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A AZTe] ghD A LEVB A% AsE AT 5 9
= AFPHORA AN AT slole WHoRt AEH LFED)

S W (exercise therapy), Z7]xEX(functional electrical stimulation),
28 ¥ (hormonal therapy, ©l: growth hormone %) Fo] omH
o7, Aol dFZ(heat shock)olut A2 &4 E A (bioactive materials)
o &-8&o] o3t d&A WHEe g 54 ddow FEHy] Az}
Yo, AE7 9248 A =AW dZAI A (heat shock protein, <
HSP70 family) @&do] fE%=d Ad A5 oJshd F53F Aol
(#=2%=, cloacal temperature = ~41.6°C0)S 72
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(reactive oxygen species, ROS)9 AAS F7MAA Axe &4 5 <
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th &absAl F

FrtsiAl == HERl ES ARESRlon mid 13] Folekqivh. e E
o] Folx Appell  B¥e WS $£Asle]  a-tocopherol
acetate(60mg/kg body mass)E 10% polyoxyethylene hydrogenated
caster oil ¥ 10% propylene glycerol (sodium citrate ZMN)ol| &3
A7 F A 0.5% AlFHE FmDS FH&l Zonde FAMIE AR
o] &t

A SERete] ek L Aol AR
o

@© FF-3HUnloading group)w -- 357t F-5-3} AH Y 7MA=

@ AH-3HReloading group)i -- 353+ F53& F 153k A3t
NA=

@ €% 4(heat shock group, HS)w -- F43} 353 944 59 €

s4e 7H A=



© dT4-FASAMHSAO)T -- F-HeF 373 4549 Pst==

® W Z*(Control, Control-reloading)<* —— A& AT F-3kA1 71 7| A
E 1 AYEE BF
Unload
Control HS AO HSAO
/ Reload
) Unloading Unloading Unloading Unloading
Unloading C group
3W +HS +AO +HSAO
Reloading Reloading Reloading Reloadong

Reloading CR group
1w + HS +AO +HSAO

C-F-¥-slatell 3t x5 CR-AF-&Fvtol o3 )%+ Unloading— 553}
Reloading— A -3t HS-A5A A 2]; AO-343E-A ], HSAO-< 524 1}
rkstEA 2

2. A4

oHl = FAdvtH stoll dAT=S A7 Fa3 HEB TN d=
=g 7tete 294 =s IS 84 FHE AEsdlth A5 24
4% paraformaldehyde = A AT 257+ 10%
ethylenediaminetetracetic acid(EDTA) &do|A &3]3t & FAbxo] uf
How A Ew FATE 4m FAR AXE F silane coating
slide(MUTO PURE CHEMICALS CO., LTD, Japan)& A}F&3Fo] 143}
Ao hematoxylin®} eosin®.z GMste] Fst& ] slol A #ZH3S
=3



Pt AEFAE AT

(1) 5-bromo-2'-deoxyuridin A}

-20TCoA H3AE 5-bromo-2'-deoxyuridin(BrdU, SIGMA, St. Louis,
MO, USA)E phosphated buffered saline(PBS)el] =o] 2355 3|4 2z}
ZF 26A1ZF A3 1AIZE A, 2318 57 ol FAH100mg/ke) sk T

T o g &gol=E AZSte] 60T ovenoll A 1A &9t 1}
gaS o T A xylenoZ 1084 3W AHgslgon 42 95t
100, 90, 70% ethanol % o|x=F=2 FASATY. 3% hydrogen

peroxide(H:02)% %2 W WA peroxidaseE &4 A2

olo
e ok

proteinase K(SIGMA, St. Louis, MO, USA)Z 10%37F &S HH&A]
t}. 2N HCIZ 30%3F DNAWA 3 5:1% A% goat serum(SIGMA,
St. Louis, MO, USA)#} ¥H-3-A17 oW BrdU YAF&A(SIGMA, St. Louis,
MO, USA)ZE A2 12A17F WAl FTE  Avidin-biotin(mouse IgG,
extra avidin; SIGMA, St. Louis, MO, USA)WH S o] &3le] W x4}
St S T3k, goat serumel Al AxFEA GAE AL 2 o
A4 PBS &do=z AT 3,3'-diaminobenzidine(DAB, Vector
laboratories, Inc., Burlingame, CA, USA)o.= IA3til  Mayer's
hematoxilin® & HZGANS S35t o™ 70, 90, 100% ol & & 5780l A]
gstal 8- Y (mounting)dte] FedAn 4 el &St BrdU W

AP PY ALE 7 Sefolseln] oz A BES Agal

[0
o
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FYAEES At

v ZFAEEN M EIAFY] #E(biotin nick end labeling TUNEL

7t A &ee] =8 Tris—HCIE 9 (pH 8.0)0l14 108 &<+ HAe] atar
20%-7F proteinase K2 A 2|3} th. PBS €M o =z F4 3 5 3% Hy0
ZAe = peroxidased® BEEA AlZ1 & PBSZ tiA] AT
Az glsty S 9l FAgdiFzarel dis] DNA buffer® 10%3F A
2|3}l DNase I (F. Hoffmann-La Roche Ltd, Basel, Switzerland)2.
2 2083 WeAA Aoz DNAE  dHsAFATH
Transferase-mediated deoxyuridin triphosphated(TdT, SIGMA, St.
Louis, MO, USA)  bufferolA] 5%z AAYE 0+
ter minaldeoxytrans T ferase ¢
Biotin—-16-2'-deoxy—-uridine—5'-triphosphate (dUTP, F. Hoffmann-La
Roche Ltd, Basel, Switzerland)@ 37TCol|lA] 2A]7F30% &9k WAl A
dUTPE XX st S Z 7oA+ terminaldeoxytransferase &4 %
A 2fshA] ket

TB bufferell Al 1023t ©7H4 ¥b&& FAAZ Fo 2% Bovine
serum albumin(BSA, SIGMA, St. Louis, MO, USA)& 15%7F blocking
sk3lal, PBSE A & streptavidin—peroxidase(SIGMA, St. Louis, MO,
USA)Z 303 WHSAlA DABZ WAAI AT, 2922 nuclear fast
redE o]&3ston thal 70, 90, 100% NELHEZ &8t BY33
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t}. TUNEL assayell €Al Ax= 7 Sgloj=oA doj= A BES
A3k 80mm X 150mm A719] ARZbA U] AA MEZ Fof ddE AE

1

o] 5 SAstaL AAAEAAM ] FAAQ AldlA el 7F 9

9 ¢ Axratgiet.

=

e
O
ox.
ftlo

M &

t}. Indianhedgehog(lhh), Heat shock protein(HSP) % Vascular

endothelial growth factor(VEGF) ™ %= 2] 3} 8+ A

AR WRor Setol=E AZste] 60T ovenolA 1A1%F F<F 3t
iS50 & oAl xylene 2 1024 3H AHYst o, 45 ¢std
100, 90, 70% ethanol % olx5H4+E FAEI . 3% hydrogen
peroxide(H:02)Z %4 Y] WA peroxidaseE EEA A7l ¥ blocking
serum@. 2 A-ZoA] 1021+ WHE-g T, Heat Shock Protein Y2FHA|
(HSP47, Stress gene, Victoria, Canada; HSP70, Zymed, San
Francisco, CA, USA), Thh ¥x}3A|(Santa cruz, California, USA) %
VEGF ¥ *}&A)|(Santa cruz, California, USA)Z 37T oA 2A]7F WA
Zt}. Thh <3 A], hyaluronidase (Worthington chemical,)® 37 CelA]
gk AIZE FQF WEESto] epitopes =EAIZ F AXEHAQF WRSA|ZITH
Avidin-biotin(Zymed Histo Plus kit, San Francisco, CA, USA)%'H-<
ol-&3ste] MAxAsetd S 383 2™ blocking serumell A LAtFA
A= Al €] gk zt A ol A PBS& o= FAIBHA T
3,3'-diaminobenzidine(DAB, Vector laboratories, Inc., Burlingame,
CA, USA)e x WA3sal Mayer's hematoxilin® = thZzAMS 3314

i 70, 90, 100% oNELFEolA EFsta FYste] FEAW A Sholl A
EuN
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2}, Microspectrophotometric assay

FAAWZL microspectrophotometer(MPV 3; Leitz Wetzlar, Wetzler,
Germany)E ©l-&ste] A&str] el A iz sdeol=5 242t
Safranin-0 QA3 TE A=A A =3} (subchondral bone)7FA 9]
% spot =4 (spot diameter, 0.8um; %9 % 500nm)< 12.5nm 3+
Ao FIsigon, AFgssl= A= Gt (proteoglycan) Z o] 50
m= WS Ao ddeseE T Azl HAAdAM 2~371¢] sectionse
Asteldn. A& 50ms ol Hl= EHnon-ossifying) ¢4 =3hd F9E
TEote] GAAHEE AASSIth Safranin-O FMAEE G =} A=
of Ao W& A L T due ol whel FEEo Ao, H
A 3)gtel M3lstE Ao A9 Safranin-0 FAMAE AL 50m=2 9
e wmebd Eekelal vEsld Ay g3ld A=Y A
microspectrophotometric J#o.2 433t

RESE R

e

x
|\
We
iy,
i)
Sh
1

TH-Shel AjRe 2 FHE-Skel ARt 7z 54, diksiAlE T
o7 AHYst o+ L A3 FASAE FAo A o] A A
Aol Aolet AAH(resting zone), =2 H(proliferation zone) 2 3=

] (hypertrophic zone) 7}7+e] Zo]Z Imagepro® programs ©]-&3}4

ZAegith. BE 2484 $2e o o] YRS sl fHow
Aol ZAsn AA Dol A 7 %98 4L TRt AL

S} AlZaALES] HlES A 4 B 74 FeEE SAEsle

5=
o, #AAAZo FAE 6592 UFo] =A3le] Wilcoxon signed rank
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§2oo o -- --- -—-
100
o ‘ ‘ ‘ ‘
con us U-HS U-AO  U-HS-AO con-R  U3-R1  UR-HS  UR-AO UR Hs—
treatment
a8 2. AT o] vl (con; WERT, U3, F53F 357, U-HS;, F5F35t<}
AT AAY T, U-AO; FH-3ske dAbstEA 8o, U-HS-AO; F4-3t¢F 4354, 3
AbetES B AEe F, con-R; W&, U3-R1; A3k, UR-HS; A§-3k<}
s AA T, UR-AO; AF3stel arbstE g, UR-HS-AO; AlF-3tet 4354,
FrbsteS 5 Aeek o, «P<0.05)
E 2. =AW ol v (¢ ¢ m)
Unloading3w/ Heat Shock  Antioxidant
Control ] HS + AO
Reloadinglw (HS) (AO)
Unloading
3829 £ 11.7305.3 £ 14.2314.2 £ 1233127 £ 13.3352.6 £ 12.7
Group
Reloading
G 3245 £ 13.8282.2 £ 10.3 283877 £ 9.8 2869 £ 115 311.1 £ 79
roup
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=
GEAE e TES 47 13% 2 11%9] BrdU FAHNEES B gz
nl&l] 247k 58.1%, 74.2%°) Fol s HAaE YERATE 2y dF
A S SAlel A o] A9 42 x| 82.56%% 96.7% T 2= 3]
HE A dFATHLH 3, & 3).

30
X 20
5
o
i IIIIII[
0 ‘
con U-HS U-AO U-HS-AO con-R U3-R1 UR-HS UR-AO UR HS*
Treatment
a9 3. IAAT AEFAE ¥ (con; HET, U3; ¥5&F 357, U-HS; T3
stot dFAA T, U-AO; F-4-atet Fabstealels, U-HS-AQ; F4#3tet 4%
7, gkl E e B% A o, con-R; thE, U3-R1; A, UR-HS; A4
stet dFAA T, UR-AO; AFstet @atshs 2w, UR-HS-AO; AF-stet o
=4, FrkslEs 25 AYs o, «P<0.05)
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¥ 3. SR AEZAE (TS5 %)
Control Unloadl.ng?)w/ Heat Shock  Antioxidant HS + AO
Reloadinglw (HS) (AO)

Unloadi

WOATNE 009 +117 133 + 142 131 + 123 135 + 133 189 + 127
Group

Reloading

151 £ 138 11 £ 103 112 £ 98 114 £ 115 146 £ 79

Group

il il
R
=
3
o P
con u3 U-AO U-HS- con-R U3-R1 UR-HS UR-AO UR-HS-
AO AO
Treatment
a8 4. FAFT AEIALE 8 (con; HEE, U3 F533 353, U-HS; T4
sto} dFAAE T, U-AO; F-5-3le} eabslEAeli, U-HS-AO; F4-3t9} d%
2, st e S 2% AEd +, con-R; iR, U3-R1; A3k, UR-HS; A+
stet dSAA T, UR-AO; AF3tet sikstE glat, UR-HS-AO; A4-3tel &
4, ik ES 25 A e o, «P<0.05)
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AP (291 % )

HS + AO

Antioxidant

Unloading3w/ Heat Shock

control

(HS) (AO)

Reloadinglw

361 £ 99 367 £ 114 339 £ 133

358 £ 102

Unloading Group 319 = 87

359 £ 103 36.0 £ 105 348 = 82

36.3 £ 96

Reloading Group 329 £ 114

] HSP 47/70

w4

AFA9

7.

th ¢} A 343 & (upper hypertrophic

—

No

e
ﬂ.o

0

Hn

HSP 479] 725,

il

Pl A 57 7] t ol A Bt

s H. .13 =
T T ©

s

= 7t

N
No

oy

B

15214 gl (lower hypertrophic zone)<} <1

5]

- (cartilage-bone junction) ¥ A A Z(articular cartilage)el]

.
Gk

Fe o] A= AL 5,6).

ol
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1% 5. Heat shock protein 472 &3

(A-control group, WZ+"; B-unloading group, 3l C-heat shock
group, T3¢} d=Ax gl D-antioxidant group, F-5-&hutoll 3AF3IE= 2
++; E-heat shock antioxidant group, F-%3lutol 423 JAFES 2F A
2|8t i, F-control reloading group, WZi*; G-reloading group, -3}
H-reloading heat shock group, AY-3slell ‘EZAA 2+ I-reloading
antioxidant group, Aj&F3ste]  ASFEAE T, J-reloading  heat  shock
antioxidant group, A-3dhwtel dEZA 3 FAsES BF A3 . x20)
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13 6. Heat shock protein 709 =&

=y

(A-control group, WZT; B-unloading group, %3l C-heat shock
group, F%-3tet dEFZAA e D-antioxidant group, F-§-8hutol]l AF3EA g
; E-heat shock antioxidant group, F%3f7o 523 FAisES ZF A
23k T, F-control reloading group, WZ<; G-reloading group, A3}
H-reloading heat shock group, A§-3tell <LEFAAe ", I-reloading
antioxidant group, AF-stell FAFSEA Pt J-reloading  heat shock
antioxidant group, A§-3stwroll EFA M FASES BT AP . x20)

1}, Indian hedgehog(lhh)¢] 23
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1% 7. Indianhedgehog®] W&

(A-control group, W+ B-unloading group, 3l C-heat shock
group, T3¢} d=Ax gl D-antioxidant group, F5-ahutol 3AF3IE= E
++; E-heat shock antioxidant group, F%3lutol &2 FJAZES 2F A
2|8t i F-control reloading group, WX G-reloading group, -3}
H-reloading heat shock group, AY-3slell ‘EZAA 2+ I-reloading
antioxidant group, Aj&F3ste]  AStEAE T, J-reloading  heat  shock
antioxidant group, AY-3dhatel dEZA 3 FAsES BF A3 . x20)
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vh g3 9 A 2Fel xH(Vascular endothelial growth factor, VEGF)

o] g

b s gTiel b obgRel s

}

k-
=

= nom, ol

k-
=

=

o2 dX

ol A

S

Ao MARA ok AR

!

A2

= At

belol wa

Eil

19 8. Vascular endothelial growth factor®]
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(A-control group, WZ+*; B-unloading group, %3l C-heat shock
group, 5-38t¢t AFAA T D-antioxidant group, F-F-shutel FqkshEA g
v, E-heat shock antioxidant group, T3t €547 dA3}ES 5
# 3t +; F-control reloading group, WZ+*; G-reloading group, A5-8F%;
H-reloading heat shock group, A3l dHE=AXY;  I-reloading
antioxidant group, AHF3dtel] dAFslEA 2wt J-reloading heat shock

antioxidant group, A F-stzol €524y iteES 25 A o x20)

Al BHEAE T

Im

g
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¥ 5. FHEEY #EA=e] A (¢ m)
Unloading Control

Site of analysis
Total  Uncalcified Calcified Total Uncalcified Calcified

PAT 58.5£8.3 48.7+10.1 9.844.3 68.2£12.0 56.6£8.9 11.8%+2.8
FPS 45.7+£10.6 38.4+8.8 7.4+£2.8 50.246.8 41.6+£74 8.6+3.0
FPI 46.6+5.7° 37.946.8 8.6%£2.4"° 52.0%£5.2 46.6+£9.0 11.6+2.2
FMA 57.7+£8.8 47.3+£9.1 10.4+4.0 69.3£8.3 55.0£8.5 14.3%3.9
FMI 82.0£12.1 69.5£7.4" 12.5+3.7 102.3%£10.6 87.1£7.4 15.2%4.2
™ 121.949.3 109.1+11.3 12.8£2.8 122.3+11.4 110.1+13.0 12.1£3.1

(PAT=patella; FPS=Superior patellar surface of femur; FPI=Inferior patellar surface
of femur; FMA=Anterior surface of medial condyle of femur; FMI=Summit of medial

chondyle of femur; TM=Medial condyle of tibia "P<0.05)

C2FA B AAEA Aee o] HEAEe] T (9 m)

=5
o

Heat shock-Antioxidant Control-reload

Site of analysis
Total Uncalcified Calcified Total Uncalcified Calcified

PAT 61.1£9.2 52.948.1 9.9£1.7 68.2+12.0 56.6£8.9 11.8+2.8
FPS 47.2410.3 40.5+£9.0 8.2+£3.9 50.2£6.8 41.6%7.4 8.6%3.0
FPI 49.4+11.2 42.249.5 9.0£3.7 52.0£5.2 46.6£9.0 11.6+2.2
FMA 63.6£11.0 51.8+11.3 9.7£1.6 69.3£8.3 55.0£8.5 14.3£3.9
FMI 100.8+£8.9 84.3+£8.7 13.4£8.7 102.3+10.6 87.1£7.4 15.2+4.2
™ 116.8+£10.3 105.4+9.6 11.0£2.0 122.3+£11.4 110.1+13.0 12.1+3.1

(PAT=patella; FPS=Superior patellar surface of femur; FPI=Inferior patellar surface
of femur; FMA=Anterior surface of medial condyle of femur; FMI=Summit of medial

chondyle of femur; TM=Medial condyle of tibia)
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S A g Ay FEUH F B AFAME HMEaSHES 54
stz 1%k BrdU Wiz sietd s Axaibs ws] 91g
TUNEL assayES 33} t}. o]+ 5-bromo-2'-deoxyuridin(BrdU)7}
FEEA9NA F S phaseollA] DNA &4 A] thymidineo] X|$t%o] A=
e=]
=

T4 A4S 71A FAHE dEE ol &8t AExFAEE 585k AL
2, 2 AFdAE A =88dNA MEFT|ZE 24421 s FaR
alo] 24X7F prA 0w 23] %A Yo anti-BrdUE o] &3 W xH
sleta] AALEA FAE AEZE SAHSANT. B AFod SA4E FA
di W AEZZA s 424 glzdtolA 22.9%9 15.1%%2 A H o] F5
o] Eolel me} SAEo] WolyE HAsA T =i Aol FRskat
AF-sht 9 54 FgatstE S dEo R HEd 52 7Hhe] gz atol
Hlato] 2b2t 58.1%, 74.2%9] AESAEE Ho] dA3] dolx= 435 B

=4 kel A 9 A EIAL= st (lower  hypertrophic
chondrocytes)oll Al A=AE 2 AE 7]do] A3]st AAS AXHA
TR A8HE 3 T dojuks AYHQ WSROI gy F
2 A= BEE AT F Utk o]9F o] AT AM HAA R
dojup= MEIAE ofe] 7FA dQle] o&  olxk=sts 4l (secondary
ossification  center)lAl  FAHnecrosis) = A& ol(growth
disturbances)7} #As= ¢ 1 A AT 4 lom B AT e
ATq-ste] st g ojo] wojdl = U= oY QA o] wE A%
el Mo AEzA s AFeux A AZzAE A E
+ TUNEL assay DNA H¥HS HA| k= WHO= AEZiAbe] st

DNAFH o]9lo & th& aele] thdk DNA &4 9A] IAete] AE A}
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Abstract

Effect of heat shock and antioxidant on the chondrocyte

in the growth plate and articular cartilage of unloaded rats

Jai Hyun Park

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hui Wan Park)

Bone mass is the results of the balance between bone formation and
resorption. Among the multiple factors that regulate bone cell
activities, mechanical environment plays a critical role, although it is
poorly understood. There will be a reduction of bone mass and even
irreversible changes in the skeleton when human is exposed to the
situation where normal weight bearing is prohibited due to
medico—surgical diseases. Previous studies regarding the effects of
non-weight bearing on the cortical or cancellous bone have shown the
impairment of osteoblast activity at the cell level and/or lack of
osteoblast recruitment at the tissue level. However, growth and
remodelling of bone are the results of endochondral ossification as well
as periosteal bone formation. This study was conducted to reveal any
histopathological changes occurring in the growth plate and the
articular cartilage when the rats were subjected to be deprived of

normal weight bearing using the model of hindlimb unloading, and to
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search for any countermeasures for improving and/or recovering the
chondrocyte activities.

Sixty male Sprague-Dawley rats, aged 6 weeks, were acclimatized
with standard conditions of temperature and light-controlled
environment. They were divided into 10 groups each: Group [-control
to unloading; Group Il-unloading 3 weeks only; Group [lI-unloading +
application of heat shock; Group I[V-unloading + application of
antioxidant; Group V-unloading +application of heat shock and
antioxidant; Group VI-control to reloading; Group VII-reloading 1 week
only; Group VIll-reloading + application of heat shock; Group
[X-reloading + application of antioxidant; Group X-reloading +
application of heat shock and antioxidant. The animals were double
labeled with 5-Bromo-2'-deoxydiuridin(BrdU) and BrdU
immunohistichemistry was performed for the cellular kinetic analysis.
Transferase-mediated deoxyuridine triphosphate—biotin nick end
labeling(TUNEL) assay was done for the investigation of apoptotic
changes in the growth plate, and the positive cells were counted in
each zones of the growth plate in both TUNEL and BrdU
immunohistochemistry. Indian hedgehog(lhh), vascular endothelial
growth factor(VEGF) and heat shock protein (HSP) were
immunolocalized to assess the chondrocytic activities in terms of
production of extracellular matrix protein. The length of each zone of
the growth plate - resting, proliferation, and hypertrophic zone — was
measured by histomorphometric analysis, and the

microspectrophotometric analysis of articular cartilage was done for
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the investigation of any changes occurring in the various zones of
weight bearing cartilage.

Three non-weight bearing induced a reduction of height of growth
plate, reduced cellular proliferation of chondrocytes, reduced
expression of Thh, VEGF, and altered expression of stress protein of
heat shock. When heat shock and/or antioxidant were applied to the
unloaded and reloaded rats, only rats in the group of application of both
heat shock and antioxidant showed the cellular activities in terms of
cellular proliferation and the production of extracellular matrix protein.
These results suggest that application of heat shock and antioxidant
would be a countermeasure for the restoration of chondrocytic

activities when the normal weight—-bearing is deprived of.

Key Words : heat shock, antioxidant, chondrocyte, growth plate,

articular cartilage
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