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Zb7y 6, 9, 12, 15, 1853 9] A2 ud 34 12vh2¥ F 60vteE AT o
Y FHEo WKYSA Z+2F 6vted 5 30mbd & iz o= skl Ether
& v Et AdEFEES S AA 7131 Smith-Peterson =g@H o2 A~ A o
letel =75 AEFsdoh AE4
215 4% paraformaldehyde® A 3stal 2537F 10% ethylenediaminetetracetic
acid(EDTA) &lolx =23d & F44< Wwow sepd Fvfsilot. &=+
o] A ddi(ligamentum teres) F-2 F-4E TAHSE I H(coronal plane)dl A 4
m FARZ AE F silane coating slideMUTO PURE CHEMICALS CO., LTD,
Japan)E AFE3te] 11439 ™, hematoxylin®} eosin® & A sle] Fstav] 4 3}

oA @FEsklvh. SHRO E= JRAlelM thE =5 =3kl A et &

N

HIFE =30 F UE dFAM dEes
=

onw AT A A A R Ao Baolq g 8@ AA 2710)
g 4% [SHRw] o2, 4449 28842 wid 498 [SHRn) &
o= At
2. Sl

o AEFHE AT

(1) 5-bromo-2'-deoxyuridin A}
-20Ceol A B#E 5-bromo-2'-deoxyuridin(BrdU, SIGMA, St. Louis, MO, USA)
< phosphated buffered saline(PBS)oll o] A3-5 & 3|4 2tz 25417 A} 1A 7F

A 23 H7u FAH100mg/ k) 8t 3 Tt



o,

AR W er SFtol=E AlAste] 60T ovenoll A 1417 Et v}
d * YA xylenoZ 102 3H AHEstgow, Fg4E fIske] 100, 90, 70%
ethanol ¥ o|AZF{FF 2 FA8A T 3% hydrogen peroxide(H-O2) = Z 2] W<l

A peroxidaseES B4 A7l & 04% pepsinCZ 2087+ wEEAA FZA S wkg-s)

SO =
= 71

At 2N HCIZ 30%3F DNAWA 3 5:1%2 3% goat serum(SIGMA, St. Louis,
MO, USA)# wbgAZ e BrdU A2-&A(SIGMA, St. Louis, MO, USA)Z A&
o A 12417 ¥FSAIZ T Avidin-biotin(mouse IgG, extra avidin; SIGMA, St.
Louis, MO, USA)WHE o]&ste] WHAxAs A E FheA o™, goat
GAE AL 2 GACA PBS &Ho = FASAT 3
3’ ~diaminobenzidine(DAB, Vector laboratories, Inc., Burlingame, CA, USA)S. =

serumol A & x}3} A

L3k Mayer’s hematoxilin® 2 29 4S Fgatqivt 70, 90, 100% o @ ¢ =
oA ggstal 59 (mounting)ste] #eAn A stell A #Eek¢ith BrdU W=

sofol=oA dolre Al FES AAse] 150m
X 250mm =718 Ak uiel Al AlE geh G| Az 5 SAs AAA

oA o] FgA A a2 AA- AlE FHAEES Artetd

Hahgd Aol FP ATE 7

7t A&l =5 Tris-HCIE A (pH 8.0)1A 108%<t AAg st 2083
proteinase K(SIGMA, St. Louis, MO, USA)& =7 3}%ith. PB
F 3% HoO.2 ZA 9 & peroxidaseE =4 A7l & PBSZE thA] A8 T

W2 eleky AzES 93 YAzl W] DNA buffer® 103+ A2l sha

i W

DNase I (F. Hoffmann-La Roche Ltd, Basel, Switzerland) & & 20%7F WF3-Al A <]
Ao F DNAE A S A) Z T Transferase-mediated deoxyuridin

triphosphated(TdT, SIGMA, St. Louis, MO, USA) buffero] A 1583+ dA & sk &



terminaldeoxytransferase®} Biotin-16-2'-deoxy-uridine-5’ -triphosphate(dUTP, F.
Hoffmann-La Roche Ltd, Basel, Switzerland)® 37TCol|A 2A]7130% &9 HES-A]
#A dUTPE ZAsH T S %X 7o A= terminaldeoxytransferase &42 # &t
Al Utk

TB bufferoll A 1023+ ®H7HA wh&& FAAZ Fol 2% Bovine serum
albumin(BSA, SIGMA, St. Louis, MO, USA)Z 15%%} blocking 3} 3L, PBSZ 4
Al 3 streptavidin—peroxidase(SIGMA, St. Louis, MO, USA)Z 30%7F ¥F-3Al A
DABZ WAAAY 29 ML nuclear fast redE o]&3tdow oAl 70, 90
100% dE¢saE= gste] Yttt TUNEL assayol 4482 Alxe 2t ¢

i

JEC RICEERT I

AT AA el ZAolot A (resting zone), 2] th(proliferation zone) 2 ¥4
%t (hypertrophic zone) Z+7te] Zo]2 Imagepro® program< ©]&3te] 24319
R RE 2ASAQ wEe wde Ak gdd Rele) 43R A S

e st Aoz dADolE SAstar Al AofellA



ek SAAE

WKY, IAHS 2ol ¢dd SHR-—nw 2 #ALE 294 SHRnol ujdh
=48R AAAe], AAY, SAW 2 FZFNe dol, AlEALe] Hl&, BrdU
Hl&o @3 Ao gisia FHY 79 Fod2 two-way ANOVAE o] &3]
setaler, P=0.01e A SASHH fod& AAshrt



m. &
L Fgel b ZAGW 9 7 2eE ol
%1 FEel w2 AT do] v

(F4; um)

Aol ESPN]E | Sl USRS o

63 WKY 329.341£27.39 75.62+13.49 130.32+19.75 106.03+12.97
SHR-Nn 256.68+22.97 71.87+£12.38 102.71+15.10 83.42+12.13

SHR+N 195.31+29.51 56.26+£10.17 64.04+13.49 61.96+13.94

9 WKY 215.17+£15.81 67.711+x12.12 77.59+8.24 75.71%£11.04

SHR-N 189.80%+18.13 51.37%£9.39 73.20%£13.66 68.17+£12.3

SHR+n 172.36+16.23 35.25+6.89 62.79+12.21 64.74+9.91

12 WKY 194.03+11.22 45.74+7.08 71.73%£9.40 69.16+£13.17
SHR-Nn 164.48+19.96 31.67x5.71 62.561+8.99 65.14%+13.57

SHR+N 146.69+15.76 29.32+4.4 58.33%£9.17 56.71£11.29

153 WKY 149.72+£20.05 28.76+8.29 54.79%+11 .14 76.09+11.38
SHR—N 168.87+14.53 25.31+5.81 66.86+9.16 77.99£10.04

SHR+n 126.71+14.89 17.04+3.24 41.39+9.12 56.02+12.65

18 WKY 160.22+16.18 27.05+5.38 52.03%£9.59 79.97%£11.96
SHR-Nn 167.271£9.73 21.6+4.06 50.6+7.67 100.41+12.24

SHR+N 113.60x+10.68 18.2413.77 33.35+5.86 62.98+10.71

WKY B Abdg andeh 3ol =4ddske] dols 654 1857k whst
A3 FH(age)ol S7HEFE ZA4GW QA9 dol7h BAaTHE BASIUTHGE 1.

A %712 6, 9 2 12594 Wister Kyoto Rat(WKY), A7} @l A g
FBFH(SHR—N) 2 AAZF = AR 13843 FA(SHR+)Q FAdg3e] do] 1

of zfol7} BAEJoH E3 FuH 6F FAFH AAdole A SHR+nw¢ 2
o]7} WKY % SHR-—nw ol H3] FoAd AA ZFaste] WKYT S 63% A=

wasiglh e o)
2% wol Al 2 gre] AolFfeliz Zukol

3 WKY Abolel frol@ #hol



S 22t Al Afelel Zolrt Qldloew, 53 FAde 4§
SHR+n+*°] Z+7} WKY+ % SHR-nv* 2t} 9shA 7+
g 2, 3).

B~
i)
o/
oo
tjo
r 2
i
ol
e
=
I

(7h) (+h)

a9 2. 67 HEFF AL (X40, Hematoxylin and Eosin <3 44).

(b 65 WKY, (1} 65 SHR-n, (%} 65 SHR+n.

* *
400 | 200 r |
350 | T
soo [ L —~ 150 - T
Eos0 | + § T T
::3’200 | T = 100 T
= (@]
o I c T
5150 | 3 5 | T
100
50 r 0 |
0 : : : WKY SHR—N SHR+n
WKy SHR=n SHR#n 6W-proliferation zone
6w- Total
(7hH ()

9 3065 =44% Aol Hlal (+p<0.0001)

7h 65 A4 =4Fd (W) 657 A
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ot

A, 9%

i

A AR Zdole] AS 2+ WKYw ol 4% 215.17+15.8um,
SHR-ni*©] 189.8+18.1ym, SHR+nw*©] 172.36+16.2um= 65 W] Bt} Zo] xzjo]e] =}
7b 3ZA &gttt WKY T # SHR+nit 7H] Zo] o]zt dglom o)l 7 Heoid

AR AN b |
AZo| = AW H$ SHR+nw o] WKYT 3 SHR-nwo| Hl&) A sA 74
)

=

o

dEelov, AW 2 A HAM = Tl Aol AolE wolA &t

=

—~

19 4.

I * 4
el 100 |
200 F 1
= I I ESO -
S| Seo | [ T
@1(D L _E, L
5 5% t
50 220
0 0
WKY SHR—N SHR WKY SHR—N SHR™N
9W-total 9W-resting zone
7h ()
a9 4. 957 =A4FH 4ol vl (+p<0.0001)

(7b 95 A =A4Zd (W) 957 AAY
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Z0]9] 7% SHR+nv°] WKYw Htt A A3

= T 534
dol7} gorom 7k Hopd #AZA] A oA SHR-nv ¥ SHR+nv©] WKY+" H
o dAsHAl Zol7b gAY A 2 3 A s 2 o 3He] 2 Aol E
#zek = gl (g 5)

*
*

250 | & 0 |
S150 © L I = T
= = T T
2100 | 2 L
I S0 ¢

m L

0 0

WKY SHRn  SHR WKY SHR SHRin
12W-total 12W-resting zone
7h

O 5127 =A%

(7h 125 AA =439
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i3

3

oX

Fob AA AololA SHR+nw o] WKY+*, SHR+n3} Zo] zolE H
dom AAgeA A = ko] & AolE HolA ki TA A SHR+n ol
WKY*, SHR-n* 3 Zo] #olZ Ha A FolA = SHR-n ¥ SHR+nw- 7F
o] & Aols HATHLH 7).

140 r sje
200 ¢ ‘ 120 t ‘ ‘
T T L
REE T T ,gJ(D | l
\_Eil T :—_E/ CUN _L T
£100 + 2 r T
@) <
g | o
50 0 |
0 0
WKY SHR— SHRN VKY S S
18W-total 18N-Hypatradic e
7hH ()

¥ 70185 = 4w Zolnjul (%p<0.0001)

(7h 18 AA =443 () 1565 A4
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BrdU W z43lstdanle]l 4% BrdU 44 AZE AEZZ 2o Hojsts 4A
g 2 FAdAA F2 FFEHATHH ). AFE7IQ 6574 WKYwo] 23.2%
SHRi' o] 186%° MEZFAES Holw, 95 WKYwo] 19.9%°l# SHR o]
17.2%9] NEFAES Holn] WKYwolA H2 AEFTHES ALY 9). 7
Howlg A Ay 6 959 AHAYolA WKYol 165%, 27.9%, SHRio]
9.2%, 94%29 AEZAEZ FAW 6, 9F WKYTol 26.2%, 17.8%, SHR
o] 215%, 184%¢ AEFAE Bt 2 T2 &Y Aol2 AF&AtH2H 10).

(71 ()

ad 8 AlEFAE AL (X100, BrdU ™ < )8k 2] 4 A1)

(7} 6+ WKY, (4} 65 SHR.
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2% 1

0% -
*
=15% r
[
(]
S10% r —e—WKY
Q —=—SHR
5% r
0%
oW oW 12W 15W
time(weeks)

percent(%)

30%
25%
20%
15%
10%

5%

0%

30% r

—e—WKY |
—=—SHR 25%

R 20%

15% r
10%

percent

" —— WKy

5% —®—SHR

0%

oW 1 15W 6w 9w 12W 15W
time (weeks%w time (weeks)

(7h) (h)

a9 10, 88 AAW 2 SAH AETAE W

b AU AxFAE, (W) S AESAE.

H
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3. AEIALE F73
=GN A AE Sl gigk AEIALY] H &2 T 5old T E
AL 2T 5 Adlen 125 ol FHHE AA AE] 20% olde] AEIAE
Aoh(x 2, 19 11, 12)
F 2. 7R wE 4R AMEILALE v
(=l %)
Aol x|y S2l LIPS g |
63 WKY 15.37+3.85 9.92+5.90 17.37+4.78 14.3+4.61
SHR-n  24.18+6.32 30.72+9.08 26.02+6.40 16.23+5.94
SHR+n  19.24+7.53 36.1+14.69 10.9749.10 18.27+8.94
9% WKY 19.44+4 .83 28.49+4.96 5.81+2.43 241+7.3
SHR-n  17.89+6.07 26.09+7.11 22.08+9.97 16.48+3.72
SHR+n 26.66+6.2 44 34%11.74  22.32+8.69 28.15+9.26
12 WKY 20.92+5.17  23.92+12.04  24.61%5.49 19.08+8.68
SHR-n  30.26%£597  33.15£12.06  25.39%5.21 33.71+5.84
SHR+n  21.01+6.57 47.72+10.3 33.03+4.34 25.11£7.75
155 WKY 20.44+3.98 29.84+8.43 6.39+9.56 26.27+4.91
SHR-n  32.11+5.87 43.24+9.82 25.71+8.4 29.5+10.72
SHR+n 29.25+7.7 31.32+£11.64 33.88+16.89  31.59+8.37
18F WKY 23.76+4.74 42.23+8.94 12.03+5.77 26.45+6.58
SHR-n  34.69+8.87 45.42+4 .62 14.514£6.73  44.58%12.25
SHR+n 42.9+7.74 49.6+7.75 31.19+£11.74  47.75+20.91



50
45 1 *
40
35 - —o— WKY

30 F % —— SHR-n
—&— SHR+n

25 r
20 r
15 r
10 r

percent(%)

6W 9w 12W 15W 18W

a3y 11, 7 AXEIARE ¥l (+p<0.0001)

65 u AZTAES A9 SHR-nwol 7MY ¥ mASS wglou A ol
15-24%°] AENALES HRon), 185 © QA AZALES] A w7h el A
7+ 7y WKYo] 23.7%, SHR-nv©] 34.7%, SHR+nw©] 42.9% =24 Z|AL7F dojut
oA WKYT Bt} 28] 7H7hE =2 AEXuANESES YeElAo(z2d 13, 14)

WKYZAAE Fdo] Soldels Byan sgmel AEurgol 65 o
15.4%0° A 1879 237%=Z <7l AR o}t 2ozt x| g 20% Ao v
N&S A5 Azl nste] SHRnwolAE 6% 19%AE AEuAbgo] 18
FolA 47%% F7herATh 6% AA e Al 21 wlmel ] WKYZe A¥EiA}
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Abstract

Cellular kinetics of the growth plate of avascular

necrosis—-induced femoral head in SHR model

Sun Young Kong

Department of Medical Science

The Graduate School, Yonsei Uniersity

(Directed by Professor Jin Kim)

Legg-Calvé-Perthes disease is characterized by the occurrence of ischemic
necrosis of the secondary ossification center in the femoral head. Although
metaphyseal growth plate are assumed to be affected by the disease process, the
pathologic changes within the growth plate remains to be unknown. The present
study was designed to investigate the histopathological changes in the growth
plate using the spontaneously hypertensive rats(SHR). 60 SHRs and 30 Wister
Kyoto rats(WKY) were sacrificed at each of 6, 9, 12, 15 and 18 weeks of age.
Experimental SHR groups were divided into two groups, SHR-n and SHR+n,
according to the histopathological changes of ischemic necrosis of the seconday
ossification center of the femoral head and WKY were used as control.
5-Bromo-2’' -deoxydiuridin(BrdU) was injected and BrdU immunohistichemistry
was performed for the cell Kinetic analysis. TUNEL(transferase-mediated

deoxyuridine triphosphate-biotin nick end labeling) assay was done for the
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investigation of apoptotic changes in the growth plate. In both TUNEL and
BrdU staining, the positive cells were counted in each zones of the growth
plate. The length of each zone of growth plate - resting, proliferation, and
hypertrophic zone was measured by histomorphometric analysis. All the data
were analyzed by two-way ANOVA. Total length of growth plate was found to
be decreased overtime. At earlier growth stages, the length of the growth plate
of the SHR+n group was shorter in the resting zone and proliferation zone than
those of the SHR-n and WKY group. As aging, the hypertrophic zone of
growth plate in the group of SHR+n was the mostly affected zone of the
growth plate. The cell proliferation analysis of the growth plate of SHR group
showed lower activity in resting zone than those of the WKY group at earlier
growth stages. Apoptosis of the growth plate of SHR-n and SHR+n groups
were observed mainly in the resting and proliferation zone at earlier stages, and
hypertrophic zone at later stages than those of the WKY group. In conclusion,
the metaphyseal growth plate in the femoral head in the SHR appears to be
affected by the disease process of ischemic necrosis of the femoral head, and
the growth of femoral head was found to be disturbed through the entire zone

of the growth plate.

Key words: avascular necrosis, growth plate, Spontaneously Hypertensive Rats
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