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510 BIOMAGNETISM 87 4-A

PULSED MAGNETIC STIMULATION OF HUMAN BRAIN AND PERIPHERAL NERVOUS SYSTEM:
IN HEREDITARY MOTOR SENSORY NEUROPATHY AND PARKINSON DISEASE.

Yukio MANO, Takuya NAKAMURO, Kazunori IKOMA, Tetsuya TAKAYANAGI,
Department of Neurologv, Mara Medical Universityv.
840, Shijo-cha, Kashihara, Nara, 634, Japan.

1. Intreducticn

In the study of conduction in nervous system, the evoked potantials by
stimulating the sense orgens or sensory mnarvei like somatesensory avoked
potentials, wiswal evoked potentials and auditory evoked patentials are
established an clinteal teools.

The studies of conduction of motor system n contral pervous system hos
botin fow until now. Pulsed magnetic cortical stimulation has boen introduced
by Barker, dalinous and Freeston in 1985 to the human. ln this paper pulsed
magnetic stimulation to tho hoad, carvical and lumbar region with time
varying eagnetic frald applied via a4 Flat coil was carried out. Cospound
mosiclo action potentials{CHAR) are recorded from muscles of oxtremitios in
normb] controls and patients with hereditary wotor sersery neuropathy type |
(1451 type 1) and parkinson diseose, in order to examing Uhe invelvament of
upper and lowor motor neEurons.
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4 PULSED MAGNETIC STIMULATION OF HUMAN BRAIN AND
PERIPHERAL NERVOUS SYSTEM : IN HEREDITARY MOTOR
SENSORY NEUROPATHY AND PARKINSON DISEASE.
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Electrophysiological kinesiology.

W. Wellinga, H.B.K. Boom and J. de Vries, eds.

THe SAFETY OF MABNETTC STIMULALIOR

dukic MANG, Trarg FUNAK&WA, Tokuye HAKAMURG, Xatsunnri 1KOMA, Tatsuya
TRKAYANAGT, Kyoke MATSULP
Mepartaent of keuraloay, WHara Madical Universily. 842, Shijo-cho, Kashihara,

Wara, 634, JAPA, ™agtonal [nsLitute of Nesrascramce, lokya, Japan.

SUMMARY

The safety of magnetic sLimulation an rat brain was examined kinesiologi-
cally, acurgchemically and neuropathoiogically. There were na significant
changes in movemanl ov azuropathalogy. However, Lthere wers some changes aid

G0 mirules in A and serotanine mekahalism. which returned le ihe gontro]
vnlues in & days. These changes weve considered Lo be due to the divect ex-
cilation aof nenrans by stimalation.  From our sludy, magnetrc stimulation had

ne adverse effects.
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A clinicophysiologic study ol central and peripheral 7-A
motor conduction in hereditary demyelinating motor

and sensory neuropathy

Y. Muno!, T. Nakamure ', K. [koma ' T. Takayanagi ' and R.F. Mayer -

Abstrael

Central and pevipheral motor nerst coirdiection were analyzed i 13 patients with kereditary
demyelinating wotar and geasory newropothy wsing cenrval magnetic siimmluiion amd peripheral
electrodiaqgnostic technigues. AU paiients shoved a murked decrease br peripheral nerve comduction
vedowity, fn 11 padents, the centrel moryr coediction (ime was wlghedy prodonged b v 2§ was
markedly prolonged suggesting dysfunction of the corticospinal traet, These rwo potienis exdibited
marked weakness and arophy of diveal muscles withowt clivical signs of upper motor newron
dysfunction, which was considered 1o be masked hy the lower piptor nevian disorder. This siudy suggesey
hat B sapwe petionts with heredivary demyelinating polynewropathy cevtral ax welf ay peripheral nerve
Jibers moy be affecied.

Electromyogr. Clin. Neurophysiol. 1993,33,101~-107

— | [T rrTr X 7-B

] ot
[T ey
ﬂ;’ : [ oy ﬂ\r =]
Baa¥
w.-\
¢ D
. . %WW-
l o I oy
By —A
Foeme Ty
Fig. | —— Muscle evoled potentitly reoariled by surfae electroder fron the abdusctor pollicis brevis tuscle A and B
normal subjosts: €5 passat |1 13: pasient § The nppot seacing of esch recerd ropresents te muascie ovoked potental due 10

cervnal womuistion, sad ihe fower dracing that due 10 guilial siunililing MNole the small dipeied pespoius 1
patient 3 {1} who had acry prolonged eeniral inolor cotducison tae

HMSN GEMEEE =1 —0/NF—) (LT 5 TMS IC & 315,
A&LBlEEE, CEDIEHMSN DEH, CD &b ICKRHYFES L
ZATH 5, D TIE CMCT (central motor conduction time : FR 4 13 &f
HRCEEE) OERHEBED SN,

7 HMSNCEEMEERNEE = 2 —O/NF —) IS¢ 5 TMS (C& 25t
HMSN, BEPEEBEE = = — 03 F — 1T AR L A RETc o8 v g
T (B7-A)e CTHIZEFA, EFEBOFH, THIZEZEZAC. DTY, TP
HMSN DBEIATIEVE T, LI ERL, EEHE L TFD motorevoked
potentiale, ZILIZER - ZE L TORETT, T OEITFRDIEERR I %
LHZDITTT, INDPEF, TNITT ZTH 5 msec TTo L 20 msec T, E
TLIEKHFRVOTY,, TAREBREFEVITRE S, BoFOEEHE X0
BESATIEFROTTITNRED  ZOBED ODBESARZZIOLIIZINT2
msec LN THB Y T4, THIE 5 mseco TD 5Smsec TTo D& ITEENEE



Central Motor Reorganization after 8-A
Anastomosis of the Musculocutaneous
and Intercostal Nerves Following
Cervical Root Avulsion

Yukis Mano, MD, PhD,* Takuya Nakamuro, MD,” Ryuji Tamura, MD,* Tetsuya Takayanagi, MD, PhD,*
Kouichi Kawanishi, MD, PhD,7 Susumu Tamai, MD, PhD,7 and Richard F. Mayer, MD%

1n 4 patients with a complete upper limb palsy due to traumatic cervical root avulsion, surgical anastomosis of
intercostal to musculocutaneous nerves was performed o restore function in the biceps bruchii muscle. Four to 6
months alter the operation, motor unit discharges were recorded from the biceps muscle on the operated side during
deep breathing and by cortical magnetic steimulation. The motor unit dischurges became independent fron respirations
gradunlly over 1 to 2 years The Iatencics of the motor potentials evoked by cortical and thoracic roor magnetic
stimulacion decreased gradually over 2 to 3 years, Motor cortex mapping of the reinnervated biceps muscle shawed
a gracual chnge over 4 to 33 months {rom che area of the intercostal muscles to dhat af the arm aeeq, which wag
more lacgral on che motor cortex Lhese findings suggest that reorganization of the motor coreex to arm flexor museles
occurs following peripheral nerve anastomosis,

Mano Y, Nakamura T, Tamura R, Takayacagi T, Kowanishi K, Tamai S, Mayer RF. Ceniral motor
reorganizacion after annstomosis of the musculvcuraneous and intercosial nerves
following cervical toot avatsion. Ann Neurol 1999;38:15-20
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Handbook of Transcranial Magnetic Stimulation

(2002 Arnold)
Neuroplasticity and transcranial magnetic stimulation
Leonardo G Cohen, Yukio Mano
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11 EZOFHEFH/WINMETT R, SHITHLT, SHLEFE L
£ 912, 0.25 Hz D repetitive TMS. % L “C motor threshold @ 110 % & M 2. 7= &
Ve hhrbwnw)Z e HEIZIH Vo7 100 AL -FTCTh, FAbbF
DHEEFRBPL V) ZLE G SoTwET (B11-A),

TORDO—EE LT, FHEB T M-I MEER S EAE Lo BE S A
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Plasticity within the bumin cential motor sysierm occurs and has been studled with teenscrnial magnetic stimulavos in palicnts
wath amputations. spinnd cord injuries, end jscheniic nerve hlock Thesc studies Iuve identified a patern of nanr 1ysiem rensganlza.
hon thet rerulln in enlu ged muscle reprosentalioh amas and large mstor evaked potentols (MLPa) Tor muselos inumediaigly prosimal
to the lesion $owe of these clanges are sappacenl minules dfier ischemic neive block weaks after spinal €ord injury, and s enrly
as i< wonths afier ampuwiion

These spudies malivated us Lo sudy the corliea) mator weorganization after fingor uaining in nunnals mid oftey apasto
masis of naves o the r ! NEOUS eTve B0 youui@ paliens willt cervienl 1001 @yubsions e @ 4 (ARl 1006
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K prol dar Reosgamiation, Troining: TMS; Dlssticity; Mosor uemeny

Diseation ol mepemeni by HER
tefore , during pnd after eaerciae { adduetion of thumb
upmnrd surnio | abducton, drwnward strain | niduco

TMSICEWEREINWAE-BIEDEE %
T HEHI TSR L 1=, PR ZORBHE
BEEIFT A &L PERREE
BAIZEPTEL, IS—F 2V RIC
SMUTHRAFEOFZEFDRIIEBS
. SR ERVEIEDEI LY
THESHABN TV,

X9 FBICHTIREODHBK

W{E5EE (0.25Hz) RfE. 100 /5L X, 5 HRE
B SHEME 25 Hz—1 O 24k ;
500 stimuli from 20 trains in a day. Each train was applied
at 25 Hz for 1 s with 1-min intervals between trains.
—Dorsolateral striatum @ DA }
B S5ERE 25 Hz-1 B 01844 |
rTMS of the frontal brain for 3 days, during which 125
stimuii from five trains in a day were applied at 25 Hz for
1 s with 2-min intervals between trains.
—+suppressed the increases in 5-HT levels induced
by the pius—maze test, but did not influence the
elicited DA levels.
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HRIAE T TS
BRI RE L Lot
DBEIC TMS % X
L& ST 518
o (TMS £H5 L&
PORBTE= 5>

+ 50 stimuli of 0.25-Hz rTMS at the
intensity of 110% of the motor
threshold were delivered to the right
prefrontal cortex in the
counterclockwise direction of the MEfL &5 W, &
electrical current in the coil. Change in the EEG during rTMS, Afler ITMS f‘ff:’l\}/{s‘?‘g?é}é;

to 1he right prefrontal cortex had been initiated, @ (B%) fERICIEE

= ; Pl the EEG recorded on C 4 showed a slow  ZF(IFEH TV, T
One session COI’ISIStIng of these 100 wave, The slow wave disappeared at leasl 6 ZEYCTELTHD

stimuli was delivered once a day and | seconds later and reverted to an 8-10 Hz  Co0k& » HEALA S

: wave. This change was reproducible in ITMS 25T\ 52 L4 ¢IAE
was repeated for 5 consecutive days. Bt lonlE o atet e

T EWTT. BECES

11 Monitoring an electroencephalogram for the safe application of
therapeutic repetitive transcranial magnetic stimulation.
* Kanno M, Chuma T, Mano Y.
« J Neurol Neurosurg Psychiatry. 2001 Oct ; 71 (4) : 559-60.

ANE L T HEFRE T LTHRELZRS & v ) ORBHOELROTT I, ED pre-
frontal cortex T FH L T, TN L CATOREZ W o TV H o L2 5D TY
Mo WIS AP Ve TOA VY APBOSHMNTH-T, heldbrAlk
PPN T D, ENT, CODY2OLBEEFFELTVDLEVW) F—FTT
SwIY (R11-B)o

& 13 Neurological Sciences @ 2003 FEDFHLTT ENWE LT, T v b D elevated
plus—maze test H1{Z 351} A SHHE SN B O#E & L FWELICRIZTTEE
EWV) LT, WhWw5 T-maze & 2 water maze E0H ) FTITNED, Thid
TFEED maze T, AT, —HzWHB LT, —HE2ELT2 &, A X IIEMT
Wz b vy e THiTh ey (B12-A), ThEHSAMT LI LI10L»
Ty PWs0HIC b b ALITITA V) F— 9 TT&VET (B12-B)s 7 v b
DHIFEENZ 25 Hz O 1 TMS % 3 HE#H 5 L, %D plus-maze LTI LICDWT
Rl % 2 & o T %o S 20 % DRI, 40 % DFIB, 60 % DRIEL, 80
% DRI, ND540 % DRBLE 60 % DRIV HEEIL, TOHDLVETIZE XA
IPT LRI B TIENE S, BEIHT 40 %, 60 %ORBIZ L > T, A
LOVERPET Lz v EEICEES e A TITEVwE T,

FITALRICELTIE, Whwatd b=y OFWISESLTWAEE W) Z &
T, SITHEHF— NI VRO PV LTORE 2 S >TELNRT LT,
N7y NORIEISBICBIT L F— 33 VoEEL vta bV DBES R,
SoTBWIFELT, TDOHAEII. prefrontal motor cortex |2 BITA2 T b=+
APRENG o7 Ty MATHEEIIBITA F— 33 ViEBEZELI 2,
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Prof, Y, Mano; Thank you very much, very nice presentation. I am Mano from Nara
Medical University, Department of Neurology. We do similar experiments in double magnetic
stimulation, especially stimulation to the cerebellum and cortical stimulation. And it's as you
said, there is inhibition in the motor-evoked potential. But, do you think there are several
pathways between the cerebellum and the cortex and also to the descending tract?

Dr. Rothwell: As you saw, I left out cerebellar stimulation because of those particular
reasons. You can stimulate over the cerebellum and get inhibition, but to prove that the
inhibition actually is produced by stimulation of the cerebellum and not some other structure is
very difficult.

Prof. Mano: The strength of the stimulation is probably one clue, but in your pre-
sentation you didn't say much about strength of stimulation in the cortex. Even if you produce
a very minor stimulus to the cerebellum you get several inhibitions,

Dr. Rothwell: Yes, I agree entirely, but like you said, it's difficult to know what the
pathway is.

Prof. Mano: Well, one point is stimulation with time difference, and one is stimu-
lation strengths, especially the conditioning strengths, so it might be clarified,

Prof. Markov: Other questions? Comments? Dr. Rothwell, according to your ex-
perience, at this time of day, what do we need more: magnetic stimulation or food
stimulation?

Dr. Rothwell: Food, please.

Prof. Markov: [ would like to thank all the speakers for excellent papers, and to
thank all of you for attending, and we now close this section of the symposium for lunch
break.

X 14-B Rothwell EDTF 1 XAH v 3

F D KIT. Peter Basser (239 A B M T3 42, Peter Basser & 9 DIXTC 4 Ak
NFEEEAT, AR OBERN 2, BERE L Tl E ) BET 5080w )
Biwx L CE LT, €N T Leonardo G. Cohen & —#IZFmXa M LTHB Y T3,
FOBMEIE MRLCHE 2555 T LT, #:124 0 MRI TV bW & fiber trac-
tography 25i4T - TWwE 41N & &, diffusion tensor MRI % fiber tractography <~
IGH LT, 75 ¥ A®D Denis Le Bihan & #1254 F = TH2RMHEE > TEY
T3, O Peter Basser (24T AEMTIENFE LT, 22 THEBELETHE
O degeneration (23T A EEIE E I AL vy 2k E, EBEMICERICKER
TR EWVWDOLHOHFIIHsTELNT, 2Hvo/lZ Bz o Tnbho
LewEd (B14-C)

PLERFBEBLED THEANTE, FNGE, dEMTd ) 340, HE 205,

LEHREOBHEFIILE LT, BADAEFEIRBIZL Lo LLbERVD
TTThED, HHR > TV A Z L #HBICTHAM LI E BT (FR3),

150 3VbwWwh 8 DI A WIZ & » TIH 2 localized ZRIFATE T LT,
5 mm DZEMTHRHET, cortex LRV TWAWALRINER LI ENTEE T,
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Dr. Y. Mano: Thank you very much. Very nice presentation. Iam especially sur-
prised about your determination of size and threshold observations. I have one question. I
am a clinician, so when we see a patient with degenerated nerve fiber we have a very difficult
time differentiating between the degenerated small nerve fiber and the normal small nerve
fibers. Using your technique, is there any difference you can explain?

Dr. Basser: Well, I think that I can say a bit about it. You know that an important ap-
plication of magnelic stimulation is in the demyelinaling diseases, such as multiple sclerosis,
which was so eloquently discussed before. One would expect a difference in the wave speed
when the resistance of the myelin staris to go down. This may be the best indication that you
can obtain from electrical stimulation. [ also think that once you know better where the stimu-
lation oceurs in magnetic stimulation you can make more accurate measurements in
conduction velocities. In the future, you'll hopefully be able to use this method, as well as
electrical stimulation, in order to determine the actual velocity of conduction. I would add that
conduction velocity is probably still the best indicator of the demyelinating diseases which I
think you're referring to.

Prof. Freeston: Thaok you very much.

X 14-C Basser EDTF 1 XAAhvira
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Brain Dynamics
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15 TMS and Brain Dynamics
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17 Current Distributions in TMS

20



‘ [}
¥
Onset of magnetic stimulatiap ‘;’

18 8 DF AL L A EBRNFORBT R

@ Abductor Pollicis Brevis Muscle
Abductor Digiti Minimi Muscle

B Bracioradial Muscles
Abductor Hallucis Muscle of the Foot
Abductor Digiti Minimi Muscle of the Foot

19 TMS & 2R~ 7

21



% 4 Medical Applications of 20-A
Transcranial Magnetic Stimulation

3.Damage prevention and regeneration of neurons

1.Estimation of localized brain function i
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2.Creating virtual lesions to disturb dynamic neuronal
2 LT
BOS] (RN

connectivities
| p— | ~
= 14

4.Mcdulation of neuronal plasticity

5. Therapeutic and diagnostic applications for the
treatment of CNS diseases and mental illnesses
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20-G

Perceniage of Correct Responass
by TMS Stimulatlon Sits

1

Left Verlex Right Ganirol
DLF DEF

o5B888883

*p < .05

20 Effect of TMS on associative learning for visual patterns

v M IZ L CHRIC 2 @ working memory., short—term memory D 5228 & Z O HAH S

DT I A, TOBYHE D 155, FRIZFEED 7’10 % A T encoding & storage
& retdeval B ) TN LD Fllretrieval DE ZADE ) b Ly Ik
T (B20C). CD=DDIY — YV ERFEFINY — | JFFNy — v BEFINY —
YDA EDLE S AT HIIRBE )BTV E D, ZHIRERET LTI E
WET, €994 L NG ORBEAEF. EOREIIE T, FWITF1F Iy
WA TBY ¥, SHEARMOMEEMEEE T LT, TACTHME
THWT, [HELOFHPE I n) 2 A TEY £9,

Bl 21X BHEEA), 733 msee DB AATRIHBAFH L TBY TR ED
(F20-D), 25 5msecBIXEDRHEBEZ T3 (B20-E), KD5
msec, 743 msec DIFIILE 2T T, ZrOEXZHMARBE L0, G2 L7
D, EHEZRBELZZYDLTE) Zbhbwn) Te2TF L (K 20-F),

MARTIEVET (B20-G)o 10 A\OFHDEMETT, EMETOBEDD
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55 TMS and Brain Dynamics

1.TMS appears to disrupt associative learning for
abstract patterns over the right dorsolateral pre-
frontal cortex.

2.Prefrontal working memory systems appear (o
play an important role in monitoring and learn-
ing paired associations, and may be lateralized
in accordance with other hemispheric specializa-
tions.

|I : ‘."I. i
g#ﬁ\ N A
#ﬁ%;y e

[ 2o \
Interhemispheric connectivity | 20 ]
Commissural fibers \ H serr
—corpus callosum L ce
=anterior/posterior commissure s \ oo S, ([hk "“ =
—hippocampal commissure Hf

X 21 Intra— and Interhemispheric 22 Topography of the amplitude of the
Connectivity 9 ms EEG component

TTUNES, SHEHEL 24, 2N &£ O dorsolateral prefrontal cortex
TYo TNIFHBEL TOEILA 2V Vertex % HIBL L T ZIEA vy 22 b
H—=h e OREZITTT R, HOREMNE 2L 3 &, EMEEH 40 %
CHoTebIFTIEVE LT, ZOBE, &) Vo BBREOBICEAN L7
W+ AT, 4 dorsolateral prefrontal cortex 2SKHETH 3 L\ & & % Bl #
TRRZZDITTITEnE T,

IS C ORESRIBMOMFE T, b ) RIS L 22RO N F L7225
10 msec, 20 msec, 100 msec, 200 msec, € ) Vo723Vt H ¥ FDOF— ¥ —T
DRIEGH D FF L. VAW A % connectivity Oﬁi%ﬁfﬁ‘ﬁ‘%%}if‘ TEWF
(F5, @21),

TITC B2, 4 WNRZEOHFIZ 2> T AFEEZEBEE L AARLE
DEPERIADHFATIENE T, & THAMBE 8 (CHAIEIE, 2 cm BIR
THIBL 9, £ CRIBEBF O F3. Fz, F4 TORELZH Y T+, ZOB0RH
BLIEZERDZDImsec DV Y KV I TIENET, Lonwy ¥y rhkn
7 &, BREEOZZOHDTH > HOEBHRETIEVWE LT, Tz 0l
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23 Topography of the amplitude of the 9 ms EEG component at Fz, F 3, F 4

DB LTVWAE W) LA YFE-TBN T,

COEICLET L, EOREREDHEA Fz DF D, A ORBEIEOR A
DO FOFEHENIZ LI ->TBNEFT, THIFImsec DR TTE T
To 9 msec EOWEDOEH T SWEF (K23),

RIZ, hippocampus ICxF T A EBETCTEIVE T, TNERLOMAEZ DK Lith H
BHSADZEMNHLXOHEBETT(RI24) HICI I THEA LTS DR
M LTP T &WFE §, LTP (LongTerm Potentiation) & X9 D {Tvyb ) 5 5
B LM T A2MROEEICRVET VIR o TBYELT, FICZDT ¥ X
A H #7212, neuro transmitter DB D AR LD T LT, FNUHALITPOER %
o TVnBDTRZNPLE V) ZENRFEDLNTEY) T3, MirnwIlidmgdroT
By A (R25),

FITTy &S
WILT, brok
hippocampus @ Ff T
DIREIRDEEED,
B 2 1 10 A/m? Hf 12

. 24 Effect of pulsed magnetic
AL LRETA fields on rat hippocampus
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Long-lasting increase in synaptic efficacy resulting from high-frequency stimu-
lation of afferent fibers.

LTP in the hippocampus = typical morel of synaptic plasticity related to learn-
ing and memory.

Pre-synaps

AMPA ok ® 9 "——MiE* block

receplor] NMDA
receptor
4
Protein phosphorylated
Post-synaps enzyme
Synaptic transmission After high—frequency stimulation

« Enhancement of transmitter release
- Activation of AMPA and NMDA receptors

25 Long—term potentiation, LTP

Scalp : 0= 0.43 (S/m)
Skull : o= 0.015 (S/m)
Brain : 6= 0.2 (S/m)
Oostendorp et al (2000)

Peak magnetic field Eddy current

0.50T 6 A/m’
0.75T 9 A/m’
1.00T 12 A/m’
125T 15 Alm’

26 Eddy currents in the brain

T, 05TeslaZ* 5 125 Tesla DR F 247> TH Y T (R26). EBEHS D i
fEPSP, field EPSP T, fEPSP DWHOMEE 56 LTP {5 D TT T b, CA
O TEmE S LTEXALEY, £ LTI D PC, pyramidal cells DT { T
recording ¥ A5 TCITEVET, SITHPWLTIITHS, Thidvwbwb
field EPSP 2SRl A DIF CTEVE T, Z 2 CHIE % 1 A RIEHE 1258 W BRI
¢ 100Hz THFFFFERBLETE, CNTVDRLET ¥ XARBIC L - Tk
ERZDEHIEDLL, ZOWEH TR, 2B, 3EBHEHE DT TSN
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Stimulatife. "

electrodsg
b

SC : Schaffer collaterals
PC: pyramidal cells

— Pre—tetanus fEPSP
— Post-tetanus fEPSP

Tetanus stimulation (100 Hz for
1 sec) »Enhancement of EPSP
=Long-term potentiation (LTP)

27 Measurement of fEPSP and LTP, Excitatory postsynaptic potential (EPSP)

LT, NP RIEMBBEZ L EbNTYI T, THPFEDILED — 2D element
WK DBLLEVIDITTITEInETIINES, BIELIFFICHBRLTNET, 2
DME 2 AHZ &I & - TLTP, REAEMHEZHMT b FTIEnET (B
27),
CITTIRARNEE LT, SITCIO@DEEF EF>TwET R, Ths
IRETIIIREDS, SN2, 3B EHEE T T, 200 Mt n)
&L 0.75 Tesla, £ @ motor threshold D6 & - & D 80 WIEE DR TIT S i
LTy 1 APRIC 25 B[ o>, 25 He DRI A 1 H 1000 %<0 £ LT, 1 #EEAFF 7000
FELBII, ARXIOHEHFEZMOMBLELAERIZW>ZLIP TTEWET,
CODAEIXLTPAYZ 9 enhance SN THE N T3 (K28), LA L6, 1.25
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500 1 %
0 ©=0.75 T TMS(rat n=10)
450 L @ =sham(rat n=10)

400 1 5
350 +
*W

2b0
200 Tetanys .
stimulation

160 *

50 ] ] ¥ | [} I | i I
=20 -0 0 10 20 30 40 50 60

Time{min) Error bar==+1 SE

% of basal EPSP slope

. LTP of 0.75 T TMS group was significantly enhanced (p=0.0408).
28 LTPs of 0.75 T TMS

5001 ©=1.25 T TMS (rat n=8)
450 @ =sham{rat n=8)

400 1 +

1]
Q.
o
9 350 +
o
P 300/ +
[11] J‘ . 1
Y o5l Bk, YW TP
% LN I'J'.-'_I_-;gll__ |.I"-"]|
2 200 Tetanus 7 OO TRERTTTRNT T T ITLT
i< stimulation
x 150
100
50 i i [] i ] 1 [] | L]

Time (min) Error bar=21 SE
LTP of 1.25 T TMS group was significantly suppressed (p=0.0289).
29 LTPs of 1.25 T TMS

Tesla, motor threshold @ 120 % DRIFL % LET &, MIZZTHNIZLTP A F A5 ->TH
DILTC BhLIoWmTABTHIRESIZE-T, EITH%25LEEVET
. LTP DD D L) DI T80T T (K29, %6),

RIZ, PO RIMICAT U COMEASREZRIIC L o TIROENE L) iffE T
MLET, CORBEMAILD &b ERFRFOBAREENRVIIRL LS T
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% 6 Discussion of LTP

BohFd, TITH,

Discussion

0.50 T TMS—LTP—No change
0.75 T TMS—LTP—Enhanced

1.00 T TMS—LTP—No change
1.256 T TMS—LTP—Suppressed

« Cell morphology : No change

—LTP changes were caused at the molecular level.

+ Activation of astrocytes : No change
—Astrocytes are not associated with LTP changes.

* BDNF expression : No change
—BDNF is not associated with LTP changes.

WEHBc L > TR &
I & > TLTP
B LICLoTER
R L 72blF T En
T¥, BEDOATA AL
~NVT, BEMEEZHZ
X548, 104, 2045, 30
SO BEbIFTITEN
F9, TNT, 205014

ik IgLizeal

DIBEIITHATL IV, BEMIIZZDCZDVTETITNRED, 1052725
TP HNSDTT R, BINLZITNEERTRoTWET, &2 AP, A
b o T 1 BERAR B % 0.75 Tesla, motor threshold @ 80 % T 7000 ZHll i L 7>

FRAIDYPER, MEOWOBMET>TDH

N7 EDNB E VS, recover 3

Ischemic condition : 10 min, ischemic ACSF (without glucose, oxygen).

LTP after ischemia

5005 O Non-ischemia, sham control group

3504
300+
250+
200+

150

% of basal fEPSP slope

1004

@® Non-ischemia, stimulated group
4504 A 10 min ischemia, sham control group
- + A 10 min ischemia, stimulated group

50 T .
-20 -10 0 10 20

30 40 50 60

Time (min)
0.75 T TMS has potential to protect hippocampal function from ischemic injury.

30 Acquisition of ischemic tolerance by 0.75 T TMS
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MPTP rT’MS Fixation

l i l

1 | 1 | | | F"Tlme(h)
—48 —24 0 24 48 72

Subjects: Wistar rats( &)
5 weeks old
Neurotoxin: MPTP
(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)
(20 mgrkg)
Injections: 4 subcutaneous injections
per day, 2 hour interval between injections
Magnetic field: 1.25 T at the center of coil
25 pulses/sec X8 secX 10 trains (=2000 pulses) per day
Interval between trains = 10~ 15 min

31 Effect of rTMS (repetitive TMS) on injured neurons

nissl stain

MPTP/rTMS (-) MPTP/rTMS {(+)
rTMS prevented damage to hippocampal CA 3 pyramidal neurons.

32 Effect of rTMS on the injured neurons in the hippocampal CA 3

HEVHIDIFTIEVE LT, TOEMEMSAINIC L > TRO B3 5
WPEONL EVHIFETCTETT (K30),

bORHEDPH D FEARLLTBLETIINE L, 2 NIZMEHE T O MPTP
TG LT, FBES—F 2V UEOERFETOTTIIRED, JHIEE,
RIMBEEEDOBE 2T TE LT, HICOBETLIOTRENS I LW Z
ET, THEREL TEDRBEPEI R LD E VI 2 EEHRE Lz, FFRED
KSR OFMFm T (R31), R3R2ECA3ZD=2—0rZRTWET,
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-

Percentage of damaged cells (%

Rt m=6, Sample s =24
foi #ach groiip.
I-'II'ITJ\"-II'B-'{ TRIFTRTAS L]

The percentage of damaged cells of the MPTP/rTMS (+) group
was significantly lower than that of the MPTP/rTMS (-) group.

33 Percentage of damaged cells in
hippocampal CA 3

|_immun0(:yt0chemistry

MPTP/rTMS (-) MPTP/rTMS (+)

Arrows indicate GFAP (glial fibrillary acidic protein) positive astrocytes.
GFAP is a cell specific marker in astrocytes.
* 'TMS increased the GFAP immunoreactivity in the hippocampal CA 3.

34 Activation of astrocytes in the hippocampal CA 3

COL)CHERWHT 22 8128 o T, HED CA3 D= 2 — 17 »H MPTP 7217
TRIA-VPFRI>TBYETIINES, R TIE IS A -V hvin
IBFTISVET,

33 I3 damaged cells 2" MPTP T8 E H DO THIF N &, FNAEEME
HIEIZLoTA4HITMo 2L ) DT TT, TDOHHAD—D L LT astrocytes
DIHFHALDE G L T B0 TERWAE VW) Z LT, FRERRTBY T (R
34, F7),

£V 2 LT, AHBOGRORRTIEVET LD, Thbid, 20
3HME, 4 AEOMTERTIHELRAS -ty vary, Y UyRYYA, F—F 0
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% 7 Effect of rTMS on injured neurons x8 FEEEMSRIMOEREK

_‘ ya & o
CEMFES -4
* The activation of astrocytes by rTTMS possibly . -
contributes to the recovery and protection of RERBRADIEH
neurons. . Wﬁ%g%/\@mm
* r'TMS may aid in the recovery of injured neu- ol Sy =2 N -
rons and protect neurons from injury. . JNEYF—2ar OIEH

a0 TuTIAEREALITE, BRICEELTOMAEN 2SN THEZ
LERIETY, €)oo/l TATEHLDOREFH L LB VT T, Bl L, A
HRBEFMNFPES 7L LTTMS 2o Tnho L WnWET L, FHAEE
DI, MRERNOWER., L EHOMBEICELEILTYNEY T -3 ¥
NDIGH. WAWARIRENHLDLITTIIVET, TOREILHMFEOHRND
B LODORAPTOREBL L DIEERSINTCOPEFITELETITSNET
(F8), BIMIFOABRILIIROMAZDOREREL OXAMETHN T L
720 BWITESLET,

BB D Z O EP IS T 5 FEEERY D R ) 72 contribution X FEH 12K
EHb0FHLERNEYT, BEFTELEICRELBRHHTHLETES, L
T, BEFTERED AT TNV L 72 F v —5&bDDI2nwEBWES, TEHEDHD
MNEHTEWFE L7z,
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S

Al TN EEEE, b0 TE8E L, BELOLEFOH LWV
T—FFTRAETWEZEIL20NES, EhlzPEREraX )T
TLL I Do TENTEREPHINHNEIHLADT, brob FRMETHERS
HTHLWWRER o THWEDTTITIE D,

& )2

APl EEZOELL) I6FEHT, BEIANDPSMEFEALE -T2 TTIT
nNE, RO DERVIEF > L OWERIIMALZDOTT R, MEGENREEL SN
TWHRIC, BEAAE RAEESIOS%TE FIFEH EndH 2 & TS
MEF o0k, FHARACTVWTEWHELE L, 165FEW, #LEZ LD, F
L LTIDEI BRI EERLIIC oD V) DY, FFE—DRE
T, BELEEDNA T TRAT A ZALADEBEREZRONADT, FIFHAT
HEREFEENMOTELE VW) L ZAT, FNIFHEREDE bz MH O
Sl TINGE EBELGETHINOFBRWE LT L, IHEDLBTES
RBFSEDRO TR O N FICHIIETF 2 460 7213722 0 T, & L AD#N
HRENREEIIR o TWE L X THRHATELDERD X 285 EHAHIBE
BT, DERIEEHETVH LI ENGEE RO TR E ) DT
nE, #H50n) 2BV LEELTECWTBY E L, 2o LwnEn) 2 &
TFERE DT ZETHRELOTTITRE, FNC, SHEHES ) BN
WBifa LTEDTT N, €T, BEIGAE LR ERE S L2 HITARD,
L) EENDEDNMIZEVWE L. DLIALITNITE» TWAZITITE B
T4, RIT1R2OBIZEBREDHLDOTTHA, EHFIZT—D2EVWTBY THA,
KOTFOANZEHL>THbWnE LT, ks BHEEIISbNLOTTITN
E, BOPELCDEL Lo RELDT, v L) pEBE AT, ZA%RZ
ETECDPGRERVDTTY, FHEE, E9bdbhise ) TSnE LY,
FRNTIEEALVTTh, ROWMBIZEIETWALETET, EZDBS BT -
T, DBS DEMAA > CWBEBZRIHIEASTE DA 5 H, KLEREAH 2
EVHIONL LB >TBY T Lz, ) bDOIEN I Y POFTIEAL
RoTNAEWVI L) REFEEZLTBYELT, o RKLLZEVIFGEHLHFHT
WET, BALEDELEZATOLIDHEEZBEF L TWAE L) LT, 4 EZDE
P HREEEICBECLE L, HHEGE, BEWLEI,
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2 DBS ROiEREMRFA (TMS) 13
TEM?

(EMAY REENTR .
USTF - BRI #MHE ¥

E95HNHE)TIET, REKRASVBEOBRTEHEILINEELEL
TEALABOLNEDTTA, DBS 2R - TV A ICHAN M E R - 72 b HEek
DOhen) ZERZELELT, MALHREEBFELET,

FEERIZ, DBS OBEMZIROAAIZ NICHESHEE L6 R ERZA )L w
ITZEWRABYRE s b 2o TTiTh e, mE R T+ & Ashby &
DY No— 7R Kithn 72 &', DBS D&M L IOAA 2T ICHERNEZ 7 h bR
TWEEITT, I EADR TR o TR ENI EZATERLLT, K
WZRALE, ZOTODT N =FIZEBWMRAPERENT LD TR Z VAL RN
E

6 ADBS MO RER A AL E7ZE LTV AR E W DI, 1999 4E |2
Ashby O 7'V — 7 D F 4% 7)¥ Movement Disorders 12783 L 725 At —D ORI &
oTWET, A YE-F 212004 —4DY 2 VOFIZDBS HOEME AL
FLC, 20HMlz 4+ A0 =T8T, ) — FO LTHANME L 725285
Tdo BARRIC L > CALZ-BERIZDBS THIBERBEI VLT 4%
MolZDTLEETH L LV i T, 7272 DBS ORISR % 85 O M EE Y
WCANEDOTTA, FOELICHYT L L) %, FIBMEEOE LI VEiTH
ERMAERN T LE o0k, oINS 2R E2NERLRZE VI BMET
To b9 —2Kihn HbFL L) BT L 2TV, EFAVOPDEIZ 07KV b
Rolehb, @BEIIALRIZA)I L, VAL —F O L THIEYT 2 EENL
DETHoTVBPLEIATIVYTr v MEET2em ARSI WL S 12 L
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o)L TT, TOTDOMADBS DO TMS HEETH B EWVIRME LT
BERINTWDHLDTHYET, LeL, THETTIEIATHT, REBDOKRF
DHBMTAESITERERL(EELET L. REFDRERIIOVWTH IS L
HBa7zbTHRE L7z BnwE LT, EROEROFNIZEEEICET 5 RE5 17
Y Nl D= 3 O AN

VA —F —~NOBFRREBIEMR TR T L) 2l ) o T D
DT TTOT, ZTHIZFVBEZHLTEFOBICRLZ LZBVWERVE LT,
DBS ') — F 2O 7RRET TMS 2179 2 & T, MPHMRICEEI L L 2wvhil
DVTHDARRE) L) I LT E Lz, 22TET) — FHEERRIC
Lo THWTLE)DOTERWD, FIWERD BT LERIEA LA ZoTL
FHDOTIE WD, Fhrb, BEIOERVRNLTHIBERBEE L L L0 X
ICEBEEINTLIDLEVHAL VI L Z2TARTHT L,

9, EMHOBEZEETNVERHELE L, THEHDO»ZEE2 LT 27V
DORZEDETF NI = V&N LIZDDTT, SOV, ¥9F U 2igKL
NaCl DB ZHELF LT, e LA V-V APVEBROREE UREICR S
LITHELZbORHWE Lz, BEOFMFHLFEL LI ICREIT/NS 2K
R TC, 22RO KESINDRESIZRDEZAHICDBS BREZHOAAT L7
®E1).

T TMS iI2 X D BREIE L AEINTTH, Bt bsnEdeinikgs
CBIEEXA, ZRICELTTLL) BETY 2 V&GS HVWIRETL R - T
bHRZDTTIINED, 2REDLVEV) ZET, TTFZOHEIALERTHA
FewH kit F LI,

RKIZ, BEOELICEALEI LT, ¥—3I A% —% DBS BBDOILwD I HE
WHIA LT, BEEAIEE 60 AR B L-RBICEBREMBORED L2550 %
RELZ 8DFIAANT NDRBHETSHIC1INAHzHEOEL T L
Ioo BB TT EFALIELEZR L I HHDHEBTELVWERE ) DTTH, %
FRZIAVIZ oDFH T LT, A NVOMEEIZ TR Z M 5 2 L
TEFEd, M VEREZDLIICLEFLTHOERA LIBEF EPoTnE T T,
L2 L, EROBAOREIIRAPLFICELYFH ) TEATLL, o T,
COREDOEAFCHETHRE L CWASITRIBEES LTS 2% b w
FZTELTTRVOTI AV EEZ T LT,
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K1 SEABETIVCRIALADBS U — FERTREOTIL

RADRIEIE TMS (2 & % DBS Effi %8 L 72fi~ @ %fﬁo%ﬂa%m
EFRZILDEYBRTHLLE)DOTTIINES, TOBBTEILE &ﬁlm
EETHTVLENTT, XA F PO ZAOFHFEFIZIE TMS (£ DBS BEiRHH
DAATHLBHIITITHLEVEHICEEBVTHN T, 2OL I B ETFTIVICHE
HDIAATZDBS ) — FOHHD, Y xh L —F —ICB ML HEEREICEIEL
T, HIZENMERDPHNL D EARE L, C2OLEZAICHEIA VAR
T, intensity *ZZZ TCWEET E DL H)ICE RPN T Lz, ZOBHTT
E. CZWRIANDEHLDTTTRL, V- N3t Zs a4, 2
DY —= RO A IZaf )V E2REE, YRRNLELITEZ AL nw) LTI,
T/, A NVOREEAZEZITER2DO LS TTA, EBICHENLAEFR L VS D
LD &) BRI TREEEAT 100 psec FHFAEE NI TT (R2),

DANDONEE) — FOMNERFBRTEH L LS T LT, lem HFIRICHIZ L &
LT, SOXIBET) - F2EL LIIKET, SOFISINS0%TENLEN
DETHFEBI 2w, BETHELFE L, REHI0) — FOELETHEL
THRIZ, KT ISRV MEERNLE LA (RK3),

FEBRIZEFR R > TWH o L b HIZTHERASH L LR VETIINE, 1) —
FEWV)DEHMIZESLT L) LTHRESIEIRIPFHDFTOT, HEO LT
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#lliEa« /L Double cone
X without loop

100us
259

20—
15

10 -

Amplitude (V)

I I I I |
20 40 60 80 100

TMS intensity (% of maximal output)

2 RUBEE CREE

Q) =

3 RBICMNOMAELBEEDOHRE
FB LIV 8 DFEI O A I (butterfly coil), TIEERE 50%
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V) 2GRN E L,

ZHid DBS DY IFHHELOTT TN E L, NV ADIEEBIETI OFE
FEOLIATRNEV) A ITIIERITH D T4, 2 warning arca & WV TH
DFFTDIE, EBRICERERLIZBOL V-V VR LBEL Eh O BHEEY
LT LT, £0 1 phase. ZOREHED FBIO 1 phase 24 ) OBEFHE AT 30 1
7 —W1 ¥ /cm’/phase LT CRITHITRAGESL L ShbLTnE{,

DBS V=t L — 5 —~ DR EHOEBIZIE A ¥ — ¥ v 2% il 2 #hEHT 0
WTWE LT, BiME L HEREMNIEDI D E—Y A2 ENT L2 ERNTE
T4, FIHILETEREVBOERIZIEA VE—F VAR TAL L VD 25D
HEITOT, BEEODEELBHMOEESLEROE,LLEELELT, £iZro
BETHERNLIDOTEMEEL LTELTAT L,

ToLITE, bolbWlrooHA T, Kk20p 7 — 0 Y REDEMERE
WZhBEV) TENGIPYDE L BT AN T2 E-RELETI) ZoTw
LHDITTT, ZZHEPOEZFLTHION—-FO0EEZESLTILTD - &iEn
BIHAHNDS DT TTL, THIFS0%BDHEI TR TIDRETTH S, 3028
REEWV) ZETTOT, BIRINE 100 % &\ 2 - &L TMIREE T S
EFRELEEINTWLEZAFBZTLEIFVET,

TEHITE V=T LRI E T E, DR DRV EIESEmLE
fit, SINZ2 D) GPLIZELTLE) L WVWH) I LTTDT, FNHFLLHEBLT
LI ZEITEELLLS TV EEA, V=70 ETHBLEZ T - Td it n
EWV) ZETTDOT, FHOBIIFAZEMI ZRELIVwEV) 2 2aHh F
L2, M1ID BV =T 2 EoTB B2 LGBV OTREVD, TTD
T, Lrol V=T DRREFHN LT A0, 2OBRFERL T EPHIRET 52
EREZERBEL LTS LTELRITNITWIT 2O TE W), 0 E TRl
BTG ARGV EPR I VOTELRIRE VI L) ICEZ T L, & charge
imbalance DB L VW) Db H L EBA IO TTIThE, I RAPOEBIEE <A T
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water concentralion before averaging

(David Liebetanz &, 2003 X ¥ 5|/HY)

1 Mean proton MR spectra of the brain of rTMS treated rats (top) and controls

(bottom).
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(David Liebetanz &, 2003 L b 5[fAY)

2 Photomicrographs of hippocampal sections of rTMS treated and control rats.
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Figure 1. Effect of High-Frequency Repetitive Transcranial
Magnetic Stimulation on the Number of Cigaretles Smoked
{mean £ SND) During an Ad Libitum Smoking Phase of 6

Not significant
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*Denotes significamt dilference from sham stimulation (p <.01).

(Peter Eichhammer 5, 2003 X U 5|H?)

3 Effect of high—frequency repetitive transcranial magnetic stimulation on the num-
ber of cigarettes smoked during an ad libitum smoking phase of 6 hours.
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Cortical stimulation at both high and low frequency
has a suppressive effect on epileptic activities

Electtic stimulation on human cortex suppresses fast
cortical activity and epileptic spikes.
(Kinoshita M, lkeda A et al, Epilepsia. 2004)

A (1) 50 Tlx, epileptic foctx (2209 1My, epilepric focus (D 50 Hx now-epilepiic area
200 ] smapLathes
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Y w20 0 w2 0 19 20 (min)
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PLopt xu,[,&,-_e,«fr.,.v-\“,-n,\. e ,e_{ FORRTEE _:-:y,_a\L‘iYm ) Al \ixuyL,.';"J ,.J\..wvxw\),’\\/i/‘\,wm—u
after

T e P R S T S e e e e N ot e 8 LT e e hiopds
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(Masako Kinoshita ©, 2003 X 4 5|fH%)

4 Time course of number of spikes in percentage(A), and an example of electrocor-
ticography before and after and after stimulation(B).
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