA 
will alleviate the inhibition, but addition 
of extra ATP to the incubating mixture 
\\-ill not (Table 1j . Addition of magne-
sium ions increases the inhibition by bar- 
biturates rather markedl!., perhaps by 
activating some residual ATPase, which 
may still contaminate the enzyme prepa- 
ration. When the enzyme systcm from 
liver is further fractionated, it has bern 
shown that it is stimulated, rather than 
inhibitcd, by magnesium ( 9 ) .  

The  results presented, in agrt.i>lrrcmt 

Table 1. Effect of coA and .ZTP on inhi- 
bition of acetylation by phrnobarbital. 

Pheno-
coA .4TP bar- Acety- Inhi-

(units) (pmole) bital latlon bition 

( 10 ' 3 4 )  ( % )  ( ( 4 )  

Eyperinzent I 
0 4 0 0 
1.5 4 0 64.8 
1.5 4 1 50.0 11 8 
3.0 4 0 75.1 
3.0 4 1 73 6 2 0 

Fig. 1. Each value represrnts the ac-crage 
of duplicate determinations. Contents of 
each tube included 4 pmole of ATP, 0.4 
,&mole of sulfanilamide, 25 umole of 
sodium acetate, 20 pmole of sodium cit- 
rate, 10 ymole of cysteine, 150 urnole of 
tris buffer at pH 8.3, 0.25 ml of aged 
rnzyme solution, and 1.2 units of coA. 
Total volume 1.0 ml; incubated for 2 
hours at 37'C. A ,  thiopental; B, 1,3-di-
methylbutyl ethyl barbituric acid; C, 
he no barbital; D, pentobarbital; E, amo-

barbital; F, MC1415; G, MC2973. 


