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- Abstract -

Cellular Kinetics in Growth Plate of the Femoral Head
of the Spontaneously Hypertensive Rats

Sun Young Kong, Ick Hwan Yang, Kun Bo Park, Hui Wan Park, Hyun Woo Kim

Deparmment of Orthopedic Surgery Yonsei University College of Medicine, Seoul, Korea

Purpose: Although metaphyseal growth plates are assumed to be affected in the ischemic necrosis of
the epiphysis in children's femoral head, little is known about the pathologic changes occurring within
the growth plate. The present study was designed to investigate any histopathological changes in the
growth plate using the spontaneously hypertensive rats (SHRs).

Materials and Methods: 60 SHRs and 30 Wister Kyoto rats (WKY) were sacrificed at each of 6, 9,
12, 15 and 18 weeks of age. SHRs were divided into two groups, [SHR-n] and [SHR+n], according to
the existence of histopathological changes of ischemic necrosis of the secondary ossification center of
the femoral head and WKY were used as control. 5-Bromo-2'-deoxyuridin (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 investigation of any 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, proliferative, and hypertrophic
zone was measured by histomorphometric analysis. All the data were analyzed by two-way ANOVA.

Results: Total length of growth plate was found to be decreased overtime. At earlier growth stages,
the length of the growth plate of [SHR+n] group was shorter than those of the [SHR-n] and WKY
group. As aging, hypertrophic zone of the growth plate in [SHR+n] was the mostly affected zone of the
growth plate. The cell proliferation analysis of the growth plate of [SHR+n] showed lower activity than
those of the [SHR-n] and WKY at earlier growth stages. Apoptosis occurring in the growth plate of
[SHR-+n] were observed mainly at earlier stages, and at the hypertrophic zone in later stages.

Conclusion: The metaphyseal growth plate in the femoral head of SHR was found to be affected by
the disease process of ischemic necrosis of the epiphysis of the femoral head, and this would explain
the reason why round femoral head is frequently associated with relative overgrowth of the greater
trochanter in later stages of Legg-Perthes disease.

Key Words: Ischemic necrosis, Growth plate, Spontaneously hypertensive rats, Legg-Calvé-Perthes
disease
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RelEd Z eontglE Ao n, 5 FHY
WKY 3# 7#74- et Z 30mE| & YRR
8ISt Ether 59 vHskel 4355S 447

Smith-Peterson =2H o8 ZA A A g2

Al & EARA A5 vlete] &

2 A&} HEd 248 4% paraformalde-
hydeZ A3 257F 10% ethylenediaminetetra-
cetic acid (EDTA) & Hoj|x] &3]3t & =AM ¢ v}

How stetd Zesilch uE ST 93l
(ligamentum teres) & F-91E Faloz #HAbd

(coronal plane)?ll A 4 um F71= A2 % ilane coa-
ting slide (MUTO PURE CHEMICALS CO., Japan)&
AHEste] 1489 2™, hematoxylini eosin .2
HAsto] H3tAn A stollA] #aslgich SHRY] B

AN e =5 2554

= o 3]
grom g %= A A} AR PR A
%)

1y nEg B9
o WO

serol ) 4 9o) 0 B} 27e] wRE FoE
[SHR+n] w22, 4439 2HA4S ugd 7

A
445 AA2] Zol9k A Y (resting zone), &
21t (proliferation zone) 2 434tH (hypertrophic

zone) Z+7te] A olE Imagepro® programs o] -85}

o] F4skdieh. e X A2 It ¥
APE B F9iel a5 S1A 6 <
o2 ol F-28 ddstedA FAom HA dol &
SAdstaL A ool A 7+ Fepd Z4 e Tl



Figure 1. Measurement of length of the growth plate
using image analyzer (<100).

L1,L5,L9,L13 - total length

L2,L6,L10, L14 - resting zone

L3,L7,L9,L15 - proliferation zone

L4, L8, L12, L16 - hypertrophic zone
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Figure 2. Measurement of length of the growth plate
according to age (*p<0.001).

WKY: Wister-Kyoto rat

SHR-n: SHR without evidence of ischemic necrosis of
epiphysis

SHR+n: SHR with evidence of ischemic necrosis of
epiphysis
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Table 1. Measurement of length of the growth plate according to age (unit; um, *p<0.001)

Total length Resting zone Proliferation zone  Hypertophic zone
WKY 329.34127.39 75.62113.49 130.32£19.75 106.03+12.97 )
6 weeks SHR-n 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 64.04113.49 61.96+13.94
WKY 215.17£15.81 67.71£12.12 77.59£8.24 75.71£11.04
9 weeks SHR-n 189.80118.13 51.3749.39 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
WKY 194.03£11.22 45.7417.08 71.7319.40 69.16x13.17
12 weeks SHR-n 164.481+19.96 31.67£5.71 62.56+8.99 65.14+13.57
SHR+n 146.69£15.76 29.324+4.4 58.33149.17 56.71£11.29
WKY 149.72420.05 28.761+8.29 54.79111.14 76.09111.38
15 weeks SHR-n 168.87+£14.53 25.31%5.81 66.8619.16 77.991+10.04
SHR+n 126.711+14.89 17.041£3.24 41.3949.12 56.02+12.65
WKY 160.22+16.18 27.05£5.38 52.03+£9.59 79.97111.96
18 weeks SHR-n 167.2719.73 21.614.06 50.617.67 100.41+12.24
SHR+n 113.60£10.68 18.24£3.77 33.35+5.86 62.98+10.71

WKY: Wister-Kyoto rat

SHR-n: SHR without evidence of ischemic necrosis of epiphysis
SHR-+n: SHR with evidence of ischemic necrosis of epiphysis
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Figure 3. Femoral head of 9 weeks old rat (>40, Hematoxylin and Eosin) (A) 9 weeks WKY, (B) 9 weeks SHR-n, (C)

9 weeks SHR+n
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Table 2. Comparison of cellular proliferation between groups (unit: %, *p<0.001)

18 weeks

6 weeks 9 weeks 12 weeks 15 weeks
WKY 232448 19.9+2.4 15255 12.6+9.6 12.0+58
Proliferation zone SHR-n 20.716.4 19.0£7.9 153452 11784 115467
SHR+n 16.817.1" 13.4+57" 10.1£4.3 8.81449 9.1+10.7
Table 3. Comparison of apoptosis between groups (unit: %, *p<0.001)
Total length Resting zone Proliferation zone  Hypertophic zone
WKY 15.3743.85 9.92+5.90 17371478 14.3+4.61
6 weeks SHR-n 17.1816.32 13.72£9.08 16.02+6.40 18.23+594
SHR+n 2424+7.53 16.1£14.69 20.9749.10 28.27+8.94
WKY 19.4444.83 28.49+4.96 5814243 24.1+73
9 weeks SHR-n 20.89£6.07 26.09+7.11 22.0819.97 16.48+3.72
SHR+n 26.6616.2 44.34+11.74 22.324+8.69 28.1549.26
WKY 20.9245.17 23.92+12.04 24.61£5.49 19.08+8.68
12 weeks SHR-n 30.26+5.97 033.15£12.06 25.3945.21 33.71+5.84
SHR+n 21.01£6.57 4772£103 33.0314.34 25.11%7.75
WKY 20.44+3.98 29.84+8.43 6.3919.56 26.27+4.91
15 weeks SHR-n 32.11+5.87 43241982 25.71+8.4 29.5+10.72
SHR+n 2925477 31.32+11.64 33.88116.89 31.59+8.37
WKY 23.76+4.74 42231894 12.0345.77 26.45+6.58
18 weeks SHR-n 34.69+8.87 45.42+4.62 14.51+6.73 4458+12.25
SHR+n 429+7.74 49.617.75 31.19£11.74 477542091
50 1 23.7%, SHR-n°] 34.7%, SHR+nw°] 42.9% =4
9 AL dold el 18R] 94& i BTt 2v) 7}
EAor H: S AL SR WKV 2
§ . Fgo] goldol B7shar o] Hxa
5 *h‘iro} T W) 154%0014 1852 23.7%% SR
T o} AL Fo5k 2polE I, SHR+nro A &=
5 657 24% 4 189 47%2 Z7 skoic). @ 9
= 10} 2] 739 WKYi, SHR-n0] 2+2} 19.4%, 20.9%,
o SHR+nio] M= 26.7%2] A FEDAES Hol %7
O oW oW W 1aw ey 6 A 9Fol 4zl frela Lolxjelz nal
Time (Weeks) 125 ool A U] A e} vl A

Figure 5. Comparison of apoptosis between groups

(X100) (*p<0.001)

27100 Aol7h FASAL gskort 1875 e
WKY°] 23.7%, SHR-n*°] 34.7% %4 SHR+nw*
o 42.9%} Fol@ Hol 2 BT
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B} el AFAZTY el 4 2 HE AEE QAT 4 glom?, 2 Az
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