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Effects of Vitamin D Supplementation on Bone Mineral Density in Growing Rats
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Abstract

Modification of the diet during childhood and adolescence may be an effective strategy for maximizing the peak bone
mass. Many supplementation studies have suggested a positive effect of the increased vitamin D intake on the bone
mineral status in the elderly. However to date all studies have been conducted on old men and postmenopausal women.
The aim of this study was to examine the effects of vitamin D supplementation on the bone mineral density and bone
mineral content in growing rats. Twenty Sprague-Dawley female rats were divided into two groups; Control, and vitamin
D supplementation. The bone mineral density(BMD) and bone mineral content{BMC) were measured using PIXImus in
the spine and femur. Vitamin D supplementation did not affect the level of weight gain, mean food intake and food
efficiency ratio. In addition, vitamin D supplementation had no added effect on the spine and femur BMD, and BMC.
There were no significant differences in the spine BMD/weight and BMC/weight between the groups, but the spine
BMD/weight and BMC/weight was 11% higher in the vitamin D supplementation group. The femur BMD/weight and
femur BMC/weight were significantly higher in the vitamin D supplementation group 9 weeks after the experiment. These
results provide evidence of the beneficial effects of vitamin D supplementation on the BMD during the growth period.
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THAL, B A7 2E AHTE L= S| A
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tary Allowances : RDA)OIA 4 Zrg @Al 700 mge
75% H|ro 2 A sl H]-&o] 64%°]CHMinistry of Health
and Welfare 2003). W&l 2347 259 HHAFS =0l
7] 93 w3 o2 Fdr] 4% 20000 =) d<F Ak
A 13~154] 447 Y432 800 mgs} 900 mg, 16~194] oAz}
32 700 mge} 900 mgoll A 2005 =l G A 71E
AE 12194 A= a2 22} 900 mgF 1,000 mgo =
ek sk oy SEvels g ¥tz 34
40d Bt T E G gae] A FS vf5- Bol Haglont #
o] AFTFL Ao W3y} glol(Ministry of Health & Welfare
2003), AA| DRI2] oo TrEEA d e AL oi¢ 5EE
o] glole 71ulelr) 7t ofel A% olth wtebr Zgo
A 43 7= TR ZE F5E8 ol W
o2 vl D AlF ol Al BAE 7 BUEEE oW
3= Ao] 2otk B sl tiMary RL er af 2004).
nlEa AutielA 1979 w=ls AuelE A% 4
A N1E2Z A BEA HER] D A FE oFF AEkAQl
Az FEIA KIlvke o|lRE HdE Z 8 =Kaverage
requirements: EAR)-2 A|A]8}A] 231 198913 9] 2HA v| =<l 4
ok AT e kS FE K Adequate Intakes: A) 2.2 A|A]
s}t Weaver CM & Fleet JC 2004). $-2juete] 7-9-= 2005
W g=9l G M 71EE AHsAA nl=F= Avicte} 2
o] Hlg}Yl D EARS AA= glo] AIE AAEFAT
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o MERZRE FAHE= GE EIE I Z(Utiger RD 1998)
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9D AHAFE 1 SHE F USZ EAFATHWebb A
et al 1990). webA A BlEP] DyE £33t HEM DY
A3 AEE e A 549 A5 452%7) HE
ol D] A2y} BEsittkn B 59t Xueqin D er al 2001).
ae|x BRlkee] dhE7] o5 %5 HER D wE7F @&
7%} @oktty B 18l9 3(Marwaha RK et al 2005), New
Zealand o}g2] 73-%- WIEIR] D] H-Z& % &5 HlelR]
D FEE A&l qFHTt W3kl oz} ofe] 7}t izt ofo] B
o} ooty B33k thRockell JE ef al 2005). RAE0] 7
S Aol 18M-2949) & A4l 2% 32%7} BlEke]
D7} &8st B 38le](Tangpricha V et al 2003) B|E}
A D AF B g Barf gol itk 3k ol EEoA
H)ElY) De] k= 83 HEW Do) FEE folFoR F
7WAF 3 PTH 58 feldog ZaAlzlon A+ did
22l 31%2] oFFol ALH L g4 vEw! Dol w2t HY
71891 12 ng/mlL B} v¥tels B8l cHDocio S ef al
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1998). E17]19] 13~1741¢] Ax} HAd 394-& ke g vle}
7 Def MFHFS EMT A3 43.8%7F F-53A At
AN 21.3%= BN D = el EFHUTE =T F
wAHQl ol E B2 ARE 2L dE
(OH)D F=7} B2 WA B& 7o Hlgte folFeg
ko olel A3 HiEkl Do #
(Hatun S et al 2005). % ¥lElR) Ds e 347 44
Aol ¢k A@Ado] ity B uslel(Jones G & Dwyer T
1998) 3 vBlEldl Ds9] ¥ 5E YA AXete A2 o)
5 F3 vlErl D] A4 HH F2 Aske E d4710
vl S8 3los fErh

HIER D 87t 2% nlAle 3] ek d7e o
& w17 ooy =R1ES e R Ho| o]FojH e
(Cooper L et al 2003, Semba RD 2000), &2 A#H7)} &5
3 2 e DE Al & g4t AAHA L, e
AH7T Ae 2 BlER DE ZEsias o & diat
o T34 THE YehAthe B3t AckCooper L et
al 2003). =3+ Avila MH ef al(1993)2 #7 ol oA
%3 vlelel D A3 FUE felxoz ofe] AHA
o] ittil sttt Adams JS er al(1999)& EUh2E IAE
dez v DS} VM 83 PTH $28 YFAL 3
F 4 AT 227} 45% /A% T Bastict.
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gote] A4, el D B3 ZARE 7 w2 gote 32
Fe B 0] g2 o] 2AFET =iy Hudgin
(Greer FR et al 1982), Fehily AM et al(1992)2 Z1-2 A<l
A Az, AAH S5, ZEd vEl DY A ] & o
ol59] & Wxvt F7H & Ui sk A2 17199 A
733 Finnish 4737] A5 A3 o2 vlewl Do 4332
A v]elYl DE &3l ¥ D=8 v w gk 27 Lehtonen-
Veromaa MKM et al 2002), 335 & 2= vlepw]l DA
239] 20%7-0) 8F9) 20% TR 27%E F2lF o2 ol H]
el DO] MA= A7) Hdl & 4= 54 o F83E
AAVEIt). Finlande] Hadr)e] x5 ez &4
25(OH)De} U =ole] AAE A7 A3} 13.5%2] =
7} vl D #3092, 4 Blehtl 25(0H)D7} @2 735
&5 B3 2 2evt folHoz wektkn E st Ou-
tila TA et al 2001). 159} 71738 10~1841 ) FAd L iy
o2 Hgl] D] 439 F dxete] BAE B 23 gl
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BAE 2 27 vlElY] D7} 253} o} 58 cortical FEEI}
2 whH "2 iPTH T %7} E9ow E_z__o}-j\“;\li}-(Cheng S
et al 2003).
olA¥H & FAlo A T U% FAL Yt vEh
D Ztsk= 38 Az Q1% 31 9l m(Marjo KM er al 2002,
Marwaha RK ef al 2005), HZ S8 = 437 olES0)
A Hel D) 37t REER) kw2 ugnl D 7 43
o tiste] A7} A 9l o K Tylavsky FA 2006) A4
ooy AAWUE vtz vEl D 3t 2 U 1)
A g g ATE AF A7 A9 gl Aotk
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HIER D 23kt 24 tiAlel ulxje gkl Bt AT v)
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Table 1. Composition of experimental diet
(g/100g diet)

Ingredients Control diet Vitamin D diet

Com starch 39.7486 39.7486
Sucrose 10.0 10.0
Casein 20.0 20.0

@ -Cellulose 5.0 5.0
Vitamin mixture” 1.0 1.0
Mineral mixture” 35 35
Soybean oil 7.0 7.0
Choline 0.25 0.25
L-cystine 0.3 0.3
Vitamin D;” - 0.0005
Tert-butylhydroquinone 0.0014 0.0014

Y Vitamin Mixture : AIN-93G, suplied by U.S. Corning Labo-
ratory Services Company, TEKIAD TEST DIETS, Madison,
Wisconsin, Biological test, Material No 40070.

% Mineral mixture AIN-93G, supplied U.S. Corming Laboratory
Services Company, TEKIAD TEST DIETS, Madison, Wiscon-
sin, Biological test, Material No 170915.

¥ Vitamin Dj(cholecalciferol) : Sigma C-9756 [67-97-0] ECNO
200-673-2.
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3. HF2o| & Yz (Bone Mineral Density: BMD)

Table 49]] 2{Z=2] F " %(Bone Mineral Density: BMD)o]]
g 2=zts Jehdgich sielR D AUl tixgy) vl
sl A2 F Uzl folHel apolE UeRRA] &l
da FF Z Ud/AS (kg2 EAH 74 ey o
Z370] 0.5775 g/em’QAH] H]s] AAF-L 06363 gem’ 2 11%

Table 2. The effect of dietary vitamin D on body weight
change during experimental period

Variables Control Vitamin D  Significance
Beginning wt(g) 57.3+ 1.9 56.3+ 2.4 .
NS
Final wi(g) 2593238  250.8+15.6

Vitamin D7} ## o] Fdkdl| v|3|= 93 295

=7 vebgc) Ael Aol Adams IS er al(1999)& H]E}F
91 D] H7F Al ¥ PTH 558 9595, 359 UEHE
LE7} 4~5% 7Tk Baskleh g1 e A7)
g Finnish 7] AA2ZH9~15 yn)& =2 H§d] Do A
A g4 vlEwl DE Yot & UEE vlud 47
(Lehtonen-Veromaa MKM et al 2002), =3 T Wx = dle}
Wl DAZ A9 20% 0] B9 20%TERTE 27%E fo A o
Z(P = 0.016) =o} BEM] D] HH7t B35 7] F
g & H1E Ao v]$ 3223FS AlALSERIT) =3 Finland
o] Hadrle] AzbE dide R ¥4 25(0H)De} & Un

o BAE A7 23 &4 HE 25(0H)D7}F 2 75
£E#HR0 2 Uiy} foxo g voprku B sk tiOu-

tila TA et al 2001).

4. Hzo| Z27|Z &zKBone Mineral Content: BMC)

Table 5l 239] & F714 3#HBone Miniral Content :
BMC)el| gk 225 Jdehifiich 25 & 712 &3 A
2% A% 2 574 99 25 vER D 37129 g2
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Table 4. The effect of dietary vitamin D on spine body
bone mineral density(BMD) and spire bone mineral
density(BMD) per weight in rats

Signifi-
cance

Variables Control Vitamin D

Spine BMD(g/em?)  0.1531+0.0094  0.155940.0064

. 2 Ns.P
Spine BMD(g/ent) ) c775.0.0587  0.6363+0.0496
/weight(kg)

D NS. : Not significantly different at p<0.05 by students' t-test.

Table 3. The effect of dietary vitamin D on weight gain,
mean food intake and food efficiency ratio(FER) during
experimental period

Variables Control Vitamin D Significance
Weight gain(g) 202.0 +219 189.5 =132
Food intake(g/d) 15.64 +0.98  16.55 £1.03 Ns.”
FER 0.229+0.02 0.212+0.01

Y NS. : Not significantly different at p<0.05 by students' #-test.

Y NS. : Not significantly different at p<0.05 by students' r-test.

Table 5. The effect of dietary vitamin D on spine body
bone mineral content(BMC) and total bone mineral con-
tent(BMC) per weight in rats

Variables Control Vitamin D Signifi-
cance
Spine BMC(g) ~ 0.4830£0.0406  0.4566).0240
. NS
Spine BMC(g) ) 010401753 1.864040.1551

/weight(kg)

Y NS. : Not significantly different at p<0.05 by students' s-test.
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wW(Webb A ef al 1990), HAdo]A] &3 neld] 25(0H)D
FEs B U2 B U S0 Y e D 3%
o} A3 FEzole] BAE B A7 folHA &) FHA o
St B8 A7KStein EM et al 2006)9} AX| et &
+ sl

5. ChElZo| & Y= (BMD)

2} %«VGO 2}01“ sk, JEM e T 2 LE/ASke)
%}oﬂ}ﬂ‘— 1:}]7~¥O] 0.7625 g/cmzoml H|8) A¥o] 0.8559

Ao FA Ve
Finland®] H4d712] o218 thide2 d3 25(0H)DS}
Z dxoe] WAE AT 3 A3 ¥4 vjE 25(0H)D7}
9o AL &8 FAHol F Ary) fo)do g ¥li(Outila
TA et al 2001), A= A4 10~18419) HAd-& thito
2 vlelRl D] A} & deole] WAE B Aa A ¥
ElNl D] FE¢t &5 #AHo F UErt fodez itk
1 BastgtMarwaha RK er al 2005). 12)1} E17]¢] 13
~17A19] Az} A 399 & tide R vell D] A#H S
A8 Ay} A5l gESe] F Uss g3 HEl] 25(0H)D
7h e 78 22 7 Aol i}Ol 7F fAtka B 31(Hatun S
et al 2005)3t € 1 olfre AT HAATE WF A
7oz ek 10~12/HH 1937 Yo 2 vHeEl D
o} & dzote] #AE & A el D7} §53 obFe
cortical & Y7} W¥ohvia B 1t Cheng S er al 2003).

6. CHE|Z9| =2 £7|& &zHBMC)

Table 7ol tEZo & F71d d=BMC) 2 & 7712
TFFHBMCY A Fke)oll ther A= ‘/‘rEMSiir%. HEE &
274 gFe AT 2T FAH Aol Gk
v OEZ 2 - A Ske)dto] Ol=ao] 1.4699

Table 6. The effect of dietary vitamin D on femur body
bone mineral density(BMD) and femur bone mineral den-
sity(BMD) per weight in rats

+ % Holrlo) aHimgast

goll v AFTLE 1.6620 go & A ro] oF 11%Z 7+
A o2 Eghrh o2& Fehily AM er al(1992)°] &2 41314
A A 14 g5 2437 vely D] A3 ao] =g

olg9] ¥ Wxrt 3vhE 4 gokw e o) AFgME

(<]
%ﬁﬂ A2 F T BT Seagm ATe T 2§
A

g D«l W8 Aoy FUEE 271D 4 A0
AtgaEch

ey AT 97 €3 25-hydroxyvitamin D %27} 73
24 HALlel e Hi A7 s6x2] H7 3 A 1,000 mg/d
o] Z<F A7) 2le]d 10,000 U H]E}‘:ﬂ DywkE 7138t A $
Beke) DY) AWk ©S B e B LR FUQ AR
oo fEs A awu EJ_O}Oi(Cooper L et al 2003) =
E3 HIE Dol A5 Aol FE3 gl Z3tet A
o Blebdl D] Z3te HEW D] Atz Qg & dikd
Felgo] gldta st out £ A Aol A s SR vE
W3 Zg A3 GelelA vER DY) 723} Aoje A 2
2x A4 o fElstElet f3Ho] BE D9 ZF3A7]

d wet BEA YehteA 3 A7t s9Enh 121
HleRRl Do| A7t Z3h= Zge] A Ao wet g2
S8 F doun Zg 43 e nE d7e agdnt
(Cooper L et al 2003).

2ok ol HE
HER D A7 4471 @M B iEEe) & 2
£t 2 Aol v|Xe ZAHE Lol Az olefs} 2ok
1. BelRl D] Hrke & A% S7HE Ao] Rede o
&g PIAA) Pk
2. %3 BMD, BMCi H|EF D H7}25 d2F Alole
#2149 Zo) 7} ATk
3. Ul5|Z BMD, BMCE HE}Y! D H7}29 iz Alo]
o felzel stolzt giTh

Table 7. The effect of dietary vitamin D on femur body
bone content(BMC) and femur bone mineral content(BMC)
per weight in rats

Signifi-
cance

Variables Control Vitamin D

Femur BMD(g/em’)  0.20250.0090 0.2098+0.0076  NS.”

Femur BMD(g/cmz)

%2)
/weight(ke) 0.7625+0.0466 0.8559+0.0505

"'NS. : Not significantly different at p<0.05 by students' r-test.
R p<0.05.

Variables Control Vitamin D Signifi-
cance
Femur BMC(g)  0.3904+0.0254  0.4072+0.0209  NS.”
Femur BMC(®) | J6o0101123  1.662000.1308  *

weight(kg)

D'NS. : Not significantly different at p<0.05 by students’ z-test.
2 p<0.05.
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4. 3 BMD/weight(kg)= BIEF D H7hto] tztol vl
slo] EAAQ e gilont 11% A vehycy.
5. HiE]& BMD/weight(kg), BMC/weight(kg)x= HE}T] D
kel dzwel Histe] frojdem A vk
i A7) FAelA Zg HH7E A3 25 HEgT D
250% 73k Alo]Te th& Aol vidted A9 tEHE
o] & Exe 2 oA FAQ ol & VA F%e
U AF 2 iiEEe F Yol F o] HEW! D ik
o] fodoz wol & FA471d vl D = /el
4= gitkz 4] Eu vlEl Do} AF 59 g 43
FEol whet HiErRl D Jsbrt SoiAted mlxle 43S o2
gt ARFRE 33 A7y g
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