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Abstract— In this paper, we report our studies of the effects of
stimulating the bilateral supramarginal gyrus (SMG) with
low-frequency transcranial magnetic stimulation (rTMS) or
short-term rTMS on brain excitability in humans. We analyzed
the effects of various durations of stimulation on P300 latencies
of the event-related potential (ERP). Magnetic pulses were
delivered using a figure-eight flat coil. The intensity of rTMS
was set to 80 % of the subject’s motor threshold. In each round
of rTMS, 100 magnetic pulses were applied over the scalp at
frequencies of 1.00, 0.75, and 0.50 Hz. ERPs were measured
prior to magnetic stimulation as a control. The effects of
magnetic stimulation were then determined by measuring its
effects on P300 latencies elicited by an odd-ball task. These
latencies were measured before and 0, 5, 10, and 15 min after the
magnetic stimulation. 1.00 Hz low-frequency rTMS of the left
SMG decreased P300 latencies for approximately 10 min. In
contrast, 0.50 Hz rTMS of the left SMG resulted in delayed P300
latencies for approximately 15 min. We furthermore found that
0.75 Hz rTMS of the left SMG and 1.00, 0.75 and 0.5 Hz ¥rTMS
of the right SMG did not affect P300 latencies. These results
suggest that the duration of the effects of rTMS depend on the
frequency of stimulation.

[. INTRODUCTION

Transcranial magnetic stimulation (TMS) is a
neurodiagnostic tool that was developed in 1985 [1], [2]. TMS
has been used to map regional functions of the cortex [3], [4].
In recent years, TMS and repetitive transcranial magnetic
stimulation (rTMS) have attracted attention for the treatment
and study of cerebral function. rTMS has been applied to the
human brain [5]. TMS and rTMS are very important devices
[6]. TMS, rTMS and electroconvulsive therapy (ECT) can
stimulate the brain. ECT is affected by the high-impedance of
the skull, skin and hair. However, TMS and rTMS are not
affected by these. The magnetic fields can induce an electric
current in the cortex of the brain by non-infestation. This
induced electric current is required to alter neuronal activity
[7]. Most studies of the effects of TMS and rTMS have
focused on the motor evoked potential (MEP) or event-related
potential (ERP) [8]-[15]. MEPs can be used to assess the
effects of magnetic stimulation in motor areas, but only in
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motor areas. Fortunately, the ERP can be used to assess the
effects of rTMS in sensory areas. For instance, previous
studies have reported a delay in P300 latencies when TMS
was applied 200 or 250 ms after odd-ball sound stimulation.
These results suggest that the left supramarginal gyrus (SMG)
contributes to the generation of the P300 component at around
200 ms after odd-ball stimulation [16]. In contrast,
low-frequency rTMS of the right dorsolateral prefrontal
cortex (DLPFC) produced no significant alteration in P300
ERP components before and after magnetic stimulation [17].
However, no effect of low-frequency rTMS has been
investigated in detail. Therefore, in this study, we sought to
determine the effects of low-frequency rTMS on P300
latencies in detail, and to clarify the duration of these effects.

II. METHODS

The measurement system was a STIM2 from NeuroScan
Co. Ltd, which produced the trigger signals and stimulation
sounds. The trigger signal was used to start the
electroencephalography (EEG) measurements, and the
stimulation sounds were used for the odd-ball task. The task in
this study was composed from 3 processes. In this task, an
odd-ball presentation was given prior to magnetic stimulation
as a control, rTMS was then applied to the left or right SMG,
and the odd-ball task was then executed again at 0, 5, 10 and
15 min after rTMS to evaluate the effects of the magnetic
stimulation.

Two different pure tones were used in the odd-ball task. A
pure tone of 1 kHz was the non-target stimulation sound,
which was presented in 80% of the trials. A pure tone of 2 kHz
was the target stimulation sound, which was presented in 20%
of the trials. The sounds were presented randomly. The
stimulation sounds lasted 50 ms, were burst waves, and had an
intensity of 60 dB. The interval between stimulation sounds
was 2,500 ms.

EEG measurements were conducted at the Fz, Cz, and Pz
electrodes, based on the international 10-20 electrode system.
The polar contact impedance was set to less than five kilo
ohms. EEG measurements were started by a trigger signal, and
were recorded for 1 second. The sampling frequency was
1,000 Hz and the synchronized sum was 20 times. A digital
band pass filter of 0.5-50 Hz was applied to the data.

A figure-eight shaped flat coil (70 mm diameter) served as
the stimulation device (MAGSTIM). The stimulation was
performed over 100 pulses of a 2 ms duration each, and at a
frequency of 1.00, 0.75 or 0.50 Hz. The stimulus intensity was
80% of subject’s motor threshold. A total of 10 healthy,
right-handed volunteers were enrolled in the study, and their
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ages ranged from 23 to 38 years of age. For testing, the
subjects were asked to relax and sit in a chair.

III. RESULTS

Fig.1 to 3 illustrate the ERPs of one subject. Fig.1 shows
ERPs at the Cz electrode before and after 1.00 Hz stimulation
of the left SMG, which shortened P300 latencies. Compared
with the control condition, immediately after magnetic
stimulation, P300 latencies were shorter by 10.9 ms at the Fz
electrode, 8.7 ms at the Cz electrode, and 15.4 ms at the Pz
electrode. 5 min after the magnetic stimulation, P300 latencies
were shorter by 8.4 ms at the Fz electrode, 15.2 ms at the Cz
electrode, and 18.4 ms at the Pz electrode. However, at 10 and
15 min after magnetic stimulation, there was no difference in
P300 latencies compared with the control conditions (10 min:
2.0 ms at the Fz electrode, 3.0 ms at the Cz electrode, 2.8 ms at
the Pz electrode; 15 min: 1.5 ms at the Fz electrode, 4.0 ms at
the Cz electrode, 1.2 ms at the Pz electrode). This decrease in
P300 latencies continued for 10 min after the rTMS. Fig. 2
shows ERPs at the Cz electrode before and after 0.75 Hz
stimulation of the left SMG, which did not alter P300
latencies. Fig. 3 shows ERPs at the Cz electrode before and
after 0.50 Hz stimulation of the left SMG, which resulted in
delayed P300 latencies. Compared with the control condition,
rTMS delayed P300 latencies by 13.3 ms at the Fz electrode,
8.2 ms at the Cz electrode, and 8.8 ms at the Pz electrode. 5
min after the odd-ball task, rTMS delayed P300 latencies by
22.8 ms at the Fz electrode, 21.5 ms at the Cz electrode, and
22.3 ms at the Pz electrode. 10 min after the odd-ball task,
rTMS delayed P300 latencies by 22.3 ms at the Fz electrode,
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Figure 1. ERPs at the Cz electrode before and after rTMS of the left
SMG at 1.00 Hz.

16.2 ms at the Cz electrode, and 8.6 ms at the Pz electrode. In
contrast, 15 min after rTMS there was no difference in P300
latencies compared with the control conditions (Fz: 6.5 ms,
Cz: 0.5 ms, Pz: 3.3 ms). This increase in P300 latencies
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Figure 2. ERPs at the Cz electrode before and after rTMS of the left
SMG at 0.75 Hz.
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Figure 3. ERPs at the Cz electrode before and after rTMS of the left
SMG at 0.50 Hz.
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continued for 15 min after the rTMS. Fig.4 and Fig.5 show
P300 latencies normalized to the control condition for the left
and right SMG. These figures are representing the average of
P300 latencies for all the subjects. In contrast to these effects
in the left SMG, rTMS of the right SMG had no significant
effect on P300 latencies regardless of the stimulation
frequency.

IV. DISCUSSION

Previous studies have confirmed that slow or low
frequency magnetic stimulation decreases cortical excitability
and fast or high frequency magnetic stimulation increases
cortical excitability [18]-[20]. Therefore, we hypothesized
that low-frequency magnetic stimulation would delay P300
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Figure 4. Normalized P300 latencies at the Fz (top), Cz (middle), and
Pz (bottom) electrodes before and after stimulation of the left SMG.

latencies. Consistent with this hypothesis, P300 latencies were
delayed after 0.50 Hz stimulation of the left SMG. However,
shortening of P300 latencies was observed following 1.00 Hz
magnetic stimulation of the left SMG. These results suggested
that 1.00 Hz rTMS magnetic stimulation excited the cerebral
cortex. In contrast, stimulation of the left SMG at 0.75 Hz did
not change P300 latencies. These results suggest that the
effects of rTMS on P300 latencies depend on the frequency of
stimulation.

In contrast to the left SMG, rTMS of the right SMG had no
significant effects on P300 latencies. The left SMG has been
shown to be involved in P300 generation [21]. These results
suggest that the left SMG is more susceptible to magnetic

stimulation  than  the  right SMG. Similarly,
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Figure 5. Normalized P300 latencies at the Fz (top), Cz (middle), and
Pz (bottom) electrodes before and after stimulation of the right SMG.
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frequency-dependent effects of rTMS of the left DLPFC have
been reported [22].

A recent study showed that neuronal excitement was
induced by effects of rTMS on excitatory synapses [23], [24].
Accordingly, we propose the following process of neuronal
excitement after magnetic stimulation. A neuron is initially
excited by rTMS, this results in excitation of inhibitory
synapses, and the excited neurons then return to a resting stage
or are inhibited. In this study, an inhibited state was induced
by 0.50 Hz rTMS of the left SMG. In contrast, a return to the
resting stage was induced by 0.75 Hz rTMS of the left SMG or
0.50, 0.75 and 1.00 Hz rTMS of the right SMG. This inhibited
state gradually returns to the resting stage. If neurons are
exposed to high-frequency magnetic stimulation, even at
inhibitory synapses, the transition from a strong excited
condition to the resting state or inhibitory state may be
difficult. In this study, 1.00 Hz rTMS of the left SMG induced
a sustained excited condition. This excited state can be
returned to the resting stage by inhibitory synapses. Therefore,
the present results demonstrate that although P300 latencies
following magnetic stimulation have a shorter return time to
the resting state, there was a delay in the recovery of the
resting state when P300 latencies were extended by magnetic
stimulation.

V. CONCLUSION

In this study, we sought to determine the effects of rTMS on
brain activity. The P300 latency of the ERP was used to
evaluate the effects of stimulating the left or right SMG. We
found different effects on P300 latencies by 1.00, 0.75, and
0.50Hz rTMS of the left SMG. Therefore, the results obtained
in this paper suggest that the effects of rTMS on the left SMG
are frequency dependent. In contrast, rTMS of the right SMG
was not frequency dependent. Moreover, the results
demonstrate the rTMS-induced shortening of P300 latencies
lasts for 10 min, whereas rTMS-induced increases in P300
latencies last for 15 min. Therefore, these results suggest that
the effects of rTMS are also time dependent.
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