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Neural substrates of warning effect: a functional

MRI study
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Introduction
Motor response reaction times towards a target decrease when presentation is

preceded by a stimulus indicating that the target will appear shortly (warning stimulus). This
decrement of reaction times is called as warning effect. This effect is seen even if the warning
stimulus conveys no information about the nature of the imperative stimulus or the required
responses (Hackley and Valle-Inclan, 2003).

Previous behavioral, electrophysiological and neuroimaging studies have suggested
that the warning effect triggers the phasic alertness and the facilitation of the early stage of
motor processing (Hackley and Valle-Inclan, 2003; Raz and Buhle, 2006; Kinomura et al.,
1996).

In terms of the aleriness, previous imaging studies have suggested that tonic
(intrinsic) alerting networks include the midbrain-thalamic-anterior cingulated cortex (ACC)
system irrespective of stimulus modality (Kinomura et al., 1996; Paus et al., 1997). Previous
studies have also implied that the phasic alerting network includes the
midbrain-thalamic-ACC system (Fan et al., 2005), but it’s unknown whether this system is
active irrespective of stimulus modality in not only tonic but also phasic alertness.

To clarify this point, he used functional magnetic resonance imaging (fMRI) to depict
the neural substrates of this warning effect during visual and auditory Go/NoGo tasks
incorporating warning stimuli. He hypothesized that the waming stimuli activate the
midbrain-thalamic-ACC alertness system irrespective of stimulus modality, and the areas
which are related to early stage of motor processing such as pre-supplementary motor area
(pre-SMA). |

Methods

Fifteen subjects completed a visual Go/NoGo task, and 12 completed an analogous
task in the auditory modality. After a variable-duration warning stimulus was presented, a Go
or NoGo cue was presented with equal probability. When a Go cue was presented, subjects
had to respond as rapidly as possible by pressing a button. When a NoGo cue was presented,
subjects were required not to respond. All images were acquired using a 3T MR scanner and
analyzed using statistic parametric mapping (SPMS5). After the preprocessing of the data, he
conducted following analyses: (1) the delineation of the areas that were related to the onset of
the warning period, (2) the comparison of Go-NoGo, (3) the parametric modulation of
warning condition using the reaction time of successive Go trial to obtain the warning related
activation correlated with these reaction times (4) the comparison of divided warning
conditions which were grouped by the reaction time of successive Go trials.

Because present fMRI experiments did not include a control .condition without
‘warning stimuli due to the time limitation, it is unclear whether the warning effect was exerted
during the scan session. To confirm this point, additional 24 subjects of other group
participated the preliminary psychological testing which examined the difference of reaction
time between the task with warning stimuli and without warning stimuli. These tasks were
identical to the Go/NoGo task during the fMRI scan session, except for the presence or
absence of warning stimuli.
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Results and Discussion

Preliminary psychological testing showed that the task with warning stimuli revealed
faster reaction time than the task without warning stimuli.. This confirms the warning effect
was exerted during scan session.

For fMRI experiment, visual and auditory warning stimuli commonly activated the
midbrain, thalamus and ACC. These areas are known to be activated by tonic alertness task
(Kinomura et al., 1996; Paus et al., 1997) and unimodal phasic alertness task (Fan et al., 2005).
Furthermore, ACC and thalamus revealed the activity which was negatively associated with
reaction time of successive Go trial. This result also confirms the exertion of warning effects
during fMRI experiment.

Visual and auditory warning stimuli also activated the pre-SMA which is associated
with movement selection and preparation (Matsuzaka et al 1992). Additionally, the activation
pattern was quite different warning condition from Go-NoGo comparison which indicates the
activity of movement execution. These results are consistent with the view in which warning
stimuli facilitate the early stage of motor processing (Hackley and Valle-Inclan, 2003). Thus
present results support his hypothesis that the warning stimuli activate the
midbrain-thalamic-ACC alertness system irrespective of stimulus modality, and the areas
which are related to early stage of motor processing such as pre-supplementary motor area
(pre-SMA).

Conclusion
Warning stimuli might potentiate pre-SMA activity related to movement selection
and/or preparation, through the midbrain—thalamus—ACC alerting system.
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