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AN AUDITORY P300 STUDY OF
CHINESE DEPRESSIVES
— A PRELIMINARY STUDY

ZHANG MINGDAO, WANG JIJUN, CHEN XINGSHI,
LOU FEIYING & LIANG JIANHUA

SUMMARY

To investigate auditory P300 variations and their correlation with clinical features in
depressives. The auditory P300 was recorded from 18 unmedicated and 32 medi-
cated depressives and 35 normal controls, using a standard  ddball’ paradigm. The
P300 latency was delayed in both depression groups as compared to the control
(p<0.01), and was significantly correlated with the MMSE (Mini-Mental State Ex-
amination) score (p<0.05). A lower P300 amplitude was found in both patient
groups (p<0.05 or p<0.01). The unmedicated depressives presented lower P300
amplitudes dominantly at sites in the right hemisphere. The P300 latency was sug-
gested to be an electrophysiological indicator reflecting the cognitive dysfunction of
depressives. The scalp distribution of lower P300 amplitude over the right hemi-
sphere in the unmedicated group supported the hypothesis of right-hemisphere

dysfunction in depression.
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INTRODUCTION

P300 component of eventrelated potentials has been the
subject of intense psychophysiological investigation as a marker
related to cognition and signifies the integrity of information-
processing functions of the brain. Evidence suggests that P300
is modulated through noradrenergic, serotoninergic, and do-
paminergic systems (Garreau et al., 1984; Wood et al., 1984,
lto et al., 1990).

Very few studies on P300 are available in major depression
and the findings of reported studies are far from being consis-
tent, especially when compared with the P300 amplitude at-
tenuation found in schizophrenia. A few studies have found that
P300 amplitude is smaller in depressed patients than in normal
controls, but larger than in schizophrenic patients (Levit et al.,
1973; Shagass et al., 1981; Baribeau-Braun & Lesevre, 1983;
Pfefferbaurn et al., 1984; Blackwood et al., 1987). An equal
nurnber of studies negated this finding and reported that no
P300 latency or amplitude differences existed between depres-
sives and normals (Pfefferbaum et al., 1984; Gordon et al.,
1986; Their et al., 1986; Patterson et al., 1988; Have et al,,
1991). Only one study (Bruder et al., 1991) has reported a
significantly prolonged P300 latency in  ypical' depressives
{(melancholics and simple mood reactive depressives); however,
subjects in this study performed a spatial discrimination task. At
least three major factors may account for these conflicting re-
sults: the heterogeneity of samples (different subtypes of depres-
sives, severity of symptoms), the treatment intervention, and the
paradigm used to elicit P300.
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The purposes of this study were to investigate (1) whether
the P300 variables of depressives are different from th of nor-
mal subjects, and (2) whether the P300 variables of depressives
correlate with their clinical ratings.

METHODOLOGY
SUBJECTS

The subjects were 50 depressed patients (divided into 2 sub-
groups, 18 unmedicated and 32 medicated) and 35 normal
controls, aged 18 to 60. All subjects were screened for current
or past history of substance abuse, organic brain impairment,
or somatic diseases.

The 35 normal subjects (19 male, 16 female; mean age,
34.6+11.7 years) were volunteers recruited from staff of
Shanghai Mental Health Center and students of Shanghai Sec-
ond Medical University.

The 50 patients were recruited from the Outpatient De-
partment and Inpatient Wards of Shanghai Mental Health
Center. The patients were diagnosed to have major depression
according to DSMHII-R criteria (American Psychiatric Associa-
tion, 1987) by at least 2 experienced psychiatrists and none of
them had any axis Il diagnosis. Patients with a history of elec-
troconvulsive treatment during the 6 months before the study
were excluded. For the patient group, 18 (10 male, 8 female;
mean=D: 37.9+11.2 years) had been drug free for at least 2
weeks before testing, and the rest (15 male, 17 female;
meanz=D: 43.4+12.1 years) were receiving tricyclic antidepres-
sants (TCAs) (meanxD: 146.1+57.2 mg/day). The patients
had received TCAs for about 2 weeks but were not yet relieved



of their depression. Most of the patients suffered from unipolar
depression, and endogenous features were common (Table 1).

The patients and the control subjects were matched grossly
on socioeconomic and demographic variables.

All patients were assessed by the Chinese versions of the
Hamilton Rating Scale for Depression (HAMD) {Hamilton,
1967; Zhang, 1993) and the Mini-Mental State Examination
(MMSE) (Folstein, 1975; Zhang 1993). The respective mean
and SD of their HAMD and MMSE scores were 26.8+5.6 and
28.2+1.6 (unmedicated group) and 28.8+6.3 and 27.0+2.7
(medicated group).

PROCEDURE

The P300 test was carried out in a soundproof room. Sub-
jects were tested between 9 am and 12 am on the same day as
their clinical and cognitive assessments. The subjects were
instructed to sit on a comfortable chair, relax, keep vigilant and
close their eyes lightly.

The P300 was assessed using Dantec Concerto SEEG-16
BEAM. Platinum disc electrodes of 8 mm diameter were used
and bipolar recordings were made at F3, Fz, F4, C3, Cz, C4,
P3, Pz and P4, referred to linked mastoid leads. The mid-point
of the forehead was grounded. Interelectrode impedance was
maintained at less than 5 kiloOhms. Eye-movement detection
and rejection of contaminated trials was made automatically by
the instrument.

A standard “oddball’ paradigm was used to elicit the auditory
P300. Sounds were delivered biaurally through earphones. The
stimulus parameters were preprogrammed and were the same
for all subjects. The frequency of stimulus 1(S1) was 1000 Hz
and that of stimulus 2 (S2) was 2000 Hz. The delivery rate was
0.5/sec with a sound level of 60db (S1) and 85db (S2). The
probability of $S2:S1 was 1:4. The subject was asked to count
S2 silently until 250 artifactfree sweeps were cbtained (200
sweeps for S1, and about 50 sweeps for S2), which constituted
one trial. The trial was rejected if the subject failed to detect
more than 10 S2 events. Responses were stored on disk for
further analysis. The mean and SD of errors in the oddball task
were 0.29+0.93 for normal controls, 1.39+2.38 for unmedi-
cated and 2.12+3.09 for medicated patients.

ANALYSIS

The P300 component was identified from the averaged
event-related potentials waveform as a positive voltage peak
250-600 ms after stimulus presentation. The peak latency and
amplitude of P300 were measured for all subjects.

Intergroup differences of the P300 variables were tested
using an analysis of variance (ANOVA) and Duncan  New
Test. Linear correlation was calculated for clinical and cog-
nitive ratings and P300 variables within the patient groups.
Interhemispheric differences of P300 amplitude were re-
vealed by paired t-test.

RESULTS
P300 LATENCY (CZ)
No significant difference of P300 latency was found between
different electrode sites. Only the P300 latency at Cz was used
for the following analysis.
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Table 1.The clinical features of 50 depressives

unmedicated medicated

total cases 18 32
past episode

mania 1 3

depression 8 21
precipitating factors

with 4 2

without 14 30

presence of symptoms

biological 11 22

psychotic 7 12

retardation 17 32

The mean P300 latency was 301.4+19.1 msec for con-
trols, 327.9+22.0 msec for unmedicated depressives, and
342.6+22.4 msec for medicated depressives. ANOVA re-
vealed a significant difference of P300 latency among these 3
groups {F, go= 32.91, p<0.01). Duncan’s New Test confirmed
that the P300 latency was significantly delayed in both patient
groups as compared to normal controls (unmedicated vs con-
trol, Q=6.15, p<0.01; medicated vs control, Q=11.34,
p<0.01); it was also significantly longer in the medicated than in
the unmedicated group (Q=3.36, p<0.05).

No significant correlation was found between P300 latency
and the total HAMD score (unmedicated, r=-0.088, p>0.05;
medicated, r=-0.265, p>0.05). No HAMD factor scores cor-
related significantly with P300 latency in both patient group.
But there was a significant inverse correlation between patients’
P300 latency and their total MMSE scores (unmedicated, r=-
0.513, p<0.05; medicated, r=-0.378, p<0.05).

P300 AMPLITUDE & ITS SCALP DISTRIBUTION

ANOVA revealed significant differences of P300 amplitude
among the 3 subject groups at all recording sites except Pz. By
using Duncan  New Test, a significantly lower P300 ampli-
tude was found in the unmedicated group than in normal con-
trols at Fz, F4, C4, P3 and P4 (p<0.05), which was dominantly
distributed over the right hemisphere; the medicated group
showed a significantly lower P300 amplitude than the controls
at all recording sites (F3, Fz, F4, C3, Cz, C4 , P3: p<0.01; and
Pz, P4: p<0.05).

Differences of P300 amplitude between symmetrical re-
cording sites were tested within each subject group by a paired
ttest. A significant asymmetry of P300 amplitude was only
fourd for the F3-F4 comparison within the unmedicated de-
pressives (t= 2.62, p<0.05), who showed a Jower P300 am-
plitude at F4 than at F3 (Table 3).

The P300 amplitudes (e.g. at Cz) of both patient groups
were not significantly correlated with the HAMD scores
(unmedicated, r=-0.39, p>0.05; medicated, r=-0.23,
p>0.05) or the MMSE scores (unmedicated, r=0.082,
p>0.05; medicated, r=0.151, p>0.05).
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Table 2. The major findings of P300 amplitude (1 V)(X+D )

controls unmedicated medicated ANOVA
(n=35) (n=18) n=(32) FP

F3 8.7+£3.8 6.7+5,0(Q=2.39) 4.7+3.7(Q=5.79)%* 8.33 <0.01
Fz 9.6x+4.2 7.1+3.2(Q=3.09)* 5.5+4.0(Q=6.01)** 9.14 <0.01
F4 8.9+4.5 6.3+4.1(Q=3.18)* 4.4+2.8(Q=6.47)%* 10.60 <0.01
C3 9.1£3.8 6.9+3.8(Q=2.72) 6.3+3.9(Q=4.14)** 4.67 <0.05
Cz 9.7+4.5 8.5+3.6(Q=1.46) 6.1+3.4(Q=5.29)%* 7.32 <0.01
C4 8.8+4.1 6.4+2.5(Q=3.12)*% 6.0+£3.9(Q=4.29)** 5.32 <0.01
P3 87+£3.5 6.2+2.8(Q=3.23)*% 5.9+4.5(Q=4.26)%* 5.07 <0.01
Pz 9.0+4.0 7.3+4.3(Q=1.91) 6.8+4.4({Q=2.97)* 2.48 ns
P4 8.5£3.8 5.9+2.9(Q=3.28)* 6.1+4.0{Q=3.68)* 4.24 <0.05

*: p< 0.05; ¥*: P< 0.01 ( compared with controls using Duncan’s New test )

DISCUSSION

The present study demonstrates a delayed P300 latency at
Cz in both unmedicated and medicated depressives as com-
pared to normal controls. Up to now, only a few researchers
have reported a delayed P300 latency in depressives (Bruder et
al 1991), which is in sharp contrast with these patients’ clinical
feature of reactive slowness. Patterson and coworkers (1988)
reported increased P300 latency variability in depressives as
compared to controls, suggesting the heterogeneity of de-
pressed subjects might undermine the consistency of the find-
ings reported. After reviewing the history of our 50 depressives,
we found that 46 of them were identified as having unipolar
depression (the remaining 4 patients had a history of manic
episodes, 1 case from the unmedicated group, 3 cases from the
medicated group ). The relatively consistent history of no manic
episodes, combined with the severity of depression (the mean
HAMD score was 26.8+5.6 for unmedicated, and 28.8+6.3
for medicated), may underlie the positive P300 latency finding
in this study using the standard “oddball’ paradigm. Further-
more, the P300 latency was found to be longer in the medi-
cated than in the unmedicated group. Since scopolamire di-
rectly prolongs P300 latency in normal subjects by its anticho-
linergic effect (Callaway et al., 1985), the strongly anticholiner-
gic action of antidepressants, especially the TCAs, could explain
the longer latency in the medicated group.

Another major finding of this study was a lower P300 am-
plitude in both depressive groups than in normal controls.
Similar findings have been reported by many researchers (Roth
& Cannon, 1972; Levit et al, 1973; Steinhauer & Zubin,
1982; Baribeau-Braun & Lesevre, 1983; Pfefferbaum et al.,
1984, Blackwood et al., 1987). We found that medicated de-
pressives presented a lower P300 amplitude at all recording
sites, but unmedicated ones only showed this change at 5 sites
(Fz, F4, C4, P3 and P4 ) of which 3 (F4, C4 and P4) were
located on the right hemisphere and only 1 (P3) on the left
hemisphere. Within the unmedicated group, an asymmetry of
P300 amplitude was revealed in the F3-F4 comparison, im-
plying a lower P300 amplitude at F4 than at F3.

When correlating the P300 with these depressives’ clinical
features, a significant correlation was found only between
the P300 latenicy and one rating of cognitive function (total
MMSE score). A large body of literature has elaborated this
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Table 3. Interhemispheric comparisons of P3 amplitude
(paired-t test)

subjects F3-eeenrnne- -Fq C3mmemen C4 P3eeee-- -Pd
t p t p 1 p
controls 0.61 ns 1.39 ns | 1.00 ns
unmedicated | 2.62 <0.056 i 1.04 ns 0.81 ns
medicated 1.59 ns 0.59 ns 0.97 ns

correlation in patients with dementia (e.q. Goodin et al., 1978,
1983; Polich et al., 1986, 1990). We have extended this rela-
tionship to depressives, suggesting the P300 latency may be
used as an electrophysiological indicator reflecting depressives’
cognitive dysfunction. The cognitive disturbance in depression
is often manifested during the acute episode, particularly with
respect to aspects of attention, learning and memory, and is
viewed as a secondary manifestation of the illness. But there is
also evidence that the dysregulation of functional brain systerns
that gives rise to episodes of affective illness may directly impact
on functioning in both the affective and cognitive spheres
{Georgotas et al., 1988). The significant correlation of P300
latency with total MMSE score but not with total HAMD score
within our sample confirmed the clinical impression that, in
depressjves, the extent of cognitive dysfunction often does not
paralle] the degree of depression.

No significant correlation was found between P300 ampli-
tude and these patients’ cognitive function or depression, sug-
gesting its context be something different. The lower P300
amplitude has been suggested as a state marker of depression
(Blackwocod et al., 1987), and recently it was correlated with the
psychotic symptoms of depressives (Santosh et al., 1994). The
scalp distribution of lower P300 amplitude dominantly over the
right hemisphere in unmedicated depressives, first revealed
here, provided further evidence supporting the hypothesis of
right-hemisphere dysfunction in depression. The symmetrical
scalp distribution of lower P300 amplitude in the medicated
depressives may be attributed to the intervention of fricyclic
antidepressants.

The follow-up study of our sample is ongoing to investigate
the biological nature of the above-mentioned P300 changes in
depressives  whether they are state or trait markers of depres-
sion. Future P300 studies will focus on the subtypes of de-
presion.
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