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< SUMMARY >

2FA1A203

Establishment of optimized adipolysis stimulation method with electromagnetic
field stimulation through developing pulsed electromagnetic fields stimulation

Purpose& system
contents = Establishment of an optimized protocol for non-invasive measurement of  the
metabolite changes of adipocyte and tissues by pulsed electromagnetic fields
unsing (nuclear) magnetic resonance spectroscopy
= To develop a PEMF stimulation system capable of stimulating cells with pulsed
electromagnetic field
o Computer simulation of PEMF coils generating optimal electromagnetic fields
- Simulation for generating the electromagnetic field with SimdLife v2.0
(SPEAG, Swiss)
- Multiple coile design to efficiently generate electromagnetic field
= FEvaluation of the developed PEMF system : verification of stimulator performance
o Application of developed PEMF stimulator to cells : Confirming the effect of
PEMF stimuation on chondrocyte proliferation (p<0.05)
= Reliability and validation of the PEMF cell stimulator system
o Monitoring chondrocyte changes : Effect of stimulation frequency and magnetic
fields strength on cells proliferation
v It was confirmed that cell proliferation in the PEMF stimulation group
was more active than in the control group
o Investigation of changes in co-cultured cells of adipocytes, adipose
differentiated stem cells and adipose tissue and stem cell differentiation
el Identification of the PEMF stimulation on lipid differentiation inhibition
= System and coil optimization of PEMF devices
oA diode element was relpalced in power circuit board
oReinforcement of the coil housing and cooling system to minimize heat
stimulation effects
= Confirmation and verification of cell stimulation reliability of PEMF system
o ldentification of inhibition effect of adipogenic differentiation by PEMF
stimulation during fat differentiation
olt was confirmed that the effect of 10-min and 10-Hz stimulation protocol on
the lipid differentiation of stem cells was significant (p<0.05)
= (Quantitative analysis of cell and tissue metabolites for optimized stimulation
method
o PEMF stimulation effects on adipogenic differentiation of lipid precursor cells
was confirmed by NMR measurement
oAs a result of metabolite quantification using NMR spectroscopy, it was confirmed
that the 10 min stimulation of the stimulation protocol and the Iipid
differentiation inhibition effect of the stem cells at 10 Hz were significant as
wel | as the tendency of inhibiting lipid differentiation of bone marrow stem cells
= Development of universal PEMF cell stimulator with adjustable electromagnetic
field conditions
= Suggesting biomarker criteria in the process of inhibiting adipocytes through
spectrometric analysis of cellular metabolites
Expected Obtain the electromagnetic field stimulation protocol applicable to the

Contribution

treatment of obesity according to the site by the stimulation technology at the
cell level

Non-invasive and repetitive cell signal acquisition using MRS to provide a
reliable quantification method of cell state

Based on the results of cell metabolism measurement, EM treatment of deep tissue
can be possible

Keywor ds

Magnetic resonance

spectroscopy Obesity Adipocyte

Pulsed electromagnetic

Adipogenic differentiation

fields Computer simulation inhibition

Cell metabolite
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n ME AnE =F F 10 b, FE| 0.26%2] S MAE 3 (Type 1, 2, 3)oll 2AIFstAS mo &
o aEs seldt (7))
o MAE Tl Uttt SHEE mEo HEAE Type 1, 2, 3 2F RASH ZDHE J1E (w2t O
2f =)

o Type2= AlEZLUQ|
o AEI7F &[St R(

2 ol EH=Y

—

x
o] SHFZ)IM HHFd S Sof Y& Z2ollM Type 32| ol 7+& &
1T

=

<E 7. 10 Hz, &El 0.25%E 276l E M SH& A& B2 mg>

Obl
:|ru

FUHE

Type 1

10.0 vidiv(=Zh
500 mvydiv(E=)
100 us/div

Type 2

10.0 V/div(:=Zh
500 mV/div(2=E)
100 us/div

Type 3

10.0 Wdiv(:=3)
200 myv/div(iE=E)
100 us/div

= AlZ2fo|del ZAItet MH H=t=of FSHE ZuolM It £2 S48 20l£ Type 12 0|E35101 Al

FLI

_26_



(2) PEMF

m PEMF

Me
o o

Ml
r
=
wn
n
©
o
Q
°
1o

1) 7 2

n MEXAS Z2ES 2

[T o
WAy o

I e
e

ne

rot

Rl

N

&

rlo o =
Z N
I 0
N

>
u = -

ERel MEX=S Z2EZ

A57] ZEEAE Sol A5 guE JHE 28%e=

Yot Al

—

-

Z=Ab

o Bone Regeneration(Z A{4)
- Int. J.
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- Biochem Biophys Res Commun 1998, 250, 458-461
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NO(Nitric oxide) =AMe| ZI7t2 ¢lslf ZotMxZel Z4|0|
- J Dent Res. 1992, 71(12), 1920-1925
Z=71: 15/75 Hz(repeating 0.3ms), 2 mV/cm, 2A|Z¢
e =3} PKA, PKC pathwayoll 2|3l ZotMl=Ze| &Mo| FIt
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- Connect Tissue Res, 2001, 42(4), 269-279
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T el B Zhef AHE| d7t 0 mW, X-F HollM F JHiel = Atolo] FSalol U= Hol AU|E

[

rlo

R = radius of the coils

N = turns of the coils

! = current

Uo= magnetic flux density

B = magnetic field at the mid-plane

» C|X}QIEl FAS Simdlife software v2.2 (ZMT, Zurich, Switzerland)E 0|-&35l0] ZolA& &
o FEAIE A|ZFEAH(FDTD : Finite Difference Time Domain) &S O &
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R 2 5 P ( R )2 5 ( R )2 5
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= >< —_
Vp e cos(w zstm
R
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= —_— =+ i —
1+( QwL) Vpe cos|wt £ tan 2wl
B
* Acos(z)+ Bsin(z) = A+ B? cos(z +6),tan(6) = F —,A=1,B=— B
A 2wl
A7 | HHME 5 2= M=
Slo] TROIM Vo= 320l 2 MEUS STt APY|IHS WHAIF|E F o|UAUSE AISE
HIAIE(C) = Ve 2FE EHEN LI2E HY(0HX])S &4Msts dE2S &
Mgt e MEAlEe 5™ MFE ZYols dgs o
Z2E IA(L)2 AJIE AdUXZEE HEHE MFE Sl XA7|&S UMAF = dES &
SCR (silicon-controlled rectifier)= ™7™ AAXZMH SCR E2|H ZE=2FE E=E Tgo
2f oM ZM(A2[X] on/off)el dE2 &
SCRe| on/offoll w2l HEAIE{o SHME Mo Z2E IUAA A7|ES LYAIZ
EESH ZF &AXfe| R, L, C gt 22 IUZFH EHE = APV|E odo| ¥es ol 3
A 2] %]
DC A= HYS =Fs /
=9
P E T
W -g
g —p E E > § Photo transistor g.ﬁ
=
- \ '
y A S5 2=
_ T I
Switch
on/off
N o4
\ -/
Remain electricity
recharge

<18 22. 5 25 Flow Chart >
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PEMF O 2= JHgt

o PEMF 752 {aiM= SCREF EZ|7{ 2 52| Gating Pulse 22 0| 2510 nMYCte EHE =7+
Moz Z-HHMA|F{of SIE2Z 0|E MOst7| 25H0{ Gating Pulse% E£HE = oy, EHEE F
T 2 FEIE on/off AlZH us) 22 Z=Hs5H0] A7|&e A= F7|1& =& & = JULF Jjget

[
S X eRALEE HEQ BSA HEH TMMzt 22/ME HES =otet HEES MESH o F XU[A}
ol tiet 2ol & X|YRAL =E2l HEdE =22 ZHelstixt &

TMM phantom
o TWM M M=
Agar, st #IZF=(Benzalkonium chloride), Z22lM&E, Distilled water, Al2|& 7ZiHio|=

[SiC(-400 mesh) ], AtstdZ0|E[Al, 05 (0.3um)], AstLF0|5[Al, 05 (3um)]

o TMMe| BN

@ HI ZolZol 100ml Z|Z=2F Agar 3.64g2f Alz2|E FHHIO|= 0.639g, 0.3um 2AHsMYF0|E 1.06g,
3um &EIYFOlE 1.133g =37

© H[ZHoll SFF 100mI S &HIIEH =

(&)

0C/HX| 7t

© 7T 2E7t 45~50CTF =M FFE DA Al Hat HEFE 0.567ml, 2E|/ME 13.51ml S
H7tstod DFZLHI'EI HIE 0| &3to{ Egt

® ===2 0TI 7tLd=H, JtFds STt 50C7HA| As|HA otaH| 8 HE2 X[£5& mt

@ Zgt=0| 50C7t =HH F=v|E WY Fdol 7|=ZIF YI|X| @A HHs| T

B HEH2 &20M 25| 28 = Adol ALZ

BSA phantom
o X2 FALHE HH ME
40% Acrylamid Solution, Distilled water, 1M TRIS, 10% APS, TEMED, BSA(Bovine serum
albumin), Corn syrup
o X|gb SA} WEO| BHA
& H|Zoll 100mI Z|=2Z 40% Acrylamid Solution 17.5mIZF 1M TRIS 10ml, Distilled water 71.61ml,
BSA 7gE ZZd| ot2 XMt F Corn syrup 10mlS 20| ola4 EIHIE o|&3lo] &

|
O o= & =&t =, 10% APS 0.504m| 2t TEMED 0.03mlE ZF7istoi =g, olmf, 2zt =282 X
S5l =B Fyol FYst| Mol Zoi™ & YoM, BErEel 27t B2IK| ®ixlet 2
_ . -

© Z%o| o|Fo{x|H |2l HE Foll MH3| Fsto] &20iM 25| 2ol = Ago| ALE

e SZEH MzE

R YZ=AFA HE QI BSA MEH I BSA HE S2[ME HEHS HYE &elsty| 95l sZ&EEg o
=0] ttHZ el

SZEEHE HE R HM

o H# HZE

Q 4wellol 2HSO{Zl HEEZ OCToll B 0CTZF HE ol &5 2 = UALF LA St BHII=.
O+ & F, ME2 0CTol BHE A4 &2

© SZ& HuEg SZHEEMZRTI|E o|8sto] A2 =, £2f0l= 22k20 IF
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o HME M HEUo XL HMS 215101 0il red 0 HMS AlHY
FoE AlES MM
m o

2 0= g = & dojldez o

S
1 = —

® =24 |xel
@D SimdLife software v2.2 (ZMT, Zurich, Switzerland) Z2o|als A1}
)

| A3 HelE ZAE 2oldHg S oS

ol
= 2 ==2= S

= 4 well-plategl 37| (60 mm X 60 mm) S ==
= wel l-plate2| Z+ welloll #sh AHEHO| BN E= HAM £

K
w

ol

2

K

10

0>

o

U
N
el

— 1o
iy
0%
_Ol

N
i
o
e
10
'
Jor
2

sl West MM & 253]-308/2) #eIE JpHof B
= z o

o stel <o 34 NEEE ]
Mol b5 #XS| e Aol BME BN HoiH
o 308 OlAte] WM Bl TYIvt X, YHY YEHOR WP A AlRe Aol ofzigo0| LMD
2 AN sof HohAlE 3082 Hote
- 303l9 AMOZ BELME 2YS HE

st WE Jt™sh ZolAy ZAuE ofeffel O3 240 LtEt
= |
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RMS{B(x,y,z,0)}
[T]
0.000654

0.000654
000561

B 207-5

RMS{B(x,y,z,f0)}
[T]
0.000654

=

5m’)E 0l85to Wi LMY IUdS ME AR A

= S
= ofutH Mol IEE oy T2 MAH(2 X S
|=2 4dwell-platee] 37| (60 X 60 mm*)E 12{5t0 WA 70

= Yoz F gEMYE 3UE AYH2E X[X|SH| fldf AXHE M

o
8 el Yol URED 3Uzke] 2ol 2 o FYRANA P

o FY 7k ZHAE2 "M
gk AMEol ddE2z 3 R EXIF(R) 2 ZY Aol AHE[7F A MEre

o & ZY Atole] FZaloll M= X522 floll 4well-plate HZIHE A X|5t0{ M= A2t St S et
RolM A& A5 we = UDE MESIR0], M &2 2 ZRE9| AT ofgfel IF
o Zs

Coil —
Coll XXE
Coil Aoj2f X3
35mm Coll %A
17.5 |
Coll Xjxj &

< O8 25 IS TZRH DAL >

- A SOiE el MXE 0|85t 25 MAE 3y T

FEO| YEl= of2f2t EE

J
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EAY MAP|E 2l A|AE (PEMF)
M /S 2
R, C;
— AN —
D
.—._K]__,
Ry
l"‘\"\f H)
SCR
.| Vae
= 6
-
< ag 27. ¥F FEL >
AZ|E dME st 5|25 = 08 81t & =
Co|2EZ FME MR, ARl M
ds HoAlE SR, DXV E UM S 2|t 3 ZTREHo| XY
& HMoFE=ZE o|FoH
o MAF @ AFHJAEX(SMPS) 2t Clo|2E2 T4
- SMPS M =2 1,350 V, 1 A
- ClO|2E | IMHE LK ALE
o ST . ™yt & (R)2 WA e MF =2 HES22ZA 100 =2
82 A5 en], JHIAE = DXEES s fle DM s JHTAIEHE ol
- &g 100 W, 200 Q

o A29E HOE

© 180 4F (1000Vy, 3200Aseq)

o Walt Bolg &

s UDS B
= M7 s=E offet 1
2512

SCR(A}O|ZIAE])E On/0ff AlZ|7] {Et ©HAE
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< 18 28. M=tE tidF 3= >

© PEMF HMO{E I8F SCR E2|H 28 ML

I T2 Ho|A AlH XT|ES 2MET| 2|8 SCR EZ|H AMEE MZE ARE XI=517| 9t &6t
e 40l

oteHe| & 292} Z0| on/off AlZ}
oM MelS 22/t FH5IHR S (O 30)

o
r A
1]
_O'E
et
|0
=]
=
Rl
4
ol
Hu
o
Il
|-O
mo
10
:Oé
el
Hm
(m
|-l'LI
Ral
>
n
i
=]

On time
(B2 2 AlIZH Off time
— (BH AlZH

=
-

x 100 %

_ on time
Duty cycle = period

r 3
v

Period (F71)
< 18 29. on/off AlZt =H JIHE >

(7 o N )

T ' s \
(o]
29K H transistor 55 -/ transistor %
I Rz
\._UJ
(—h\ OUtpUt
[ MCU H CPLD o8 )
1 24 H
) o- E
[ Hof LCD LW /
A QK| /

N Y,

< 183 30. SCR A28 E8E >

AH SCR E2|H 252 M2stZ| flsi PCBE MASHH MZASIU S
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- Edo| o

Power supply

r

~

BT EE

&R Ao X

h

4

am%&#}
|
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!

[ g8 3 o=2=

SCR H|oj £

EXEEE

EZES

~

< O8 32. zF Al2H >

al
=<

& A 58
Mz A|27F fIA|

otzfel O 331t

4

g7

5t

—
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[s13

. =

Rolle RAZ|E MZ7I= 71924 blE7|2

2+ oz 3AY EZEHE L XP|EES

Hsto] AlABIS Hotstn HE

o
tol Eof| e A&

=
=
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o
PSEe)

=
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70mm

I 35mm

" I‘lf27mm

Ly (OE e e
OO & @

4well plate hall sensor &

r
v

180mm
o AIE 2B wE

< 18 33. 4well-plate W A7|& ™ g >

4 well platet| X}7| %

E 12 =
K0 e ——2%
2 oa T — — 2% 1
wo ™ —— (%] 2
KO- pra—— 2% 3

06 9% 4

0.4

0.2

)

450 550 650 750 850 950 1050 1150

= 3 deto wWE AR U dd=Es AV|EES SYe ol (E 8)2 IF 340 = Mol et

F A

o

[0)a
mo
09t

M
ol
-

» F 90| AV =X™E XPI|E BEEZE 2D color-maplE LIEFL O] A|ZE LfjolA] st AP

< X 8. 4well-plate ¥x|" RF7|Z M7 >

AHTY (V) AX[1(T) 2 %|2(T) /I =[3(T) A1 x[4(T) g EZHA
470 0.530 0.542 0.593 0.540 0.551 0.028
560 0.730 0.701 0.670 0.713 0.704 0.025
660 0.811 0.793 0.800 0.806 0.803 0.007
750 0.909 0.890 0.919 0.906 0.906 0.012
860 1.004 1.047 0.993 1.057 1.025 0.031
960 1.138 1.218 1.246 1.170 1.193 0.048
1050 1.334 1.353 1.470 1.292 1.362 0.076
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<E9 oA

Hek(v) Color map [HT + EEHAL, (T)] Fek(v Color map [ + EFHA, (T)]
4 12 4 I T T 12
3 11 3+ 11
2 10 2L 10

09 0.9
1 08 1y 0.8
0 0.7 o 07
470 -1 06 860 -1 b
0.5 0.5
—= 0.4 —2F 0.4
-3 03 =F R 03
-4 —4 P
=327 9 1 4 -3-2-101 2 3 4
0.551 = 0.028 1.025 = 0.031
+ i 4 [ i3
3 11 3 11
2 10 2l 10
09 09
1 0.8 i [k
0 07 ot 0.7
560 -1 06 960 =Tk 06
% 05 5l 05
0.4 0.4
-3 03 —3r 03
—4 —4 O e e
-4 -3-2-10 1 4 -3-2-101 2 3 4
0.704 = 0.025 1.193 + 0.048
12 4 12
11 3 11
140 2L 10
09 09
08 1 08
07 0| 07
660 0.6 1050 =1 6
DS ol 05
04 0.4
03 =37 03
B e 32101 23 4
0.803 = 0.007 1.362 = 0.076
4 e 12
3 11
2l 10
09
1r 08
of 0.7
750 -1t b
05
—2 5 0.4
-3 03
_.4 i i i i i I I
4 -3-2-101 2 3
0.906 £ 0.012
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® MY 4y A3
o
=

» PEMF At=

= PEMF A= = Z2f

o RS M Fo| MES BN of2E Holsp| BE
o PEMF A3 7| 2
st slso ME W e

Aot Ve

PEMF XSS 9I8F HE: 4-well plate Wel [oll A wfiH 2t

TMM_PEMF

a3 35. X7|E x2S 9Istod MEHE WE >

BSA_TMM

< 38 36. AIE X5 (&)@ =(sh)o wEy HH >
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T AUSE =
o 3 Mol w2t E AU|Eel TVt Moz Hes &l
o FHFeb AT|E ZE 2 A|ZHo] Ex[9| ot Mol Peks FX| 2As2 el
o ChASH =740 e M= X= MY $dHo| Jtssh x| =fel
s OME 32 U ME X2 Y ZT2E FNMEI EQ
o IR 3|29 gate F2 25 &5 9st 1Ite| Egs|27}) M=tE
o A=l E53|2 MAI EHedt
o MEZE A= 2 Z2Ho| =2 MFIF S50 w2t AST Ho| L5 &
o MSE siEe & As YHD S MASH| fIet 28 AlAHO0l HE
» XA DAL HEES 0|8 AV|AS A2 Mol R F HEE eldiX| xR
T2 S e S8 S5t At=Fel 50t LiE-=

B 37FK Z/2| M=Zoll PEMF A5 Al XI5 &3te| XIo|E &l /! H|m E4{5101 PEMF &2t HE

o A=MIZE: Chondrocyte #3
- New Zealand White Rabbite| femur2t tibia2l 4 Z20lM primary culture
- IEZE 1x10Y/mlel SEZ 4-well plateo]| mHE

- 7|24 X]: Dulbecco's Modified Eagle's Medium-high glucose (DMEM-HG; Gibco, USA)

= <o O

- YE =TI AV|E A= F (n=3), AET-TAI|E A= 7F (n=3)

o PEMF A=
=

- IE T, 32 O|FFE X=22 A, XA=2 72 o Jd (& b 10Y)
» HAZME BSAE Y MEZIMTT assay 2 ALS

o Cell Proliferation Kit |, MTT(Roche Diagnostics GmbH, Mannheim, Germany) A2
- 595nme| I}EFo| ELISA reader(Thermo Scientific Inc., USA)E o230 E&E =X
- AEFe ST SHUS T ST S tist HEE g2 LIERo MEZ MESS AN
PR
ST =z O = v
- AEZAEE (%) = m}‘%XlOO

SHE M) ol M 2| 5}
E

—

@ Xgx

L] A‘”;‘T‘; HH

00
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o X|HHM|ZE

- 3T3-L1: st=MZF 230l A FLoj

- OEsT: 1x10°/mlel =2 2F 3m &l 1.2(v/v)% alginate bead M %

- 7| 28HX|: Dulbecco's Modified Eagle's Medium-high glucose (DMEM-HG; Gibco, USA)

o Z7|M=Z:rMSC(rabbit primary culture)

- rMSC: New Zealand White Rabbit2| femur2t tibia2l =Z=0llAl primary culture

- O Es5: 5x10Y/mlel s=2 2F 3mm F&2l 1.2(v/v)% alginate bead M Zf

- 7| 284 X|: Dulbecco's Modified Eagle's Medium-Low glucose (DMEM-LG; Gibco, USA)

o X[&MZR} E7|MZe| St F (co-culture)

- X|2tMZet EV|MZe| 2{o HHOZ alginate bead® MZE F Zt 0.5mle S 1112
oIE (23 M=Z s%: XLAMZ 5x10Y/ml, E7|MZ 2.5x10%/ml)

- rMSCZ7t RA+= alginate bead= 24-well plate HfEol| 2211 3um polyethylene terephthalate
track-etched membraneS O|&3t04 3T3-L1 M Z7| U= alginate beadE M Foll Z11 3xHY Stk
AAE S Ot

rfon
o

5104

»

Transwell insert

OO < 3T3-L1 in alginate beads
= i S Microporous membrane

O O O O O O O O'— rMSC in alginate beads

A 2351 0 NLHESHIX = 3, XYRX XK= 129 ZHH42o 2 HZtot WA sIH XEHESE RE
eH(ZE 10, & 11)
o 1AIO|E = X|2E3S} 8 X] 32 + X|2h{X| viX] 1L = 4
< & 10. X[ZEs x| 28 & >
== e
Fetal Bovine Serum (FBS; HyClone, Logan, UT, USA) 10 %
antibiotics (penicillin) 100U/ mé
antibiotics (stereptomycin, Gibco) 1004g/mé
Insulin (Sigma) 10ug/mé
3-lsobutyl-1-methylxanthine (IBMX; Sigma) 0.5mM
Dexamethasone (Sigma) TuM
Indomethacin (Sigma)O|l = &=l Dulbecco's Modified Eagle's 0 1l
Jm
Medium-high glucose (DMEM-HG; Gibco, USA)
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< E 1. X|ghfX] vijx] 72M EF >
=3 gl
Fetal Bovine Serum (FBS; HyClone, Logan, UT, USA) 10 %
antibiotics (penicillin) 100U/ m¢
antibiotics (stereptomycin, Gibco) 10049 /ml
Insulin (Sigma)Ol Z&HEl Dulbecco's Modified Eagle's Medium-high {Oa/mt
glucose (DMEM-HG; Gibco, USA)
= Nile red @45 St dat5td 435
o PSS Ss5to{ JujAAM x| X|eEE HEE Heflgtxdoz ahEtet
o GAf diey
@ 1mg/ml(in acetone)2l SEZ Nile red stock SHS M=
© PBSZ AlHZ MZEHE =, Formalin EMHSZ 1A|ZF AjH 1H
© HMA S0 =2 stock EUS 1:1002Z 3|45t04 M =Zo| I} F 1022+ HHSAIZ
@ HE =, SFTE gMs MAS oS dF dojdez aE

® XYM EZl E7|ME 251 Al Ha}

= A|ZE HfQF
o X|9rM[Z:3T3-L1(St=aMZF28)
- DB SE: 1x10°/wel | (24wel I-plate)
- 7|24l X[: Dulbecco's Modified Eagle's Medium-high glucose (DMEM-HG; Gibco, USA)
o E7|MI=E: rMSC(rabbit primary culture)
- I Es T 5x10%/wel | (24wel l-plate)
- 7|24 X|: Dulbecco's Modified Eagle's Medium-Low glucose (DMEM-LG; Gibco, USA)
» X Z3b o X|gHEEbs SH UM EZLl SASH XS A5t g
o 1AIO|E = X|ghE 5t i x| 3 + X[HRX| X 1 = 4
* 0il Red 0 B S S3t Matstd HS
o PGS 5101 hNSCs2l A 23t IS defstxo=z phEret
o PGA g M=
@ PBSZE AlHES MHE
© Formalin SHSZ 1A|ZF A|H 11X
EFTE MA =, isopropanol W= 527t Bt T EE2|0|7|& 083101 AlH ZA=x
@ 0il Red 0 822 3027 M = ZFTE 4H MEet = Hoj|de= 2hE
@ E7|M=Zel X% 23+ Al X8t 23 A 21 FY 2 24
» JHEE AT|E 2l HR[E 0[Zs5t0] A F ZREEE0 wWE XWEE EV|MEe HEE 2E
o APZ[Eel M7, AFAIZEE W42 5to] X|2hM[z | et 23
= ME AZ M 2

o &7|M=E:rMSC(rabbit primary culture)
- rMSC: New Zealand White Rabbit2l femur2} tibia<Q
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- MZ o5 sZ: 1x10*/wel | (4-well plate)
- Ml vffQF "gh: F 10, E 110 HA|SH MZECIXIE DMEM-HG(1% FBS, 1% antibiotic)oll E7Ist &
S X[ E 0| &35t0f X|uhE 5}
= Q0il Red 0 P2 S5t M3tstd AS
2) A7 A1l
® ASZMZMe M=E B4 1
« JHERE XPD|E M EX[E 0|8510] A= Z2EZ| UE AZSAMEZe HEE phE (O 38)
o EEZAIZ AZMZIL T4 Jtst gE FIU(ef Azt AT (IXpEER st Z2EE)
o AZ|Zel MZ|, XFA|ZES 52 5t0 S M xZe| Bist nHE
» HABMIE X222 Qe X2 Z2EE 2 AF AR (a8 38-39)
o A= Z=2EZ : 10Hz(on time : 100 us off time : 99900 us, AFZ|ZF MIZ| : 300/500/700 mT)
o FE: AS3ME =3 MXI|E X=SsE ME AET Alolel MEZ ZAlel st Xto| =l
ory
6
700mT
Trigger pulse iogéno\:ni(f i)s 700mT -
=ty
500ms X 2 = 1s = 1Hz '[
i 200ms X 5 = 1s = 1TH=z
1Vv/div 500ms/div i = .
200mV/div 200ms/div
<33 39. HIZME X= ER|AH AE U XPI|F O >
« AIME XF A
o ABMEE 77 XI=ZTH Fo| MTT assay2 S4 FFE &5t (F12, I8 40-41)
o XPZ|E RS2 82 o2 Aol tix=Zol H|sl FelstH S4Alsts d&s Eolsids
- X2 LEo WE ME SAZS ESIFS mi 0.3 T, 0.7 TolM S4lo] o &&= ZE0| A2
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olol=

LS AL O

SYUB AY|F Yo MR UolME 102 AZol sl 602e AT 2o 40| of ZEAUS
Hxzat dedEez the LiF0o] HusiHE o AP|EE A=S8 & dSM =0l =l Hlsf
o 15% ZAl0| EelE 2oz 2olg

12. A= =40l WE M=E SAS W >
AR ZAE(%) EZHX}

=z A= el2 100.00 0.141

108 102.75 0.046
300mT

602 121.25 0.035

] 108 93.86 0.102
AP 500mT

602 95.54 0.044

108 105.15 0.135
700mT

602 110.81 0.114

PEMF CDR: MTT results

130.00

120.00

110.00

1000
50.00
80.00
70.00
60.00
5000
40.00

control 300_10m 300 1H 500_10m 500_1H 700_10m J00_1H

ca

< 38 40. AX}=3of| = MEZZSA (MTT assey) Z2f >
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300mT

500mT

700mT




@ X|LMZ 3 A (SHf2MZE)A 2] K=
= JHEE AU|E LY FR|E 0[85to] A= =
(28 42)

o AZ|Eel M7|,

o

XgbM . 2 2 H°*A1Ii A=2s st X
o A2 Z2EZ : 10Hz(on time : 100 us off

=7

41

k=Ia=1

=

time

= =
EZol g XM=

ol
=<

H

-1
1
OH

Fo X|ebM|Zo| Bl ztE
= Z22 2 AF AR (28 43)
99900 us,

A1 M7

M| 3£ 2|

300/500/700 mT

o 2E: ABME UZET WAIIT AT ME AHE A0l ME SAl9] Rel3t 20| ol
- ME IE 3Y % oEE $RE KT AN
- X3 EA: 102/Y, 608/Y, 747 X2 % 0il red 0 FAMOR E3t R2 gl
< a8 42, A7|R= 2 ZRE ] MEAZR AR >
v |
1H= 200mVv X 5 = 1V = 1T

Trigger pulse

|

500ms X 2 1s = 1TH=
1Vv/div 500ms/div

200ms X 5 = 1s 2> 1TH= :

P
?

T
200mMV/div 200ms/div

< 3% 43. XM =E Y =X (S LM E) X5 EZAH dE F X7(F oE >

XM Z 2 ZHf ME A= 23}

o X|2MEl AN EZel F EF X ESE A|ESHX] 5 o|Fof FMS R

- M=Z IEF 3 7 oHHE FRE X=F AIE

- A= =4 102/, 602/, 742 K=

o XYMZ 2 Zefek MzE MXZ|E X= 23

- Xetd|zZ el ZBHi UM ZE S 57 X=2sH F Qi e} Nile red A E &35t0{ X|WE35IE &l

- GM F MEo XY B3l MEE dojZdoz EelsiS o, XYM ES H =3 MXPT|E
A= 1Y, 3 AlHOAM= Xto[7F glAeLt, 52A AlHOME= =20 dH|sto] X|HEst HETt
ojo|st HE el (a8 44)

- SHikM EZel A 235IE rMSC alginate bead2l EM AIXIS HESIUS. (28 45) olmel X[&H&
3t 3= =71 o2 Ay S0l d|sto{ xto|7t o|o|siien Ro|Eh X0l & HO|X| 2

- X7 MEStE MEE S5t A=F M To| X|uES HEE FEHOZ LIENE A=



) MR &2

33U (d) HAIF RT 5

(b) MAI7|Z K2 12
< 0il Redo%w'ﬁ>

(o) MADIZ K= 32l (d) HADIZ A2 59

(b) MX7|E X2 1L
< 0il Red 0 €M % >

O 44, A[UAME Bold Azl >

(b) AZ|E A= 5

(a) M H©
< rMSC alginate bead >

#old A >

SHi M Z Nile red g4

< O8 45
® E7|M=Ze XY 235 Al X2 235 oM 53 5 2 24
= JHERE XPD|E LY BRI E 0|85t AtF Z2EZo WE X|eES |Mlzze| #3tE &
o A&l MZ|, XIFAIZhE HE4E 5t XMz o H3) ahEk
» KRS Z7|MZL XAFE QT AT ZE2EE
o K= Z2ZEZ : 10Hz(on time : 100 us off time : 99900 us, AFZ|E M|Z| : 300/500/700 mT
o FE: ASME =0 MAY|E A=Fe M= AT Atole] Mx B4l [Felsh xto| 2ol
- Mx mtE 3 = oHME =RE XF AlE
- A= =4 102/, 602/, 7 A= = 0il red 0 Moz 25 RF =0l
» XEES EY|MEZ XS 230t
o XYEs SIMES F? BF XY 2SE AZSHK| 52 o|=of FMS T (I8 46)
- Mx E 3 = M= oMY E =RE XF AIE
- A= =4 102/, 602/, 74 A= = 0il red 0 Moz 25 RF =20l

_5"_



o XY E7|\M =z dA(E A= 2

- A gEst E7IMEE 52 A58 = 0il red 0 M S S5t X|UE=tE &l

- M = Mz XY Zet YEE dolZdez HlsIRs o, EZI TAY|IE A5 1Y, 3Y A
Hol M= RO[7F 2ol =X et 5UX AlHo|lM= tHx=of Blsto] X|E&Est =7t ojojgt
Ae =l (3" 46 (d), (h))

- A= petE AEg S5 A= A o XWEst WS MR LEE A=

=1
=

ol
=

TR = A

M o>

(b) EAZ|E A= 1 (c) 3

< 0il Red 0 H4Y

(f) MR X5 1<
< 0il Red 0

sold AR >

< 38 46. XY E E7(ME

3) Z2 9 1E
= PEMF AF=22 1Rl Zuel SAsH AZSME Z ixol vl FolstH ZAlste AEs
EolslH s
o APZ|Ee| MZ7|, X2 AlzZbol| w2t B4le| Aeko| ciEg gtelst
o 2 AFoME X7|Ee| M7Z|EChE AF=0| AlZHo| Mz Z4lo| ojxls d&o| 2 Hez HES U
EREI =
» X EMZol AP MAI|E A= AMEFoAM o =Fol| v|5to] X|HES HE UL ojolst HE &l
o Ol do|daezr solsls Zot24 MXAZ|Z X=o| x|gh oAFMo| =&0| Elcks #E EoiF1
US
= o XYM Zel EI|IMZS SHi Y ZIjoME =t AEFE Alo|e] Xfo[J} Bol=X| &2
o SHIQF MES HEE THESII|ol= A= 712kt 235 7|2kel AAo| MEtolX| (AUE W=z AlIZEH
= EV|MZel X BEstA| MAP|E XIZo| X LES AHMo| =30 HE HeltHS
o CH=F3 MEael xto|7F 7|0l & LIERLEX] ffx|gh 231 2 X=2 7|Zto] Zo{ Aol w2l O
Aol IAA LiElLE HWE Eolg = UUS
o JB{L}, 2 AF Zils 25 Sokt Adsigicnz xF X|etERste| xjo|E MEMo=z LIEMH ZH¢
(3R ol I} Zlalsto] AFZEIE LIEINAS)
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(d) MAZ|E XI5 5Y

(h) MAZ|E XI5 5



!

3

1

(3) ZIEl A™H: DO =& AlZbof| W2 M=EZ =M
B HEXN NMR S&Y Jlleol HEE NMR Locking o] Mx SMS Eolsl
1) o7 Y
% AHATZ 2| NMR SH0M NMR locking Ml D0ofle] =& AlZbof w2 ME =M Mal oA
= M| HjQF
o E7|MIZ: rMSC(rabbit primary culture)
- OESE 1x10%/ml 2 2 1.2(v/v)% alginate bead %
- 7|24l X]: Dulbecco's Modified Eagle's Medium-Low glucose (DMEM-LG; Gibco, USA)
 AlE OF: ME Hi2F Al HiX|S] =M S 22|50 D0 =F AlZbo wWE ME SM "I (E 3)
o MIE 8iF Al & welloll E0{7t= diX[e] 22 nlZ2 A
o 100% D02} 50% D,0 =Z10lA NMR HZHE=H A| 7| A2 ALESH= 1M TSP SM o{Fx A=
13. D0 =4 HWILE fst HiX] =M>
a8 Hj X A
o= 100% DMEM-HG
1) 100% D-0
2) 100% D,0 + 1mM TSP
AT
3) 50% D0 + 50% Saline (1:1 &%)
4) 50% D,0 + 50% Saline + 1mM TSP (1:1 =8}
o D0 =EAZE: 2, 3,6, 12, 24 A|Zt
- & T ZA| MTT assays Al&SH] M= M=25 EF
» MxE ZSAZg Y M=Z: MIT assay
o Cell Proliferation Kit |, MTT(Roche Diagnostics GmbH, Mannheim, Germany) A2
- JAZME SAg S 3¢
) A Z1f
» 2 AFZFIL MAMALZE NMR 7|FE SR TSP ME M2 =I5t ooy, MEZES| NMR SH Al AFE
2 D0 sEE z|HMsel9F S
o Ol HHEX NMR &H Al A== D02 & AlZHo L2 MEZ =MZ &olstl, TSPeE SA|of
ALESIHE Alel 5 £ ot
o TSPe| S== 1mME IHSILE, D08 sE2F =& AlZtS HEZ2 510 rMSCe| ME=E B{sf zhat
= EJ|ME D0 &0 UE ME MEE ZDf
o ZE7|MEZEE D00l =&EAIZ] = MTT assay2 AMlZ MEEZ &olstR S (a8 47)
- D0 =& AMZH 2 ME MEEES 20l SIS m, 50% D0 FolM 3AIZE =E XK= th=Z 1} H
sto] M=Z d=ge| Xto|7f ojolst A =2lstFeny, 1nM TSPE &HIISH O dF 3A1ZF &
- 53 -



Zo|M cH=ZECH O ZAF 22 ol £ AAS
2 =2 the| MZ ME=S0| |54 X5l
3A|Zt o|5t2 O|R0{X o} Al

o

- 100% D20 ILE"l A =& Az =
- O] ZI, NMR =& Al D00l st =& A[ZH2 50% D0 saline2| &<
x HEg0 %4?}% o|X|X| 2d=ctes WS =elg
D20 Cytotoxicity
120.00
100.00
BD.00
60.00
40.00
20.00
0.00
Contro| 100% D20 100% D20 + 1mM TSP 50% D20+5aline 50% D20+Saline+1mM TSP
mlH m2H m3H m6H m12H m24H
< 8 47. D0 M=Z =M 53 Z3 >
3) & ¥ I
= MZE AIZS NMR S Al AFBE D0 SE2F =& AIZES ZXESIUS
Ed2 AdsetctH, M=x MEg2| xto| glo] A=Al NMR &Y
M=
[ -

[A 3AIZF O|LH NMR 5E 2

AtzE (MxZ =4 ofolgh)
| Mzoll H& Al LIEItE MZ =

H a3l Abef O

ol s oz
o O ZIe it BHUMZOIT HBE A=A B A
stolsta| gkg
- Aol 5% MYS E o MEssi0] D00 Locking 24 SEES stelstn, cf2 BujolAe] ME
=M E3k sold A
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Ch. 3XfA =
e 3xMl Bi2UAM| Zo| PEMF A= =2 =X3EE T 23T MRS 2 NMRE o| &3
I —_ =
o M=z S2CA SFH &g
MalEl HAg MXAZ|Z AH2o| XMz 2 =Zof| o|xl= Pk &l Mz SHEAI &
Xeh 235t MzZo| Xt Bk Al FXHo| HAY MAIZ|F A= = &
ZHMstEl A= 2| ost ME 2 TR tHAIEE M 24 APV|SHE2E Al
Xgh Mz 2 x=Xof X2 gbH gl M2 BEME Tz g 235}
HAS K7|X= (PEMF) ZHx|e] A|AHI 9l mel XX 35}
o 7|& 3202 AL A Clo|RE 4K} HASZ Ao otystE e
o 2ol gdof ot X2 2 F st 57| i 2Y FHRA 2 B AlAH Tl
HAY XI|XZ (PEMF) ZHx|o] MEZEXS AIZIAM stE Ol HZ
o ME: hMSC (22Rel E7|M =)
- X|UHESHIX|E ol 8t X|EHESE Al PEMF XSS Fof X|2HEst AN g1 &l
o PEMF XI1= Z2&EZ
- 1Xb:X}= F b 1Hz / 10Hz, X212 MIZ] 0 300/500/700 mT, XF=AIZE: 10 / 60%, A= 7|2 16
- 2R} A= Fabg= 10Hz, AFZ|E MIZ| : 300/500/700 mT, RF=2A|ZF: 10 / 602, A= 7|7t 16Y
o A2 Z2EZ9 HE F 102 A= 10H0M E7|MZe| X|HEst AX &1t Folo|st Aoz
ghol gt
n XM SHE X2 ghHof| ol MEZ 2 =X o AR M BEAM: XI|SHELE AlH
o XWHTMEe| X|g 235} Al PENF AH=22| HIE MR XS S3510f 2ol
o \MR 2HEHZ 0|28t tHAIEZE X*Etsk Aol st FefFel E7\MxEe Xjgk 25F AX Aeku opEt
JIX|2 A= Z2EZEo| HL = 108 X121} 10HZ0lM E7|MZel XS AN s34t Folo|st A
oz =olgl
(1) PEMF A 3 FY A XS
B 1, 2RPA T AMEHE FASIHA LIER JjMAIEE BHEste] 32 2 Ay F
1) 22 =™ 9 zxs}
» J|ZE 2N MEE ZYZ 2 EU= gatedX ESE @6 ciel Ut Clo|REE XH
Asto] AlE2g
» H|2X Z0oAo dH|olo Anlo| 3Lt e 2ot SXo| mEE
St Clo|2=2 A S0 gate 2 ES 3| 2& +=™¢&
o U= BEEOo| AO|E E5 Clo|ER 3 =27} F
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< 08 51. 4 well plateZt A izl & 5 UH M=z Az Z0|E0| ES HA >

(2) X235t E7[M=Zole] PEMNF A5 HE

1) 47 2

o JHERE APU|E 2 X[ E o[ E5to] A F ZREEF0 wWE XWEE EY|MEe HEE &
o AZ|Ee| M7|, XtSAIZEE B2 5to] X|HAxe| WHE bt

= Z7J|M[EZ:hMSC (human Mesenchymal Stem Cells)
o hMSC (hMSCs, PT-2501, Lonza, Walkersville, MD, USA)
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o DEsT: 1x10Y/wel |, (4well plate)

o 7| 2sfX|
gt 23 0 xS X= 3y,
SHE 10, E 11; 2Ald =2} =)

o 1AIOIE = X235t uiX] 3 + x| &
XgtEst E2E7|MES| X

o 1x} &S

o ANOVA, Bonferroni’

1A &
o 1627ke| PEMF At= ¥ 82Zte| oby
o tH=ETol K==t &l & AlZho]

s post hoc test,

LRl x| 1Y = 4

=2 flet A= ZREE

Independent T-test O|&

: Dulbecco's Modified Eagle's Medium-Low glucose (DMEM-LG; Gibco, USA)
A LFX X = 1o A2 HZol WA sto] X|

== (=)
HESIE T

v A= Fob= 1Hz / 10Hz, XF2|& M[Z] : 300/500/700 mT, AF=A[ZE: 10 / 602
- X YHE3 gofx|e] metFET|o stF0l & 1627t AV E A=F2 Jiet = 727ke| vitotEEE A
M XUEE A e HEE 2
o 2AF A&
- X3 Z2EZE
v X= FIogE 10Hz, AZIE MIZ] 0 300/500/700 mT, AF=SA|ZE: 10 / 60&
- 5 MM = 7Ztel HHEY|E FX| 21 F 167tel AU|E XFE Uis = #E
Oil Red 0 M S St M35ty HS
o PSS S5t0{ hNSCs2 XY 25t NS Hefstxeo=z pHast
o A g M=
@ PBSZ AlHES MHT
© Formalin U2 1A|ZF AlH 1H
© ZFTE MA =, isopropanol EH2=Z 587t 8IS = EE2|0|7|E 0|&510] A[H ZA=x
@ 0il Red 0 8U2=Z 3027 M = ZFRTE 4H MEHSH = Ho|de= 2HE
SHSH 435
o Statistical Package for Social Science Software (SPSS version 22, Chicago, IL, USA)Z2 &4

AL
fob
o
0
o
fol
v

< E 14. Oil-red-0 HA 2 S8 A LEE7(H=E =2 x|
Group N Average SD
hMSC 4 0.058 0.007
4day 4 0.079 0.003
8day 4 0.115 0.007
12day 4 0.170 0.008
16day 4 0.259 0.011
24day 8 0.263 0.011
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04

Optical Density
o o
(V] w

o
e

hMSC 4day 8day 12day 16day  23day

< 3% 52. 0il-red-0 g4 & X[UE3t 7|2holl wE XWEst2o| M35t Fo| >

b t =L
0.3T /10 Hz / Hz / 10 min 2E0lM tH=Z2} 8| W30 X|2HEslg0] F2
S ZAashks Zdsko| LIEHE (E 15, 18 53)

< E 15. Qil-red-0 HA2 S8t =3} PEMF AtST2he] FEEE AUEEE vl >

Group N Aveage SD P-value

Control 8 0.263 0.011
0.3T/1Hz/10min 4 0.235 0.022 0.656
0.5T/1Hz/10min 4 0.245 0.006 1.000
0.7T/1Hz/10min 4 0.236 0.023 0.987
0.3T/1Hz/60min 4 0.280 0.020 1.000
0.5T/1Hz /60min 4 0.277 0.009 1.000
0.7T/1Hz /60min 4 0.253 0.018 1.000
0.3T/10Hz/10min 4 0.190 0.016 0. 000+
0.5T/10Hz /10min 4 0.194 0.012 0. 000+
0.7T/10Hz/10min 4 0.227 0.022 0.072
0.3T/10Hz /60min 4 0.258 0.015 1.000
0.5T/10Hz /60min 4 0.232 0.011 0.324
0.7T/10Hz /60min 4 0.254 0.025 1.000

ANOVA,*P<0.05, Bonferroni Post hoc

_60_



Qil-red-o results

0.35

0.30

0.25 {

Optical density

0.20 {

015

< 118 53. Oil-red-0 M2 S8t =2} PEMF AIST2te] X|LYZEEE H(w T2 = (ANOVA,*P<0.05,

|

Bonferroni Post hoc) >

o PEMF X3 Z=2EZ 3T A2t B9 hMsSCce XY Estol st A2 2z
o Fhet XT|EAMZI7F 22 OE0AM B2 A= AlZho| ZI Xt= AlZbof| ds O X|gHESHE
Il H2=2 LEM (O 53)
o PEMF ofZif#is & x|ghEstof| O 82 F= AXE &elsy| Qs A7|& A=a28S T (E
16, 8 55), A= AlZb (& 17, 38 56, RZ|&e| M| (& 18, 18 54) 2 LIF0f &l
gt o =73 5|5k 10 HzollM 7ol st Xto| & £
H = 6

o A5 AlZholl e E7|Mlze| XEEet kol gt vlwoM = 102 At=S0| =Z 2 60 A=l
Hlo§ ®elgh Ato|7t ASE &eled = US

o A7 MZIZ BlUstRE = 7elgh Atol= LIEILEX] 25

o Zf ofjsigi=sof ofeh A[ehEstol| thet Fee A=2 2 50| ol vlsi Haste SetE 2
&

- 72let X0l E 2O0l= 10 Hz / 10 min2| & of7f Bi=2f X50| XUZ 3t AXMo| FEer dS F
o ASE =2l (F 16, I8 54)
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0.30
0.28
0.26
0.24
0.22

Optical density

0.20
0.18

0.16

10min 60min

(a 03T/ 1Hz

0.30
0.28
0.26
0.24
0.22
0.20

Optical density
LUOLLMIMNN
AAATATITRTITRTIININNNNN

0.18
0.16

10min 60min

(b) 0.5 T / 1 Hz

0.30
0.28 4
0.26
0.24
0.22

Optical density

0.20
0.18
0.16

10min 60min

(© 07T/ 1H

ol

F X|gk235te| 0il-red-0 staining Z2: 10 min and 60 min. (ANOVA, *P<0.05,
Bonferroni post hoc) >

< 8 54. AlZE #H=of 9

r
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< ¥ 16. Oil-red-0 H4S S Fu=sol WWE PEMF A28 =27k H

[

gatEl X3t

Group N Average SD P-value

Gontro— g 0.263  0.011 0.003+ (vs. 10 Hz)
1 Hz 32 0.247 0.025 0.011* (vs. 10 Hz)

0.003x (vs. Control )
10 Hz 24 0.226 0.031
0.011% (vs. 1 Hz )
ANOVA, #P<0. 05, Bonferroni Post hoc
0.28

0.26 1

0.24 A

Optical Density

0.22

< 28 55. Qil-red-0 &

Al
Al

Control 1Hz 10Hz

Frequency
2 £3 Foj$o| olE PEWF X322 =27

(ANOVA, *P<0.05, Bonferroni Post hoc) >
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< ¥ 17. Oil-red-0 g4 S5t A= A|zZtof| W2 PEMF A= 23F =7t HZsiEl X|LESIE v >
Group N Average SD P-value
Control 8 0.263 0.011 0.000* (vs. 10 min)
, 0.000+ (vs. control, 60
10 min 28 0.223 0.025 min)
60 min 28 0.254 0.025 0.000% (vs. 10 min)

ANOVA , *P<0.05, Bonferroni Post hoc

0.28
0.26
2
7
=)
O
e 0.24 1
<
L
=9
@)
0.22 1
0.20 -
Control 10min 60min
Time

IH

< 1% 56. 0il-red-0 M S5t A= A|zZbo|| wE PEMF A= 23} =272 X|LHESIE Hlw
(ANOVA, *P<0.05, Bonferroni Post hoc) >
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< I 18. Oil-red-0 GM =2 S8t A& M7| #Halol| 2 PEMF A== 0f cx=7ke] MaEsteEl xXWEsks v|w >
Group N Average SD P-value
Control 8 0.263 0.011
0.3 T 16 0.241 0.038 0.772
05T 16 0.237 0.032 0.395
0.7 T 16 0.243 0.023 1.000
10T 8 0.227 0.011 0.132
ANOVA , =P<0.05, Bonferroni Post hoc
0.26
2
£ 0.24 4 :
5] K
- e
e
© :
0.22
0.20 g
Control 0.3T 0.5T 0.7T 1.0T

Magnetic field strength
< 38 57. X}7|Z& MI7| Halol| w2 PEMF A== 2t cH=F7ZFe| H|W (ANOVA,*P<0.05, Bonferroni Post hoc) >

_65_



< ¥ 19. Oil-red-0 M S St A= A[Ztn} Fajol| w2 PEMF X220 cf=2ke] MefstEl X|4E2sts vl >
Group N Average SD P-value
Control 8 0.263 0.011 0.000*(vs. 10Hz/10min)
1Hz /10min 16 0.237 0.016  0.001*(vs. 10Hz/10min)
1Hz /60min 16 0.258 0.028  0.000%(vs. 10Hz/10min)
10Hz /10min 12 0.204 0.023 0.000%(vs. all group))
10Hz /60min 12 0.248 0.020 0.000*(vs. 10Hz/10min)
ANOVA, *P<0.05, Bonferroni Post hoc
0.28
0.26 A
2
g 0.24 A
(&)
A
=
.9
2022 1
o
0.20 ~
0.18
Control 1Hz/10min 1Hz/60min 10Hz/10min 10Hz/60min
Time / Frequency
< O% 58. Qil-red-0 B2 S5t X}= AlZtA Fulseof wmE PEMF X=S#3 ch=7ke| M H35HE

2 d|m =4

= (ANOVA,*P<0.05, Bonferroni Post hoc) >

= 2% A

o 11X A% Z3ofollA 10272t PEMNF A2 22 D52 Ux=FEct X2 2580 RolstAl dLists
dEs HUoLt, 60 A=2S w2 I52 =1 folst AolE Ho|X| &3

o = X3t EH XAT|XF ZR2REEZ FT| f5to] 15 AEHAM FolEt XHo|E Hol Fabget A= AZEe
B & XFA|ZHo] S BistE &elsty| fIst0 FaleE 10 2 1™sH 5 My S s

o AZ|E X=Fel g2 zthstetr| fsi 1A AEn g2l M= A= = oY J|Ze FX 21 16Y
°| XI= F 0il-red-0 stainingS 2

o 2&t &M= 0.3 T/ 10 Hz / 10 min Xt=20| tH=Z 2} H|W5to{ Fols Xto| S LIEH
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< ¥ 20. Oil-red-0 gM 2 St 2& X|LEstaBlol|M PEMF AISZ20 ti=Fzke] dEste A[WEskE Hlu 1 >

Group N Average SD P-value

Control 4 0.273 0.005
0.3T/10min 3 0.250 0.003 0.007+*
0.5T/10min 4 0.280 0.008 0.185
0.7T/10min 4 0.275 0.007 0.670
0.3T/60min 4 0.289 0.013 0.068
0.5T/60min 4 0.270 0.014 0.679
0.7T/60min 4 0.286 0.016 0.182

Independent T-test,*P<0.05

0.30

0.28

0.26

0.24

Optical Density

0.22

0.20

[0, Uny uny, uny, uny, uny,
Bé@l/lg-o 0licy ULy ey sy 0%z
Magentic strength / Time

< 38 59. 0il-red-0 gAME St A= AlZtnt AP|ZE MIZ7]oll w2 PEMF XISt =7t X|eEskE Hlu
Jell=  (Independent T-test,*P<0.05) >

3) 22 2 mE (E 20, 18 59)

= Ol AHASME ZAI XHES AN MY ZFoM Folgeb AT|HUEIE &2 KFoM AFAIZH
B0 olslf Zuol 2elals gteldt

» S35 X|ehESE X AFHME= 102 A=F0|USE M= tEE X2 AM = A= s 602 At
ZoMe O g7t MAlEE eSS 2

= Ol&= A= AlZlof| wE MzZutgo| Z2lRlS LIENH D] PEMF X2 Al X}2 A|Zto| 528 ofj7fH ¢l
2 LiERY
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AyEst AMel AZME 42 F MM RES &S F& Fo5s 10 22 LIEHGD PEMF
A=2 f7HEE B A Zetst=Xof w2t 23te| oA, Mol 4ol Zz HEY = U2 A2
2 AtRE

(3) MRS 2! NMRE o| 2%+ M=ol tHAl 22 24

e
=

AV |SHEYE 08510 M= & =Zof SHMUAl HEE HFSHRE

o AXStE B Z2EE &t

B Moz SHE AIEHE v|nE St M= F29 A o 53 4
1) o7 2
® A7 SHEH(MRS) S o|Esh Mze| SXhAI T EAH
» QUALZ MRS ZHX|E 0|Z5t0f 3D vk M=ol HEo Mzl oY glo] SZAIE 53
. ME
» MRS 2& Clolye = =g
o 3D B2k MZ: MG-63 (5x10°cell/ml) in 1% agarose gel
o 3T MRI(Philips, Achiva, Netherland)2t S & 758 =& RF coil(Pulse Teq Limitsed, GU, UK)
g ojlge
v ZFd|E MZE= 1.5m FEo| ZotA MRS S
o AFZE R ZEZ2EE
- Multiplanar gradient recalled acquisition in the steady state(MPGR) EAHZ 0[Z35t01 Voxel
of interest(V0l)E& &4
- Single-Voxel Point Resolved Spectroscopy(PRESS) EHAAHS 0|&5t01 3D i MZeo| 22 AITE
2=
v 22t 25 % : TR/TE(Repetition Time/Echo Time) = 4000/37 ms; NSA(Number of Signal
Average) = 160; Voxel Size = 5+5%5 mm® ; Data Pint = 1024
= J|E QELAAN ENSE 2E 2M ZZ3(jMRUI ver5.2, Java-based magnetic resonance user
interface, http://www.jmrui.eu/)2 O|&350 Mzl SHAL MSE &5
o jMRUIOIAM H&35h= HLSVD(HankeI Lanczos Squares Singular Values Decomposition) &i12|&Z2 Of
&7ol0] water peake M HEH = AMARES &112|FS 0| 85101 E& peake FEo5t MEFste
@ =

A ZHL(MR)S 0|83 MES| SAAI H2 2AH
.o
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AE ¢

ba}
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lo
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30)
rir

3D B Mlze| =
A

o A1|£Z 3T3-L1 (XXM =)
- O Es5: 1x10°/mlel sE=2 2F 3mm 7| 1.2(v/v)% alginate bead M=t
- X HEEX|E 0|35l 3 EEwkE
PEMFE o|&¢ct 3D tiF X|LESIHE X5 Z2EE
o A= Z2ZEZ : 10Hz (on time: 100 us off time: 99900 us, AFZ|ZF M[Z]: 300/500/700 mT)
- A= =7 108/Y, 3¢ A= = AR 5
NMR 2& C|olE = S2H
o 500MHz LC-NMR Z[Z[(11.

(=)

74T, VNMRS500, Varian, USA)E ALE
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- PRESAT EA XS ALS: water suppression 7Hs
224 &= B 1 Saturation delay=1.5%, Relaxation delay=0.02%, H|O|E = °2IE=32000, 2
H==512, AZH A[Z+=30& 15=%
= MRSOIM Al2=E 22 2AM T2 O (jMRUI ver5.2)nt Sst YTE[E5S 0|23510 MlZo| SACAL
peak 2SS E = Sstn MEkstet
2) oA Z1f
® X7 SHEZ(MRS) S 0|28t MEL| SZHAL Mk A
 AME AT |SYHAAEXOM MZE A|lZE 0|Z5l0{ MRS £H
o &S5 MRS A= ERo|M Lactate2l glucose T3S F£E510 ME™ol 24
E-'Innmd-u-l:(:LL_mR_rn_s\'s_PﬂEss_IEHml_'l_&_Luw_ﬁcLsDAI 1] = o =
% ]
] | |
T T l,-'-?" {f'!'-'th -*‘»*Wi? \ i
R e W VI W o
F) P 33 U;:oqu-nrro:pm] Ly 1z T
Rai- OED
Poilnis s FED: 1024 Sampling Int. (ms} 05 Bandwidth (Hrl: 2000
<33 60. jMRUIGIAM 2| X7 |SHEZZ(MRS) =&>
D_lDIIIMU—CEI.I._{.GAEJFI_SVS__PFES571[!?ms_|_5_1_r.a'w_ﬂtl.sm'l U_ a &
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[] Resuns 10 mote - CELL_AGAR_1d_S5VS_PRESS_TE3Tms_1_5_1_raw_actSDAT o' &
Ede View Options

Signals Algorithm parameters
[EELL_AGAR_1d_SVS_PRESS TE3Tms_1~| Algorithm ANARES
Rerations 12
Points FiliCuant. 102411024
Samp.niims) 0.500
Zero order (deg) T.1 - 448782
= Begin Tene (ms) <0013+ 440,36
Expeniment Freq. sebective off inchmadual compora by ‘g
Date 261112017 ng-Howts i
Ashedlound 404
Dezwclacy mLch Residue SLD. THZES
Calc. Tima {ms) 84 SN 7.54
pH Mot Enown
Total Suppressed A [Mg2+] (rmiba) (TP ——— T
Mumerical Results 1
Mame Fraq (ppm) Damp (Hz) Amplibuds | sd Amp Phass{dag) ] J:i- IlI | l
s 1 S —z5i] st LA — 5| . N
2-L 1282 21 00
3L 3439 004
g 78] 0|
)
Wil st i pisyor
il 2 Freaue?mr {pprm * ¥ =
<38 62. jMRUICIMS| 2Z B4 Ho 24>
<E 21. 4E9 SEAI FHENM A1b
Metabolite ppm Amp (mM)
TSP -0.000 5
Lactate 1.29 3.05
Glucose 1 3.44 6.06
Glucose 2 3.79 14.35
@ AV SHZH(NMR)S 0|88 M=Eo| SHAL M MY
2 Set AHERZ 0|28 SHUA FEHE St XY MF HF0E &4
o ZE AT 2B0IM 1.12 ~ 1.90 pon Helol siZsHe xRl tx2 AFECH A2
o XFZ 08 7 ul@oIA, 0.37 JB0IM 2E ERe| Xuwrtgo| M NS
o 1.32 ~ 1.34 pon ol SHEBE XYM Melsh £ xYMIME KT 2T} otSE x|

of &
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[ 1D mode - fid (

File View Options
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4. 000ESH
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-3.000E4

-5 4 3 2 <l 0
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Ref: 4.845E0
Points in FID: 16009 Sampling Int. (ms): 0124 Bandwidth {(Hz): 8013
<33 63. jMRUIOIA S| SXI7[SHEZ(NMR) 25>
] 1Dmode-fid () ' E K
File View Options
2 50028 (a)
3
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: (e
T 2.500ES 2
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=
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140 30 Lo 110 ) 09000 0,200 0.7000
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Points in FID: 16008 Sampling Int. (ms). 0.124 Bandwidth (Hz): 8013
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] Results 10 mode - id el @
File View Options
Signais Algorithm parameters ——
il = | Migorithm AMARES
terations 15
Points FID/Guant 1600874094 : i Ay
Sampantims) 0.425 M. LR g lod AT LW e
Zero order (deg) =110.0 +-0.0
~! |Begin Time {ms) 0.01 «~0.00
Experiment Freq. selective off imelnvacual compenents
Date 3012017 Truac. posnts 2 I |
Asked/ound 12412 I | L
Directory work Residue SLD. 264E0 It .s|| | e WA
3 1] £
Cale. Time (ms) 1294 M 811 JA f'.:' 'i_ll_ 'éﬂ e W
oH Mot known = B
Total Suppressed A.. [Mg2+] (M) Mot known
estimate
Humerical Results lllll .
MHame Fregq{ppm]} Damp.(Hz) Afmmal) dA(mmol Fhase{deg) il I
AL TSP -0.002| 131 5 0.2156! 00 LAl |
2L 1339 80| 0.5345, 02732 0.0 i ik ik i
e 1.329| 162 1.40( 03370, a0 3 (v |
=L 1402 Fa 02438 01674 0.0 — — e iy . —
- 1188 02" 07444 02332 0.0|
- -1174] 54 02018 01708, o0 ; i
F=L 0038 2] 144, 06384 0.0 ren B |
§-L -0.98%5] 4067 188 120, 0.0 ] Il Al
&-L -0.987| 272 0.5683, 06584 0.0/ L v W
[Aa~L -1.048| 73| LR 01815 0.0 A e
-1 -1.038 84, 0.1983 02050] 0.0 | L MY
121 1018 Cl 01461 0:2150] a.0] e S i
T T T T T
140 130 120 1.1 1 RiR Lot <08
Frequency (ppm)
: =S -J A
<18 65. jMRUIOIMSl 22 &4 Z3f 25>
= =
<¥ 22. Control OFe| X[t HEEAM Z1p>
Control
. Range Amp
Metabolite £
(ppm) (mM)
(a) 3 0.88
(c) 105 2.88
o 3 = =]
<¥ 23. A5 OF9 X dFEM 2

300mT/10Hz/10min

Range

Metabolite
(ppm)

(mM)

Amp

Metabolite

500mT/10Hz/0min

Range
(ppm)

Amp
(mM)

Metabolite

700mT/10Hz/10min

Range
(ppm)

Amp

(mM)

TSP 0.00

5

TSP

0.00

5

TSP

0.00

5

-1.33

(@) -1.34

1.51

-1.33

(@) -1.34

1.93

(a)

-1.32
-1.33

1.59

-1.17

®) -1.20

0.91

-1.17

®) -1.20

1.19

(b)

-1.17
-1.20

1.87

-0.94

©) -1.04

3.66

-0.94

©) -1.05

4.53

(©)

-0.95
-1.04

7.61
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2 9 ng

QA WRI HE|E 0|8510) Lo CHE MAEIS 31X 2D R AHEY =S JHSS AlAL &

v ESH 2535t MR AHEHOZR Zt u|38H SHAL HE0| JtsHs 2

Control HCh PENF MAZ|Z A2 A2 e MZo X@akgol of M SHsof BAY M

% AT RLMES] AHRSO IS olxE HS Eel

WREZ 24 Zop7} LEHYE SFCAtel WetFol7t ¢A BHRe E7IMEE 088 Xwst
o

ofx| MBOIA LIEI 28D SUBS 2ol
v 0.3, 0.5T, 0.7T ZTE 0.37 AH3olM XYool ZC X3S =HI5AUSM, MR 23 w3t
0.3T, 10Hz, 102 AtSolAM X|LHE23 A E1HE E

et XV |SH2 S 0/ E5t0d M=ol =/UAL HElE HEESH22 2E Jistet Mt &4

Z2EZ MAl Jts

(4) MRS 2! NMR &8t AlsElE T2 HE
B AP|SHELY & #AXY|2HELD SEEE BT BN = 22 M=

g = A
J|Eof EXsts 2EEA ZZOME LMoz ALEE= MREE dlole Zoo| =Fo| UFH™ U
o2, = dFolM =HESh MxE H =29 AIEE HIE HIEEH2Z HESP| flg Mt
IREEIO Mgt 2 24 T2 J|E0| MEEH MATLABS B sto] M2teh (28 67-68)
SHRIRE, 2f EHEM7| 3lAlolM ALEStE HlolEl 22 Cf ct2d dA: SEE #2 ofd2f MRS
2t NNRE SAloll 2et=l= 2E24 T2 HMEol= chof of2fg0| EXg

= ATolAM =l z[MatEl Z2EZo| Mehet ol =ZWol| w2l raw Clo[8{E C|AZ2 0[50

=]
ALEARZL Y|SHE dimension2 2 ZEHESHE A|AHE2 HMSIFon, 2HEMo| AL2=E= oy m2io|
a

HE O|E2t = EUAl peak A4 & 24 A|AE2 752 SIUS

8 662 AFoll A[ZFEol MRS raw dataE FEAISHY XMeElg = JUEF st¥20f st Jde2 Fuf
T+ d9e| MR 2EE EAISIE HMET  UXSF o MxE 23/SHoll wE YFEM X SAHAHE
7lsg Ftet

O 672 MR 222 B 24 F 2E 2= EASHE NEE = Ase FE 2
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& MR Spectroscopy Signal Processing

) VARIAN NMR Cata Form

A BIE® =7 U0 FO O F=3UD B EETEH
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(4) 7IEF @475 NMR solvent®l D,0 2F DMSO-ds2l AMlZ =A d|ww

B 2RHAE ZI@FH D20 AH-TOIM Mekst =& Az ME =
Al
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M

1) 7 giH
= M| Hj2F
o E7|M=E: MG-63 (human osteosarcoma cell line)
- IES T 1x10%well (24-well plate AFR)
- 7|28 X|: Dulbecco's Modified Eagle's Medium-High glucose (DMEM-HG; Gibco, USA)
» AlS OF
o ME HfF Al BiX|S] =M S =2|st0] D0 2F DMSO-ds =& AlZHol| w2 M=E SM82 "It
o AE HjgH=2 D0 saline (0.9% NaCl,99.9% Deuterium water)Z} DMSO-dg salineS Mz|Alg =
(0.9% NaCl) 2t === 3|A5l04 =H| (EF 24)
o MZ vk Al SFwelloll E0{7t= viX[e] &2 nIZ2 0
o ZE AEFo= NMR HEESH Al 7|F 22 E AFSst= 1M TSPE A7t
< X 24. NMR Locking 20 A8+ 257/ D0 2} DMSO-ds >
aE D:0 HX| =M DMSO-ds HiX| =M
=+ 100% DMEM-HG
50% D-0 saline 50% DMSO-ds sal ine
40% D0 saline 40% DMSO-ds sal ine
30% D0 saline 30% DMSO-ds sal ine
AT 20% D-0 saline 20% DMSO-ds sal ine
10% D20 saline 15% DMSO-dg saline
- 10% DMSO-dg saline
- 5% DMSO-de sal ine
o D0 =&EAIZE: 1, 2, 3, 6, 12, 24 A|Zt
- & T ZA| MTT assayE Al&listo] M=z ME=g £
» Mx ZSAE Y M=Z: MIT assay
o Cell Proliferation Kit |, MTT (Roche Diagnostics GmbH, Mannheim, Germany) ARZ
- A3 E SAg S 3¢
2) A7 Z3}
= D0 MZE MES (O 68)
o Of=Zol d|sto] BE SEb LEA|ZMA RelstH X2 MEES 2ol= AS =2l (p<0.05)
Mz d4=g (a8 69)
MEZ HEg0| Zox|= s 2
= xHE Meslie 25 Foltt =2 MESMHE 22l (p<
T HA7IX] =0l dlsto] M=ZEI} MESH HE

DM

m}

S0-Ds
5245
- 75 -

SETt
o 5, 10% 2E°| 1, 2A|1ZF =
o 2A|ZF == A|Zte] A2 DMSO-D6 20% =
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AT ool T sl 2EV|sHE
7t AZ1E A= AlEEold o2

(1) Chris Hovey BSc, Reza Jalinous PhD, THE GUIDE TO MAGNETIC STIMULATION, magstim, 2008
J. Malmivuo and R. Plonsey, Bioelectromagnetism, Oxford University Press, New York (1995)
= RERE Alﬁ%“l*.t.':.*(FDTD © Finite Difference Time Domain) &g Sl AlEaolMd &
= O ZAFEl AlBaolMS P JHX|e| JhHI BAS J|uoz HYE
w 2|o B2t EV|E XP7[E2 AlZE FYnt Fobp HqollM WA wMAlS Folf EHE
n FOp dooME nxO wrl (07|M jE 2atERM = —10lH, pe ZFaLzA
w=2rfo|1 t= AlZkS Qo|)s
A

[=]
= O3 X7[E2 otfo A2 Cfdet TAP|E 22lHE #71E + US

VX H= juB+J

VeD=p
vV eB=0
= #9l BE A& (B-field), HE AAI(H-field), J= MF UE ES

HAIE
w ?o SrEA(WAE HHA) T F HAt M Hmo| Mol Hut= MSE AL wWHAo[o] ofzfet
o] ®7|E

V ¢ J+ jwp = 0.
n MEMES HIESZ constitutive lawsS =0 ofefel Alnp Zto| Z7|=

D=¢eF
B=uH
J=oFE + j,

n 2o AMoM e:=¢€,= 7 R™E(electric permittivity), p:= pyu,= A71 FXHS(magnetic
permeability), 22 #£4&(ohmic losses)2 &7 MEX(electric conductivity) o2 EZ|=0{, &
~ ~ o
2 MF(source current)= j00|0 & FHUER €0l0 € :=¢ ¢, + —2 Ho|H
Jw
» Mo 2FE AU E[HEE (decoupling) S TR

m VXA=DB (Coulomb gauge HHollM, &, vV « A=0)2 A HE ZHM(vector potential)S <2
| |

YA YHA F 1D 4HS EORA TS0
=
[=]

22 M2 & Zo| l=(curl-free) E ZEE ZAXstY| fIeo|0f ofefe Alg g
EF=—jwA-vVJZ =E+E
w Ol g= AZel ZHH(scalar potential)olX, V ¢ E = —jwV « A=0 (solenoidal)o0|0q
m VXE =—-VXVZ=0(irrotational)g
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MEA Foizl ZHEES vlEC=Z 2¢m WA YHA S ofzf et 20| LIEHE

r

1 ~ .~ .
VX—=VXA=wed—jueVd + Jo
I
LS M35 o4 "M Al(charge continuity equation)2 ofgfe| 24AlE s

Ve eVO=—juV A

O|Meo| "ty AlZ HIEHoZ & HA ZAMH(Quasi-static Approximation)S =&

—_ o o
Ztzte| E(term)2 A54A LHolM =helgh o, ofefel Alnf 22 AAH Y™ S4M(scaling property)oOl
LIEFS

Veeva—term= O(ea/l)

V s weAd—term = O(ng/lA)

017|M O« )= a=M(on the order of) 7|ES 2|o|sto{ ofefe| Alm Zo| E3H
. term
O@®) : lim o— = const,
r—0 I

a2|3 I, o l,= 4 Zol(characteristic length)S LEMND, O(1/1)& ol

(scaling of a derivative)2 LIEHH

et AAHLE L @ A7[(magnitude) = 2ALE SHolM opdE = oo of2fel AE wWE

otmlo] BHEof &2 g2 ALSStH ofefeb Zo| EHE = US
1
V X—V XA—term = O(A/uli)
i
wed—term = O(w’ecA)

L
S
3
I
O
=
(a3}
S
=
Q
I
O
T
(S}
M
=
Q
=
S

%]
waby ofzie} 2ol EHE & U

ja)EVQ —term

- = Ow’eplyly) :o( v
VXZV X A—term

glo| AlofjM 80| wleps Ko Zonf, ke TS0l k=2r/A\ Zo| HMolEt
LEp

a822 RE MEZet 22o| o/3fdh =
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weud < 1

woud® < 1
m 0{7|M d= #2e| AR (worst case)E it Holo], AL QAo AAHZ LIEHY
s CESF QHH 2 A2 ofef et Alnt Zo| HAE

1

» 5, #HE ZHAE AS AV|E #HE ZHE(A))olH A E)22FE 23 2l E

[

1

2
st MA Ml QoM p=p, 2 LFSHHE, #HE ZEIM(A
law) 2 2 ofzi 2} Z0o| A AHE

Lt Ap2[& A= AlZso[d ol &

(1) Extracel lular Matrix synthesis(Ml=Z2| 7|& gtA)

Ho

@ Effect of extremely low frequency (ELF) magnetic field exposure on morphological and

biophysical properties of human lymphoid cell line (Raji) (N. Santoro, et al., 1997)

Human B lymphoid cell(Raji)2 CHAIS 2 24A|ZFS9F 50 Hz, 2 mT2| PEMF XI=E 2l7}t
s laurdan HEEHH DPH & HY 24 Aot & g3 a7 HEMGD ME &4 MEe M7
odg o7

n ZAF FA

3, 39KX 20KU HD:13HH £/ BEEEE F: P g
A 1 AU v - iy

3,34KX  ZOKY WD:1ZMM 5588084 F100OED
10U ————————

¥

JO8 70. Raji MlZe| MAIEHO[ZE AL @ (A)ASE 2K 22

=

@ Modulation of collagen production in cultured fibroblasts by a low-frequency, pulsed magnetic
field (J.Clifford Murray, Richard W. Farndale., 1985)

m Chicken tendon fibroblastsE CHAMSZ 1A|ZH4 g = ot Ciekst FI|E JHX|= PEMF Al=& 2lJtst
doo O A o Mol Botste He el

— =9
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® Effect of exposure to an extremely low frequency- electromagnetic field on the cellular
col lagen with respect to signaling pathways in osteoblast-like cells (Akira Soda, et al., 2008)
= Mouse osteoblast MC3T3-E12 CHAteZ 32U ZoF 60 Hz, 3 mTel PEMF AI=2E QJtsid S uf Szt &

Mg oxlste sae el

ot

@ No Influence of Magnetic Fields on Cell Cycle Progression Using Conditions Relevant for
Patients During MRl (Illka B. Schiffer et al., 2003)
= Tumor cell HL60Z} EA2E CHAMCZ 3YESQF 60 Hz, 3 mTe| AV|& A=FE lstelde Wf &st 6,/
arrestZt LIEFRX|2E AotM o2 ag XI|SHIMEX| I cell cycledl= 2 &2 FX s A
2 =helg
® Effects of Exposure to Repetitive Pulsed Magnetic Stimulation on Cell Proliferation and
Expression of Heat Shock Protein 70 in Normal and Malignant Cells (Giichiro Tsurita et al.,
1999)
n HMMEZe B2k MEZE OJMSZ 3AIZESQF 50 Hz, 34 mT2| RPMS(Repetitive pulsed magnetic
stimulation)2 QIS W UZ DE AZ Q5 AERAES digton] E35] Zk MZo| A Rl
H o

gh 7| 2ol w2t ch=A S Eks dE =l

(2) Cell differentiation(MZ &3t)

@ Power-Frequency Magnetic Field Inhibits Adipogenic Differentiation in Human ADSC (Maria Antonia
Martinez, et al., 2015)
= 50 Hz, 100 p T2l PEMFsOll XY™ FMEE 42A|2ESoF At=5

m Oil-red-0 staining®t Z3 X7|& K30 &= XUHEFMEL XLMEZ BESE2 47.96+12.47 %

ot

2 tH=(100%) CHe| HEt7trzto] 23h80] Z4AJMUCtD 210

Control” MF

125 T T

100

50 4+—
gl ll I
(n]

Cont'rois rAF

-
4]
1
I

0il Red O daining zrea
(% of controls)

. #old 2 0il-Red-0 staining &4 Z1}

4
o
X

@ The influence of static magnetic fields on canine and equine mesenchymal stem cells derived

from adipose tissue (Monika Maredziak, et al., 2014)
m Eg- and CaAdMSCE CHAICZ 0.5 T A7|& M[Z7|E o830 Z+Zt 24, 48, 96, 120, 144A|2tH K=&
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217t

m EQAIMSCe| A oA EZe| =610 LM X[TE CaAduSCel B S 2H|ES0| Hasts HE Folst
differentiation

® Effect of pulsed electromagnetic field therapy on the osteogenic and adipogenic

of bone marrow mesenchymal stem cell (T. Lu, Y.X. Huang, C. Zhang, M.X. Chail and J. Zhang,
2015)

n STEI|MZEI X eHEEet Z2EE el A0 20 Hz, 2 mT PEMF Xt= =

= RT-PCR 24 Z I} PEMF At=of 2lsl = T g0 VP X X|HES= A ZDpoF LHE

L2 3
=S el

g 12Sot olv}

m Qil-red-0 staining =MAME PEMF AI=0| SFE7IMZL XUESE AXst= 227t ASS N
Hs¢et
a8 72. 0il-Red-0 staining Z=2}, (A)Staining ® H= =, (B)Staining & tH= +, (C)Staining ™ A&
=, (D)Staining & A8 &

@ Inhibition of Viability, Proliferation, Cytokines Secretion, Surface Antigen Expression, and

Adipogenic and Osteogenic Differentiation of Adipose-Derived Stem Cells by Seven-Day Exposure

to 0.5 T Static Magnetic Fields (Jian Wang, et al., 2016)
m 0.5 T2| SMF(Static Magnetic Field) S X|&™FAM =0l 168AIZHT7Y)
s X|2HME Z3SS MT assay® S e 21 X|SE50F AME S gelictn Eng
® Extremely Low Frequency Magnetic Fields Inhibit Adipogenesis of Human Mesenchymal Stem Cells

Sob x}2
o

(Leilei Du, et al., 2014)
m 5SRO 2A|ZHA 152 FoF 7.5 Hz, 0.4T9| Ap7|& Rt=2 ZHG M=ol 217}
n ZE50= s FX| LUAXCE X|YESE AHMHct= EnIF HEHRE =ele
(® EMFActs on Rat Bone Marrow Mesenchymal Stem Cells to Promote Differentiation to Osteoblasts and

to Inhibit Differentiation to Adipocytes (Yong Yang, et al., 2010)

n STEV|ME 21 Sk 8AIZH 15 Hz, 1 mT MAP| X522 27t

» XYEEE MGt 2=t X0 HEH=E HWE 2telgt

® Effect of Pulsed Electromagnetic Field on Bone Formation and Lipid Metabolism of

Glucocorticoid-Induced Osteoporosis Rats through Canonical Wnt Signaling Pathway (Yuan Jiang et

al., 2016)

=ZCH3E S 717 RatS AR 123 It 0.66A17ZH 50 Hz, 4 mTE PEMF At=& 27 & &4

=

)
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Hasts A Fel

o
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e

—
ic fields enhance chondrogenesis of human adipose-derived stem cells in a

—

Electromagne
chondrogenic microenvironment in vitro (Chung-Hwan Chen et al., 2013)

m PEMF2} SPEMF(Single-pulse electromagnetic field) AI=E <2753 20 3¢,
10,30,60H A= Z2EE M2
= PEMFR} SPEMF 25 A= M xE35te| Hio|2 ofAHol| siHst= FHAIE

(8) Bone Regeneration(Z ZjA)

@ Effects of Static Magnetic Field and Pulsed Electromagnetic Field on Viability of Human
Chondrocytes in vitro (S. STOLFA, M. SKORVANEK, P. STOLFA, J. ROSOCHA, G. VASKO, J. SABO, 2007)

m Q7 AZSMEE jaleZ 4 580 ZA 72412 X=2 21.2 MHz, 3 dBm(0.1V) el PEMF Xt=& ¢lJtst
A3l RZ|F A=0| A2 ME MEME SFaAZ = Actn Egh
@ Effects of Pulsed Electromagnetic Fields on Human Chondrocytes: An In Vitro Study (F. Pezzetti,

et al., 1999)

m Q7] T 3 A AZMEE ASZ 75 Hz, 2.3 mT PEMFE 6, 12, 18, 24, 30 AlZts¢ot XI=5
St 20 RT-PCR &2} AISE QAJME2 M=EIF ix & MEECH Mx 231 HXg deFicts At
£ 210

6 5
5 | [ —e—withoutFcs 4 | I:l;r:u;::S j
—0—05% FCS

—&— 10% FCS

—&— 10% FCS

PEMF/Control
w
PEMF/Control

o

0 6.h 12h 18h 24.1h 30h 5Ih 1I2h 18h 24h 30h
exposure time exposure time
8 73. (Left)PEMFAIS AlZtoll mhE Z HIZMZQ| H-thymidine H|S,
(Right)PEMFXI= AlZtoll w2 ZHA HBMIZ 2| H-thymidine H|S

[=]

® Pulsed Electromagnetic Fields Simultaneously Induce Osteogenesis and Upregulate Transcription
of Bone Morphogenetic Proteins 2 and 4 in Rat Osteoblasts in Vitro, BIOCHEMICAL AND BIPHYSICAL

RESEARCH COMMUNICATIOS (T. Bodamyali, et al., 1998)

s AEHZ JIE rate| ZotMEE a2 Z 15 Hz, 1.8 mTe| PEMF A=S 62 S¢k AAISIR 1 RT-PCR
M BT YME PEWF AZ0| ABME Esto] IHXel FHS Eohs ZE 2D

glig

@ Effect of a pulsing electromagnetic field on demineralized bone-matrix-induced bone formation
in a Bony defect in the premaxilla of rats (T. Takano-Yamamoto, M. Kawakami, M. Sakuda, 1992)
m 21252 100 Hz, 165 uTel PEMFE tHol Z&0| U= ratoll QlJlstRS uf w MMo| 2atstA Ao

=2 O -

w20 O|= PEMF At=0| tf MMo| RET 507t ASS el

® Biochemical and morphological study of human articular chondrocytes cultivated in the presence
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of pulsed signal therapy (A Fioravanti, F Nerucci, G Collodel, R Markoll, R Marcolongo, 2002)
n 2X|HO|E Zof tfiet= ZatEY aXle| AZMEZE CHASZE 15 Hz, 1.5 mTel PEMF A=g 2l7I3H

[

2 o, ZRH2327te s 2MZ3 327t STtet Ae =eld

® Pulsed Electromagnetic Field Stimulation of MG63 Osteoblast-like Cells Affects Differentiation
C.

and Local Factor Production (C. H. Lohmann et al., 2000)

n 2ZF XZ FAF ME MG-632 CHat2 2 1, 2, 422k 15Hz, 1.8 mTe| PEMF A= 8A[ZHM 2175+
2 o 2 23 Y e mEDE TS, 2aAA YN, SAHLZN BN BiliE @2 =
A2 solyctn 2oy

(4) Observation of changes in cell status(M= AMEj wHslo| abaf)
® Effects of electromagnetic stimulation on onsteogenic differentiation of human mesenchymal
stromal cells seeded onto gelatin cryogel (E. SAINO, et al., 2011)
n BUHE UHE MEZE Mo =Z 28250 75 Hz, 2 nTe| XP7|& A= S 0.33 A|ZH4 217}

Z4, 23 Zotet 2 MEQV| ool B mEE LA A ol

rok

P A Ml

® Control of orientation of rat Schwann cells using an 8-T static magnetic field (Yawara Eguchi,
et al., 2003)
m ratel #ub MZ(Schwann cell)E CHASZ 8 To| A}7|EHE 30A|ZES o U5t ond K=ol o5 4+
| =] o

o
ferd 2 AUA & Ae

ocooco=

gh Mz sj&o

® Power Frequency Magnetic Fields Affect the p38 MAPK-Mediated Regulation of NB69 Cell
Proliferation Implication of Free Radicals (Maria Antonia Martinez, et al., 2016)
s AMZOIMEZZ NMEOE CHA2ZE 50 Hz, 0.1 mTel AV|E A=E 2, 24, 42, 63A|ZF XF2 2JI6IAU2
of O Z1} p38, JUNK, ERK1/29| 2dA|Xel g&S 0o|Z0H
® Moderate strength (0.23-0.28 T) static magnetic fields (SMF) modulate signaling and

differentiation in human embryonic cells (Zhiyun Wang et al., 2009)
m QIZF Hi x| = MIZE(hEBD)E CHAISZE 52UZOF 0.25 A[ZHA 255 nTe| RPZ|&E Clulste =z K&
A

2ol M MAASCZo 235 Eetet Mz £F HH30| oYl MEEE XE MddUsts Za 913

£ dae
Pulsed Electromagnetic Field Assisted in vitro Electroporation: A Pilot Study (Vitalij Novickij,
et al., 2016)
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m Saccharomyces cerevisiae2} Candida lusitaniae MIZE Cj&l2Z 35101 3.0 T, 6.0 T, 9.0 Te| X}7|
ZH MZI2 100, 150, 200, 250 wus&Qt 27tstdE W =2te] FutdZ LtEHH+= Propidium lodide(Pl)
dd Mlze| 7t ZIet A Eele

® Low Intensity and Frequency Pulsed Electromagnetic Fields Selectively Impair Breast Cancer Cell
Viability (Sara Crocetti et al., 2013)
3, 52

n FEkeh MIZEQI MCF-72 EH“OE 5d=02 20 Hz, 50 Hz, 2 mT, 3 mT, 5 mTE OH7HEH=F=2 JX|=
|_ o

PEMF Xt=2 0.5, 1.0, 1.5A1ZH) XI5E 2lotet Zof XASA|ZEn MI|E SIS
EfAE d2don] e M=zl MCF-102 d&sS X 2 A2 &elstn gt Mk & st 2
ASE HMA=

(5) Pain relief(S& 2tst)
® Evaluation of electromagnetic fields in the treatment of pain in patients with [lumbar
radiculopathy or the whiplash syndrome (Thuile CH, Walzl M., 2002)
n SE3L S EHA ST EAE a2 222850 64 Hz, 10, 20, 30 uT PEMF A=2 2684 2l

7
« BPNOZ MMIEC) o SUHE MM SF 245t SAS 2o|7| AXYOH SF et 21t 3
22 solg

E x. EZ0| 2kztx|7|7X|e] Z+A(d=days, ° =degrees, *=statistically significant)

Magnetic field Controls
Parameter p-value
before after before after
Free of pain/walking - 8.2x0.5d - 11.7x£0.5 < 0.04~
Las'egue (normal range: 70-90¢) 36.2+3.7° 68.4+3.8° 37.9+2.8° 49.3+4.1° < 0.05%

@ Extremely Low Frequency Pulsed Electromagnetic Field Designed for Antinociception Does Not
Affect Microvascular Responsiveness to the Vasodilator Acetylcholine (Julia C. McKay et al.,

2010)

x E2 PENF xFLo| rat el o|AEaA el 7 S8 VA= g2 oY sl 72 Hz, 0.225,
2.25 mT A=E 0.5 A[ZI2HE Jtsiie of el ZAMo(ut Aluts oz o= gas 71X K]
e veN bl §§CLWI§ FEst= obF MEo| thx Zof dHlsl HAsH AWS Selst

(6) Wound healing(&tx x| 2)

® Pulsed Electromagnetic Fields Accelerate Wound Healing in the Skin of Diabetic Rats (lIran
Goudarzi, et al., 2010)

n Sfdo] o8l X2 HEIF =HZA ratE CHASZ 20 Hz, 8 mT 102 S0t 1A|ZH PEMF Xt=2 217

X 242 ratofl H|S{ X = HEIF Waldl AES EE PEMF AH=S0| &K x[=o =

_

JH
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m With-EMF

—
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*
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*

-
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L

Healing time (Days)
~

Control Diabetic

a8 75. (Left)rat2 &M AREl, (Right)ti= Z2f A F2te| A}=50| 770 WE x|= Alzt

(7) Antiinflammatory(2gHl)
@ Low frequency and low intensity pulsed electromagnetic field exerts its antiinflammatory effect
through restoration of plasma membrane calcium ATPase activity (Ramasamy Selvam, et al., 2007)
n FOE|AM BEAS JIX SES UASZ 422509 5 Hz, 4 uTel PEMF XF=S 1.5A[2H4 °|7F§A%

m MEUXFIIL LojHHHEAN =[50l =g0] =HUckr Eugt

(8) Neural Tissue(2ld =3|)
® Cellular level studies and coil system design for transcranial magnetic stimulation, lowa State
University, Graduate Theses and Dissertations (Yiwen Meng, 2015)
m N27 THfald AMA MEIE HASZ 0.25 Hz, 0.55 Ma/me| TMSZ 0.5A|12F A=2 & Z3f M=Z F
of NS MAHUHES olaie = U= Z|Hto] E A=z AR

M

0|3 cfrgh Aglo| sfelolME FaE =2 A= 2ot LHERGCHSIHEE M

=
A [

x E= =Xo|ut 7HK1I01I 7ts FE AS Z2E 2| utddef, Fubp, X7|E M7|, A= 7|Zto] &E
% Al
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"s =2u/ S50 /7|E asolmm | oy | Sl EEARE ST
Se55=0t /55185 | (1F)
o Xp7|E MZ X2 A|AE(Cel |
1 stimulation system with uniform QIA CH =t gradol cHgtol= | 2017.11.30
magnetic field)

G AZ AL, 2015
108 & 49 22k "21M7] ME

O

MER " 2016 http://www.bokuennews.com/news/artic
le.htm|?no=129940

[3] JTBC "A-Als|, d|otof| AlS|A H|E o 6.7=--FF - 59 o™ 23%&, 2016 http://news.jtbc.joins.c
om/article/article.aspx?news_id=NB11139703&pDate=20160104

[4] EH=XF, =7Hd|2tge] S (et), 2005

[5] L. Mirbahai et al., 1H magnetic resonance spectroscopy metabolites as biomarkers for cell cycle ar
rest and cell death in rat glioma cells. Int J Biochem Cell Biol, 43(7); 990-1001, 2011

[6] C. Shi et al., HRMAS 1H-NMR measured changes of the metabolite profile as mesenchymal stem cells d
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ferentiation in vivo. J Tissue Eng Regen Med, 2; pp.482-490, 2008

[7] Maria L.A et al., Nuclear magnetic resonance methods of monitoring cell metabolism. Ani Cell Biote
ch, 8(3); pp.165-175, 1999
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7, 2008
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Parameter effects of pulsed electromagnetic field (PEMF) stimulation for

chondrocyte proliferation
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Abstract

Flactromagnats fialds (FMF) are widalyr used in the medical fisld. Hogever, the coaditioas
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To develop a lgh performance implantable mecrophone,
o hvbed sooustic wmmor which combines & vibeaion
bosmnd socelorathon semsor and @ sound presasre hused
sconmtic woior clectt condenser mucrophone (ECM) &
proposed,  This sensor presents o pood Jow reguency
sensitivity of an ECM and abo 8 pood high frequency
wcnitivily of an accelernton sensof so that ot gves @
wide Feguency rosponse with improved  microphond
gum, The vibration beam of the capacitive accchoration
womsor was designed throwgh the finiic clement unalysic
rsd the polyimide flexible PCB was fabricated baded on
the mnalysis resubs. And the froquency chamcteristios of
the wvibmtion beam mnd the developed  implantable
mibcrophone was mexared wemg vibestion exciter and
wandand microphone.  In addinon, we confrmed e
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In this stady, we imvedigated the effect of foot cooling
on the reduction of body tempersture after band evercise
ot the high termperature of <072 We producad the
cooling devioe 1o cool the foot using Peltier module. The
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resilis of deep body lemperanze  measurement showed
sverape JBTE = 0120 w 3EH = 0LIST when the
normal recovery method woas performed. Cooling recovery
method o one foot showerd averape A0 04 T W
averape 8060 1TT and Cooling mcovery method on
both foct showed wveruge 25690 015T 10 overage
178440217

I EEERY Locking 2R M= S40

gt P9 D02 DMSO-Ds
Ma0l Maol zE ol coR guEY
art e e e T

Pahi et R SRR
VAR e B PO

The purpoie of dos stuly © o evalute the cyictonicity
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Evaluation of pulsed elechumagneh-: field exposure system for chnndrocvte proliferation
Song-1 Chy Tae H’_Yllﬂ ** Chi “ogiclﬁﬂ
School of Biomedical Eﬁx\_ﬁm . Health Science & Tecimology**, Inje University, Korea.

Introduction: Recently. several investigators have found that magnetic field therapy provides a non-invasive, safe,
and easy method to relieve pain in musculoskeletal disorders. The most efficient application of the magnetic field
therapy is to try osteosynthesis, pain relief and reduction of soft tissue edema. Further for many nmsculoskeletal
injuries and post-surgical, post-traumatic and chronic wounds. magnetic field therapy has been recognized as a
modality that contributes to reduction of edema [1]. Edema reduction can be a major therapeutic factor
acceleration of pain relief which in turn contribute toward the healing process. Several investigations the magnetic
field suggest that it will gain speed of the healing process. Also it 15 known to promote the fundamental functions,
such as nerve regeneration immumopotentiation. endocrine finction [2]. However, the method using a specific
PEMF waveform and amplifude have usually been used a varnety of devices by a method using a low-frequency
magnetic field, it is difficult fo compare and analyze the biological and clinical effects. In this study. we evaluated
lab-developed PEMP exposure system for chondrocyte proliferation using.

Materials and Methods: Cell stinmlation probe was designed to apply uniform magnetic fields to the cell specimen
in 4-well plate or 60mm culture dish Computer sinmilation was performed to minimize the size of Helmholtz coil
by using Biot-Savart rule of Sim4Life (ZMT, Zurich, Switzerland) softiware package whose magnetic fields can be
analyzed by the Maxwell’s equation. MG-63 cells, 1x10* cells/ml, were seeded at 4-well plate. The cells were then
cultured with DMEM-HG medium containing 10% FBS and 1% P/S. After 24h of cell seeded, the cells were placed
in lab produced PEMF exposure system, and the all wells in the plate were exposed at 240mT/1hour/1day. The
experiment repeated 7days, the medmm was changed every day. MTT assay was chosen to measure cell proliferation
Optical density was measured by solubilized cells in 96-well plate using ELISA reader of 3%5nm wavelength. Cell
proliferation values were nommalized by optical density of control groups at each experimental condition and
expressed by percentage.

Results and Discussion: The applied strength of PEMF exposure system to cell specimen (Fig 1.(a).(b)) was 240mT
(Fig 1.(c)). Improvement of chondrocyte proliferation caused by the PEMF stinmlation was confirmed that about 4-
folds compared with control group (Fig 2).

(a) 8 © () (b)
Fig 1. (a) Lab produced PEMF system, (b) Cell Fig 1. (a) Graph of chondrocyte proliferation (7davs), (b) Morphology
stimulation probe, (c) Output waveform of chondrocyte compared with control & PEMF

Conclusions: In this study, it was found that proliferation of bone cells exposure to PEMF was improved ¢
with control cells during 7day culture period From this results, authors believe that the cell proliferation on
chondrocyte are mainly induced by PEMF exposure.

Acknowledgements: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the Ministry of Science, ICT & Future Planning (INRF-
2014R1A2A1A11053868. hittp-/'www.nrf re kr)
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Development of Fulsed Electromagnetic Field (PEMF) exposure system
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Abstract

In this study. the intenzity of magnetic fields and stimulus pericd with 2 stimulus were
modulated, and FEMFP exposure system applying uniform magnetic fields to the stimulus
range was developed for quantitative access. The probe for cell stimulation should be
developed to generate uniform magnetie figlds in the cell specimen. For checking the
distribution characteristics of magnetic fields, computer simulation was conducted. The
FEMF exposure system was designed to control both duty ratio from 1 to 100% in the

frequency range of 1-100Hz and magnetic field cutput from 100 to 400mT.
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