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Experimental modification of P50 suppression

CINDY M. YEE anp PATRICIA M. WHITE
University of California, Los Angeles, USA

Abstract

White and Yeg1997) found that normal suppression of the P50 component of the event-related potential was disrupted
during a paired-click paradigm when nonpsychiatric subjects performed mental arithiiviic problems aloud,
concurrently with the presentation of auditory stimuli. In fact, the degree of disruption reflected in the P50 suppression
ratio fell within the range that is typically observed in schizophrenia patients. The present study was conducted to clarify
the processes that might underlie the apparent disruption of P50 suppression during performance of an oral MA task.
Participants completed a series of tasks designed to examine the impact of competing cognitive activity, competing
auditory stimulation, muscle activity, and acute psychological stress on P50 amplitude and P50 suppression. Results
suggested that psychological stress and heightened facial muscle activity may exert modulatory effects on P50
suppression.

Descriptors: P50, Sensory gating, Psychological stressor, Mental arithmetic task, Schizophrenia

Studies conducted on the P50 component of the auditory eveneffects on P50 suppression in nonpsychiatric subjects may be
related potential ERP have generated considerable research in-altered transiently by manipulating voluntary attention. Utilizing a
terest, as there is some evidence that P50 suppression may belifferent set of paradigms, however, other researchers have not
viable psychophysiological marker of vulnerability for schizophre- observed this effedtlerger, Biggins, & Fein, 1992; White & Yee,
nia (e.g., Freedman et al., 1997%chizophrenia patients and their 1997). A potential explanation for this discrepancy is that different
biological relatives typically fail to exhibit a reduced response to aaspects or degrees of attention may have been engaged across
second auditory click“Click 2”) when presentation of this stim- studies.
ulus is preceded by a first cligkClick 1”) at an interclick interval Laboratory stressors also have been found to influence inhibi-
of 500 ms. In contrast, nonpsychiatric subjects who are assumed tory effects on P50. Johnson and Ad{&093 demonstrated that a
have intact filtering or gating processes generally exhibit a sup€old pressor manipulation can disrupt P50 suppression in normal
pressed P50 to Click 2.g., Adler et al., 1982; Judd, McAdams, control subjects. Relying upon a behavioral manipulation, Waldo
Budnick, & Braff, 1992; Yee, Nuechterlein, Morris, & White, and Freedma(l986 instructed nonpsychiatric subjects to perform
1998. Theorists have argued that the first auditory stimulus acti-a silent mental arithmetidVlA ) task while listening to paired clicks.
vates an inhibitory mechanism that protects processing of thiglthough the MA task did not alter the P50 ratio, there was some
initial stimulus from the potentially disruptive effects associatedsuggestion that P50 suppression was reduced in subjects who re-
with the occurrence of subsequent, rapidly succeeding stiipedi ~ ported increased anxiety. White and ¥é®897) also directed non-
discussions by Freedman et al., 1987, 1994; Leonard et al.).1996psychiatric subjects to engage in an MA task, concurrent with the
Although inhibitory effects on P50 were initially hypothesized P50 paired click paradigm, but the MA problems were performed
to be largely automatic or preattentive and to primarily reflectaloud rather than silently. In addition, subjects were corrected when
neuronal rather than psychological phenoméea., Freedman anincorrect response was provided and were periodically instructed
et al.,, 1987, experimental manipulations have been found toto increase the speed of their performance. Under these more de-
influence P50 and its suppression. Research by Guterman, Josiasanding conditions, the degree of disruption in P50 suppression, as
sen, and Bashor€l1992, for instance, suggests that inhibitory indexed by the P50 ratio score, was of a similar magnitude to that
obtained in outpatients diagnosed with schizophréaig., Ward
et al., 1996; Yee et al., 1998
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pyramidal cells to fire in response to a second auditory click.psychiatric subjects when performing an oral MA task is unclear,
Nicotine, an agonist, has been found to improve gating in individ-however, as several possibilities exist.

uals who exhibit the P50 deficit whereas antagonists ofdtfie One possibility is that the oral MA task draws attention away
nicotinic receptor block P50 inhibitiofisee review by Leonard from the auditory clicks as subjects focus on subtracting numbers.
et al., 1996. It also is the case that P50 inhibition may be blocked P50 disruption, therefore, may be due ¢ompeting cognitive

by selectively directing attention towards other sensory stimuli inactivity. Another potential explanation is that P50 to the click
the environmentFreedman et al., 1994 stimuli is disrupted by theompeting auditory stimulatioaf sub-

In addition to the cholinergic system, the dopaminergic andjects hearing their own voice as they provide responses during the
noradrenergic neurotransmitter systems are also involved in theral MA task at a near continuous rate. Alternatively, thascle
modulation of P50 amplitude and its suppression. Studies examactivity involved in generating speech may disrupt P50 or its
ining the impact of antipsychotic medications on P50 have shownmeasurement. It also is possible thatite psychological stressd
that typical neuroleptic agents, such as haloperidol, can normalizanxiety are heightened when subjects engage in the oral MA task
P50 amplitude to Click 1 in schizophrenia patients who otherwiseand that these factors contribute to alterations in P50. Finally, the
show a diminished P50 response when in an unmedicated statbserved changes in P50 may represent the combined effects of
(Adler et al., 1990; Freedman et al., 1988he authors interpret several of these factors.
these data to suggest that the dopaminergic system may be in- In the current study, various aspects of the oral MA task were
volved in the modulation of P50 to Click 1. Research focusing onmanipulated to distinguish among the mechanisms described above.
Click 2 activity indicates that P50 suppression is also likely to beln addition to clarifying the relative influence of each of these
moderated by noradrenergic influences. As noted earlier, the coléactors on P50, the present research was undertaken to replicate the
pressor task, which is associated with an increase in noradrenergiinding of reduced P50 suppression during the oral MA task com-
neuronal transmission, was shown to transiently disrupt P50 suppared with responses elicited during a passive baseline task. Each
pression in nonpsychiatric subje¢hnson & Adler, 1998 Con- of the factors cited has received some attention, albeit indirect, in
verging evidence for a noradrenergic contribution to P50 suppressiosome cases, in the P50 research literature. Results of these prior
is offered from studies involving the administration of yohimbine studies, reviewed below, were used to guide the formulation of the
to humans and animals. The introduction of yohimbine, a presynproposed hypotheses. It is unclear from prior research, however,
aptic @-2 antagonist that primarily increases central noradrenergihow these factors might interact with each other within the context
neuronal transmission, has been found to lead to a transient inef an oral MA task.
pairment in P50 suppresside.g., Adler et al., 1994; Stevens,

Meltzer, & Rose, 1998 Research Question I: Competing Cognitive Activity

Research investigations involving psychiatric patients furtherlt was predicted that P50 suppression would not be altered from
highlight the likely influence of noradrenergic activity on P50 passive, baseline levels during performance of a cognitive task.
suppression. Patients diagnosed with bipolar disorder have beelerger et al(1992 and White and Yed1997) both found that,
shown to exhibit decreased P50 suppression when in a manighereas N100 was profoundly influenced by voluntary attentional
episode and to return to normal levels of suppression duringnanipulations, neither P50 amplitude nor its suppression were
euthymic periods(Franks, Adler, Waldo, Alpert, & Freedman, affected in nonpsychiatric subjects. Therefore, concurrent perfor-
1983. Adler and colleague&l990 subsequently determined that mance of a cognitive task that might affect attention was not
in bipolar patients, the P50 inhibitory deficit is positively corre- expected to influence P50 amplitude or the P50 inhibitory effect.
lated with elevations in noradrenergic metabolism during manic
episodes. Consistent with the possibility of a noradrenergic conResearch Question Il: Competing Auditory Stimulation
tribution to P50 suppression, greater P50 impairment also has beéfle anticipated that reductions in P50 amplitude would result from
found to correlate with clinical ratings of heightened anxiety in competing auditory activity compared with levels observed during
patients diagnosed with schizophreii¥ee et al., 1998 a passive, baseline task. Stimulus intensity has been found to alter

Taken together, these data demonstrate that P50 suppressitre magnitude of the P50 such that more intense stimuli elicit
can be modified, and they suggest mechanisms that may be intarger response&Griffith et al., 1995. This effect has been ob-
plicated in the P50 suppression deficits observed in patients withained regardless of whether the intensity of the click or the
schizophrenia and other psychiatric disorders. The purpose of thieackground noise were varied; in both instances, P50 amplitude
present research was to extend these findings by clarifying thaas heightened when click stimuli were more easily discriminated
manner in which P50 suppression can be disrupted in nonpsychiWhite & Yee, 200). The P50 suppression ratio, however, was
atric subjects when a behavioral manipulation is introduced. Spednaffected. Thus, competing auditory stimulation was expected to
cifically, the present study was designed to specify the factorsattenuate P50 amplitude but to have no impact on P50 suppression.
associated with the disruption of P50 suppression when an oral
MA task is performed concurrently. Results of this study will help Research Question Ill: Muscle Activity
to further clarify some of the factors that may exert a modulatoryAlthough there have been suggestions in the literature that P50
influence on P50, and thereby contribute to our growing under+ecordings may be influenced by muscle artifact from the neck
standing of the basis for P50 abnormalities. (e.g., Bickford, Jacobson, Thane, & Cody, 1964; Freedman et al.,

In the study by White and Ye@997), concurrent performance 1996, we expected that the muscle activity involved in sitting and
of an oral MA task was found to alter the P50 suppression ratioholding the head erect would not have a differential impact on P50
possibly as the result of attenuating the P50 amplitude response @mplitude or its suppression as compared with the reduced muscle
Click 1. Schizophrenia patients have been observed to exhibit activity associated with maintaining a supine position. This hy-
similar amplitude deficit as well as a reduced P50 suppression ratipothesis was based upon the similarity in P50 data when record-
(e.g., Adler et al., 1982; Boutros, Zouridakis, & Overall, 1891 ings have been obtained from schizophrenia patients and normal
The basis for the apparent disruption of P50 suppression in noncontrol subjects either in a seated positierg., Clementz, Geyer,
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& Braff, 1997; Jerger et al., 1992r a reclined positione.g.,  erator board. Further amplification was accomplished with a Coul-
Adler et al., 1982; Boutros et al., 1991; Ward et al., 1996 bourn Instruments Audio Mixer-Amplifier. The 90 dB SPL auditory
contrast, conspicuous activity from the face and jaw mus@tes clicks were presented against a 40 dB SPL white-noise background
the absence of competing auditory activity or stfeess expected and delivered to the subject over Realistic Nova '28 headphones
to influence P50, possibly by introducing electrical noise and(Tandy Corporation, Houston, TX Sound levels of the stimuli

compromising the measurement of this component. were verified by a Davis Instruments SL-130 sound level miger
scalg. All auditory clicks were 3 ms in duration and were sepa-
Research Question IV: Psychological Stress rated by an interclick interval of 500 ms. The intertrial interval

Finally, we predicted that psychological stress would reduce P5QITI) varied between 8 and 10 s.

suppression, but not P50 amplitude, after accounting for any in-

fluence of competing sound or overt muscle activity. This predic-Procedure

tion is consistent with research described earlier on the influenc®articipants were instructed to perform 10 tasks that were pre-

of various laboratory stressor manipulations on P50 and withsented in counterbalanced order across subjects. Tasks were per-

noradrenergic modulation of P50 suppressiery., Adler et al.,  formed with participants seated uprighhless otherwise notgth

1994. a sound-attenuated room. After each task, participants provided

ratings on seven-point scales to assess self-reported level of stress,

In summary, this study was designed to identify the locus forinterest, anxiety, effort, and task difficulty. The experimental tasks

disruptions to P50 during concurrent performance of an oral MAeach involved the presentation of 60 trials of paired auditory clicks

task. We examined the possibility that any one of the four variablesand were as follows:

outlined above, or some combination of them, might serve to alter

P50 responding. Identification of such factors provides an oppor- Passive baselineSubjects sat and listened to click presentation.

tunity to clarify not only normal modulatory influences on P50 but

mechanisms that might underlie P50 abnormalities in schizophre- Oral counting. Subjects counted aloud at a rate of approxi-

nia patients. Because the precise relationship between P50 reiately once per second during click presentation.

sponses to Click 1 and Click 2 has yet to be specif@ze Smith,

Boutros, & Schwarzkopf, 1994the influence of each task con- Silent counting.During click presentation, subjects counted at

dition was examined for absolute P50 amplitude to each click ané rate of approximately once per second without producing any

for a standard, ratio measure of P50 suppres&itick 2/Click 1). sound or observable facial movements.

Passive listeningSubjects were presented with an audio re-
cording of a female voice counting at the rate of approximately
Participants once per second during click presentation.

Twenty subject§11 men and 9 womeénbetween 18 and 33 years

of age, participated in this study. All were students who received Oral mental arithmetic (oral MA).Subjects performed six
course credit for their participation. To qualify for participation, series of serial subtraction problems aloud. Each subtraction series
potential subjects were required to complete individual screenindasted 1.5 min and varied in difficulty.e., Subtraction 1: 3,605 by
interviews to determine any history of psychiatric illness, neuro-3s, Subtraction 2: 5,428 by 7s, Subtraction 3: 6,507 by 13s,
logical disorders, drug abuse, or alcohol abuse. Subjects reportinubtraction 4: 8,203 by 8s, Subtraction 5: 7,417 by 14s, Subtrac-
a personal history of any of these conditions were excludedtion 6: 9,545 by 195 This task was performed concurrently during
Subjects who smoked regularly or during the 48 hr prior to testingclick presentation. Subjects were informed immediately of any
also were excluded, as nicotine has been shown to have a transiesirors, in which case, the experimenter provided the correct re-
effect on P50 suppresside.g., Adler, Hoffer, Griffith, Waldo, &  sponse. To further induce stress, subjects were prompted to hurry
Freedman, 1992 Prior to testing, all subjects provided informed on trials 8, 12, 34, and 46.

consent and received audiometric testing to verify normal hearing.

Method

Silent mental arithmetic (silent MAPuring click presentation,

Psychophysiological Recording Methods and Apparatus subjects performed the same type of problems included in the oral
The electroencephalogra(BEG) was recorded from Sensormed- MA task (i.e., Subtraction 1: 2,907 by 3s, Subtraction 2: 6,828 by
ics miniature Ag-AgCl electrodes, located at the Fz, Cz, and PZ's, Subtraction 3: 9,561 by 13s, Subtraction 4: 5,113 by 8s,
midline electrode sites and referenced to linked electrodes placeSubtraction 5: 8,318 by 14s, Subtraction 6: 8,442 by) bas were
on the participant’s ear lobes. The electrooculog@&®G) was  instructed to refrain from speaking aloud or making any facial
recorded by placing electrodes above and below the right eye. Allnovements. On trials 8, 12, 34, and 46 and after the final trial,
impedances were below 5,000. EEG and EOG signals were subjects were asked to provide their current response as an esti-
amplified 20,000 and 5,000 times, respectively, with a Grass Modeimate of performance accuracy; if an error was detected, it was
12 Neurodata Acquisition System; half-amplitude frequency cut-corrected. Subjects also were encouraged to speed up their perfor-
offs were set at 0.1 and 1000 Hz. Data were sampled at 1000 Hmance at these times.
within each channel, beginning 200 ms prior to the first stimulus
in each trial and continuing for 1,000 ms. All data collection and  Silent social stressomDuring click presentation, subjects were
stimulus presentation were controlled with a personal computer.asked to recall and rehearse silently for 3 min each an embarrass-

ing situation, a current stressor, and their greatest personal fault for
Auditory Stimulation later discussion. Participants were asked to avoid making any
Click stimuli and background noise were created by amplificationfacial movement. This task always immediately preceded the oral
of white noise generated by a San Diego Instruments Sound Gersocial stressor task.
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Oral social stressorlUsing an intercom, subjects were asked to Passive Baseline
describe to the experimenter for 3 min each an embarrassing

situation, a current stressor, and their largest personal fault whil&OG ﬁ\/—\\
clicks were being presented.

Reclined postureDuring click presentation, subjects reclined Fz W T WRA TS Y

on a cot.

Facial movementWhile clicks were presented, subjects made Cz
exaggerated facial movements, such as pursing their lips, yawning,
or baring their teeth, while remaining silent and otherwise immo-
bile and relaxed. Prior to data collection, subjects were provided Pz et M e S A A

with examples of various exaggerated facial movements but were

informed that they were not limited to these movements. » L10uvolis,E0G

_ Oral Mental Arithmetic ’ I S uVolts, EEG
Waveform and Component Analysis +

EEG data were converted to microvolts and deviated from a

200 ms prestimulus baseline. After correcting for the effect of eyeEOG W/N

movement with a procedure that removes ocular n¢@etton, '

Coles, & Donchin, 1983; Miller, Gratton, & Yee, 1988single

EEG trials were digitally filtered to pass 10-50 Hz for measure- Fz WWM»J\,NM

ment of the P30 and P50 components before ERP averages were

computed. P50 amplitude and latency were measured at the Cz site

and scored relative to the preceding negativity. P50 latency was Cz ww—\.vl\{\/\_/—\MMJVp\/\N—ww

identified as the most positive point occurring 40 to 70 ms after the A A

stimulus. For purposes of identifying the maximum negativity

preceding P50, P30 was scored as the most positive point occur- pz W‘W\M

ring 20—40 ms after the stimulus. The maximum negativity be-

tween the P30 and P50 latencies was then used for measuring P50 "+ %+ +—+—+—*+—+——+—

amplitude. If P50 amplitude to Click 1 was less than or equal to 0.5 2% 7% .0 100200300 400 590 600 700800 500 ms

wV during any of the tasks, the subject’s data were excluded from Click 1 Click 2

any analyses inVOlVing that task, as |t iS dlfflCUlt to diSCriminate Figure 1. Grand average event-related poten(ﬁRB Waveformsy at the
such small signals from noise in the data. This procedure nevemree midline recording sites, for the passive baseline and oral mental
eliminated data from more than two subjects in any given statisarithmetic tasks. Waveforms were smoothed with a three-point moving
tical analysis. A minimum of 56 trials was included in each of the average. The P50 component is indicated with arrowheads at the Cz lead.
ERP averages.

Data Analysis
A series of planned comparisons, implemented as repeated mea-
sures analyses of varian¢dANOVAs), were conducted on P50
amplitude using two within-subject, fully crossed factors: task Grand average ERP waveforms, comparing the oral MA task to the
(e.g., Passive baseline versus a comparison,taski click(Click passive baseline task, are shown in Figure 1. Significant effects
1 versus Click 2, yielding a measure of relative suppression. In were obtained for task; (1,18 = 6.73,p < .05, click,F(1,18 =
addition, the P50 suppression rafi6lick 2/Click 1) was sub-  30.35,p < .001, and Task«< Click, F(1,18 = 14.01,p < .01.
jected to ANOVA with one within-subject factor, tagi.g., Passive  Replicating our prior research, results of post hoc comparisons
baseline versus a comparison task all instances, the task factor showed a significant reduction in P50 amplitude to Click\2 =
involved two levels. 2.26,SD= 1.38) relative to the response elicited by Click M =
5.61,SD = 2.94) during the passive baseline task, whereas P50
magnitude to Click XM = 3.83,SD = 1.94 and Click 2(M =
Results 2.23,SD = 1.77) during the oral MA task was not statistically
The planned comparisons presented were designed to isolate, €diéferent. The ratio measure of P50 suppression also showed a
best possible, each of the factors identified by the four researchain effect for taski(1,18 = 4.58,p < .05, with the stressor task
questions. When appropriate, an initial comparison to the passiveM = 0.65,SD = 0.48 significantly disrupting the P50 ratio score
baseline condition was conducted to determine if an experimentadS compared with the traditional passive tébk = 0.47,SD =
condition had any impact on P50. Once an effect was establishe®;34.
additional comparisons were performed with the goal of identify-
ing the specific factdis) that contributed to an observed effect. Research Question I: Competing Cognitive Activity
To examine the impact of competing cognitive activity while
Replication of Prior Findings attempting to control for the potential influence of muscle move-
P50 measures obtained during the oral MA and passive baselimaent or stress, P50 elicited during the silent counting task was
tasks were compared to determine whether the pattern of resultsompared with responses evoked by the passive baseline task.
obtained was similar to those reported by White and {&97). Grand average ERP waveforms obtained from each of the task
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A
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A Passive Listening

A AN A A Silent Mental Arithmetic
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(passive baselineM = 6.17,SD = 3.28; cognitive activityM =
6.26,SD = 3.38 or Click 2 (passive baselineMl = 2.49,SD =
1.53; cognitive activityM = 2.27,SD = 1.68, F(1,12 = 0.06,
n.s. The P50 suppression ratio also was unaffegtedsive base-
line: M = 0.45,SD = 0.27; cognitive activityM = 0.38,SD =
A7), F(1,12 = 0.45, n.s

Research Question Il: Competing Auditory Stimulation

The influence of competing auditory stimulation was examined by
comparing P50 during the passive baseline with responses elicited
when an audio recording of a female voice counting was presented
concurrently with the auditory clicks. Consistent with predictions,
competing auditory activity during the passive listening task sig-
nificantly reduced P50 amplitude from levels observed during the
passive baseline task(1,18 = 18.38,p < .001. Post hoc com-
parisons revealed that P50 amplitude to Click 1 was significantly
reduced when the recording of a female voice was presented

concurrently with the click stimuliM = 3.60,SD = 2.81) relative

to the P50 elicited in the presence of clicks alghk= 5.64,SD=

2.971). Although a similar pattern was observed for Click 2, the
difference failed to reach statistical significar(@@assive baseline:

M = 2.25,SD = 1.38; passive listeningyl = 1.68,SD = 1.58.
These results are illustrated in Figure 3. P50 suppression also was

] not affected differentially by the two taskpassive baselinédl =
Figure 2. Grand average event-related poten(BRP waveforms at the 0.46,SD= 0.33; passive listeningd = 0.53,SD= 0.53, F(1,18 =
Cz site for each of the experimental tasks. Waveforms were smoothed witB'27' ns R A R

a three-point moving average and the P50 component is indicated with
arrowheads.

- I 5uv WMVMWAM Facial Movement
.

—

100 0 100 200 300 400 500 600 700 800 900ms
Click 1 Click 2

Research Question Ill: Muscle Activity

To investigate whether the muscle activity involved in sitting and

holding the head erect would have an impact on P50, recordings
conditions included in the present study are shown in Figure 2. gptained while subjects maintained a sitting posture were com-
Across P50 measures, results were consistent with the hypothesiared with those taken while participants were in a supine position.
that P50 suppression is uninfluenced by the effects of directingyg expected, the muscle activity associated with maintaining an

attention towards another task. During the silent counting taskypright position during the passive baseline task as compared with
neither P50 amplitude to Click M = 5.55,SD = 3.32 or Click

2 (M = 2.01, SD = 1.64 were significantly affected by the

cognitive activity associated with counting silently to oneself,

relative to P50 activity observed during the passive baseline task

(Click 1: M = 5.65,SD = 2.89; Click 2:M = 2.21,SD = 1.38,

F(1,18 = 0.31, n.s. Similarly, neither task was found to exert a 8
differential impact on the P50 ratio scofpassive baselinevl =

0.43,SD= 0.25; silent countingM = 0.35,SD=0.23, F(1,18 =

1.25, n.s.

Because the cognitive demands associated with performing the 6
silent counting task may have been insufficient to interfere with
P50 suppression, data obtained during the silent MA and silent
social stressor tasks were examined. Although these tasks were
developed to evaluate the influence of stress on P50, 13 of the
participants reported experiencing no stress during the perfor-
mance of at least one of the two tasks. The P50 data obtained from
these 13 subjects, therefore, were contrasted with recordings ac-
quired during the passive baseline task to assess the impact of
relatively demanding cognitive activity associated with silently
solving mental arithmetic problems or preparing to deliver a brief
statement concerning a personal issue. This level of cognitive
activity was not found to influence P50 amplitude to Click 1

P50 Amplitude

B Click 1
B Click 2

pVolts

Passive
Listening

Passive

1The waveforms are derived from the total sample participating in the .
Baseline

present study. As noted earlier, subject’s data were excluded from statistical
analysis when the P50 could not be scored reliably. Utilizing this criteria,
data from no fewer than 18 participants were included in any of theFigure 3. P50 amplitude to Click 1 and Click 2 during competing auditory
analyses. stimulation.
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the minimal muscle activity required by the reclining task did not P50 Suppression Ratio
significantly affect P50 amplitude to either Click(fpassive base- 12
line: M = 5.65,SD = 2.89; reclining:M = 5.71,SD = 3.48 or
Click 2 (passive baselinevl = 2.21,SD = 1.38; reclining:M =
2.24,SD= 1.95, F(1,18 = 0.02, n.s. The P50 suppression ratio
also did not reflect a significant effect for postuigassive base-
line: M = 0.43, SD = 0.25; reclining:M = 0.40, SD = 0.29,
F(1,18 = 0.16, n.s.

To examine whether muscle activity associated with the pro-
duction of speech had an impact on P50, data obtained from the
passive baseline task were contrasted with those from the oral
counting task. P50 amplitude showed taBkl,19 = 14.64,p <
.01, click,F(1,19 = 35.05,p < .001, and Task Click, F(1,19 =
6.60,p < .02, effects. These data are shown in Figure 4. Post hoc
analysis revealed a significant reduction in P50 amplitude to Click
1 when subjects counted aloid = 3.69SD= 2.77) compared to
levels observed during the traditional passive tésk = 5.45,

SD = 2.95); distinct influences were not apparent, however, for 0
P50 amplitude to Click Zpassive baselinél = 2.22,SD= 1.35; . .
oral counting:M = 1.91, SD = 1.65. The difference observed Passn.ve Facna!

between tasks for the P50 suppression ratio also was not statisti- Baseline Contractions

cally significant, (passive baselineM = 0.48, SD = 0.34; oral  Figure 5. Effects of muscle activity, associated with the facial contractions
counting:M = 0.67,SD = 0.59, F(1,19 = 1.49, n.s. task, on the P50 suppression ratio.

In evaluating the specific contribution of muscle activity to the
P50 data, an important consideration is that the oral counting task
also involved auditory stimulation. A comparison between P50
amplitude elicited during the passive listening t&€kick 1: M = sures of P50. For P50 amplitude, significant effects were obtained
3.61,SD= 2.82; Click 22M = 1.68,SD= 1.58 and during the oral ~ for task,F(1,19 = 5.31,p < .04, click, F(1,19 = 14.96,p <
counting taskClick 1: M = 3.68,SD = 2.85; Click 2:M = 1.92, .001, and Taskx Click, F(1,19 = 26.14,p < .001. Post hoc
SD = 1.69 suggests considerable similarity in the impact of the analyses did not distinguish between P50 amplitude to Click 1
experimental conditions. No significant effects were observed foduring the facial movement tagil = 5.22,SD = 2.09 and the
task,F(1,18 = 0.26, n.s., or Task Click, F(1,18 = 0.13, n.s passive baseline taskM = 5.45, SD = 2.95. However, P50
Taken together, these data suggest that the muscle activity involveaimplitude to the second click during the facial movement task
in speech does not appear to have a discernible impact on P50.(M = 4.65,SD= 2.09 was more than twice that during the passive

Muscle activity during the facial movement task, in contrast, baseline taskM = 2.23,SD = 1.35. As shown in Figure 5, this
had relatively dramatic effects on both amplitude and ratio meapattern is reflected in the mean ratio scores, with significantly

greater disruption to P50 suppression during the facial movement
task(M = 1.03,SD = 0.65 than during the passive baseline task
(M =0.48,SD= 0.34, F(1,19 = 21.14,p < .001.

—

0.8

0.64

Click 2/ Click 1

0.4

0.2

PS0 Amplitude

s B Click 1 Research Question IV: Psychological Stress

O Click 2 Silent versions of the MA and social stressor tasks were developed
to evaluate the impact of psychological stress on P50 while at-
tempting to control for the potential influence of muscle activity
and competing auditory stimuli. Because participants differed in
level of self-reported stress experienced during these tasks, how-
ever, it was necessary to classify P50 data for each subject into one
of two categories: Stress and No Stress. If subjects reported that
their level of stress increased above baseline levels during perfor-
mance of either the silent social stressor or silent MA tasks, those
data were assigned to the stress category. If the task did not elicit
an increase in stress level, the data were placed in the no stress
category. For nine subjects, one condition was reported to be
stressful whereas the other condition was not. Of the remaining
nine subjects, five participants found both tasks to be stressful,
whereas four participants reported no increase in level of stress
during performance of either task. For these subjects, a single
condition was randomly selected such that the stress category
included 14 cases whereas the no stress category was comprised of
13 cases. As these data do not permit a between-subjects compar-
ison, BMDP 5V was used to generate estimates of missing data to
Figure 4. P50 amplitude to Click 1 and Click 2 during speech production. be used in a within-subjects ANOVA desigBMDP 2V).
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Passive Oral
Baseline Count
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P50 Suppression Ratio exception that subjects did not vocalize their responses during the
1 course of the task. Because each of the stressor conditiens
performing mental arithmetic problems and preparing to deliver a
brief speech is typically associated with an increase in mental
workload, any disruptions in P50 suppression can likely be attrib-
uted to the cognitive demands of the task. Concurrent performance
of the silent stressor tasks did not result in poorer P50 suppression,
however, suggesting that P50 is unlikely to be influenced even by
a moderate degree of competing cognitive activity.

The competing auditory stimulationf listening to someone
count numbers was found to reduce P50 amplitude although it did
so without influencing P50 suppression. This result is consistent
with other research indicating that P50 amplitude, but not P50
ratio, is sensitive to the sound intensity of click stimuli when the
stimulus is below the startle-eliciting range.g., Griffith et al.,
1995; White & Yee, 2001l Similarly, P50 amplitude has been
found to be sensitive to background sound intensity levels, whereas
the P50 ratio score appears to be relatively immune to these effects
(White & Yee, 200].

The impact ofmuscle activityon P50 and its suppression was
Figure 6. Effects of self-reported psychological stress on the P50 suppresfound to vary as a function of the basis for the activation. The
sion ratio. muscle activity associated with maintaining an upright position,

for instance, did not appear to influence P50 amplitude or its
suppression. In a study published after the present research was
initiated, McCallin, Cardenas, and Feih997) likewise reported

When participants reported experiencing increased stress duthat P50 amplitude and the P50 suppression ratio did not differ
ing one of the silent stressor conditions, the P50 suppression ratighen P50 was recorded in the sitting versus supine position.
was significantly disrupte@M = 0.53,SD= 0.24) relative to when The facial muscle activity involved in producing speech, how-
subjects found a task to be relatively stress fille= 0.39,SD=  ever, was found to influence P50 amplitude. The P50 suppression
0.17), F(1,17 = 5.39,p < .04. This effect is illustrated in Fig- ratio was not affected. Comparing the ratio scores obtained while
ure 6. Although the pattern of the P50 amplitude data was in th&ubjects counted aloud with the data recorded as subjects sat
expected direction for the stregSlick 1: M = 5.56,SD = 2.84;  passively, we did not observe any difference in level of suppres-
Click 2: M = 2.47,SD = 1.43 and no stresgClick 1: M = 5.73,  sion, suggesting that the muscle activity associated with producing
SD = 3.02; Click 2:M = 1.86,SD = 1.62 categories, the Task  speech does not exert a significant impact on P50 suppression. P50
Click interaction did not reach statistical significan€€1,17) =  amplitude to Click 1, however, was significantly reduced during
1.92,p < .2. the counting task, but this is likely the result of the auditory
stimulation associated with hearing oneself count. To investigate
such a possibility, the data obtained while subjects were speaking
aloud (i.e., oral countinggwere contrasted with the data recorded
Results of this study replicate and extend the findings of White andvhile subjects listened to someone else spgak passive listen-

Yee (1997 in showing that P50 suppression can be reduced duringng). These two task conditions yielded a similar pattern of results,
concurrent performance of a mental arithmetic stressor task, asupporting the possibility that reductions in P50 amplitude during
compared to the level of suppression observed during the tradispeech are likely the result of auditory stimulation rather than
tional passive P50 task. Moreover, the factors that were found tanuscle activity. Taken together, these data suggest that the facial
influence P50 during the stressor task appear to be relativelynuscle activity necessary to produce speech is unlikely to impact
specific. The impact of each of the mechanisms considered in thB50 amplitude or its suppression. One implication of these findings
current research will be discussed in turn. is that disruptions to P50 suppression observed during perfor-

Competing cognitive activityvas not found to significantly mance of the oral MA task cannot be attributed entirely, if at all, to
influence P50 amplitude or its suppression when participants werécial muscle activation.
engaged in merely counting numbers. These data are consistent Exaggerated facial movements, in contrast, exerted a pro-
with prior research on nonpsychiatric subjects by Jerger et alnounced effect by significantly enhancing P50 amplitude to Click
(1992 and White and Yeg1997 in showing that P50 is not 2 and thereby disrupting P50 suppression. These data suggest that
affected by relatively undemanding cognitive activities, such assuppression of the P50 response may be sensitive to the influence
directing voluntary attention to the click stimuli. Given the low of myogenic activity once a relatively high level of activation is
level of cognitive demand or effort associated with each of theseeached. To date, modulation of P50 amplitude to Click 2 has been
tasks, it is possible that interference effects might only have beattributed largely to the noradrenergic system and the involvement
come apparent with a task that places a greater cognitive load oof other systems has not yet been thoroughly explored. Evidence
subjects. Such a possibility was addressed in the current study kgupporting a noradrenergic influence on P50 has been provided
data obtained from participants who reported experiencing ngrimarily by studies relying upon the cold-pressor task or the
stress during one of the silent stressor tasks. Although subjec@dministration of yohimbinéAdler et al., 1994; Johnson & Adler,
performed the tasks silently, the requirements of the stressor taski993; Stevens et al., 199lthough the noradrenergic system is
were largely equivalent to those of their oral counterparts, with thecertainly activated by the cold-pressor task, it is likely that other
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systems are engaged as well. On the basis of the current data, oaetivation, also played a role by interacting with the factors de-
such possibility might be involvement of the musculature systenmscribed appears to be unlikely, although the possibility cannot be
when a sufficient level of activation is reached. ruled out entirely.

It also is possible that making faces in public may have been In considering these data, one limitation of the present research
stressful and as a result, P50 amplitude to Click 2 was influencedk that the presence or absence of muscle activity during any of the
not by high levels of muscle activity but by the noradrenergictasks described can only be inferred, given that EMG recordings
system. Self-report ratings suggest that this situation is unlikelywere not obtained. Similarly, recordings of autonomic activity
With the exception of one subject, none of the participants ratedvere not available in the present study to provide converging
their experience of the facial movement task as particularly stressralidation of stress activation during the MA and stressor tasks.
ful. Thus, stress is unlikely to account for the changes in P50Prior data obtained by White and Yé&997) have demonstrated
associated with making exaggerated facial movements. that cardiovascular and electrodermal activity are heightened dur-

Because movement artifact can also significantly affect recording performance of the oral MA task. Future investigations will be
ings of brain electrical activity, a myogenic influence on the EEG necessary, however, to more clearly delineate the role of muscle
also must be considered. A comparison of P50 amplitude to Cliclactivation and stress in P50 suppression.

1 between the facial movement and passive baseline conditions, It also is recognized that some of the predictions in the present
however, suggests that any impact of muscle artifact on P50 istudy are attempts to confirm the null hypothesis and that failure to
likely to have been modest, as P50 amplitude to Click 1 was nobbserve significant differences between conditions may have been
significantly influenced by noise in the recording. Nonetheless, thedue to a lack of statistical power. This appears to be unlikely for
possibility of differential myogenic contamination of P50 to Click the following reasons. First, the absence of group or task differ-
1 and 2 cannot be eliminated given that the second click typicallyences in each instance is consistent with available theory. Second,
elicits a smaller signal than the first click in nonpsychiatric sub-the pattern of results conforms with data obtained in prior research.
jects and, therefore, may be more susceptible to muscle artifactFinally, a number of highly significant differences were obtained

Thus far, the potential influence of cognitive demands, auditoryin the present study. If other effects are true and present in the
competition, and muscle activity involved in speech on P50 hagjeneral population but were not observed in the current research,
been examined in an attempt to understand the modulatory effectsis likely that they are much smaller than the significant effects
of the oral MA task on P50 suppression. It appears that none obbtained in the present study. Additional research certainly will be
these factors was sufficient to disrupt the P50 suppression ratio. Iof considerable assistance in resolving uncertainty around these
contrast,psychological stressvas found to exert the anticipated issues.
effect on P50 suppression. On the basis of the current data, it is In sum, the results of this study have important implications for
difficult to discern the exact means by which P50 suppression wabasic and clinical research on P50. Specifically, psychological
disrupted, as the relative impact on Click 1 versus Click 2 couldstress and heightened facial muscle activation were found to mod-
not be distinguished statistically. Judging from the pattern of mearnulate the P50 suppression ratio. Our ability to mimic aspects of the
P50 amplitudes, the data appear to be consistent with resulgating deficit associated with schizophrenia underscores the pos-
obtained from studies investigating the role of the noradrenergisible role that these factors may play in the P50 gating deficit. The
system and reporting augmentation of the Click 2 respdese,  present findings also emphasize the considerable theoretical im-
Adler et al., 1994; Johnson & Adler, 1993uch an interpretation portance of delineating the mechanisms that underlie P50 suppres-
is speculative, however, and awaits further empirical confirmationsion in normal and schizophrenia subjects. Some practical

Moreover, the effects of psychological stress on P50 do noimplications also must be considered. As we and others have noted
completely parallel the impact of the oral MA task. It is possible previously(e.g., Johnson & Adler, 1993; White & Yee, 1991t is
that the factors examined in the present study exerted a cumulativikely that variability in P50 and its suppression may exist between
but perhaps nonlinear effect. Specifically, auditory competitionsubjects that cannot be attributed entirely to a diagnosis of schizo-
may have served to reduce P50 amplitude to both clicks, wheregshrenia. Results of the present study further highlight the need to
stress augmented the responses, particularly to Click 2. Whethearefully monitor the psychological state of participants in P50
other variables, such as cognitive competition and facial muscleesearch to avoid potential and unnecessary confounds.
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