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gL §B) Investigating the mechanisms of the effect of transcranial magnetic
stimulation(TMS)on motivation, arousal, learning, and decision
making by the monitoring of the neural activity in the prefrontal

cortex
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In order to reveal the working mechanisms of rTMS and establish its safe and effective use, research groups in
Tohoku University (Ken-Ichiro Tsutsui) and Osaka University (Yasushi Kobayashi) have carried out animal

experiments using Japanese monkeys (Macaca Fuscata).

Tohoku University:

Electrocorticogram (ECoG) was rcorded from the primary motor cortex (Ml), while we applied rTMS to M.
We also recorded the motor evoked potential induced by single-pulse TMS. After the application of low-
frequency rTMS (0.5 Hz to 2 Hz), we observed the decrease MEP amplitude and the decreased power in beta
band in the ECoG. On the other hand, after the application of high-frequency rTMS (10Hz to 20 Hz), we
observed the increased MEP amplitude and the increased power in gamma band in the ECoG. The result
indicates that the enhancement of the neural activity by high-frequency rTMS, and the inhibition by low-
frequency rTMS. In addition, by the microdialysis simultaneously performed with rTMS, we found the increase

of extracellular dopamine in Ml after the high-frequency rTMS.

Osaka University:

After the low-frequency (1Hz) rTMS to MlI, we observed the weakening of the effect of behavioral conditioning
(the decrease of the motivation towards reward the prolongation of the reaction time of the saccadic movement).
The simultaneous recording of local field potential in the brainstem pedunculo-pontine nucleus revealed the
decrease of power of the alpha-band (10 Hz). On the other hand, no change was found in postural maintenance,
limb movement, eye movememt, blinking, or food-intake actions after low (1 Hz) or high (10 Hz) frequency
stimulation of MI. For the Reserpine-applied monkeys exhibiting Parkinson-like symptoms, high-frequency
rTMS to MI was effective to decrease the symptom. These results indicate that the working mechanisms of
rTMS for the cure of Parkinson-like symptoms may be the widespread change of brain activity through the
brainstem nucleus.



III. RO~ DFEE

(1) ’_%A/K\;f ﬁﬁ;{f% j'%) —EF (.Wmu 0 'ﬁ: .IZ%‘HAL 4 'fq:)

1. Tsutsui KI, Oyama K, Nakamura S, Iijima T. Comparative overview of visuospatial working
memory in monkeys and rats. Frontiers in Systems Neuroscience 10:99. doi:

10. 3389/ fnsys. 2016. 00099

2. Okada K, Kobayashi Y, Reward and Behavioral Factors Contributing to the Tonic
Activity of Monkey Pedunculopontine Tegmental Nucleus Neurons during Saccade Tasks

Frontiers in Systems Neuroscience, 10, 2016

3. Michimoto K, Suzuki Y, Kiyono K, Kobayashi Y, Morasso P, Nomura T, Michimoto K, Suzuki
Y, Kiyono K,

Reinforcement learning for stabilizing an inverted pendulum naturally leads to intermittent
feedback control as in human quiet standing. Conf Proc IEEE Eng Med Biol Soc. 2016 Aug;
2016:37-40. doi: 10.1109/EMBC. 2016. 7590634.

4. Mori F, Okada K, Nomura T, Kobayashi Y, The Pedunculopontine Tegmental Nucleus as a
Motor and Cognitive Interface between the Cerebellum and Basal Ganglia, Frontiers in

Neuroanatomy, 10, 2016

(2) 2« D URVTLAEZBITHOE - RAX —IE

1. AR —BF FROEREERKANE ¢TMS) 12X 2 /L NMIETEEDEE) - Koy iiEisee oz
557 B A ALE EFSRE 2016/6/5, it (BEEER)

2. Tsutsui KI. Using transcranial magnetic stimulation (TMS) as a tool for primate
neuroscience research, 31st International Congress of Psychology (ICP2016), 2016/7/25, 1#
i ()

3. Nakamura S, Ogawa K, Goto Y, Hosokawa T, Iijima T, Tsutsui KI, Reduction of spontaneous
physical activity and sociability induced by low-frequency repetitive transcranial stimulation
(TMS) to the lower part of the medial frontal cortex in monkeys. % 39 [a] H AR~
=, EH

4. Kobayashi Y, Kadono Y, Yamada S, Liu G, Ueguchi T, Kida I, Quantitative comparison of
original versus accelerated NODDI maps of the brain. 7~ A % —, JSMRM 2016 Annual
Meeting Abstract, [EHN



Kobayashi Y, Liu G, Ueguchi T, Kida I, Okada K. Potential source of MRI signal change
during transcranial direct current stimulation. 7~ 2 % —, ISMRM 2016 Annual Meeting
Abstract, [E4+

] FEATE—, ZDvBR B, B /L M1 0 3R U AR BRSSO O IR ¢ S ARG B ~ D5 R A 2 —,
Neuro2016 ik, EWN

Kobayashi Y Reading brain-state by small fluctuation of eyes 5, Tec, Rep of IEICE (HIP),
BFWEYS (ba—~vrA ¥ —7 oA ANFE) RSB 2016/7/24, 35page, EH

(3) TEERE DR - Heffrdahittz ) (x4 20 A

3.

4.

BB r TMS OVE AR 35 L OB ERF S 351 2 RS o i 1A € MR 20
FRHRISHERE 7 0 75 L TBM T Bl #5542 2016/11/10, HATC

Kobayashi Y, Cholinergic mechanism of reward prediction error computation for
reinforcement learning in the pedunculopontine tegmental nucleus neurons. OIST
minisymposium in Cholinergic mechanisms in adaptive behaviour OIST, 2016/4/15  (|&

SMIFSEE, OIST “/Em T, [EFh

IR R RO FEAELD & MBI AT CoORBRYE KIREF RN ¥ — &Y A =R
o (kB L OEEMSEET)  2017/02/03, EW

ANR - FE IRBRESE)E = ¥ — CTHQIREEZ i B0 | #/ET 2 IRBRES) O R SR L 4ha e s
VAT T A FEHEEE (R KOMEEMSEE ) RS 2017/03/14, [EWN

AR R TR AR B O FEARARAR ) SRR 28 AR AL RS E R ZERTIEEIR AR S S
K294 3 H 17-18 H  RUELKRS: |EEMFSCET (WFeEm i, EW

Koyabayashi Y, Reading brain-state by small fluctuation of eyes and controlling brain
activity by ¥TMS, Tec, Rep of IEICE (ME), & 7#{E%% (ME pF%, —#&mid) &
2017/5/4, EWN

(4) Frafii



