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Effects of Heat Shock and Antioxidant on the
Growth Plate of Unloaded Rats

Hui Wan Park, M.D.%, Kun Bo Park, M.D.?, Ki Seok Lee, M.D.?,
Sung Hoon Kim, M.D.», Hyun Woo Kim, M.D.?

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea®
Department of Orthopaedic Surgery, Inje University College of Medicine, Pusan, Korea?

Purpose: This study was performed to examine any histopathological changes occurring in the growth plate
when the rats were subjected to be deprived of normal weight bearing using the hindlimb suspension model,
and to search for any countermeasures for improving and/or recovering the chondrocyte activities within the
growth plate.

Materials and Methods: Sixty male Sprague-Dawley rats, aged 6 weeks, were divided into 10 groups each:
Group I-control to unloading; Group I1-unloading 3 weeks only; Group Il1-unloading+application of heat
shock; Group 1V -unloading+application of antioxidant; Group V-unloading+application of heat shock and
antioxidant; Group VI-control to reloading; Group VIl-reloading 1 week only; Group VIl1-reloading+applica-
tion 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
immunohistochemistry was performed for the cellular kinetic analysis. Transferase-mediated deoxyuridine
triphosphate-biotin nick end labeling (TUNEL) assay was done for the investigation of apoptotic changesin the
growth plate, and the positive cells were counted in each zones of the growth plate in both TUNEL and BrdU
immunohistochemistry. Heat shock protein (HSP), indian hedgehog (1hh), and vascular endothelial growth fac-
tor (VEGF) were immunolocalized to assess the chondrocytic activities in terms of production of extracellular
matrix protein.

Results: Non-weight bearing induced a reduction of height of the growth plate, reduced cellular proliferation
of chondrocytes, reduced expression of I|hh and VEGF, and atered expression of heat shock protein. When heat
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shock and/or antioxidant were applied to the unloaded and reloaded rats, only ratsin the group of application of
both heat shock and antioxidant showed normal cellular activities in terms of cellular proliferation and the pro-

duction of extracellular matrix protein.

Conclusion: The present results suggest that application of heat shock and antioxidant would be a counter-
mesasure for the restoration of chondrocytic activities when the normal weight-bearing is deprived of .

Key Words: Heat shock, Antioxidant, Chondrocyte, Growth plate, Unloaded rats
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Fig. 1. Hindlimb suspension method.

Table 1. Grouping of Sprague-Dawley rats

T
9+ chamberg W3l 3

om wd 13] FosiRtt. ]E}“" E<] qul:—
Appell 5'¢] WHE 43k a-tocopherol
acetate(60 mg/kg)E 10% polyoxyethylene
hydrogenated caster oil 2 10% propylene
glycerol (sodium citrate &&)eol| &ajA1Z
Hl AFe 0.5%° adEHe F(mD= FH el
Zonde FAM 2 75 31T,

6532 Sprague-Dawley 33 (F-A 106+26
g) 607l & 7+ = 2 6nkeld 10702 ool Hl
sto] sAlAFE S o] 8- FH-3H(unloading) 2
AN F-3k(reloading) 48 Ao 22X 55351
s}t gl Ade] AFuE FEstitt AdeES
sIA AT AHR 357 52 HAdAST & AFSt A
HE ddste st € 24 B dsA e T
Hoztolo] whal AlEEstth(Table 1), CEHZ
JrkA st TES AT 29 A=
FaE E3e S¥d B8 AEsiTh A=

%

oL - i =
paraformaldehyde® 1% 3laL 2

2

49

it ox, EIO\'

22434
F7F 10% ethylenediaminetetracetic acid
(EDTA) &dlx 23] & F42< URje=
stebd o Skt 4w FAR AE F silane
coating slide (MUTO PURE CHEMICALS
CO., LTD, Japan)& AM&3ste] n3ssiom
hematoxylin® eosin®& @Aste] Fetain|7
shol| Al BAsHAT

1. MESAE & MzIAE £F

-20celA E3BE 5-bromo-2 -deoxyuridine
(BrdU, SIGMA, St. Louis, MO, USA)&

HS AO HSAO

Control Unload/ Reload
Unloading C group Unloading 3W
Reloading CR group Reloading 1W

Unloading+HS Unloading+AO Unloading+HSAO
Reloading+HS Reloading+AO ReloadingtHSAO

C: control to unloading, CR: control to reloading, Unloading: unloading for 3 weeks, Reloading: reloading for 1
week, HS: application of heat shock, AO: application of antioxidant, HSAO: application of heat shock and antioxi-

dant.
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phosphated buffered saline (PBS)ell o] 4l
HAeE sl 2tz 25412 A= 1A A, 2314
572 Wl FAH100 mg/ke) St BrdU W z2]
et 98] B WHYer &Lefo|l=E
A&zt 60TCAA 1A B TS 5UA &
Al xylenoZ 1084 3¥ A stdon s
93t 100, 90, 70% ELZE E o|ASFHF
2 FA3AY. 3% hydrogen peroxide
(H:O)2 23 W WA peroxidaseE &4
A7l & proteinase K (SIGMA, St. Louis,
MO, USA)Z 10%3t 235 ¥2AZt 2N
HCIZ 30%3t DNAWAY & 5:12 3|49 goat
serum (SIGMA, St. Louis, MO, USA)¥} #F
SAIALe™ BrdU I (SIGMA, St. Louis,
MO, USA)E A2 12A12F WA AT}
Avidin-biotin (mouse IgG, extra avidin:
SIGMA, St. Louis, MO, USA)WHS 0]&3
of AAgxAgstd A S FPsil e, goat
serumol|A L} A DAE A9t 2F Aol A
PBS 9oz AT} 3,3 -diaminobenzi-
dine (DAB. Vector laboratories, Inc.,
Burlingame, CA, USA)o & @3l 3 Mayer'
s hematoxyline 2 tzgd< 343+
70, 90, 100% N LZEANA E53ln Hl:}—a‘]—
Fatdn|d stellA] BT BrdU W9z
sleAbe 72t SefolEoA ez A RS
kel 80 unx 150 um Z719] A}ZHE o) &g}
At SAgWe] AR AE ol digk G
AE F5 S8t FIHANEZES ALt
=9 AZ SN AEuAk #E(biotin
nick end labeling TUNEL assay)2 <4l
7t zA&eol=E TrissHCIEY (pH 8.0)°lA4
108 <t Axzg] sl 2083t proteinase K&
Azletatt. PBS o=z A g H 3%
HoOp2 ZZ o A& peroxidase® EA A7l
% PBSE A FAlstATE. WA stehA
5 9%t A dixTel sl DNA buffer®
1083t A gletk DNase I (F. Hoffmann-La
Roche Ltd, Basel, Switzerland)2.2 2083t
HESA1A 2 9A oz DNAE YHIA AT
Transferase-mediated deoxyuridine triphos-
phated (TdT, SIGMA, St. Louis, MO,

A_P:_EL

rﬂ rr

USA) bufferelA 15%3F A 23t &
naldeoxytransferase®t Biotin-16-2" -deoxy-
uridine-5 -triphosphate (dUTP, F. Hoff-
mann-La Roche Ltd, Basel, Switzerland)=
37ColA 2413 30% B WHSAIA dUTPE %
AR, 44 dEZzFANME terminaldeoxy-
transferase ZA2E AgstA skt TB
bufferellA 1023 |71A BESS FAA1Z] o
2% Bovine serum albumin (BSA, SIGMA,
St. Louis, MO, USA)Z 15%%F blocking 3}
A3, PBSE Al ¥ streptavidin—peroxidase
(SIGMA, St. Louis, MO, USA)& 30%3t &t
414 DABZ AAIZth tizx 42 nuclear
fast redE ©l&stlen] ©A] 70, 90. 100% I

termi-

domgz ggste] B9d3itt. TUNEL assay
of A MEE 7 Egfol=dA o2 A F
< A3k 80 umx 150 um F7]2] AlZbUe] xd
A AE £ GAHE AEY £2 e AF
go] 7} oz PN EES AT,

2. Heat shock protein 47(HSP 47), Indian-

hedgehog (Ihh) % Vascular endothelial
growth factor (VEGF) HYx=ZIS|sted A

A=ste] 60T

AE =52 F A xylene
2 1084 334 AglstRon, s 95k

100, 90, 70% <2< zZ& 9 o|a} S/FFZ F
A3ttt 3% hydrogen peroxide (H:0q)®
WA peroxidases EE4 A1zl ¥ blocking
serumC. 2 Ao 1083t vH&-3t 5 HSP47
Uzt A (HSP47, Stress gene, Victoria,
Canada), Thh ¥z} @A (Santa cruz, Cali-
fornia, USA) ¥ VEGF ¥zt &3 (Santa
cruz, California, USA)Z 37T ©lA 243t 1t
217w, Thhel a4+ hyaluronidase
(Worthington chemical)i 37colA 3 Azt
EoF WHSAlA epitopes =EAIZ F A3} A
o} ¥-SAIZ Y. Avidin-biotin (Zymed Histo
Plus kit, San Francisco, CA, USA)¥HS
o] &3t WA AN S FYPs o

blocking serumol|A] Azt A GAE A<
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zZ} AN PBS&How FASATE. 3,3 -
diaminobenzidine (DAB, Vector laborato-
ries, Inc., Burlingame, CA, USA)o = kAl
3lal Mayer s hematoxylinez thz |A&
FP3tFa 70, 90, 100% NEBLIEAA B

o™ Wilcoxon signed rank test® ©|&3}
o p=0.05e4 EAA Feld & AHsisict

2 I

skal B-slste] Fetdn] g stelA 2 A=E # 1.2t 2 =4d&Ee| =0|(vertical height)
it H|w
3. ZEFEfSY S o Ao} 2y AR B9t 2 P 2R wol Wale) 7
S, FReE A ARae 2ztel dzzelel
FE3Le} ARE B FHERSLF A FESto zZhzE AR AA Zo] (S ET: 382.9+11.7
d 34, dEAE dEer A & 3 E o, AT tiFT: 324.5 £ 13.8 um)ET} A
A FASAE FAld A o AR st A2 77.6 und 42.3 um®] {8k o] Zfo]
A Folot FAY (resting zone), Tt (pro- Z Boen dEow I F2L reAY kst
liferation zone) ¥ A& (hypertrophic AWE Tk FoM= 2y 23k Eo] A
zone) Zt7te]l =o]Z Imagepro” program ©|S TA3INUY. W TR T F A7 FA
(MediaCybernetics, Bethesda, MD, USA) A BF T 3 AFst & & F43 4t
g olgdte] 2Tt RE 2 BFe IS BT T3 ol BHGRE B0 7%
o2l RES APle] FHoz A wolg 4t BEE OE dgesie 2 daed &
Z7gstaL A zolold zt R S-S Fst o3 Aol} gldtH(Fig. 2. Table 2).
| e e e e
L0 R  RGLCDE LT LT T LU TR PP RTEEES i
"= 300} B R Rt Tk Ty -
=
8’200
@
10001 "1 1 [~ | Bl -
0 con u3 U-HS U-AO U-HS-AO con-R U3-R1 UR-HS UR-AO UR-HS-Ao
Treatment
Fig. 2. Total length of growth plate (con: control to unloading, U3: unloading for 3 weeks, U-HS:
unloading and application of heat shock, U-AO: unloading and application of antioxidant, U-
HS-AQO: unloading and application of heat shock and antioxidant, con-R: control to reloading,
U3-R1: reloading for 1 week, UR-HS: reloading and application of heat shock, UR-AO:
reloading and application of antioxidant, UR-HS-AO: reloading and application of heat shock
and antioxidant, *p>0.05).
Table 2. Total length of the growth plate (un)
Control Unloading3w/Reloadinglw  Heat Shock (HS) Antioxidant (AO) HS+AO
Unloading group 382.9+11.7 305.3+14.2 314.2+12.3 312.7+133 352.6+12.7
Reloading group  324.5+13.8 282.2+10.3 288.7+9.8 286.9+115 311.1+7.9
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2. BrdU Bloixmsisiolmuls S5t MEZAl 3. HSP 47, lhh ¥ VEGF w8l

HSP 479 45, S4733W St 47 3

Ax S4E orlsle BrdU @48 d3Axs  AddolAe 2de] Fslsiglen, Fishrol
BE TollM Agade] SAdedM #FHAR, diETel Hg) A es A dde 2tk A
e Z2F 22.9%9 15.1%°] FAxES  Folwel 45 dxoz 4 F4S 7R elA
Uehfie. @ FRsk Bl ARsk, @ 54 AR Ed Fdol #EHEUR(Fig. 5). Thhe =
& e d5Aed ZES A 13% A AN AU FE EdEd e
% 11%°] BrdU FAEZES Hof ol ¥ AFstrorits Fishrelse] od P=rt
3 247+ 58.1%. 14.2%°) Fel AAE Yl iAoz Wt z2ze] dixdddMe i
Aek. ZEyg & FAF FASAES FAlCl A2l o= A ddE #E v ARekr 3 AR
o] A Az dizwe] 82.5%9 96.7% +  otet TAll @ F4 F2 dAdsES A2d Lol
o g IEHIes BFUH(Fig. 3, Table A& iAoz g wdo] AFHAR(Fig.
SAAW s AR P

3). 2y AlERALY] 5 2 2o AlEn 6). VEGF=
1

AV 31.9%% 32.9% St vlmdte] Sl AET  olRelN F2 wANYCH, YETAA
AN AZTAEE o 35% A, FE FPHel U TR Pl s BRaTAAE Ael
A 220 W2 foAR Aot BAUA WgTr  HA Ygkm ARHTAAE G WAL uLh
(Fig. 4, Table 4). dEow dAjg] 52 dAsES AR LEd
A e gelde) HAe B3 ¥ & A9
B R N A e
g *
B8 201 - L - oo
IS
8
S 10}-fI - - - B e gD -

con U3 U-HB U-AO U-HS-AO con-R U3-R1 UR-HS UR-AO UR-HS-Ao

Treatment

Fig. 3. Cell proliferation in growth plate (con: control to unloading, U3: unloading for 3 weeks, U-
HS: unloading and application of heat shock, U-AO: unloading and application of antioxi-
dant, U-HS-AO: unloading and application of heat shock and antioxidant, con-R: control to
reloading, U3-R1: reloading for 1 week, UR-HS: reloading and application of heat shock,
UR-AO: reloading and application of antioxidant, UR-HS-AO: reloading and application of
heat shock and antioxidant, * p>0.05).

Table 3. Cell proliferation in the growth plate (%)

Control Unloading3w/Reloadinglw  Heat Shock (HS) Antioxidant (AO) HS+AO

Unloading group  22.9+11.7 13.3+14.2 13.1+123 135+133 189+127
Reloading group  15.1+13.8 11+10.3 11.2+98 11.4+115 146+7.9
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Table 4. Apoptosisin the growth plate (%)

Control Unloading3w/Reloadinglw  Heat shock (HS) Antioxidant (AO) HS+AO

Unloading group  31.9+8.7 35.8+10.2 36.1+£9.9 357+114 339+133
Reloading group  32.9+11.4 36.3+9.6 35.9+10.3 36.0+10.5 34.8+£8.2
T

percent(%)

U3 U-HS U-AO U-HS-AO con-R U3-R1 UR-HS UR-AO UR-HS-AQ
Treatment

Fig. 4. Apoptosis in growth plate (con: control to unloading, U3: unloading for 3 weeks, U-HS:
unloading and application of heat shock, U-AO: unloading and application of antioxidant, U-
HS-AQ: unloading and application of heat shock and antioxidant, con-R: control to reload-
ing, U3-R1: reloading for 1 week, UR-HS: reloading and application of heat shock, UR-AQ:
reloading and application of antioxidant, UR-HS-AO: reloading and application of heat
shock and antioxidant.

unloading, (B) Unloading
for 3 weeks, (C) Unloading and application of heat shock, (D) Unloading and application of
antioxidant, (E) Unloading and application of heat shock and antioxidant, (F) Control to
reloading, (G) Reloading for 1 week, (H) Reloading and application of heat shock, (1) Reload-
ing and application of antioxidant, (J) Reloading and application of heat shock and antioxi-
dant, % 20.
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out thxad vlusile wf w2 Tdo] Ay o A9k I F ARGTHE A A o
Aek. EAE] 2 stEE Tl A2 Lol B wEY T 2 APl E AESEE 54
© T B5g 2 Jes HAtk(Fig. 1) 5171 913 BrdU 2 stetd 43t Al 34t
£ W#Es7] 918 TUNEL assays T35ttt
i = & ATl SHd 2AFBN AESHES 2
Zke] tiaol A 22.9%¢% 15.1% =2 S H] +
S8 RNMY AE STt o 328 = Bo] golde] meEh T4 Ec] Yokl #EsA
& QA Tl da 2dEdes A2 Ao oL = APLQ FReshrd AFskr 9 E F
Aol Al °]”7i1 orE o8 AEYH 89 A ddsEs dECR AYY LES 47
of ol WgtE = Brpu| 3t il el Jeta  dizael Blste] 242t 58.1%. T4.2%°] AEZZ
steiste] AaE A4 He e Us &8 RS Ho| dA35 Hoprle Ays H]l W,
o 3 A Ay FR 49 steristd 4 34 ddstES T A2 TelAE o
0E ddE 52 i = 71d ¥Et & & ddTeNse gl AESAE FBd 2
o Ao, 44 sts Wt mE 4 Aot IEHS BT

A ASAE Gdee] st gl oole] 7ol =378l A XA SIS ol A

FE&FE A= 2l U A& vnsiith ASAE B A2 7ol A5} ge AR
8RN dEAEe] 4. F R AR M 2R dgEe B T dojve AR |

Fig. 6. Expron of Indianhedgehog in growth plate (A) Control to unloading, (B) Unloading for 3
weeks, (C) Unloading and application of heat shock, (D) Unloading and application of antioxi-
dant, (E) Unloading and application of heat shock and antioxidant, (F) Control to reloading,
(G) Reloading for 1 week, (H) Reloading and application of heat shock, (1) Reloading and
application of antioxidant, (J) Reloading and application of heat shock and antioxidant, x 20.
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Fig. 7. Expression of Vascular endothelial growth factor in growth plate (A) Control to unloading, (B)

VEGFE 53]
o] B3lo] Fo
2}]\‘;]_7‘8.14,17,23 .
st AZA| ZolA YA,
A3 (endothelial cell) ¥5F ofyg} stAZA
(chondroclast) @ EZRAZAE &ZAtn &
HA A, Gerbers ATNEZ3 ZHoll &
TR GRIA ] 715S Dolry] e ¥y
AAgRlat Al 1584 (Flt-(1-3)-1gG) & o] &3}
oA 22 A F 225
Asts Bk, shF RS daf
Yol A= FAlol W= FAe] A=
A7 oA dAFAE] 54 2 £33
oAl dBAEY FF T Husiry’. =g
AN AGAAF T == FHAA ASHE
ste] Zlggo] A olAd A

AR 2-4EE g R fYL A==
sl g AF AP DA FF AL 9]

o,
e
!
ox,
o
¢

=
i)
oX,
o
=
WE,
Y

N

Unloading for 3 weeks, (C) Unloading and application of heat shock, (D) Unloading and
application of antioxidant, (E) Unloading and application of heat shock and antioxidant, (F)
Control to reloading, (G) Reloading for 1 week, (H) Reloading and application of heat shock,
(I Reloading and application of antioxidant, (J) Reloading and application of heat shock and

antioxidant, x 20.
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