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ABSTRACT

Vitamin D iz one of important factors invelved in the regulation of bone metabolism. In osteoporosiy, the
therapentic effect of vitamin D on the healing process has still been controversial. To confirm the effects of
lot, 25 dibydroryvitamin Dy on the osteoporosis, the change ofbone mineral density and the histologic changes
of ogteoporotic femur were examined comparatively in nommal control group (pozitive control), CFA control
group (negative control), CFA4-1ce, 25 dihydroxyvitamin Dy 0.01 pgfleg group (Vit DaL) and CFA 4 1o, 25
dihydroxyvitamin D 0.1 pgke group (Vit DaH) after ogteoporosis wag induced by zingle injection of complets
Freund's adjwvant (CFA) in rats,

The value ofbone mineral density and bone mineral content of femur was increased in both Vit DaL and Vit
DsH than CFA control, and the inerease rate of that was higher in Vit Dy H than Vit DyL.

In CFA control, the size of the bone mamrow cavities significantly increased and the width from the bone
marrow cavity and cortex gignificantly decreased than normal control In Wit DoH and Wit DaL, the increage
rate of the #ize of bone marrow cavity and the decreaze rate of the width from the bone marrow cavity and
cottext was depressed than CFA control,

These results suggest that log 25 dihydroxyvitamin Dy has therapeutic effect on adjuvant induced

osteoporosis in rats,

Key words . Bone mineral density, Complete Freund's adjuvant, Osteoporosis

o

PEent Q93 weel 2A=
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FHFF (osteoporosis) & 71F UBAL T b FEom #AY & v S 2B SRUA=
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2l =2 g1} (Hanzelmann etal., 1998).

ol ojdd dAbehgs 2HAA 2ot 2o
vitarnin D= Aol A Zhpst @18 F43 EA5T 4l
e HHA =RA 2 AEFE TR
WA wile 2EFeE A e (Holick
1996) ol HeliMe A AFadt glodde 2
31 (Gallagher & Riggs, 1990; Gallagher et al., 1982)2}
At aart A5 g AEHe FAE gledA
{Christianzen et al,, 1981; Lindgren et al,, 1981), vitamin
Dol Amash e vHe o= @olA ser)
#FHZe|x vitamin D8] 2538 U3 2 U7} vk}
A gl

# =4 complete Freund's adjuvant (CFA)e]] <] 4]
FE BoEEss A9 dubgd| Myeobacterium
huyricums FUsIY 8 SgF=oE FEY

27, Az W] vlste] EA o] (Baumgariner o
al, 1074). CFAS Folsfe] kg Toigss wid
Helsl 94T Aze dAdzels FE3 gd
o ffotEes B AW pdd AREET
g1t (Binderup, 1983; Rozenthale & Capetola, 1982).

o)l ML CFA Tl 2o} 89 =] 2o
F24) A= 10,25 dihydrozyvitamin Ds (]85} Vit
Ds)o] s§3Fe dofrxal £ A3 HAstgie.

AME 3 i

1. UHEE T YT 4

Dawley = 100e}2]& 237 AP (AvL2x 24
£1°C, A= 50£5%)H HEAA AT £ A
el A-gateict.

APFEL A4 22, CFAE T3l Ioy
Z 2o sulst CFA B H27, CFA =0 2 Vit Dy
001 pg/kg e T3 Z (0|3 VitDLZ) © Vit Ds
0.1 pglkge Toddt 2 (<5t VitDHZ) 47] 2o
= w44 25kl wAE Beed 4 2o
W Seheld oA S EEEel olAE
45e B

=
e

2.

L]

o2

Takagi et al, (199712] ¥bH 22 1ml2] liquid paraf-
fine] 0.6 mg®] heat-killed Mycobacterium butyricum
(Difco Laboratories, Detroit, MI)& =41 & 121°CH
15%8-7F autoclavestyd et o] @2 0.1 ml# QUQ-]
23 34 Wil 5 S 23R e
et

Ol

3. 1a,25 dihydroxyvitamin D:2] £

lor, 25 dihydroxyvitamin D; (Peptide Institute Inc.,
Osaka, Japan)® 0.2% ethanol®} 0.01% Tween 202
E T35t phozphate buffer zalines] -£s)A)geH
(Endo et al,, 2000), Tl g3kel] wheh sh5e] Shwly 3
F2 AT Sk

w3, A4z CPAZ Reistd ToEaol
FLE CFA B5Fe 22 A=A 94E 0.1m¥ 7
75 s

4. 2Uc (BMDisg} 28Rz (BMC) &

Bone mineral density (BMD)#F bone mineral content
(BMC)= Z% =7 (bone densitometer) & o] &5}
dual energy X-ray apparatus (Norland Mesdical Systermn
Inc., USA)ZE. =A 9 d. #l=F zylazine HC1 (0.1
mglkg, Sh=vbe]d)  ketamine HCL (0.2 mgkg, 53t
e ZLFFAbeted vHH AR 3 photons beame]
FHLE Fo RAT I AEHBY THY, LR
B HA¥E 20mmisec 2529 1 mm Hez AL
AAlstedet

5. FAHXEHo|EE pE

AHE JEZL 0.1M cacodylate buffer (pH 7.3)+]
E Mg 2.5% glutaraldehydes} 2% paraformaldehyde
Egdom A0 Fob A2AM vAsYER, BY
dxdoz 1583F 2% AlF3 &, 10% nitrc acidF
Agel 1207 T 99tk 29 me e o
zucz 1524 33 ARREon, 39 93dos
223 1% osmium tetroxide £ M & 2 2417 Bab =
TAFFESG 2AH AEHITE 25 E AHA
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hexamethyldisilazane @ 2. 1584 23] 2[&sle] o7
el Azsbe, FEFH S DT 2E2AAM 25
vy 2@ e o2 =FAAE AMSIe 20nm
FA 8 F=ES AAT = FAARET A (Hitachi
9-450, Tapan) S 2 15KV 7l gapa] sy
t}{Bae etal., 2001,

6. &4 A7

B Aged s dofdl apae] S APLEe] 54
A F2A42 Stdent’s t—testel] 23t HAFGE
o, p<0.05 o]8te] Fojduate 7 Z7ke| FAEH
ol ARt

7

. HEZ2 ZUL (bone mineral density)

dsz 29¥s TA=r A9 AzedAs A

Tl ARG et T A5 AR,
CFA %o] ZFE CFAR F% F 17 A¥H 2
G2 $LHAN TUE AS s vit

D:L73# Vit D:H72 CFA o t 27+ ¥]|5l =
d=rF F24 A Frkete ow (p<0.01) Vit D:H
72 VitDiL+ 2ot &9 S5ld ZE =g e g
of (Fig. 1).

BE2 g eemal 4 ikl
;o @ TIFA - ’fslin?!
Bu ; L R RSO S  eCRS8 0810
|
= gl e
B R e TR B e
= : *,&””‘" Rt -
. . |
B2 oagi
o
3
& ¢ ' 3 ) o)

BRI T TR R TLT T o

Fig 1. Time course of in bone mineral density of the proximal
region of the femur in the normal (m), CF4 (@), Vit
DL (&) and Vit DsH ) groups (n =3, respectively).
Significant differences from the Vit DsL and Vit DsH
are shown as *p-<20.035, *p<0.01,

A e Algke] A
=7t A% F7FstaARE CFA 5
FA R 2 15 A¥E Svt53e] $2
HiA 2R=rh AlS st o dEHIY 24
W Aol 2 Ahe sl CFA T H273 Vit
DL CFA S0 3 Alzbo] =)o whet 2R =9
Z7tb =A gkskAlE Vit D:HZ A CFA Fo 2
aFat 55 A4 FREAF F44 A FobekE
(p<0.01, Fig. 2}.

AR 3A=r A4 dzdAe FHe 2
7hebel| wet 2R =st AlS F71skalARE CFA 5

N T .
s {om Naresmome il
- = OFS AR
g T . : . S T
5 B e 1
% i hm'm.wulﬂ E= o
A :
[ h i M| iy ks

Crearprs ouieee 20008 s sl

Fg, 2, Time courss of in bone mineral density of the middle
region of the fermur in the normal (m), CFA (@), Vit
DL (a) and Vit DsH @0 groups (=3, respectively).
Significant differences from the Vit DxL and Vit D:H
are shown as *p<Z0.03, **p<0.01,
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Fg. 3. Time course of in bore mineral density of the distal
region of the fermur in the normal (m), CFA (@), Vit
DL (a) and Vit DsH @0 groups (=3, respectively).
Significant differences from the Vit DxL and Vit D:H
are shown as *p<Z0.03, **p<0.01,
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222 CFA Fof 3 15 A¥E o33 4
Helx FH=rst =24 Zhastygoh Vit D25 Vit
D:HZ2 CFARH ¥ 25 AYE CFA T d2F
A wlE F24 slA Fobstale (p<0.05). Vit DsH
¢ VitDiLeret #4445l S7he HEp s
(Fig. 3).

2. E[Z2| St (bone mineral content)

ez 25e Zef™: Ay da2ds A3t
AR wet FRHRke] A4 F7PeeA L CFA
Fo d&2£2 CFA T & 157 A¥e IFFES0
FEwA FEHRRE AS Fasiyd VitDL+
L CFA B Wzt A2 At e BylAR
CFA 30§ % 5% A% CFA Fof 220t 52
FEHFL 24T VitDHZ L CFA T = 15
AYE 2R 234 Sl B Bod
(p<0.01,Fig. 4).

27 AN d2Pd e FHREE] Alzke] A
s web Al Zobete AT CFA Fo] 22 s
CFA B & 15 ARE 3935 FEEEA =
a2 FaEqdd VitDiL¥-2 CFA 7o & 55
) (p<005)E ALYt 24 A=A ook
o Vit DHZS $44 ¢l wss Jehdd(p

<0.01, Fig. 5).
RS ZER AN dzd2 Azbe] AT
o Het A% 27154, CFA T 27E CFA
(LR U PO
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Fig. 4. Time course of in bone mineral content of the proximal
region of the femur in the normal (m), CFA (#), Vit
Dul (&) and VitDsH G0 groups (n =3, respectively).
Bignificant differences from the Vit DL and Vit DsH
are shown as *p<C0.05, * <001,
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Fig. 5. Time couras of in bone mineral content of the middle
region of the femur in the normal (m), CFA (@), Vit
DL (A) and Vit D:H 20D aroups (n =35, respectively).
Bignificant differences from the Vit DsL and Vit DsH
are showmn as *p<20.03, *p< 001,
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Fig, 6. Time course of in bone mineral content of the distal
region of the femur in the normal (m), CFA (&), Vit
DL (&) and Wit TsH 20 aroups (n =3, respectively).
Bignificant differences from the Vit DxL and Vit DkH
are shown ag *p-<2 0,035, **p<0.01,

R 215 A¥E el $EHRd 29
ol kamdch Vit DHZE CFA %o o225
d@ste] fel4el Q4R (p<0.01), Vit DL
CFA %] 27} W2 PiE 2Tl 2ol
T 57 el Bl 2AsH L CFA R ¥
55 A (p< 0058 Adetme F2140)

AA ==
w3kt (Fig. 6).
3. FAHXEOZ 24
ol o

CFA 5o 553 32 JEHF ZHY¥= CF
E—T’—éﬂ/ﬂ‘—‘— CPA% Fodglm] gk R =Z (Fig
7a)R ot Z[WZ (compact bone)d] #F7 T oE

FAHA 2 ADE (spongy bone) AL FLT
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Fig 7. Scanning electron micrographs of the metaphysis of rat femur in rats with adjusant -induced osteoporosiz on day 35 after 1,
25 dihydroxyvitamin Ds administration. (&) normal, (B) CFA, (C) Vit IxL, (D) Vit D:H. CB: compact bone, 3B spongy
hone.
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(trabecula)7} 7ZFAasle] W 4 (osteon) Aol FIb
o] ZrheledeF(Fig. 7b). 28t Vit Dil-# (Fig. 7o)5F
Vit D:H# (Fig. 7d)2 CFA Fo d2F o ZALZF
o 24 57 Al 4AHNE FoFY FLE
oA = gl et

] &

FodFEe 2HY Paz Al 339 9 9
o S A" AHE dsle s dd o
A% 244 2Ust AFEU 202 Y BL
F 4EE B2 glod o FH= A
A SAEE He 2= 2 AddA 2 EHe
248 A=d et APE A TR
A295s 39FF ¥ 24 WE THE0l ¥
2 de] ez AR e|s (Melton et al,, 1998) -t
S olgtEw FAE G o] FobEHe o 2
HAx AF 0 ¥ HEZ o (Ziegler, 1998].
Vitamin D8] 9512 0.5 pgfkglday el 93] o4
o3 H4F 244 DDEIF, TRERT
A 52 yabge] glch(Erben stal, 1998b) 2 A
Hel| A vitamin D8] S8R e 272 7l &
Bk qalen] vREET T FAaE RN
skobi] Erben et al. (1998b)5F $rA}s A k& vfehy
st

Vitamin D& zrd4 25-hydroxycholecalciferol 2.
AFR A o)A ] oFa] AlAR] A 1,25 dihydroxychole-
calciferol 2. djat=]e] =sbd|ze] M=z 44
Agrste] W2 o] F, FAA A} (transcription) &
Agow 2437 DRaY e A
75702 FRAA e A2 FrE S0z

A7 A =dd A sl A3FE FHAAG
(Holick, 1996), =3t ¥ababd m = Zal af7j]ef] 23
2E+E AN THRT WA b
412 cholecalciferol, caleitriol, alphacaleidole] @Bk
Hoz Al4E3 ¢ (Brandi, 1993},

2GF2e] Aoz X-ray, BMD, CT, MRI 5
& AHEm gl dhee Xeray &92 FFI)E
3004 o] o] 2 ofob B ] 2R SRS

i,
e el

A ol >1

i =y
L ERE

o el $Eelol UG A A9 vk 1
#vt dual energy X-ray apparatizZ |43 FU®E
A=z A4S wor 1% F LA
slel= FA o] 7hgete Wb =2 = Hoe A
A BAA A de] 2z gl

Vitamin D (1,25 (OHRD:)= T A4 3Had F
vhelR] kv FoFEs L ok dabd 2
2] Az 4 vitamin D fE2] 9T <|HlE H
] 223 B¢ (Endo et al, 2000} Vitamin D&
FeozyE gt i F4E SU5T 9=
HdellA =] AF % 771%1 71!34 A 52
29 el 9% 2 F4E dATLTA THER
3§ A SleAE 24 daw dART 289
A ZAf a5 Jepd o (Holick, 1996; Brandi,
1003) =% =% B¢ W2 4F e +AE
F7AFIE, F §AE SU¥eE Fhadt Ay I
A4 FAH 2371 ¢l (Endo etal., 2000).

JEht Ca =¥ vitamin DY B EA Z =2 o

= =]
e h

Sozy oA £ 2] Bade Az A
A gAT A7 39 el £ o FoaQ 4%

e

S} (Morgen, 2001), =% 37 F FHFF 44
A glels] Bl dEAL] s S Dt etidro-
nate9t AFEEE A B o7 vitamin D& B3 A
3 Aol o 32 FE=E S AT (Masud ot
al,, 1998), #| 8] ZGFS |44 gle]A] vitamin
D7t 2d=g PAF1A dot W &t o
Fote vt Baw gloh (Gurlek et al., 1997). 28
g Al e 2H 84e 3H0z 4u ¥
Fuse a7shed B9 Fe 218 4 sl
A vitamin D2 £2AH 9 mxde F dsA glATd
2 09 3 obg B o TEh vitemin
Dy #3371 3d 3= EF4 glels] 2=k &3
o) Abedar sFeE o) glof(Ilich etal., 1997),

Vitamin D= 238 7H4A-F YA 514t (O°Brien,
1998; Erben st al., 1998a, 1992; Shiraki st al, 1989) =
He HzF 7F4aAFA (O'Brien, 1998; Gallagher &
Riggs, 1990, 1989), Zct32¢] #= & ¥ass 24l
vhele] ZeEe] Zhaeb FE2] A=t SEAY F
BA 4o 2351 ¢lelds 23 (Falch et al, 1987;

Tensen et al,, 1985; Lindgren et al,, 1981)= g1}
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vitamin D8] FoEE A2 a5dm dAAFIL o=
=
£ a7 2 dE2Y TA=H 2EEY 4y
© vitmin D Fod ] e} e A%HE wg e
Vit DHZ 2 A2 2Ued 2% 202 48
Wel 1,25 dihydroxyvitamin Dy SO 235
T a4 o I Hl=E gReAFd e
G2 4TS (Bae, 1999; OBrien, 1998; Erben et
al., 1998h; 1992; Gallagher2} Riggs, 1990; 1989) £}
2 23g e =2 A0 a0 9
HEF ZH A vit Dy FHE2 CFA T+ d=
2 ¥l AT 22T st YA eH
=) 3 (Trabecula ocssea)®] Fri= YA T 1,25
dihydrozyvitamin D:7F CFAZ F3b Soh3se] 7]
+& &3ty o o AL 10,25 dihydrozyvitamin Dy
7} alkaline phosphatase®] B4& Z7hA|7 wEAH
sd 9% Aze F9AA %e UAGe oGE
A FAE (Vukicevic et al., 1985; Haneji et al., 1983)5F
Wls=3t g vrERd 22 1o, 25 dihydroxyvitamin
Dsy CFAH 9 #43 333+ 52451 sle
Aoz Almdd,

ok
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