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The effect of pulsing electromagnetic fields on differentiation and
proliferation of rabbit costal chondrocytes in culture

Naoto ENDO
Department of Orthopedic Surgery, Niigata University School of Medicine
(Director: Prof. Tatsuya TAJIMA)

The effect of pulsing electromagnetic fields (PEMF) on growth-cartilage cells was
examined at the cellular level. Growth-cartilage cells were isolated from the ribs of young
male rabbits. After cultured chondrocytes were reached subconfluency, they were exposed
to vertically directed PEMF of average 2.4gauss, 15.4Hz.

The effect of PEMF stimuli on the expression of the differentiated phenotype was
evaluated in the light of PTH-responses using ¢cAMP, induction of ODC and synthesis of
GAG. And then the effect of PEMF on proliferation of cultured chondrocytes was examined.
The following results were obtained.

The basal cAMP level treated with PBS was not changed by PEMF stimuli.

Cyclic AMP level treated with PTH was markedly elevated by PEMF.

Induction of ODC by PTH and synthesis of GAG by PTH were also enhanced by PEMF.
Enhancement of GAG-synthesis by PTH was changed by neither Verapamil nor EGTA.
DNA synthesis of cultured chondrocytes was not enhanced by PEMF,

On the basis of these results it was concluded that PEMF stimulated differentiation or

R o o

expression of the differentiated phenotype of chondrocytes.
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TER L AR BOIARC BB OHER & BB
5. 18705, Wolff R ADKEEDERMNMEDS
FlE TR SN2 2 EXBOM L TR DM, ¥ 1o,
RIABAUR, FEhic L 0 BEBMEEZ 52 & 0FHMRT
EDBENRET TLBERELMEH S h, BEBLEE
RTBZVENMERTN S, ZOLHCBORESE
FERBI KT 2 NENAGOEERIILEIN AL T
WAEM, BB DL 5 signal AL TWED M/
Fr o ABF IV E EARRANS . 19534,
Yasuda BIFEICEN%MZ5E electrical potential
mEEL, FEAAITIE<1 R, EFMITET 5 21
48T 5 BR (piezoelectric phenomenon of bone)
BHEEI L, S HRI1954FFEAD LB~ NER Y EE
THLEREDIEELER IR EXRELLY. &
D, L OFRRY - BRI EENBE IR V101,
B TiL piezoelectricity X dry bone ik vTAhbL
h3BHPTH Y, stressed fluid-filled bone T FLT
AN AEHR(L streaming potential T, Z WA FHEEE
CROBRECEECEbL > TW5&F160 T3, &
hHOZ &L DBETINFNAML EKMN Y signal
EBS N THEOMO B MBI fER L Tx o
REPHECEE T4 DEEL LR T8 1),

RE, A LESKHEEE ML BEEPERE Y (8
ETEHEDERCACOR TV 20T BEKHI#HM &
LTk, invasive M BB A L 5 /N ERMES
non-invasive 7NERBEEMIicE DB BN, FD 5B
VR BEREE BT EA D 5 non-invasive ICEBIERIE
REA M5 2 & X 0 RET D M NBETBHRI ST
FWERZ 424 DEEZ RT3,

T1°F s B BRI R B & o MBETF OVER
BRSO TILT S S # K ERE MRS MERN R F
T#H5H compressive force IS L THIFA cyclic
AMP (LIT cAMP) %842 L HEL T 538 F
7z, Rodan, Norton &I BB EFIHKEF LAV
£ X D mechanical force % 7-i% electrical force
» bone remodeling /EH$ 5 LT cAMP %
cellular signal & L QU5 RREMA/REE L2025 L
L, ¥R Lo R TR B SMla L ~ v TofE
R >W TR & A FELMIC T L,

AR HF NI YR NEIE T H 5 BRSSO S
T AERBEYRET 52 . ThL. F0ObIE
P B IERMC EE A EE % R LT 5 g
SEU T R BRSRIMD, F0X>5 By 5250
», BRI EBRO S - AR S0 X 5 ol

BL 5 134H% in vitro DR TR LT-.

HHEELUHE
1. % #H

o v FRNEFR v E Y (PTH; synthetic 1-34
peptide, 6,0001U/mg) {2 Beckman Inc. J DEA L
t=. DL-[1-Y“C] A#wv=F v HCl & [6-%H]- F 2
v i3 New England Nuclear Co. (U.S.A.) XD,
(*S]-HfiB& (carrier free) {IH X FHBI%A (BEF)
£ 0, Cyclic AMP assay kit {3+ =+ 8 K.K.
(F8) ToBALKL. $7 a0 b= (SCD &
THEMSE K.K. L b, Verapamil i T —# 1 K.K.
(HFD) L ofts5 2 hic. TohOAFEITROBERD
RIUOThicET 5L 0% R L.

2. BBHEBEOSHE . EE (Fig. 1.)

BWAROOFED  Lich, KE 300g 5 600g,
£ At 6 BOMM New Zealand fF 9 + ¥ XL 9
WESCIERY S DL, Ca, Mg RE4LERIEK
(CMPF) gL, WEAROEE, KB s Ok
AL ol ZOMBOE - RWEERTL 0 ERE
B (BHEREBIEAREEY TS L) obw 2
2T, FRLE. 20X 5k LTRILRER
BE AR THMY LAE, 0.1 EDTA (ethylene

Growth cartilage of costochondral
junction of NZ young male rabbit

minced

incubated 0.1% EDTA in CMF (20min.)
37°C 0.1% trypsin (60min.)

rinsed with CMF (3 times)
digested by 0.15% collagenase (120min.)
rinsed with MEM (3 times)

cell suspension

inoculation
8 x 10* cells/35 mm-dish
Fig. 1 lsolation and culture procedure of

chondrocytes from rabbit costal
growth cartilage
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diamine tetra-acetic acid, disodium salt) &
CMF =T 37°C, 2032 Licod FE®RT, 0.1%

by 7y v (0.25%, RABEMTAS, KKR) % &
CMF i©T 37°C, 603 BT 5. RWTLHEXHET
CMF i THb) Lo #ifd % 3 mEgey, r ) 7y v 2R
X, £k, 0.15% 2 77+ — € (FOe8E, KiRk) %»
&ty CMF #icT 37°C, 2 BR9H{LT 5.

PEorsr LtBbh - MRZERY 10y Ay
Va (fL 120¢m) TAHML, HEARKSTO » % HEL
L, 10% Y vMFmRE (F.C.S., GIBCO, New York,
56°C 30 @) *#& & Eagle’s Minimum
Essential Medium #:&# (MEM, H/KSEE, Hg) %
ANFORECECHE L. 1,500rpm T5 AHEO L, HE
ARTEDOWB Y 51 - UEEBRCTRE L, BE, 2l
T5. ZOBFEY 3EL D2 LTREHED L% 53
T35, L0LokLTELhLKEREHERY MEM
EERCCHERL, lEERY 5 X F v 7714 v Va
KB L, AAECRENE LT 35mm 77 X F
7574 v va (Fre KK, B30 1EHD 8x104
HoREMALBEL, ERiCHV . BERIIKERTR
MR RERE (CO, 5%, EH95%, 37°C) AL, K
BRORMBIIEE 2ABIBE -1

3. /L REBHIS (Pulsing electro-
magnetic field: PEMF) %%
EEWCERMRNEER 6 Hh 5 THEI subconfluent

A

-~

<+— 5 msec—

JiEd

7R, Emtaﬁjﬂﬁxtﬁ%ﬂzﬁﬁkﬂ%ﬁmﬂ@ﬁ}{t HEREEEIC
B T8 ST D ERM

65 msec >
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CELLDOL, &7 1+ v Y 2 %HE 35mm D
Helmholtz = 4 Vit A L v 2 BRESHIE A0 2 1.
Helmholtz 7 4 /%0 21 5msec, ¥4 X R
65msec, 15.4Hz O < wWREEKY R L, T34 2.4gauss,
A 45gauss DEHEHFED/ v 2 BREISHIS Y RE &
¥ (Fig. 2, 3).
4. #RA cAMP LI DRE

RERESRE L, MEE% Hanks #IC T 4[E505%,
F#E#K 1ml € 18M 37°C, 5% CO: [T T
preincubate Lici%, s v E3BE L DRy VT
WERESINU . 7Ntk 2 #3f6] incubate L7c®?, Hanks

1
WINJI Y

_ culture dish
i
NN chondrocytes

— 2
3
y

Helmholtz coil

N7l r

Fig. 2 PEMF generator
After the cultures reached subconfluecy, they were
exposed to PEMF by placing the culture dishes
between the 35—mm-—diameter-Helmholtz coils.

21waves

2/

Limgb

Fig. 3 PEMF stimuli were generated, using Helmholtz coils oriented parallel to the
plane of cell adhesion, by pulsating currents in the coils of a 5 msec burst of
210usec and 25usec opposite polarity (15.4Hz, max. 45 gauss, average 2.4 gauss).
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BERAET 2ml OKL 6% + V2 2ol (TCA) T
FoN—R Y 2=y ERACTHE%EA L, 20KHz, 608D
fal (307 x2) @BHFMMIEE, 4°C, 3,000 g, 105D
ZETEOL, EBEYRH L. EiFD TCA k%Ki
Mz —F i CHilE L, Honma DHEY & X b
Cyclic AMP assay kit # W THRIE L. o
IN NaOH THES LEAERIC A,
5. FN=—FrExMEE (ODC) EttoRE

BILOAEN -1, Thbd, EEEYRE
%, HIBEJE % K # L 7= phosphate buffered saline
(PBS) T5[EIgEH LI, 0.8ml OEEEE®E (1)
(Table 1) P TIFN—FY) 2= y2ZHTIIAL, 20
KHz, 60FbR (30808 x 2) S HAMME, 4°C, 15,000
Xg, ISAEORBTRLL, TO LELEERKES L.
ZOBEFERK 0.4ml, RIGHE (1) (Table 1) 50u1 B4
O L-[1-C] A#w=F » (1.36xCi/nmol, 5mM)
5011 T2R 0.5ml & L, 37°C, 60HXIGE ¥, L-
(1-MCl Anv=F v bifE8EXh % 14CO; % ODC
EHARIE L.

Table 1
Standard buffer (1) 8.69m1l
D.W.
0.2M Tris HC1+0.8M EDTA (pH7.1) 1.25
1 M DTT (dithiothreitol) 0.05
100mM B6P (pyridoxal phosphate)  0.01
10.00
Reagent (II)
D.W. 0.04
0.6M Tris HC1+0.4M EDTA (pH7.1) 0.70
1M DTT 0.05
100mM B6P 0.01
1.00

6. YuavisTyyny (GAG) SHEEDNRTE
FYVay /7N A vEkid Saarni & Tammi O
HEEP LT [P*SI-HRBRD GAG~D & D IR L
NHRIE L. BBEYRT Gey B# (10% Hanks
BREEL) T3EERLLOL (3S)-HBY ST
WHT (2¢Ci/ml) T 37°C, 5% CO. K48 F T 3 B5fE
incubate L7z. Incubation %, Fk/E &L MlaED &
KT b G TUTOMEY T . BEEL 0.2M

k) 2-HCI (pH 7.8) % &% 5mM CaCl; + 2H,0 &
BEmL, Tavy Fod4FUFBF LY v s (CS-
Na) 100¢g/ml, 2mM MgSO,s *#Mz 37°C, 3043
incubate L7:#%, 1% #{keF ) Y= 4 (CPC)
*&{ 0.02M NaCl B#E% Mz CS—Na %k,
ZOUBIRED, cOMMERKEY v FL—v
#1194 — (LKB WALLAC, Sweden) I TRIEL -,
g, —FRXEATECAL, BY3Tor—+¥
E 1lmg/ml (BHHEE K. K. H5) 85D 0.2M Tris—
HCI (pH 7.8), 5mM CaCl;* 2H,0 #&#& T 55°C, 10
B§f incubate L, LI TFE#JE & Rlskic s URlE L.
7. DNA AREDORE

g (6-3HI]-F 3 ¥ 1#Ci/ml #ix,
37°C, 5% CO. KM T T 4 B incubate L1cDb,
REE R TOKA UL PBS T3E#HAL, RWTH%
TCA BRExTH /—n/xFnT—5 (3.1, v/v) T
ML 0.3N NaOH CRIBEN L. TD#% 6N
HCl thfiL o bk vFL—vavho vy —
T HRGRETEME & HIE L 7.

8. YU/ ER

SH HEoF#+TS ODC BEHEmic>\uTiE, Ross
& Schatz OHFHED kb, ThLIAL, Lowry @
HEB I VBEL. ek, v VIIET VT Y v (BSA)
IEHEY vy b LTHWG .

& g
1. #EA cAMP LA ICE KIFT/ILR
BRSNHOE

SEE - EEEK6ANS 7HH, 8E? subconfluent
W0E L Ic BB S 4 3500 29 LT 90 R BREEGHIE
T (2.4gauss, PEMF (+)) ¥ 7i33Efl# T (PEMF
(=) KT EY K, ThLhic PBS (W),
PTH (2.5IU/ml), 7ox 4% 435 v E; (PGE,,
10zg/ml), 77024772 1 (PGl 10ug/ml)
BHEMLAOL, v 2EBRSHE T E 3BT,
2 LN cAMP % AIEL 1.

Z DR, NVABRBHBOERCHIHLT, ©
hEhoORE (PBS &) TiMiEN cAMP L~
CERZDD 1. IFBREIBEIET < PTH #ingo
MR cAMP L ~vi2stiB (PBS &) whel, $
20512 E D ER (p<0.005) R L. ¥ X BRUGH
BT PTH 00 cAMP L~z b L TH930
e FR LU (<0.005), Z W2 FEBRBSFHT PTH
FRMBED 145N L, BEOZE (p<0.05) Md-71-.
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Fig. 4 Effect of PEMF on the intracellular cyclic AMP level treated with

PBS, PTH, PGE,, or PGL.

When cultured chondrocvtes reached subconfluency, they were exposed to PEMF (2.4

gauss, PEMF (+)) or no PEMF (PEMF (—)) for 96 h.

Then intracellular cAMP 2

minutes after adding PBS (control), PTH (2.5 IU/ml), PGE; (10#g/ml), or PEl; (10xg/
ml) was assayed. Each value is the average = S.D. in the duplicate experiments.

¥y kkk

: Difference is significant at p<{0.05, p<{0.005 respectively.

NS : Difference is not statistically significant.

PTH &[ERGHIAN cAMP L <% R X85 PGE,,
PGL'D #1258, /S 2 BRIBHIET OMmian
cAMP U~ h F W BB ToOTh & ik
Teh»te (Fig. 4).
2. PTH FINEOMEA cAMP L <L &
7L 2 BEHEST HESM & O BR

2.4gauss D/ v A BHEISHIERERIE 1, 6, 24, 48, 96
Bifal & 45 5 BHC M), S&HF T CREMBLEE L
#®, PTH (2.51U/mD %ML, 23%OA cAMP
FRE LI, Th TR DWW TV R BRUIETMT PTH
WMo cAMP & FERIBRHT PTH Aok

W cAMP & otk (PEMF (+)/PEMF (—)) % &
L, h&mET L1z, PBS (M) koW ThEREI LT
Bl

ZOFER, PTH BRMDOELET T 14 6 24B5RF0 HIl#L
B cAMP v vl TR F R dEREE O cAMP L
N EEL D - 1o, 48, 9eEHEID IR T PTH &
MoSREA cAMP D7 8- (p<0.05) (Fig. 5).
—%, PBS BT ERBHAHRFECrhbLT,
cAMP L~ TUEERIZED bhioh - 1.

DX S EBRRERIC BT R BROSHISNT
B TIE cAMP L~k FREBAZ LX<, PTH
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10 pr--mmm s mmrr i r e e -

0.5 -

Ratio of CAMP level : PEMF(+)/PEMF(-)

Exposure Time of PEMF

Fig. 5 Effect of exposure time of PEMF on
the cAMP level

When cultured chondrocytes reached subcon-
fluency, they were exposed to PEMF (2.4gauss,
PEMF (+)) or no PEMF (PEMF (-)) for 1,6,
24, 48, or 96h. Then intracellular cAMP 2 minu-
tes after adding PBS or PTH (2.51U/ml) was
assayed in the triplicate experiment. Each value
is the ratio of cAMP level under PEMF to under
no PEMF in the presence or absence of PTH.
*: Difference is significant at p<0.05.

FIMROMHAAN cAMP L~uk FRX#1 (Fig. 4, 5).
3. PTH FkoMEEA cAMP LA E
7S A BREBF MO L EEDORR

NAZBHIBREO L EE 0.6, 1.2, 2.4gauss D
3BT THRBHY T hEh o v 2 BRIGHIB T
T48EIEE L, PTH (2.51U/mD %ML, 243
OHIEAN cAMP #RIE L. SHRThAERITDOW
THBEROSHBM T PTH WNOHEAN cAMP &tk
(PEMF (+)/PEMF (-)) *#HEHiL, &L, PBS
KOWTHERRI L TiT» 7.

F04R, PTH &HiIND cAMP L <Xt 0.6gauss
OV ZBRIBRM T CIEHBE ToOThLREALEE

Ratio of cAMP level @ PEMF(+)/PEMF(-)

0.6 1.2

2.4 gauss

Strength of PEMF (Exposure Time: 48h )

Fig. 6 Effect of strength of PEMF on
the cAMP level.

When cultured chondrocytes reached subcon-
fluency, they were exposed to PEMF (PEMF (+),
2.4, 1.2 or 0.6 gauss) or no PEMF (—) for 48h.
Then intracellular cAMP 2 minutes after adding
with PBS or PTH (2.51U/ml) was assayed in
the triplicate experiment. Each value is the
ratio of cAMP level under PEMF to under no
PEMF in the presence or absenceof PTH.

P, 1.2gauss D ZEBRIBHIE T Ti1.3F0k
H®B%R L, 2.4gauss D/ I BHEIBRB T2 1.5
EL, BROLEERY R L (Fig.6).

Doz émnd, ChUBEOERIFICZ EHHD
e ED, 2.4gauss, 488D L 2 BREGHFIBCE B
Wi,

4, BRBHBROA N =F REBEBREEIC
ELFTERENHOXE

Subconfluent E L7z 4 BOERRSHREY 24 L
T 2 BROEHIBCT ¥ 70 eI T o T4805fEE &L,
Zh¥h PBS (M) 74X PTH (2.51U/mD %%
mL, 4% ODC EHZRIE L. TOER,
2O ZBRIBRIBOGEEC D LT, ThThoLRE
B0 ODC EH EIEDh - 1. FERIBHBT
PTH #ine ODC fEHE ik LT 5 5o LR
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Fig. 7 Effect of PEMF on the ODC = T 171 171
(ornithine decarboxylase) No‘r PBS PTH PBS PTH
activity. (%)
When cultured chondrocytes reached subcon- 3 PEMF (-) PEMF (+)

fluency, they were exposed to PEMF (2.4 gauss,
PEMF (+)) or no PEMF (PEMF (—)) for 48h.
Then ODC activity 4 hours after adding PBS or
PTH (2.5IU/ml) was assayed. Each value is
the average*S.D. in the triplicate experiment.

*#¥%. Difference is significant at p< 0.001.
NS: Difference is not statistically significant.

(p<0.001) ®R L1, ~SvA BB T T PTH &
o ODC FEHENBeE L THsEc ERL p<
0.00D, ZHIFEEHERHT PTH &Moo ODC &
EHEO LTEENL, B80Z (p<0.001) 235 -
= (Fig. 7).
5. PTH Fn#goZ vy, 70h080
LHEXIZTT N REHBHNPOEE

Subconfluent ZiE L1z 4 BOERKBHESY 245 1L
TV ZBRUBHRIBCT & 71 2RI T CToms s & L1
DL, Thrhe PBS (W) #7iX PTH (2.51U/ml)
THRML, X HI24E- < v X BREGFIBT ¥ 7212 F8
BT TEREY OO, [¥S]-HBO GAG ~OHH =
ARANE L., FOEE v R BRUSHIBMO G
rhbLd, ThthoxB (PBS &#in) # 7Tt GAG
BRICER D -7, FBWIBHIBT © PTH &M
O GAG ARIIHRIcHE L T35k L8 (p<0.0D
Lic. 2 BRBHIET T PTH M0 GAG &8
B L TR LTS ER L (p<0.0D), ZhiTHk

Fig. 8 Effect of PEMF on (%8S) sulfate
incorporation into GAG.
When cultured chodrocytes reached subconfluency,
they were exposed to PEMF (2.4 gauss, PEMF
(+)) or no PEMF (PEMF (-)) for 72h. After
adding PBS or PTH (2.5IU/ ml), they were
exposed to PEMF or no PEMF for 24h. Then
(35S] sulfate incorporation into GAG was assayed.
Each value is the average*S.D. in the triplicate
experiment.
*k, *%%. Difference is significant at p<{0.01, p<_
0.005 respectively.
NS : Difference is not statistically significant.

F#HT PTH o GAG Ako 1.3 5484 L, &
BoE (p<0.005) Hd» -7 (Fig. 8).

i PTH %MD GAG &It EERE SV B
ROBRIE e & OBEFRA R L. THbb Y 2 EBH
IBHIBESRIA 6, 12, 24, 48, 96BEME T B BBICHT
TERFROEMC TREMIELEEL %, PTH %
mmL, 2O 24RFMERISRIB T oBEL, [(%S]-
WBROEHZZPRE L. ThAEFR DWW TIERIBT
PTH &M [BSI-FMD & = hb otk (PEMF
(+)/PEMF (=) #HHL, miF2LELL. TO
R, 65 b RIBERTI (¥S]-HHE0 LD
AT IRIBMEED T h & 2% BT, 48, 96O ERH
BER|BER CIUEERA R 3B . (Fig. 9).
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Exposure time of PEMF

Fig. 9 Effect of exposure time of PEMF
on GAG synthesis.

When cultured chondrocytes reached subcon-
fluency, they were exposed to PEMF (2.4 gauss,
PEMF (+)) or no PEMF (PEMF (-)) for 6,
12, 24, 48, or 96h. After adding PTH (2.51U0/
ml), they were exposed to PEMF or no PEMF
for 24h. Then (**8) sulfate incorporation into
GAG was assayed inthe triplicate experiment.
Each value is the ratio of (%3] sulfate incorpora-
tion into GAG under PEMF to no PEMF in

the presence of PTH.

*: Difference is significant at p<0.05.

6. B AN ZUERMOYYVIYE S
FUHEBICRET /N 2 BRISTIM
DORE
2¥v A BRESRIBT ¥ 1 IR T T8I E L,
ThZhik PBS (M), SCT (40mU/ml), PTH
(2.5IU/ml), SCT+PTH #in%t, [*¥*S)-HEkoL »
TAEBE L. FOBE, L2 BRI SCT
WMD) a5 2 7Y 0 v ERETET S L3k
Mmoot Fio, BREBRIET T PTH BMBAMED
GAG AmkiX SCT+PTH i+ & il -1
(Fig. 10).
7. NN ZRBEIBHHO DNA ERICKEKET
28
SR BREIBRIE T C48RREIEEL, CH)-5F 3 ¥
vk A X DNA BRI LLER,
logarithmic growth phase MU, stationary {(conflu-
ent) phase DWLWThOBAELEFED AL L,
BRGSO X 2 BIR ks - (Fig. 11).

INJV R
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£

v 100
AN < A

0
0 [EXISINEE SN,
© PBS SCTPTH SCT PTH SCT
:
PTH
PEMF(-) PEMF(+)

Fig. 10 Effect of PEMF on (3 S) su-
lfate incorporation into GAG.

When cultured chodrocytes reached subconfluency,
they were exposed to PEMF (2.4 gauss, PEMF
(+)) or no PEMF (PEMF (—)) for 48h. After
adding PBS (control), PTH (2.5 [U/ml), SCT
(40mU/ml), or PTH+SCT, they were exposed to
PEMF or no PEMF for 24h. Then (*8] sulfate
mcorporation into GAG was assayed. Each value
is the average *8.D. (% of control (PBS)) in
triplicate experiment.

NS: Differece is not statistically significant.

8. Verapamil, EGTA H#m&d GAG &/,
DNA ERICHE K FT /N I ERBRHO
DER
Subconfluent & L/ BREHC 5 BHOBE
@ Verapamil (1077, 1076 1075, 1074, 107% M,
calcium channel blocker) %z, ThLhd GAG
AR DNA Gl fliE L. *0#R, DNA &
%7 dose-dependent HIEIZ hizh, —F, GAG &
R 2\ Tk Verapamil OBEMNRELLTHizEA
EEiT e - (Fig. 12).
i< Verapamil (1074 M) % LTy v XBRIE
Flg T T PTH HMED GAG AT EERCRIFS
BELYKRH L. T7cbb, subconfluent i L 7o8%
BB v 2 BRUSGRIE T £ /o3RI T T80
&L, PTH (2.5IU/ml), Verapamil+PTH %
Mz, IHLRUARMIEEEL [(3S)-MBDO & H A%l
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5 When cultured chondrocytes reached logarithmic
= state or confluency, they were exposed to PEMF
5 (2.4 gauss, PEMF (+)) or no PEMF for 48h.
e 500l NS They were pulse labeled for 2h. with 1.02#Ci/ml
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-E the triplicate experiment.
Z [[T): PEMF (+) []: PEMF (—)
é* i (‘)_ H NS : Difference is not statistically significant.
R confluent phase logarithmic phase
(O]
<
G g ;
o120 GAG synthesis
=
c
5100+ }
§ control
2 80
o
[¢]
=
Ag
3 168 167 16° 16° 10% 10°
3 - — 3 — } i
© Verapamil (mol)
%
10(1— {
< \“\ ,»"" ...... e .
g control % \._ Fig. 12 Effect of Verapamil on GAG syn-
o ™ thesis and DNA synthesis.
E ™, When cultured chondrocytes reached subcon-
.g fluency, they were treated with Verapamil.
2 50 : Then (35S) sulfate incorporation into GAG and
E (*H)-thymidine incorporation into DNA were
$ -~ measured. Each value is the average+S.D. in the
T T_ triplicate experiment.
[+2]
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Fig. 13 Effect of PEMF on GAG syn-
thesis treated with PTH, or
with Verapamil and PTH.

When cultured chondrocytes reached subcon-
fluency, they were exposed to PEMF (2.4gauss,
PEMF (+)) or no PEMF (PEMF (-)) for 48h.
After adding PTH (2.51U/ml), or Verapamil

(107*M) and PTH (2.5IU/ml), they were exposed
to PEMF or no PEMF for 24h. Then [%§)

sulfate incorporation into GAG was measured.
Each value is the average*S.D. (% of control
(PBS)) in the triplicate experiment.

NS: Difference is not statistically significant.

FELic. #0#R, EREEIET T PTH 8MEmEEo
GAG &/t Verapamil+PTH ZEMNEED Z h & EiT
75 <, Verapamil (XS 2 BRUEHIE T TD PTH &
m&ED GAG SUTEMERACEEY B XIFd kv &
ML, & -7 (Fig. 13).

EGTA (Ethlene glycol Bis (p-aminoethyl-
ether)-N, N, N’, N’-tetraacetate, calcium + L —
& —, 100* M) #MN%, Verapamil &k} 5 & R
i PTH HFINRD GAG SR L THEBYRITL
fo. EOFR, SRESHHTC PTH BihiRieso GAG
&kt EGTA+PTH HoLh & #i37<, EGTA
oo 2BRUSFIB T To PTH HMEDO GAG &8
ERC g B XISk -7 (Fig. 14).
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Fig. 14 Effect of PEMF on GAG syn-
thesis treated with PTH, or
with EGTA \and PTH.

When cultured chodrocytes reached subcon-
fluency, they were exposed to PEMF (2.4gauss) for
48h. After adding PTH (2.51U/ml), or EGTA
(10-*M) and PTH (2.51U/ml), they were
exposed to PEMF for 24h. Then (®5S) sulfate
incor poration into GAG was measured. Each
value is the average*S.D. (% of control (PBS))
in the triplicate experiment.

NS: Difference is not statistically significant.
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me BEREYET A EXELAR LTV 530,
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B. MEHBMHEROIMEBRECRIZT /LR
BRESHNBOEE
1. A cAMP L FTEE

Sutherland Hit k5 cAMP DHRR%, cAMP 2
BeDFLE Y DIREWEE LTREG TR, S0y
FERMLE B ET L LB ERTE .
—%4, IFEAEARPESRIED, cAMP oZ{bx it
LTHIaD RS « BERRCEEYBLIFLTV52 s
RREXN TS, Tiebhh, Rodan 56 XU Norton
LIt BRE-ESEIREEIC static pressure (60g/cm?)
Mz 5&E cAMP LAARETFT 32 &, &bic, &
15 (electric field, 1,166V/cm?) #/Nx 5 & kAN Ca
14 vORNALBITE, cAMP L <~V HRETF
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stimuli M MERA cAMP &\ 5 (bio) chemical
o signal KB I TER LS afget s R Lic?) 22
24)25)26)_

Eoi, WFHBIERS v X DSH L ERREREN
T compressive stress ¥ fix % & §if AN cAMP
MHEMT 5 2 &R HE L,

AR I B Tovr REBRES RS PTH &Rmgo
cAMP LR TIEEL T E &id, BREERE M0EL O +
NEVROES I VSIS T 512 Tikie {, v 8B
BEBHE S > BB A RIGT 5 2 &2 RTHD
Thd. SHERREREMIGC ST o 2 BRI

B cAMP OZAtx AL, a0 RHPRIEC R b D
fER% RiF LT 2 alHEM 2R 5 O Tio g &
4); < %L"GL"CL\ézl)ZUZSJ 35).

PTH, PGE,, PGl 2\ "h b RERKEMHIEC
T cAMP # bR LN, Zhbnsdy PTH B
MED cAMP Dbl <2 BREGRIBIC X DT h
TED, $1-0EE (PBS FED Tk cAMP b
kB Xi¥sfeh-1o2 &, Eb PTH &go
cAMP LA ETUET AERI 0.6 25 2.4gauss B
T dose dependent TH -1 L 2ELZHHEBE, /Y
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%<, PTH OFve AR BRMNMCHEEL, MR
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FEBCBERIGH SN TW 528 2 LTEREEDO®RE
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DLETIBH LT, FOBRBODEZXET
DR ERL D BOMICONTIRESBROBRETHS.

2. ODC FEILELIFTEE

FY 73 AR EEAREY R LW B
BT, MM AERCEESYA LTV 5.

Verduijizien & (8 & % #& B intermittent
compressive force */Mx % & ODC EHLIIHII N
A& %HE L3, mechanical stress A ODC &
CHBYRITTZ %R LI, Takigawa Hit v+ ¥
PhRE L 0538 L I E BB 5T PTH B3R Y
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Takigawa bit 74 FHREZEEBREC BT PTH
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PTH #®RML7\VRETO GAG AT 8T,
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EEzZLRA.
4. 7OV A BRISH MR & OBR

Hashimoto Bt v+ FEHEE & 0 98 L -k EEE
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LTuw 318,
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W b BRI 885 L Lo RIgEs % B4 5 Z & HiF
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