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BRENNER, E. AND M. MIRMIRAN. Event related potentials recorded from rats performing a reaction-time task. 
PHYSIOL BEHAV 44(2) 241-245, 1988.--We recorded evoked potentials during performance of a reaction-time task, in 
which rats had to release a lever quickly in response to either a visual or an auditory stimulus for a food reward. We found 
two distinct peaks in their cortical evoked potentials. The first peak appeared at a fixed time after the stimulus, irrespective 
of the time it took the rat to release the lever. Its amplitude decreased with increasing reaction time. The second peak's 
latency was always longer when the rat took more time to release the lever, but its amplitude did not change. We believe 
that the first peak's amplitude is determined by the rat's "attention" to the stimulus, whereas the second peak's latency is 
related to the rat's "intention" to release the lever. 
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SENSORY processing is believed to consist of two stages. 
First, a "preattentive" stage in which sorting of sensory input 
occurs simultaneously for several features. Second, an "at- 
tentive" stage in which features are examined serially. These 
two stages can be demonstrated using textures embedded in 
larger similar textures. If the two textures differ in certain 
properties (e.g., colour), the embedded texture is seen di- 
rectly. However, for other properties one has to examine the 
stimulus carefully before one can detect the embedded pat- 
tern (8,10). This requires an active search, usually by moving 
one 's  eyes. Such results have been quantified by determining 
changes in human reaction times with increasing numbers of 
items for qualitatively different stimuli (4). 

Hillyard (7) demonstrated that "at tent ion" affects the 
amplitude of human sensory evoked potentials. When sub- 
jects were instructed to attend to either one of two stimuli, 
the response evoked by that stimulus was greater than that 
evoked by the other. As the latency did not change (changes 
in latency are found when manipulating the ease with which 
the stimulus is discriminated), and as the stimuli were easy to 
detect, it is unlikely that the serial stage of sensory process- 
ing was involved. This suggests that the "preattentive" stage 
is also affected by changes in attention. 

In a previous study we trained rats to press a lever in re- 
sponse to a visual stimulus (1,3). We found visual evoked 
potentials that increased in amplitude when performance im- 
proved; i.e, as the rat started selectively attending to the 
relevant cues. The response did not depend on the intensity 
of the stimulus. Similarly to the above-mentioned results for 
human subjects, only the peaks' amplitudes changed; their 
latencies remained unaffected. We could not be sure that the 
increase in amplitude was not simply due to the rat chosing a 
more strategic position for observing the stimulus or a more 
appropriate orientation of its eyes. To decrease this problem 
in the present study, we trained rats to hold down the lever 
until the stimulus was presented, and then to respond to the 

stimulus very quickly (2). In this way we can be certain both 
of the rat's position and of its attention to the stimulus. Fur- 
thermore, we also tested the rats with an auditory stimulus, 
in which case their precise orientation is less crucial. 
Assuming that fluctuations in the rats' response rates are 
partly due to fluctuations in attention (9), we examined 
whether there were any systematic differences between 
peaks in the sensory evoked potential for different reaction 
times. With this we hope to have a direct method of studying 
sensory attention in rats. 

By averaging many periods of brain potential at each 
temporal relationship with a stimulus, all fluctuations related 
directly to stimulus detection maintain their amplitude, 
whereas the amplitude of unrelated fluctuations decreases 
with the number of periods that are averaged. Although we 
averaged in relation to the stimulus, this was done separately 
for different behavioural response latencies, so that response 
related fluctuations in the evoked potential could also be 
expected. 

METHOD 

We recorded brain potentials of six mildly food deprived 
male Brown Norway rats performing a reaction-time task for 
a food reward. For electrode implantation rats were 
anaesthetised with 0.15 ml Hypnorm (fentanyl; Duphar 
B.V.). Brain potentials were recorded differentially between 
stainless steel screws (0.75 mm diameter) implanted above 
the right occipital (3 mm anterior to lambda and 3 mm lateral 
to the sagittal sinus) and right frontal cortices (2 mm anterior 
to bregma and 1 mm lateral to the sagittal sinus). Interfer- 
ence by muscle potentials--especially during chewing--was 
reduced by attaching a ring of uninsulated wire to the skull 
around the socket and grounding this wire via the connector 
during recordings. We have previously shown that this 
allows us to record from freely moving rats while they are 
performing a behavioural task (1,3). 

241 



242 BRENNER AND MIRMIRAN 

L i ght 

j" 
f 

SOOms 

B N u m b e r  o f  o c c u r r e n c e s  

?O0-  

• 6 0 0 -  
o 

SO0 - 

~ 4 0 0 -  

c 

3 0 0  - 

2 0 O  

1 0 0  

o • L i g h t  ~ • T o n e  

0 . 7 4  

• 

J A  • 

d 
200  

tOO 2 0 0  3 0 0  4 0 0  SO0 100 200 300  400  SO0 

L a t e n c w  o f  b e h a v i o u r a l  r e s p o n s e  L a t e n c y  o f  b e h a v i o u r a l  C e s p o n s e  

o ~a~ 0 . 0 2  

FIG. 1. Data are shown lot one of the six rats. (A) Visual evoked potentials tor be- 
havioural response latencies falling into consecutive 10 msec response latency 
categories (bottom trace=shortest latency). Dashed line shows stimulus onset. Down- 
ward deflection indicates positivity of the occipital screw. The decline in the amplitude 
of the first peak as the behavioural latency increases is clearly visible. (B) Distribution 
of the latencies of the behavioural response. (C) Relationship between the latency of 
the behavioural response and that of the two peaks in the evoked potential (open and 
filled symbols; both latencies in msec). Responses later than 400 msec after stimulus 
onset are not rewarded (dotted vertical line). Dashed lines are drawn through the 
results for visual stimulation (circles). The second peak (filled symbols) clearly shifts 
with behavioural performance, but the slope is clearly below one (0.74). 

The recording equipment has been described in more de- 
tail in a previous paper (3). Relevant to this study is the fact 
that recordings took place under subdued light (5 cd/m) in a 
shielded box with a lever, 3 standard green 5 mm light emit- 
ting diodes (visual stimulus) above this lever, a loudspeaker 
(auditory stimulus) well above the light emitting diodes, and 
a feeder for rewarding the rats with food pellets. All stimula- 
tion, analysis of behavioural performance, rewarding of ap- 
propriate responses, brain potential acquisition and selective 
averaging was regulated automatically be a computer. We 
recorded for 1 sec before and 1 sec after stimulus onset, at a 
sampling rate of 1 kHz (bandpass f'dtered at 0.1-1000 Hz). 
Stimulus onset was determined to the nearest msec, and be- 
havioural response latencies were divided into 10 msec time 
bins. Potentials were averaged separately for each time bin 
of behavioural response, so that both peaks related to the 
stimulus and peaks related to the response could be ex- 
pected. 

Rats started each trial by pressing the lever. A tone (1.35 
kHz; 75 dB) sounded whenever the lever was pressed down 
far enough. The lever had to be held down until a stimulus 
appeared, which occurred after an interval that varied at 
random between 2 and 6 seconds from the beginning of the 
trial. If the lever was then released within 400 msec, the rat 
was rewarded with a food pellet. In order to avoid possible 
electrocortical responses to the disappearance of the 
stimulus, the stimulus always remained ON until acquisition 
of  the brain potential was completed. For the same reason, 
releasing the lever did not terminate the tone which indicated 

that the lever was being held down during the second after 
stimulus onset. 

All 6 rats were first tested with the first visual stimulus. 
Four of these rats were then tested using a change in pitch of 
the tone (from 1.35 to 3 kHz) as the stimulus. Two rats that 
had been tested with this auditory stimulation were later 
subjected to two more short tests. In the first test, they were 
subjected to the same change in tone, but it now had no 
relevance to food reward. In the second test, the rats were 
trained to hold down the lever for at least 1 sec, and then to 
release it although no stimulus appeared. 

For each stimulus modality, rats were tested until they 
had made at least 4000 adequate behavioural responses. 
This usually took about 25 sessions, with rats obtaining 
150--200 food pellets per session. In order to follow how peak 
latencies shift with changes in behavioural performance, we 
shifted the sweeps (see Fig. IA) along the time axis until we 
found the best fit for each peak (see Fig. 3 for the second 
peak). We then used the amount by which each sweep was 
shifted to determine the shift in peak latency. In practice, 
each peak's latency was first determined in a smoothed ver- 
sion of the average evoked potential at the modal be- 
havioural response time (for each rat). A section of the 
evoked potential at the modal response time that included 
the peak was then fit to the average response at all other 
behavioural latencies (i.e., all other sweeps). A least squares 
procedure was used to find the best fit, with sections being 
shifted along the time axis and being adjusted to the optimal 
offset for the potential. The actual peak latencies were then 
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T A B L E  1 

LATENCY AND AMPLITUDE OF THE TWO PEAKS IN THE EVOKED 
POTENTIAL FOR BEHAVIOURAL RESPONSES AT 300 msec AFTER 

STIMULUS ONSET (MEAN-+SD) 

Number 
Stimulus of Rats First Peak Second Peak 

Latency (msec) 
Visual 6 96 - 7 414 _+ 58 
Auditory 4 140 _+ 18 369 _+ 71 

Amplitude (/zV) 
Visual 6 21 -+ 9 68 _+ 22 
Auditory 4 24 _+ 2 69 _+ 15 

calculated f rom the peak determined for the modal  be- 
havioural  latency and the relat ive shift in posit ion on the t ime 
axis that gave the best fit. Slopes in the relat ionship be tween  
each  peak in the evoked  potential  and behavioural  perform- 
ance were  determined by linear regression including all val- 
ues at behavioural  latencies which occurred  at least 100 
times.  The  figures also only include averages  of  at least 100 
sweeps.  Ampl i tudes  were  determined relative to the average 
potent ial  during the last 100 msec before stimulus onset.  
Changes  in ampli tude with f luctuations in behavioural  per- 
fo rmance  were  determined by linear regression ( in /xV per  
msec).  

For  each  rat, the relationships be tween  behavioural  per- 
fo rmance  and peak latencies  and ampli tudes were  deter- 
mined (see previous paragraph and Fig. 1). The  " s l o p e s "  of  
these relationships and the values calculated for a be- 
havioural  latency of  300 msec were used for fur ther  evalua-  
tion. One-tai led t-tests were  used to determine  whe ther  peak 
latencies  increased and whe ther  peak ampli tudes decreased 
with increasing behavioural  la tency;  i.e.,  whether  the differ- 
ent  s lopes found within our  group of  rats devia ted  signifi- 
cantly f rom zero.  For  the second peak,  two-tai led t-tests 
were  used to de te rmine  whe the r  there  was a di rect  rela- 
tionship be tween behavioural  and peak latencies; i.e., whether  
the slope was significantly larger or  smaller than one. 

RESULTS 

We found two reproducible  posi t ive peaks in the evoked  
potential  (Fig. 1; Table  1). The  first had a latency of  about  
90-100 msec for visual stimuli and 120-160 msec for audi tory 
stimuli. The latency did not  shift significantly with be- 
havioural  per formance  for visual st imulation,  but  did do so 
for  audi tory stimulation. The ampli tude decreased  signifi- 
cantly with increasing behavioura l  react ion t ime for visual 
st imulation,  and jus t  failed to do so for the auditory stimulus 
(Table 2). The  change in ampli tude with behavioural  per- 
formance  (the slope) was not  significantly different  for the 
two modali t ies.  As previous ly  found for the visual stimulus, 
the audi tory stimulus also failed to produce  a detectable  
evoked  potential  when it was not  related to the task (Fig. 2). 
The  second peak ' s  la tency var ied with behavioural  perform- 
ance.  Its ampli tude did not  change significantly, nor  were  
there significant differences be tween  the test  si tuations.  Fur-  
thermore ,  this peak could be found when the rats were  
trained to per form the same behavioural  " r e s p o n s e "  in the 
absence  o f  st imulus (Fig. 2). 

T A B L E  2 

CHANGES IN LATENCY AND AMPLITUDE OF THE TWO PEAKS IN 
THE EVOKED POTENTIAL PER msec INCREASE IN THE LATENCY 

OF THE BEHAVIOURAL RESPONSE (MEAN-+SD) 

Stimulus Rats First Peak Second Peak 

Latency 
(msec/msec) 

Visual 6 0.05 +_ 0.07 0.69 -+ 0.16:~ 
Auditory 4 0.23 _+ 0.10t 0.64 _+ 0.24t 

Amplitude 
(~V/msec) 

Visual 6 -0.05 -+ 0.04* 0.02 +- 0.15 
Auditory 4 -0.03 -+ 0.03 0.00 +_ 0.14 

Increase in peak latency and decrease in amplitude with increas- 
ing behavioural latency: *p<0.05, tp<0.01, ~p<0.005 (deviation 
from zero). 
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FIG. 2. Responses to the tone when not performing the task (first 
and third plot) and to releasing the lever after holding it down for at 
least one second (no stimulus; second and fourth plot). The dashed 
line indicates the moment the tone changes (from 1.35 to 3 kHz) and 
the moment that the lever is released. Each plot is based on about 
800 recordings. The first two plots are for the rat of Fig. 1. The last 
two are for another rat. The change in tone gave no response when 
unrelated to the task. Only the second peak we had found in the 
presence of a stimulus was evident in response to releasing the lever 
without a stimulus. 
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FIG. 3. Reproducibility of the second peak. Evoked potentials at 
different behavioural latencies superimposed so that they are syn- 
chronous with respect to the second peak. Note that the first peaks 
are not superimposed, because the whole evoked potentials were 
shifted along the time axis to synchronize the second peak. The 
stimulus is not shown because it is obviously also at a different posi- 
tion for each trace. The top plot is for the rat of Fig. 1. Each of the 
other plots is for a different rat. 

DISCUSSION 

We found two distinct peaks in our task-related poten- 
tials. The first peak was different for the two stimulus mo- 
dalities and was absent when no stimulus was presented. It 
was also absent when the stimulus was presented, but the 
latter was irrelevant to the task. In that case the rat 
presumably paid no attention to the stimulus. This does not 
mean that such responses may not be found at other sites (5) 
or in response to other, stronger stimuli [e.g., the flash 
evoked potential recorded from the same sites in our previ- 
ous study; (3)]. In our previous study (3) we demonstrated 
that this peak is picked up by the occipital screw. 

The first peak's latency increases slightly with be- 
havioural response latency for auditory stimuli, but does so 
very modestly--if  at all--for visual stimulation. The increase 
in the peak's latency for auditory stimulation mainly occurs 
at low behavioural response latencies (e.g., open triangles in 
Fig. 1), making it difficult to interpret. It may be related to 

recognition of the tone. It is worth taking note of the fact that 
the visual stimulus consists of light onset whereas the audi- 
tory stimulus is a change in tone. In the latter case a distinc- 
tion has to be made. The reduction in latency at the fastest 
response rates may somehow be related to the time taken to 
make this distinction (11). 

The amplitude of the first peak in our evoked potentials is 
smaller when the rat is slow to respond than when the rat 
responds quickly. This confirms that although early stages of 
sensory analysis take a certain amount of time, the extent to 
which such analysis is allowed to take place may differ from 
time to time. The variations in the extent of the response 
suggest that part of the fluctuation may be accounted for by 
changes in sensory attention. However, the variations were 
rather modest, and were not significant for the auditory 
stimulation. For the visual stimulus alone, the effect was not 
large enough to exlude the possibility that the fluctuations in 
response amplitude result from the rat's orientation; particu- 
larly that of its eyes. However, the volume and source of the 
auditory stimuli, within the closed space in which testing 
occurred, make it unlikely that orientation affects the re- 
sponse to auditory stimulation. When the auditory stimulus 
was presented independently of the task, no evoked poten- 
tial was observed at all. We believe that attention does affect 
this peak, but that quite a high level of attention is necessary 
for performing this task at all, so that the fluctuations we find 
are quite small. Despite this, we consider this technique suit- 
able for comparing evoked potentials under conditions which 
affect the response (e.g., drug treatment), and hope it will 
help us in determining what aspect of performance is de- 
layed. 

For the second peak we find quite a different picture. This 
peak does not depend on the stimulus modality. Moreover, it 
can be found when no stimulus is presented, by averaging the 
brain potential in relation to the moment the lever is re- 
leased. Its latency always shifts with the latency of the be- 
havioural response, while its amplitude never does. 
Superimposing evoked potentials for different behavioural 
latencies in such a way that they are synchronized relative to 
the second peak (Fig. 3), clearly demonstrates the peak's 
reproducibility, allowing us to exclude the possibility that 
the peak is built up of several components with different 
relationships to the stimulus and the behavioural response. 
Although we have no evidence of the origin of the second 
peak, its relationship with the response suggests that it may 
depend on activity in the frontal area. 

As the peaks and the behavioural latencies are presented 
on the same time scale, the slopes we find can give us direct 
estimates of the contribution of the processes underlying the 
peaks to the latency of the response. To begin with, the 
second peak cannot be a response to the movements re- 
quired for releasing the lever, because its latency does not 
increase to the same extent as does the behavioural response 
latency. Although the slope was significantly above zero, it 
was significantly below one, both for visual (p<0.005) and 
auditory (,o<0.05) stimulation. Its reproducibility and the 
fact that its latency does not shift fully with the behavioural 
response suggest that it reflects an "intention,"  rather than a 
direct command of the required muscles. The rest of the 
increase in reaction time must originate after the processes 
underlying this peak. Possibly they are related to the rat 's 
not being in an ideal position for performing the response 
Note that we do not measure movement onset, but use the 
moment that the lever is release as our measure of be- 
havioural response latency [see (6)]. 
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When drugs affect performance in behavioural tests, it is 
usually difficult to determine which aspects of information 
processing are delayed. By not only measuring changes in 
reaction time, but also examining how peaks in the evoked 
potentials related to these reaction times fluctuate with per- 
formance, we hope to be able to distinguish between drug 
effects on early sensory processes or sensory attention (la- 

tency and amplitude of the first peak), brain processes in- 
volved in determining the appropriate response (shift in sec- 
ond peak), or more peripheral aspects of the performance 
itself(shift in reaction time with no corresponding shift in the 
peaks). We are at present examining whether this method 
can really be of help in specifying the stage at which drugs 
affect performance. 
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