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Bisphosphonate7} &34 o1 Z 3 w Ao
n| X &= o &
o|2F, HEZl, o|AIE, ZolM, utetS, Y, AME
Adesta A A 2o ed 7o

Zt52 : Bisphosphonate:= ] F5% A3l 2H4-& 79 12 71A& w8le A7 A= vk 9% &
4= 2374 £ (chondroclast)ell 2]8lw] dEvlajA 2= w o3 A £ (osteoclast) o} 722 £3} 2 & ZA

= =2 bisphosphonate7}
71 wje] Zo] Aol Fask
o Qe AFshed Ee

alendronate7} A=

#4923 ol m)AE g

RIS —%
A% 1087 ShEReld ol A A7 B sl Jrieln 5w e
ARz el wlstel 218 AAskeH(p<001). o) AW FA o] £
AN

T

+
9}
_‘"?‘_
3}

A2 F4 2 g el dE vA Zloz s Eoh wEdE3(epiphyseal plae)
qeE o] FT ARNEFE FASa Qa, whAFA o] 3] el
2ol Ha gleh £ AT

74w 2} ete]m mFel A aendronate Fof ol A f-2lBHAl FHAE ]
7)1 2 WAZ Aste] {23 Aol BolA| ¢Sk (p>0.05). MEAERe FAAIAEZ FAE A7
doeimel A mF dz22st f2]3 Ael7t glglort (p>0.05) vld A3 23 FAE A7dw e} doeim =
adendronate Fofell 2]3ted folsiAl F7hE o] AT (p<0.0L). AEo] FH= ol M2 HA=HE ¥4, 5 43
A 23sl= AFTI M2 4 w3 dendronate Fodol 2J3te] §-2]317 FHAE AT (p<0.01). o] Akl A

AA7) 317 wzdZate|A] bisphosphonate A7) 1

o) X FA o) =)=
LEE R -2 R EA
p<0.01), W}z H £2] 3

SHe bisphosphonatet A E 24 S Folo] AT F4E oMIshe A4 7He Adei, 93]
Aol M)A 2bg Gl Hate] v B Q77 Beg Aoz Amdd

goj27| &Y : bisphosphonate, 423k, w) w54

M &

Bisphosphonate:= A A¢l] 2} &= inorganic pyro-
phosphates} -Akat #1ehd Ta8 Ze FAG=A
=24, phosphoanhydride 238 3 Al3}+= inorganic
pyrophosphates}= 2] phosphoether Z el 2J3}
of ®hA A7bel] AZAF e 917] vl pyrophospha
taser} A 27 stellM = A kel =R o
om, YAl A FEA AA e 22 2

Ay

=) =2)-_©
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*o] EF-L 2002d % Agefshar sl Tu] AKdel] o)sted o
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=t} (Russdl 5 1970). Bisphosphonate2] o]} 7+-2-
QAL S43te] w22 APl 2| Aol A ]
of o], W A} Aol o] UFl FrhFFolt mx
| dHle]l A A&, H=g WMz 2hgel 2]
Ag Az 5 9ok 9ol G A4S
g d77F A== glo(Ralston 5 1989, Bois-
er 5 2000).

Bisphosphonate:= w2\ 2 FA+} 23 44
o Feste] WIAME 5 FFAATIH e
A eI A el KA 2Rgste] AlEzArE S fres)
7%= 3k} (Hiroi -Furuya 1999, Halasy-Nagy %
2001). 2 bisphosphonater} & F5 HAI3h=
245 Zhethe a1 o] §(Lehmann 5 2002) &
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— ol2F, Aua, oA, AuA,
F574 Al bisphosphonate?] #Hg- 7]H& uhs]:=
A7 Al=E 3 glet AF we Fe] Fe A
Ade] ghitslA] ot v =gt o4 l‘% w4

A3} 7+e w9l Alg] oAM= Fp7)F dojdth A

2 F4r 72 AT o5 Q2o
T WA Ee} e 33} 9 e AA He

v AN T) ]
= =5

= bisphosphonater} < Aol ofgFe A
Aoz A

70w k8- T ol A o =AY F4) (primary ossi-
fication center)e] Zol| &J3le] WEEo] FAH
o]o] o] x}pwtAl==A] (secondary ossification center)
o] &3 3sle] wZo] FAHAY. oF (cartilage
cnd)> A B3 AN DAY foled
YA, WA 2 A F9T ) QA
A WA EA Aol A Wy o] zlsﬂ-%ﬂ e}
dr-eoz G HE dF 45
physeal plate) o2} &t Wil =%
4y 2oz ZdsT wehd v
phosphonate7} & &4 %
AFE S o 2w
TFolME 7w wda)F4l 2
Aol bisphosphonatez} ®]%]
Al == St
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1. Bisphosphonate 50§

A= 1435 15012 ] Sprague-Dawleyr 23S
iAo 2 alendronate { (4-amino-hydroxybutyli-
dene)bis-phosphonate} (MK -217®, Merck, USA)=-

mfd 13], img/kg === 1047+

e
o FAeldn) dzres Aded 2 ol
157}e) 2 olgalolon F Held) AT HISE
1097} w2 FAbsisie,
2. Waten|z B U Hel AS
FEFo] 104 F ofH|2 (ether) m}H & fEsl
saste] Ams) Qeine EPT TERA
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Fig. 1. Measurements of thickness of the proliferating (P), and
hypertrophied cartilage layers (H) and trabecular bone
length (T) from the proximal tibiaat 10 days. Anterior (1),

middle (2) and posterior (3) length and thickness were
measured and averaged in each layer.

Aste] 10% 34 943 T2 g0 244
ek AT oo EDTA £ (pH 7.4, 4°C)
191 HE 95 A A el £
| iuH?g],odl;]. FoEl XA 4
A F FEHERS)
%lo] hematoxylin—eosin %
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Fig. 2. Cross sectional area of cartilage canal in the proximal
epiphysis of the tibia and distal epiphysis of the femur at
10 days of alendronate administration. The areas of the
control group (C) are significantly larger than those in
alendronate group (A) in both the femur and the tibia(p<
0.01). The data represent mean+SD from n=4 in each

group.

at

Hx2a Aol AF 2ol ook

Azkw 9% W o] ZdT AT Z)E= dx
ol A 1,438,047 + 280,213 pum?, A& 7ol A] 737,230
+139387um’=. §-2J3F olE BT} =3 o
A ol Z TR F3H] AZFPe F|e
2o A 1,054,606+ 325,473 pm?, A3 ol A
460,694 + 168,969 pm?=. A 7w ol A o} 7o) 23t
z}o] 2 B.9ic}(Fig. 2) (Photo 1a, b).

2000 ARzRlol A Q3o EF3F wulziN =
L AT E = 74w Y2z 7.0+1.4
7}, dlendronate o el A} 1.8+1.17) o, dct
2w o] ozl A = 4.4+0.57), dendronate F-of
A 06+£05H= F 2 7ol 28 AolE BY
o} (p< 0.01) (Fig. 3) (Photo 2a, b).

AFol| Eg WA 2] =7 A7
Z7ol| 4] 83054 pum?, A g Fol| A 6874104 pm?e]
3, JAoteim 2ol A 630468 pm?, AlFlol
A 946+ 250um?e 2 §-2)3k xko)7t fIsict(Fig. 4).

Hokelw e} A7dw wgdFate] dujd3AzE
2 oAt FA] 0] EFel] osle] TiRE W= o
APozH vfAFNEZH FAAFHNEZ] o

=
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Fig. 3. Number of chondroclasts in the cartilage canal in the
proximal epiphysis of the tibia and the distal epiphysis of
the femur at 10 days of alendronate administration. Chon-
droclasts are significantly decreased by the administration
(P<0.01). The data represent mean+SD from n=4in
each group. A : alendronate group, C : control group
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Fig. 4. Osteoclast size in control and aendronate groups. No sig-
nificant difference is seen in both the femur and the tibia
The data represent mean+ SD from n=30 in each group.
A : dendronate group, C : control group

& s s A A 2T AL A
W o 2ol A 428.4+87.6 um, Al§ ol 2] 458.3
6L3um= §-2)3 xto]7} ¢lglem (p>0.05), =
g Hotem o] djzel A 389.3+63.0um, AT
oAlA 454.7+75.7um= F & Zholl H2Jgt o7}
sl9ic} (p>0.05) (Fig. 5) (Photo 3a, b).

v A 23 T A7 Azl 325.0
+38.9 um, AlgdollA] 458.3+61.3 um= aendro-
nate F-ofoll oJste] f2lstAl F7hEe] e
(p<0.01), =3 te|m o] ojzLollA 328.44+52.2
pum, A FolA] 517.3+138.0 um= A 73w ol A &}
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Fig. 5. Thickness of proliferating cartilage layer in the epiphy-
seal plate in the proximal epiphysis of the tibia and distal
epiphysis of the femur at 10 days of alendronate adminis-
tration. The thickness was not significantly changed by
alendronate administration (P> 0.05). The data represent
mean=+ SD from n=4 in each group.

700
600 *
500

300]

200

100
ol—

Thickness (um)
8

C A C A

Tibia Femur

Fig. 6. Thickness of hypertrophied cartilage layer in the epiphy-
seal plate in the proximal epiphysis of the tibia and distal
epiphysis of the femur at 10 days of alendronate adminis-
tration. The thickness significantly increased by alendro-
nate administration (P< 0.01). The data represent mean=+
SD from n=4 in each group.

FAFE A2 B9l (p<0.01) (Fig. 6) (Photo 3a,
b).
v dZr)Ae] F4ET HmE gREE 1

2] (mineralizing front)f:ﬂ 23 A3 E >
= A7k o) 2Fol|A] 5.3+1.07], A3l A 1.8+
0.87] 2 alendronate F-oJol] 2]3}ed §-2)3}HA FHAE
ATH(p<0.01). =3t Joje]w Bz A 53+1.3
7, dendronate o] Zol|A] 0.4+0.57]2 2] 7} ol A
o} zro]l f-olstAl At (p<0.01) (Fig. 7)
(Photo 44, b).
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Fig. 7. Number of chondroclasts in the cartilage canal in the
proximal epiphysis of the tibia and the distal epiphysis of
the femur at 10 days of alendronate administration. The
chondroclasts are significantly decreased by aendronate
administration (P< 0.01). The data represent mean+ SD
from n=4 in each group. A : alendronate group, C : con-
trol group
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712 zt=t}(Shinoda 5 1986, Schenk 5 1986).
bisphosphonate:= 27} 24 |23 ZAgd 4 9lx
T4 o] &3t AL F 79| sidechang o83
© 23 v2 Z7}%Io (Papapoulos 5 1989, Van der
Pluijin 5 1992). ¥ 7o A}£3F aendronate:=
nitrogens 343t gl A2AY FEE meva-
onate pathwayel] Fed&}:= farnesyl pyrophosphate
synthases Aoz o8 Fas zd *H-
alendronateE A}-8-3t 0‘-11—01] o]3}lH aendronate:=
WP Boe W Feweld o wagn
(Sato 5 1991, Azuma % 1995, Masarachia 5 1996).

o)== agendronater} s} A £7} 285l= B
oJ3ke w|x|m wIIAM x| 2], 7P A oFFS

u)Z& 9u| g}
2 dFoAE alendronater} W Al wx]E=
Qe T Hsted WELZHE o] &3t

o
WEAFRe ) W oy 3 4
Huz wel YA okg g 5 T
44 4 9 & =zdo] Hco}(Hunziker 1994,
Cancedda 5- 1995, van der Eerden 5 2000). & o+
o A] alendronates]] 2]3F o|xpwrIA)FAI] =7) &)
A 33} ZAH E33 WA 2 - el
H|sled ZA ZF43}¢ie}. Bisphosphonater} w o}
Az AFAze] 2hgste] AAl 27t watz]A 2
2 AgH= AE AAEAd detde B =
2ko] g)le] gt} Boonekamp 5 (1986, 1987)-2 pami-
dronate7} 10°°M ¢]3}e] W2 oA LA £
3ot wFAE P4 AR Wk, clonidro-
natel= W3}l E ATH Ze) 3L wHA ghe
o} stadet Hughes 5 (1989) 2 Abgt E5ollA @2
MEZZE Aoz & A& 1] pamidronater} etidro-
nate Bt 7S watFAE FAAE Ao
B 73 ¥hH, Flanagen} Chambers (1991), Owens
%-(1997)2 bisphosphonate:= w3}z 4| 2 3 Aol =
m 2 A ekevtar FAskd e 8 van Beek
(1997)= aJendrona¢e7} AF ] FFA AeF
Sl S5t W FE oIt mﬂﬂrwz
ATAz2RE FAFE Ae A Qrn
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B W B A8 —
3 Aol mx]= oJsFS bisphosphonatee] wj<s w) A

B9 o] wet B Aoz Almgch
AFoA]= dendronateE 1mgkg == 1097k
wld FARE Adjo]m 2 adendronater} w F5
$lol F7=e] hydroxyapatited 43l 7ol
mstz o] A4 dee mA 4 ol THEe]
aendronate} ws}I| M| £ HTAH Eof] © k]
4 9e Aoz P,
we] A Igelx watIAl e dEvA 2
zZhg-o] P5A o|v} (Hayman 5 1996, Takahi 5
2002). WEgdza-E 7w Aol Hejste At
oz ztga)r] diel A A2 AR 2]
Fosh wES Wl Aol whekskA) dck meb
%ﬁﬂrwﬂiﬂ o3 A7) A9
QstE oAl 3302 el AR
W+ 3 Aze ez, ehet w1
Hoz ‘5% TTE U
o] 831 =
(MuehlemanT 002).
2 AFelA elxpmEFAle] F7]%= aendro-
nate o] F v el Hlste] flahAl 7kl gict.
w3t vl dZH 2F] FAE dz2Lel vlste F
7}= = Xt} o]= dendronater} &
4% PASE e 2 AL njdin Az
Hgsk= MMP, TIMP 5 712 34 3 Aol 2
oJsh o] olshe} olwA g7t S PoEA o
Fo]Zt} (Dean 5 1989). Lehmann 5-(2002)2 bis-
phosphonater} 1] 23 ofadl %) shalg 2t
A] Zletzr B 1138k v} gle], 33 bisphosphonate”} o]
T mao) ol v]H: dgFe TS bisphos
phonateA A IS HLFel A Udoz TS
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Explanations of Photographs

The developing proximal tibia at postnatal 10 days. a: control, b : alendronate treated

Photo 1a. The developing secondary ossification center of the proximal epiphysis. b : The secondary ossification center is smaller than
that shownin la

Photo 2a. Chondroclasts and osteoclasts (arrows) in the developing secondary ossification center. b : A few chondroclasts or osteoclasts
are seen in the ossification center (arrows).

Photo 3a. An epiphyseal plate remaining between diaphysis and epiphysis. b : The roughly same thickness of proliferating cartilage
zone and increased thickness of hypertrophied cartilage zone are noted, comparing to those in the control group.

Photo 4a. Many chondroclasts resorbing an epiphyseal cartilage (arrows) are seen. b : Few chondroclasts are seen.

73



74



— Bisphosphonate2| FES2t&

og

0x

02

0%
|

Korean J Phys Anthrop
17(1): 67 ~ 75, 2004

Abstract

Effects of Bisphosphonate on the Ossification of Growth Plate
of theKnee Joint in Rats

Eun-Joo Lee, Hyun-Jin Kim, Gae-Hyuk Lee, Min-Seok Kim,
Ha-Ok Park, Won-Jae Kim, Sunhun Kim

College of Dentistry, Dental Science Research Institute, Chonnam National University

Bisphosphonates inhibit bone resorption by affecting osteoclastic function and formation of osteoclasts from their
precursor cells. Chondroclasts have the same origin and differentiation as osteoclasts. Thus, it is hypothesized that bis-
phosphonate can affect on cartilage metabolism. This study was aimed to elucidate effects of alendronate, a nitrogen
containing bisphosphonate, on cartilage development in the tibial proximal and femoral distal epiphyseal platesin rats.
Alendronate (1 mg/kg) was subcutaneously administered in growing rat pups for 10 days. Severa parameters such as
the number and size of chondroclasts, involved in cartilage resorption, size of secondary ossification center and thick-

ness of cartilage cell layers were measured and analysed by histomorphometry.

The size of the secondary ossification centers in the tibia proximal and femoral distal epiphysis was smaller in the
alendronate treated group (p< 0.01). The number of osteoclasts in the both the ossification centers and chondroclasts
beneath the epiphyseal plates was significantly decreased by alendronate treatment (p< 0.01). The size of chondroclasts
was not significantly changed (p> 0.05). The thickness of proliferating cartilage layer was not changed, but by contrast,

hypertrophied cartilage layer was increased in thickness by alendronate treatment.
These findings suggest that bisphosphonates can affect cartilage cell metabolism in a chondroprotective way.

Key words: Bisphosphonate, Ossification, Growth plate

correspondence to : Sunhun Kim (College of Dentistry, Dental Science Research Institute, Chonnam National University)
email : ksh@chonnam.ac.kr

75



