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Abstract

Discrepancies exist in pervious reports regarding clinical, psvchological and electrophysiological features of major
depressive disorders. Objectives: The purposes of this work are to estimate the significance of various components of

Event-Related Potentials (ERPs) of patients with major depre

ssion and 1o determine if abnormal ERPs are related to

cognitive impairment and severity of major depressive disorder. Method. Patients with DSM-1V major depressive
disorder (N=30) and normal control subjects (N=30) were assessed Jor demographic data, severity of depression,

cognitive functions und event-related potentials (P300 late
with major depression had longer P300 latency, lowe

ney and N10O, N200O & P300 amplitudes). Results: Patients
red P300, N10O amplitudes and higher N200 amplitude than

normal control participants. ERPs abnormalities were associated not only with the severity of depression (assessed by

Ruskin Depression Rating Scale) but also with cognitive

impairment (assessed by Mini Mental State Examination) in

major- depression. Conclusion: Event-Related Potentials (ERPs) are u useful tool in assessment of the cognitive
mmpairment and severity of major depressive disorder which, in lurn, may interpret the relationship between
mpairment of cortico-striato-pallido-thalamo-cortical pathways and pathophysiology of major depressive disorder.
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Introduction:

Phe existence of cognitive problems in depressive illness has
been hnown for many years (Kraepelin, 1927: Bleuler. 1972).
It has been observed that individuals suffering from major
depression are prone to a negativistic bias in cognitive
processing  (Engel and DeRubeis, 1993). Many studies
mvolving various electrophysiological parameters have been
conducted in different psychiatric disorders, e.g. dementia,
schizophrenia ... etc., to evaluate their cognitive dysfunction
tHimani, et al., 1999),

P3O0 15 an event -related brain potential (ERP) particularly
interesting to the study of cognitive processes in normal
stbjects and in psychopathology, (Hansenne, et al.. 2000).

long-latency auditory event-related (endogenous) potentials
have been  shown to be delayed in patients with organic
sognitive deficits and may be used as an objective measure of
-ognitive tunction. The test that has been found to be of
<linical use is the P3, or P300, test recorded using an auditory
odd-ball paradigm. The generators of these potentials are
unknown but are presumably in the multi-modal association
cortex since similar potentials are recorded regardless of the
stimulus modality used (Goodin, et al., 1994).

Studies of event related brain potential (ERP) in depressive
disorders showed variable results. Some studies recorded a
reduction in P300 amplitude (Diner et al., 1985; Blackwood et
4. 1987 Gangadhar et al., 1993), while others have reported
no change (Roth et al., 1981; Sara et al., 1994). A major
source for these controversial results could result from the
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diversity of depressed patients included in the different
studies. Supporting this assumption, impulsivity, blunted
affect, suicidal behavior and psychotic features significantly
influence P300 amplitude (Hansenne et al., 2000).

This work has been conducted to estimate the significance of
various components of ERPs i.e. N100, N200 and P300 of
patients with major depressive disorder (MDD) and to
determine if abnormal ERPs are related to cognitive impai-
rment and severity of this disorder.

Methods:

This study was conducted in the outpatient and inpatient units
of Psychiatric Department as well as in the electro- physiology
unit of Neurology Department at Mansoura University
Hospital. In December 2000 to May 2001,

Subjects:

Thirty consenting patients met DSM-IV criteria for unipolar
major depressive disorder (APA, 1994) gave written consents.
They were recruited from consecutive attendance to the
outpatient unit and admissions to inpatient unit of Psychiatric
Department at Mansoura University Hospital. The diagnosis
was established by history and mental status examination, as
well as by information from relative and friends. They were
included if they were right-handed males or females aged 20-
45 years, educated with average to above 1Q (90-140).
Patients were excluded if they were alcohol or substance
abusers, with neurological illness, epilepsy, brain injury or
severe deafness, with history of hypomanic, manic episode or
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electro convulsive therapy during past 6 months. As well as if
they are on steroids, anticonvulsant, tranquillizers or any
active medication required to other medical disorders e.g.
diabetes, hypertension or ischaemic heart disease. Subjects
took no psychoactive medications during the study. For those
who had been taking antidepressants, a minimum of 4 weeks
without medication were required and those who had been
taking benzodiazepins their medications were with drawn
slowly and they were drug free for a minimum of one week
betore the study.

Control Group:

Thirty normal healthy controls were recruited from the
hospital personnel and attendants of patients. They were
interviewed, informed by the details of the research and gave
written consents. They were included if they were matched
with the patients as regard age, gender, handedness and
intelligence. The excluded controls were characterized by one
or more of the following causes viz. alcohol or substance
abuse. neurological, psychiatric disorders or epilepsy, brain
injury, life time history of manic or depressive disorder, life
time history of psychotic symptoms or severe deafness.

Tools Used for Evaluation:

1) Semi-structured sheet, it includes patients identification,
socioeconomic variables, history of present illness, past
history, family history, personal history, premorbid
personality, complete physical examination, mental
status examination and diagnostic formulation.

2) Thorough neurological examination, to exclude physical
and neurological etiology, as well as comorbidity with
depression.

3) Raskin Depression Rating Scale: it is a clinician rated
scale developed by Raskin et al. (1969). It measures the
severity of a patient’s depression as reported by the
patient and as observed by the physician, on a five —
point scale of three dimension, verbal, report, displayed
behavior, and secondary symptoms. The scale has a
range of 3 to 15; a normal score is 3 and a depressed
score is 9 or more.
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Mini Mental State Examination, it was developed by
Folstein et al., (1975) to assess cognitive functions. In
this test full points are 30 and it contains 5 subtests as
orientation (10 points), registration (3 points), attention
and calculation (5 points). All subjects were given
psychometric tests by the same medical personnel.
Patients and controls were compared for both global
scores and subsets scores separately.

5) Laboratory assessment, it includes complete blood count
(CBC), routine liver and renal function tests, thyroid
function tests and urine toxicology screen.

6) Event-Related Evoked Potential (P300), the auditory
odd-ball paradigm was used for P300 and other
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recording on Neuropack-4 evoked potential machine
(Dantec Keypoint) in a quite, dimly lit, soundproof, air
con- ditioned room. Prior to the testing session, all
subjects were dully informed and had recording
electrodes attached to their scalp using electrode
conducting paste. Subjects were fitted with earphones
for the presentation of auditory stimuli. Subjects were
seated in a comfortable chair. EEG was recorded
between 0.1 Hz. The electrodes were placed from Fz
and Cz sites with 10-20 Inter- national system, referred
to linked ears (A1+A2) with ground electrode on
forehead (Fpz). Impedance was measured with
Electrode Impedance Meter after application of
electrodes to scalp. Electrodes with impedance level
greater than 5 kilohms were readjusted by rubbing the
scalp with a special abrasive cream. ERP analysis was
conducted that allowed for EEG acquisition, baseline
correction, artifact rejection, ocular artifact correction
and averaging of wave forms. An ocular artifact
correction procedure was used to minimize data loss
while maximizing the integrity of waveforms. Two
auditory stimuli were presented binaurally at 70 db
SPL. A low tone, 1000 Hz, (80%) and a high tone,
2000 Hz, (20%) were presented in a pseudo-random
order. The rise time and fall time of the tones was 10
ms while plateau time was 100ms. The subjects
expected to detect the infrequent tone (2000 Hz) by
raising the right index finger. All recordings of
depressed patients and from Cz were analyzed.
Latencies, amplitudes and duration of NI, P2, N2 & P3
were measured. Peaks of waveforms were marked. The
first upward deflection following P1 stimulus artifact
was marked as NI, and following downward-upward
and downward deflections as P2, N2 and P3,
respectively. The P300 latency was considered
abnormal if it exceed the predicted value for that age
plus 2 standard deviations.

Statistical analysis:

The data of the patients and controls were statistically ana-
lyzed using X and “t” test. The level of significance was
chosen at (P<0.05).

Results:
1. Demographic & clinical features:

Table, (1) describes the demographic features of the studied
patients who met DSM-IV criteria for Major depressive
disorder in comparison with normal control individuals. As
shown in the table, there were no significant differences
between patients and control group with respect to age
distribution, sex, years of education and marital status.

Discussion:

Event-related potentials (ERPs) time-locked to cognitive
decisions are utilized as an objective measure of mental
activity. These brain potentials have not yet been widely
utilized in the assessment of depressed populations.P300 was
first described by Sutton et al. (1965) which is a long latency
event related endogenous potential (about 300 ms
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alter the stimulus onset), presumably presents endogenous
processing of external stimuli (Picton. 1992),

In our study the mean latency of P390 in depressive patients,
as in tig., 2. was significantly prolonged than that of the
healthy contro) group, as in fig., | (t=-3.92, p<0.001) as welj
as its mean amplitude in depressive patients was signiﬁcantly
lowered than that of healthy controls (t=7.83, p<0.001).

Table (1): Demographic features of depressive group
versus control group

Depressive group Control group
l)cnmgruplm‘ Features {N=30) (N=30) 2
X
No
\ve distribution years
2038 10 333 lo 33 17
=43 20 067 4 467
Sea
NI B} J07 14 467 0067
Fenale 16 533 It 333
tducanon 037
Piman sehool 1o 333 o 20 0083
Prep school & 267 8 267 [AXTON
Secondary schoal [ 20 B 267 0nuy
College o 20 8 267
Mavtad starus, 0008
Nhuned 16 533 [ Y] Hod
Divarced [ 20 §] 20 0093
Single 8 267 6 20

Lable, (2) displays the clinical features of depressive group. A
2ood number of them 12 (40%) had family history of similar
conditions. Ag regard to the history of the previous similar
attacks. it was found that the higher number of the sample {2
(40%) had two previous attacks followed by three previous
attacks in 10 (33.3%), while, the rest of patients had one attack
and four attacks in equal frequencies e 4 (13.3%) each.
Stressful precipitating events preceded depressive attacks in 12
patients (40%). A higher frequency of the sample [2 (40%)
had 2-3 months duration followed by 10 (33.3%) of the sample
had 0.5-15 month duration and § (26.7°%) of them had 3.5-4
months duration. With respect to the severity of the illness, |2
(40%) of the patients showing severe episodes followed by 10

them with milg episodes.

Table(2): Clinical features of the depressives

Chinical Features

Family histony
Positine sunily attacks 12 40
Negane sl Aacks 1y 60

Number of preyiogs Mlacks
One atack 4 133
o attachs i2 40
Thece attach o 333
Fourattackhs o1 e 4 133
Precipuating factons
Prosent 2 R
\bsent 18 60
Duration of i e, Per month
VS Y inonths o 333
S months 12 40

- Lmonth, 8 267
SNV of i e
Mild 8 267

Maderate

Nevere
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2- ophysio-logical studies:

Table. (3) shows the psychometric studjes of depressive group
in comparison with the controf group. There were highly
significant difference between both groups with respect to
cognitive functions measured by the total scores of Minj
Mental State Examination Scale

T P<(t=5.91). and severity of the illness as reflected by the
total scores of Raskin Depression Rating Scale

(t=-18.73) p<

Table (3): Psychometric studies of both
depressive and control groups

(33.3%) of them with moderate episodes and § (26.7%) ot

Depressive Control group
Total scores group (N=30)) T
(N=30)
Mean Mean | Sp
Mmni Mental Stare
Examination 23 +2.36 270 +]9 591 Hxx
Raskin Depression Rating
Scale VE87 | 4174 | 4 3 FLA0 | 18 73wk

FEEP<() 001

Table, (4) as wel] as figures display the electrophysiological
studies of the depressive 8group in comparison with the control
group. It was evident that highly significant differences were
found between both groups with respect to N100 (= 8.39).
N200 (t=-5.49), N 300 amplitude (t=7.83) and N300 latency
(t=-3.92).

Table(4): Electrophysiological Studies of both
depressive and control groups

Depressive group

Control group
(N=30) =

(N=30)

Variables

Mean $ !
N 99.7 4129 144 216 8.39%xx
100 2611 1201 232 114,59 UL
N 9.3 1448 18.09 234 7 83wk
200 3870 14226 3526 224015 =3.92%%%
300 amplitude
P 300
latency

*EEP<( (0]

L
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Fig. (1): P300 or patient with major depressiye disorder
ERP~Auditory (P300) amplitude ang latency in normaj control and MDD
patients,
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I'he amplitude of P390 is increased by many factors, including
the subjects attentiveness and the unpredictability of the odd
ball stimulus. The lowered P300 amplitude may be due to
failure of the depressed patients to extract fully the available
information from the stimulus possibly because of the inability
o allocate attentjon to the ERP task (Singh et al 2000) and/or
due to impairment of the endogenous processing of the
perceived information in major depressive disorder. These
possibilities have been confirmed in our study by the clinical
findings and psychometric assessment through Mini Mental
State Examination scale total scores which were lower in
depressive patients than that in controls (t=5.91, p<0.001).
Other findings for the P300 potential have been less
consistent, some studies were consistent with our results as

<.g. Burder et al. (1991) and Singh et al. (2000), while others
like Brown et al. (1982) and Sara et al. (1994) failed to find
significant prolongation of P30¢ latency in depressed patients
a5 compared to normal controls although the depressives
performed the experimental task significantly less accurately
than normal controls. About half of the studies found a
reduction of P300 amplitude in depressed individuals and
other half finding no difference from normal control
participants (Roth et al.. 1986). Such discrepancies in findings
may be due to multiple factors like age, task difficulty or
examinations  of  djifferent diagnostic subcategories of
depression  like depressive episode, recurrent depressive
disorder and bipolar affective disorder-current episode
depression.

It has been proposed that some depressive syndromes may
result from disruptions of the cortico-striato-pallido-thalamo-
cortical pathways or their connections to monoaminergic
centers (George et al., 1994 and Krishnan et al., 1997). In
addition, several brain regions are active at the time of scalp
tecorded P300 e.g. the hippocampus and adjacent areas of
limbic system (Halgren, 1980) as well as mistal-temporal
areas,  parieto-occipital cortex, frontal lobes and dorsal
thalamic nuclej (Pineda and Westerfield, 1993). Positron
emission tomography (PET) scan studies have reported global
or local reductions in cerebral blood flow and metabolism in
depression (Baxter et al., 1985). A speculation may be that
patients  with major depressive disorders has a sort of
tmpairment  of the cortico-striato-pallido-thalamo-cortical
pathways resulting in depressive syndromes associated with
prolonged P300 latency, lowered P300 amplitude and deficits
in cognitive functions as shown in our research. On the other
hand.  depressives in other researches  who showed
controversial results may had dysregulation and/or lesions in
other brain regions.

Larlier ERP components (N100, N200) were also examined to
explore the stage of information processing responsible for
alterations of cognitive functions in depression. In our study,
there was a statistical significant difference of N100 amplitude
reduction between depressive group and control group (t=8.39,
P<0.001). This finding agrees with several studies like El-
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Massioui & Leservre (1988), Yee et al. (1992) and Burkhart &
Thomas (1993) and indicates that early sensory/attentional
processing of complex tones is impaired in depressed patients.
This disagrees with Burder et al. (1995, 1998) who found no
difference of N100 amplitude reduction between depressed
participants and normal control participants. He concluded that
the early sensory/attentional processing of complex tones is
intact in moderately depressed outpatients while other studjes
with controversia| results may be specific to severe depression
or a subtype of depressive iliness. For instance, Shagass
(1981) found reductions of this early ERP component to be
more evident in psychotic than neurotic individuals,

In our research, the depressed participants did show greater
N200  amplitude when compared with normal contro|
participants (t=-5.49, P<0.001). This finding is in accord with
researches finding enhanced N200 in depressed or dysthymic
individuals and “at-risk” participants with high physical
anhedonia scores (Miller, 1986:; Sandman et al., 1992; Giese-
Davis et al., 1993; Sara et al., 1994; Bruder et al., 1998). In a
trial to explain the enhanced N20¢ among depressed
participants Bruder et al. (1998) concluded that depressed
individuals allocate more cognitive resources than would
normally be necessary to perform a simple oddball task. The
depressed participants in his study and the dysthymic and
anhedonic participants in the study by Giese-Davis et al.
(1993) showed an enhancement of N200 in the absence of a
difference in P300 amplitude. This is consistent with the
suggestion that N200 and P300 provide independent sources
of information (Miller, 1986).

Conclusions:

ERPs may be useful objective clinical adjunct to behavioral
measures of cognitive processes. [t is, however, important to
control for behavioral function since patients with altered
cognition including inattention may not perform the task
accurately as well as one needs to be aware of the wide range
of variability amongst normal individuals of the ERPs.
However, this study is preliminary exploration of the
relationship between impairment of the cortico-striato-pallido-
thalamocortical pathways and pathophysiology of major
depressive disorder using psychometric and electrophysio-
logical measures. Further research may be needed with brain
imaging studies of the prefrontal area and basal ganglia as wel!
as tests of specific prefrontal functions.

The authors thank all  the sigff of Electrophysiology Lub, especially
Dr. Ashraf Zaher for his enthusiastic help.
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