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EEG Characteristics in Frequency Domain in Synaptic
Dysfunction Rat Model”
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ABSTRACT : EEG characteristics in frequency domain were investigated in the frontal lobe, occipital lobe and hippocampus, i.e. cognition
~ related cortex of synaptic dysfunction model rat, providing electrophysiological basis for further study on plastic extent and nerve regeneration of
the damaged neurons. Synaptic dysfunction model was made via microinjecting 3 — amyloid proteinl — 40 (ARl ~ 40) into hippocampal CAl area
of rat. Morris water maze behavioral test was performed to evaluate the leaming and memory function of model group. Then EEG in the above ar-
eas for two groups were recorded. The spectrum for two groups was performed and the characteristics in frequency domain were analyzed. The re-
sults showed: (1) The average escape latency in 3rd, 4th, 5th and 6th training times of model group are higher than those of normal. The average
escape latency of normal group in Sth training time decreased more markedly than that in 2nd training time, while that of model group in 7th train-
ing time decreased more remarkably than that in 2nd training time (P < 0.05) . Without platform, the platform quadrant time percentage of model
group was lower than the control (P <0.05). (2) Alpha thythm in EEG of model rat was slowing down; alpha — band power decreased with peck
frequency left shifted nearly 2Hz. And the power of delta — band and theta ~ band in frontal lobe, eccipital and hippocampus all increased with
different extent. The synaptic dysfunction model rats were made successfully by microinjecting AB1 — 40 method. The model rats show the de-
creased leamning and memory dysfunction. EEG frequency spectrum features in model rat show slower alpha rhythm with power amplitude lower or
loss, slow waves (delta and theta wave) increasing with higher power amplitude. These can be consistent with the EEG of Alzheimer’ s disease
patients, which can provide electrophysiological basis for further plasticity and nerve regeneration study on the impaired cortex with synaptic dys-
function.
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Animal model making: B — amyloid protein;_ o (AB;_4) was
dissolved in NS to 10g/]1 and incubated a week continuously in the
37C incubator. After anaesthetized with 10% chloral hydrate (0.3g/
Kgi.p.), rats were fixed on the Stereotaxic instruments. Then 7pg
ABj _ 4 per rat was microinjected into unilateral hippocampal CAl area

Introduction

Surface electroencephalogram (EEG) is the integrated electrical
signals synchronized of postsynaptic potentials across large populations
of cortical neurons, which could at some extent reflect the variation of
cortical excitability. The EEG power spectrum analysis can reflect the
amplitude and distribution state of each EEG frequency bands, directly
revealing some state of brain function.

The cortex (frontal lobe, occipital lobe and temporal area includ-
ing hippocampus) are involved in the storage of different kinds of
memory in different task(*2! . So the EEG frequency spectrum distri-
butions of above areas were investigated here after microinjecting
AB, _4, to evaluate the variation of EEG frequency spectrum features
in the cognition ~ related cortex, which could afford electrophysi-
ologjcal basis for further study of plastic extent and nerve regeneration

of rat in 10 min, with needle leaving 5 min.

Investigating the leaming and memory function: Mormris water
maze behavioral test was used including 5 — day place navigation with
static platform randomly placed in one quadrant and spatial probe test
without platform.

Recording the EEG of the related cortex: Rats were anaesthetized
and fixed with the above methods. The frontal lobe, the occipital lobe
and the hippocampus, which are related with cognition, were chosen
to record EEG. Recording electrode was made of stainless steel needle
electrode, 0.5mm in diameter. Reference electrode was inserted ho-

of the damaged neurons.

. molaterally under the cranium in front of the Bregma point. One elec-
Materials and methods trode was stirred into rat - tail as ground electrode. Sampling rats was
Materials

AB; _ 4 was bought from Sigma Company. A total of 30 healthy
national second SD rats, aged 6 months and weighing 260 — 310g, are
chosen of either sex. The rats were randomly divided into the model

group and control group.
Methods

200Hz, and the signals were recorded directly into computer via Pow-
etlab /8SP bicelectric amplified recorder.

EEG power spectrum analysis: Welch periodogram method was
used to analyze the EEG power spectrum; Fast Fourier transformation
(FFT) was applied to get the power of each EEG frequency band per 6
seconds (2/3 overlapped) . The frequency range of EEG are § wave in
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0.5-3.5Hz, 8 wave in 4 - THz, o wave in 8 - 13Hz, B wave in 14
- 25Hz, according to Walter method.

Statistic analysis: The average escape latency for both group were
compared. And then power variation, the peek frequency of a - band,
& - band, and - band in EEG of the three areas were compared re-
spectively in two groups.

The data was shown as Mean + SD. The two — group t — test was
used to analyze data.

RESULTS
The Morris water maze behavioral test and pathology

The average escape latency in 3, 4%, 5™ and 6™ training times
of model group are higher than that of nommal (Fig.1). The average
escape latency in 2™ training time of the normal group prolonged more
markedly than that in 5 training time (P < 0.05, a=0.05), while
the average escape latency in 2™ training time of the model group pro-
longed more markedly than that in 7% training time (P<0.05, a=0.
05). This indicated that leaming and memory of the platform place in
the model group is much slower than that in the normal rats. Second-
ly, without platform, the platform quadrant time percentage in model
group was lower than that in the control group (P<0.05, «=0.05),
which is shown in Tab.1.

80
0t
60
S0
40
30
20
10

0

average escape latency (s)

3 4 5 6 7 8 9 10

training time

1 2

QOcontrol WEmodel

Fig.1 the companson of the averuge escape latency for both groups in place
navigation
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Table | The platform quadrant time percentage comparison of both
groups in space probe test
X1 AATARRINDEARREETS LOLE

Test subject Control Model
The platform 2 ‘

platfom quadran 42.10£5.81  36.40£3.48"

time percentage

*:P<0.05,a=0.05.
The EEG power spectrum of two groups

Based on the results of the Morris water maze behavioral test, both of the
two groups were chosen to analyze the EEG power spectrum. EEG and corre-
sponding power spectrums of the frontal lobe, ocripital lobe and hippocampus in
normal rat are respectively shown in Fig.2, Fig.3, and Fig.4. EEG of normal
rat was that a thythm is main thythm with sporadic 8 and 8 wave; peek power is
at 3 and 0 frequency range.
Fig.5, Fig. 6, and Fig. 7 respectively showed the EEG and corre-

sponding power spectrum of frontal lobe, occipital lobe and hippocam-
pus in the rats of model group. Contrasting with nomal rat EEG and
power spectrum, the synaptic dysfunction model rat presented the EEG
and power spectrum as follows: alpha rhythm was slowing down, the
delta and theta waves in frontal and occipital lobes and hippocampus
appeared more often. The alpha — band power remarkably decreased
in occipital lobe and hippocampus with peek frequency left shifted
about 2Hz. What's more, the power of delta — band and theta — band
in frontal lobe, occipital lobe and hippocampus all increased highly.
DISCUSSION

Both the leaming and memory function of model group reduce
more markedly than that of normal group. The EEG frequency spec-
trum features in synaptic malfunction model group appear at some ex-
tent consistent with the EEG characteristics of Alzheimer’ s discase
(AD)B); Slow waves (& wave and 0 wave) increased with higher
power amplitude, a rhythm (frequency depressing) slowed with power
amplitude lower or loss. Thus when the synaptic function fails in hip-
pocampus and association cortical areas, it could provide the electro-
physiological basis for further nerve regeneration study on the frontal
cortex with synaptic malfunction. The neurotoxicity effect of § - amy-
loid protein is densely studied currently with or without aggregation,
proved in vivo and in vitrol 451, Aggregated A, _ 4 microinjected into
hippocampal CAl area in some extent mimicked Alzheimer’s disease
with reduced cognitive function and abnormal AD - like EEG.

Possible reasons for such result are as follows: Aggregated
AB,; _ 4 generates neurotoxicity by activating astrocyte to induce inflam-
matory reaction, and increasing intracellular calcium concentration to
cut down membrane action etc!®!. Such neurotoxicity leads to neuron
apoptosis, the reduction of normal neurons, and the impairments of
synaptic transmission function. The abnormal EEG is thought to be as-
sociated with functional disconnections among cortical areas resulting
from death of cortical neurons, axonal pathology, etc!®. What’ s
more, the cholinergic atrophy associated with monoaminergic deficits
could produce the impairments of learning and memory function, and
abnormal EEG”!. While recently reported, cholinergic — serotonergic
imbalance in frontal and temporal cortex also played an important role
in the cognitive symptom!®) .

However, widespread neuritic dystrophy is supposed to be char-
acterization of the neocortex in AD. Lower concentration fibril AR was
found to generate neuronal dystrophy significantly earlier than AB neu-
rotoxicity!®!, which suggested that disordered plastic changes and loss
of synaptic integrity induced by fibril AR may play a significant role in
the development of AD pathology. However, the underlying mecha-
nisms invelved are unknown, and need further research.

In a word, the results of Morris water maze behavioral test and
EEG power spectrum suggest cognitive function of frontal lobe, occipi-
tal lobe and hippocampus in synaptic function failure rat model was
decreased. Such EEG power appearance may provide the electrophysi-
ological basis for further nerve regeneration study on the auditory cor-
tex when the synaptic function fails.
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Fig.2 EEG and power spectrum of fruntal lobe in normal rat
(a) is EEG, (b) is the corresponding power spectnum
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Fig.4 EEG and power spectrum of hippocampus in normal rat
(a) is EEG; (b) is the corresponding power spectrum
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Fig.6 EEG and power spectrum of occipital lobe in model rat
(a) is EEG; (b) is the corresponding power spectrum
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Fig.3 EEG and power spectrum of occipital lobe in normal rat
(a) is EEG; (b) is the comesponding power spectrum
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Fig.5 EEG and power spectrum uf frontal lobe in model rat
(a) is EEG; (b) is the corresponding power spectrum
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Fig.7 EEG and power spectrum in hippocampus of model rat
(a) is EEG; (b) is the corresponding power spectrum
7 BXRRaBENAEDRRE,

(a) B A , (b) RAHRL T4 B



