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Effects of Arginine Supplementation on Bone Mineral Density and
Bone Markers in OVX Rats®

Choi, Mi-Ja’
Department of Food and Nutrition, Keimyung University, Daegu 704-701, Korea

ABSTRACT

As far as we know, there were no studies of the effect of L-arginine on bone metabolism in post-menopausal women
or ovariectomized rats. The primary objective of the current study was to determine whether arginine supplementation
was associated with alterations in femoral and spinal bone mineral density (BMD) and bone markers in ovariectomized
(Ovx) rats. Forty female Sprague-Dawley rats were divided into two groups, Ovx and sham groups, which were each
randomly divided into two subgroups that were fed control and arginine supplemented diet. All rats were fed on experi-
mental diet and deionized water ad libitum for 9 weeks. Bone formation was measured by serum osteocalcin and alka-
line phosphatase (ALP) concentrations. Bone resorption was measured by deoxypyridinoline (DPD) crosslinks immu-
noassay and corrected for creatinine. Serum osteocalcin, growth hormone, insulin-like growth factor-1 (IGF-1), para-
thyroid hormone (PTH) and calcitonin were analyzed using radioimmunoassay kits. Bone mineral density (BMD) and
bone mineral content (BMC) were measured using PIXImus (GE Lunar Co, Wisconsin, USA) in spine and femur. The
serum and urine concentrations of Ca and P were determined. The plasma was analyzed for arginine. Diet did not affect
weight gain, mean food intake, and plasma arginine concentration. Urinary Ca excretion was decreased by arginine
supplementation in Ovx rats, but statistically not significant. The Ovx rats fed arginine-supplemented diet were not sig-
nificantly different in ALP, osteocalcin, crosslinks value, PTH, calcitonin and IGF-1 compared to those fed control diet.
The arginine-supplemented group had significantly higher serum Ca and growth hormone than control group. Spine and
femur BMD were significantly increased by arginine supplementation on 5th and 9th weeks after feeding. Our findings
indicate that dietary L-arginine supplementation decreased bone mineral density loss in Ovx rats. Therefore, dietary
arginine supplementation may represent a potentially useful strategy for the management of osteoporosis. (Korean J

Nutr 2009; 42(4): 309~317)
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Table 1. Composition of experimental diets (g/100 g of diet) petitive radiOImmunO—aSSay o 71=
Ingredients Control Arginine MYRIA kit (Techno genetics, Italia) &% radioimmuno-
Casein 20 20 assay S 3 37 gamma-counters ©|-g&ate] g A 4
Corn starch 53 52.34 T AEE S48tk = &4l ARE 8 F deoxypyridi-
Sucrose 10 10 noline (DPD), creatinine, crosslinks value collagen cro-
Soybean ol 7 7 sslinks™ kit (Metra Biosytems Inc. U.S.A.) & o]-&38}o]
C?”U"?S: S S ELISA (enzyme-linked immuno sorvent assay) Hell <]
o i s A waasth Fos paE sERe) 390 cald
Lcystine 30 3.0 tonin, parathyroid hormone (PTH), insulin-like growth
Choline 0.25 0.25 factor-1 (IGF-1), growth hormone (GH) ¥4 Alg¥
Tert-butyl hydroquinone 0.0014 0.0014 of &g A} 125- 12 %4 © FAE I AE3H]
- 0.66 FA 7} &4 7ol ‘sandwich' S #4384 = non-com-
1) Casein, Maeil Dairy Industry Co. Ltd. 480 Gagok-Ri, Jinwi-  petitive radioimmuno-assay'” & ©]€3%F DSL-7700 AC-
TIVETM Calcitonin IRMA kit, DSL-8000 ACTIVETM
i Intact PTH IRMA kit (Diagnostic System Laboratories
=¢64: Inc, USA), HGH IRMA CT kit (Radim, Roma, Italia)

Arginine®

Myun, Pyung taek-city, Kyunggi-Do, Korea

2) AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA
3) AIN-93G-VM, Teklad Test Diets, Medison, Wisconsin, USA

4) L-Arginine: Sigma A8094, Japan
Calorie % of diet-carbohydrate : protein : fat = 64 : 19 : 17
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332 o oF 8} 8] %] (Korean J Nutr) 2009; 42(4): 309~317 /311

v]sle] Ovxro] 4o =2 =9k (p < 0.05) arginine
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Table 304 & F Z7 Q19 w55 YERISE & 5
Zad Q19 FEe A W9l vl ok 7 ellA
H WS W Shamw UM tiZ73 argininew©]
242+ 11.3 £ 0.4 mg/dL9 11.5 + 0.2 mg/dLZA F
Zrell 2] 7k ASiT) 18 Ovxt oA tizrte] a3 2
% 55+ 10.1 £ 0.3 mg/dLZA argininev9] 11.0 =

0.4 mg/dLoﬂ Hste] Fo)2 o= (p<0.05) HUTH

Table 4914+ PAaZEAFANA arginine®] 7P & 5
Zd 19 wjdel wA= Y-S YERSITE Shama 2
Ovx-ollA argininev~ ol B|ste] & &5 Z5 v
o] ofth vt AgS Hlou FAA ool itk
9] wAdFE ZF 7 el oA Q1 Afol 7t §lSlth
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Y% Arginine T

Arginine A7} 2lo] (6.6 g/kg diet) 7} & = arginine %
Fof nX& 9ES S73 A7} (Table 5) Shamw3 Ovx
T EFolA arginine F7}F Aol+= 4 arginine &
ARl kS mXA| kst
S8 W S8 NE

‘drﬁ\] AF oA arginine F7Fo)7F & FA xF ALP

%9} osteocalcin Lol M X]+= Q&S Table 6 YE}

LH&M Sham7 oA 83 ALP FE& tjxo] 34.2 +
9.1 TU/l, arginine*©] 39.2 = 7.1 TU/IE 524 =}o]

7} 913, Ovxtoll A thz0] 49.5 + 9.6 IU/I arginine
H7hro] 61.0 £ 19.4 UNR & A 1ok T8y

Sham OVX
Group
Control (n = 10) Arginine (n = 10) Control (n = 10) Arginine (n = 10)

Initial body weight (g) 206.2 + 12.5"% 212.4 + 10.9° 209.7 + 13.7° 213.0 + 8.2°
Final body weight (g) 274.8 + 42.6° 281.0 + 37.2° 330.7 + 33.6° 334.3 = 36.7°
Food intake (g/d) 14.6 + 1.80"° 144 +1.21° 17.4+1.11° 16.6 + 1.88°
FER 0.092 + 0.03° 0.084 + 0.02° 0.120 + 0.03° 0.120 + 0.03°

1) Mean + SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table 3. Serum calcium and phosphorus of rats fed experimental diets

Sham OVX
Group
Control Arginine Control Arginine
Ca (mg/dL) 11.3 +0.4"% 11.5+0.2° 10.1 + 0.3° 11.0 £ 0.4°
P (mg/dL) 8.5 + 2.50° 6.9 + 0.62° 8.5 + 0.40° 7.8 +0.87°
1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test
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0.4 ng/mL, arginine
Zrel 9] AQ1 Ate)7k 9llaL, Ovx el M = tizro] 4.9
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Table 4. Effect of arginine supplementation on urinary calcium and phosphate excretion in Ovx rats

Sham OVX
Group
Control Arginine Control Arginine
Ca (mg/day) 0.67 +0.32"% 0.60 + 0.31° 0.53 + 0.23° 0.49 + 0.26°
P (mg/day) 8.90 £ 0.73° 9.36 + 2.94° 9.79 + 3.06° 10.01 + 3.23°
1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table 5. Effect of arginine supplementation on plasma arginine concentration in Ovx rats

Sham
Group

OovX

Control

Arginine

Control Arginine

Arginine ( zmol/L) 65.34 + 19.31"%

70.30 = 18.40°

69.93 + 22.30° 73.4 £ 21.10°

1) Mean = SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table é. Serum ALP and osteocalcin of rats fed experimental diets

Sham OVX
Group
Control Arginine Control Arginine
ALP (1U/L) 342 + 9172 39.2+7.1° 49.5+ 9.6% 61.0 + 19.4°
Osteocalcin (ng/mL) 4.4 +0.4° 43 +0.2° 4.9 +0.9° 4.9 +0.3°

1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test

ALP: alkaline phosphatase

Table 7. Creatinine, DPD and crosslink value of rats fed experimental diets

Sham OVX
Group
Control Arginine Control Arginine
Creatinine (nM) 3.19 £ 1.61"% 7.94 +3.74° 4.44 +221° 5.54 + 6.13°
DPD (mM) 573.2 + 402.1° 1087.4 + 493.2° 1064.9 =+ 328.4° 1021.4 =+ 628.2°
Crosslink value (nM/mM) 170.1 + 33.6™ 141.7 + 34.6° 262.7 + 66.7° 256.5 + 99.0°

1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test

DPD: deoxypyridinoline
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Arginine 7} o]7} tiE %ol v &94E 4
o] ¥ & 55R ¥ A3} Sham-2] 79 arginine A7} A
402 (p<0.05) =2 AEFS Bk daEdAF oA
% argininevo] thzrrell Hlato] tiE Ut {940
2 (p<0.05 =3} dEZeS Shamr ol argi-
nineT ¥} tZT 7ol 27t gl e, OvxolA & ar-
gininew¢] &7 HY =2 A3¢S HYoh

Arginine®] 7} Ho|7} 5 9T vA = a3E 4
o] A4F & 94 ¥ A3} (Table 11) ShamrellM+= ar-
gininewo] 57AIe} Zo] ¥ 22”1 lo]E HolA|
kel OvxwUlelM: argininew?] #FZ4 %7} 0.157
+ 0.008 g/cm®Z hF2) 0.132 £ 0.013 g/em® Xt}

Table 8. The effect of arginine on parathyroid hormone and calcitonin in Ovx rats

Sham OVX
Group
Control Arginine Control Arginine
PTH (pg/mL) 19.1 + 67" 23.4 + 8.8° 19.5 + 8.7° 20.5 + 4.2°
Calcitonin (pg/mL) 3.12 + 1.07° 3.03+1.11° 3.21 £ 0.95° 3.53+1.11°

1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test

Table 9. The concentrations of GH and IGF-1 of rats fed experimental diets

Sham OVX
Group
Control Arginine Control Arginine
GH (ng/mL) 0.19 +0.02"% 0.19 +0.01° 0.18 £ 0.01° 0.20 = 0.01°
IGF-1 (ng/mL) 300.2 + 102.2° 4143 + 72.0% 494.6 + 44.6° 487.4 + 75.6°
1) Mean * SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test

GH: growth hormone, IGF-1: insulin-like growth factor-1

Table 10. Effect of arginine supplementation on spine and femur BMD and BMC of rats fed experimental diets at 5 week

Group Sham OVX
Control Arginine Control Arginine
SBMD (g/cm?) 0.177 + 0.023"*? 0.187 + 0.006° 0.134 + 0.010° 0.149 + 0.002°
SBMC (g) 0.433 + 0.069° 0.464 + 0.028° 0.354 + 0.013° 0.365 + 0.025°
FBMD (g/cm’) 0.181 = 0.010"* 0.201 + 0.007° 0.161 + 0.007° 0.174 + 0.007°
FBMC (@) 0.448 + 0.030° 0.459 + 0.047° 0.371 + 0.019® 0.406 * 0.021°
1) Mean + SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test

BMD: bone mineral density, BMC: bone mineral content

Table 11. Spine and femur BMD and BMC of rats fed experimental diets at 9 week

Group Sham OVX
Control Arginine Control Arginine
SBMD (g/cm?) 0.190 + 0.007"%” 0.207 + 0.008° 0.132 £ 0.013° 0.157 + 0.008"
SBMC (g) 0.491 + 0.021° 0.519 + 0.030° 0.401 = 0.012° 0.414 = 0.034°
FBMD (g/cm’) 0.193 + 0.012"* 0.211 + 0.009° 0.159 + 0.008° 0.171 £ 0.011°
FBMC (g) 0.481 + 0.049° 0.489 + 0.035° 0.393 = 0.026° 0.402 * 0.024°
1) Mean + SD

2) Value with different superscripts within the row are significantly different at p <0.05 by Duncan’'s multiple range test
BMD: bone mineral density, BMC: bone mineral content
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A SRyt ASAT Ael” Lt 2 Ate}l 557 B
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°] (0.64% arginine) & A7 A1 75 AFol &= 7
A koktha Hadk o1t Azfel? A5
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A AT 7 SEUE Bk e o) R B
AT Aot th=2o) 18y 1 ol E ATl AEE
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£ AgPATrelA A¥F=o] arginines A3 3 Z< AT
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A3 ol dEEE 5 A9 QgE

Arginine 37} 2o]7} o] dF &kl w|X|= 93RS Sham
T Ovxar BollA] oAl Ajol= qlglem 2lo] Sham
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= FA7PAIR 73 sk et AdFEe] 17.0 g (B2 56.7
g/kgd) 02 Wil 3k el H|Ete] vk Hld] o] AL A
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Arginine 37} Ao} € F L skl vAe Y%=
2 A3 Shamv ¥ Ovxt BF 8 § Z¢ 55 A4
o) Yol AAAITE (7.2~13.0 mg/dL)" thZ A]o] A]
Ovx9 & ¥ Z4% Shamirel Hlgte] o080z
<0.05) Wt} 13y dAEAFANA txTe] 8 5 2
% %+ 10.1 + 0.3 mg/dLelg o argininevS 11.0
+ 0.4 mg/dLZ arginine 37} Aol&= &8 5 4fF 555
%9 Shamw?] &9 d F 24 ¥5 11.3 £ 0.4 mg/
dLg} vsgt 25 AT € F /19 e AY
- kel A1 Afol 7k vERA] ¢kgke 6.9 mg/dLell
A1 8.5 mg/dL, H= 5 4 5 (3.11~11.0 mg/dL)
Ylof] Z8HE]] 11" o]59] Tt At Aapel ™ &
AbstSitt.

Arginine 37} Aol7} & 5 Z WAl vAE Y=
E A3 Shamiv# Ovxit BS54 argininews thxT
of vlat] @ F Zg wjARko] o W AES Hlou
FAA ool §lgleh oA 4] A FAddA & F
Z+ v Eko] xRt 0.73 mg/day©] 1l arginine A7}
o] 0.39 mg/day® arginine 7}Aoldto] tjiZF~H Tt
T E (p<0.05) Wokth= ®asf ztel7h giek. o
gA & 5 2l WS foFo R W) flste] da
AAF= %71 FAell vlete] arginine?] H7F @] o
Q3] F5 A7F Qv

A F9E caseindlX FHUAZ giX|st= 5ol
Fhil Aol sh5-3t arginine 3% Y A 7)13E arginine 3

714017} (6.6 g arginine/kg diet) 2] & % arginine ¥ =0
A= G Lol At Shamv¥ Ovxa E5F argi-
nine? A7} Aolx= % arginine?] Fxo EAACE ¥
OJAQ1 AfolE YERA] Skttt o] A= % arginine
57} 65.3 £ 19.3 umol/LE Sprague-Dawley FE Tl
doR g 5 oohAks ST A el vl skl
S 9 ¥ % arginine®] ¥%% Choi 577 A7 56.2 1
mol/L 8} B3k, Lee 5779 A743 109.9 gmol/L K
s W2 skolt,

Arginine F71o]7} GAEAF A = G4 A 3ke] v
A= 535 E A3 arginine A7Rol-S tF+ Bt al-
kaline phosphatase (ALP) ¥57} %2 A3dS B3O
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[N

ocalcin
Al

= RS B Sham7 UM & arginine H7F Al

2 S B, OvxrHlolA & arginine 71 ¢Jgh
crosslink valueZ} -2]2Q1 xfo]7F ¢lglet. o] AL A
ToA 7 AE Y oE A7sllE o arginine©] &
Fat I A 3 casein 2]0] 7Fl crosslink value
Zol7t glvkar Bargk 219 arginines H7Fe Aol
crosslink valuet= #Fo]7} Qlgithal ®ast 219 9|
teh A AH MR arginine F7Hol= & @A A
Eo} = &3 AEel AR FEFS vIAA] St

¥ % PTHx ShamvWjolA thzrt 19.1 pg/ml, ar-
ginine A7k 23.4 pg/mL 183 OvxruolA oz
19.5 pg/mL, arginined7Hr 20.5 pg/mL= i 7t
oAl zlol= Il ¥% PTH w5+ 9% F7i9 &
Al F7¥rltha Hasilv 5 74 9 497 F
d-uﬂx]o] 012:1 .7:7}3 oI} Hﬁo 7 ]75-6‘1-7(] (hyperpa—
rathyroidism) & 7HAAA & A& FE2 o= ol
= 7 Aok Ajkeelth 28y A2 49 PTH
T2 oA ow ] ke I ol LA
)4l casein®l arginines 7kt 73 FEO AEy}

75
o}

T

fork tlorlr

& ztolof FehA ] opu Al 24 9] T AR
o] AL sh= AOE AlRH 1S A7t Qs
Y% calcitonin 53+ Sham7 ol tlZt24]0]9} ar-
ginine A7 5+ 47 3.12 pg/mLe} 3.03 pg/mL,
OvxaollA] thza 2lo] 9t arginine 20| 7247} 3.21
pg/mL, 3.53 pg/mLO.E w3tel] #2o#]1 zfo]= glolTh
o] A¥= Choi 5779 AollA 3 iAol A5 Al E5
calcitonin %ol 242l zto]7F ¢llvka Bask A}
AT EREL ke 34 S vX=d) arginine
o] e T HH A & T AH =22 s =
%L A7) FelA L arginine H7Ho] A3 ’\] R
AFs 220 FE7} arginine HA7kro] thxdol vlsle]
Aoz (p<0.05) EUTh? gk A T2 o]
St A G oAl A sEES 53 A7) o 3 Ay
ZUE7 S7HE RS trabecular bone EUH= cortical
bonedl ¥ ¥&S vty B R WAEAF
A arginine F7PF 8 F 4% 2Rk VA= a3
£ 2 Ay gz Aol arginine 7t Aol A%
322 557} 247} 0.18 pg/mLe 0.20 pg/mLE 794
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02 (p<0.05) ¥ AEgS B3t o] A= arginine
A7HAo] Al AR 2 Eh7 Skt A3 Tte)
22 A= Yehf9loh? Arginine©] somatostatin ¥-H]
AAANA 7 22| En7t Frhstkal B glo
I 713 diste] B3] e Aol Gink g%
22 Ay ST e /\121]7]"5“ Astel =4 A%
el Wele #o] ol FloE dyA gleu &
3] arginine< “3737] FoA e =22 ol JES
Zo] = PAo] S8 AoT WE I}

Insulin-like growth factor-1 (IGF-1)<& 34 #lgjo]=
A R} o] ola Aol TS d F IGF-
v FUEE 7280 Arginine H7HA
o7t d F lEd FAF AR IGE-1 skl A= &
I}= B Ay} Sham #+U9 IGF-1 HE+= arginine 37}
2lo] AF A w2 AIFS HIo AR A
- el 9] ARl Aol giok 9% IGF-I 53t IG-
FBP-3 (IGF-binding protein-3) 3} M4 Zsk-8 F-A]sk
=l w9 Faste] EthasEAtelA =E Adste] =
sl AME ddshe 934 ABEAE o8] 7}
Sk B SIStk 8% IGF-19) TR A 94

oA 2 Fs} ciE o] ZdEs} ¢k Aol Alslrkal B
WBATE 2 AFA el A o T 2] Fu|7F YAt
Shami*oll= arginine®] 3717} IGF-19] 557} ol A
IGF-19] #H]o|| o Asass Yepde Z10% Holu of
AzEEe] EnvE A9 gle A9 2 &3t slsleh
g daAAF o= IGF-19 FEof 98 v)X= ar-

}olv ) rulru

I L
O -1

4%

ginine /}j_ﬂa’ﬁo] o "odx 23 A7} eutEn)
i 49 cpggan 43 e ae w4

2 Jposd 53 0 T A ¥ d Eb BT 2a

7P % dAsith= 2 % st #9744 Bl
2AAFE Ao 7]7&01] upe} 578 9FA 2] =

UEg 543t o
nine & %‘QEOﬂ H]i]-‘:— =]
Aol mF 5FA HF %‘QE% =714 t;fjlaok% =
A3 A3 A% 2UEE Sham
A3 20wt izl viee]
el XPOM g9tk oA 4797) A Aol As
O % FHE= A)7|Q] 4% arginine®] 7}
Aol A ‘TEL‘QE o] §-o)Ael 2ol HolA ol_o].r/]_,_
T8y 198 e A9S
4 arginine®] 7} o] _ryL} W
SO 4o g (p<0.05) S7tst
A7 AR FelA Az B2 2
TollAd ARE-SE F%2] arginine 37}
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316 /Arginine 71} s

Aol A3 FUETL S7bEE AEE Helthe ®Hash o
A 3t3ict.”

Arginine 37}o] &% 534 UEF ZUEE 4
A3} Sham-o+E arginine0] & A3 Bk 71
3L GAEASE HollA 5 712 arginine 2°]E A A
7 725 o SUEst fHeR (p<0.05) ek o
& A7) A FAelA s Eie] Enprt A ¢
A71ell arginine 371015 653 AF A A5 tiE
FUE7E fFoAoRF =odtty Bustk A3 vt o
2}A arginine F7}F Aol o g E o] AN H AJEelA
HEEd e st avs B

WA 71z B Aol Aol =F 9FA | ar-
ginine F7Mol7} AT wX & &S & A HF=
Y%= Sham oAM= A {FoAQ1 zfo|7h glglet o]
AL 234 }7] A7 F2] 7%l arginine 20| A 65A
=z =7} thzsel] lste] arginine o] E9toLt:
97 2] q—ira“E o)A Ql Apol7} gigickar Bargk
23} O‘X]@*tﬂ 2 59 Sham9] ¢ He= A=
o] )7} o A|7]0|2Z arginined] B3} A E
Qrkar Bk A dAjget? g 2 ATteA Ovx
ToXE Ao AF & 9FH 2 HFZUEE arginine
o] FoHo R (p <0.05) EkoH uETHe Aol
574 Bt o] AA vEh 4714 <Q] arginine®] AHFH&
o st Ao® Yepst

Arginine 37} o7t oy =R w|x= adelA
Sham el argininew*o] 42222 (p<0.05) %3k
O|RE 477 R AfolE ATEEL EnlEe] YA
3 wF 9FAolE gEFUEF FFoZ (p<0.05) ¥
A dxgith webd gEEdEs HAFades @
P Az =20 |7t gAdst & arginine®] &7} Y
w zo| wet g3 gEA dEebseh H2 AqtellA Sp-
rague-Dawley EF oA arginineS AFAIZ B¢ (14 ¢
arginine/kg body weight) &2 #H] T7t2 4T
o7 i MR XY oAt FEe] S
Thal Basinh! Telal ARl A #HF 22
Hol S7kstiA 7k Hol=d) ‘?}3}0% g 24
HA7HA] = AA8] F7Fetthrt 1 W o] %2 784
o7 F7Ftths Hate] A8 2 Ao daEAH
oM HEFFUEE arginine 7o tlzel Hlste] 554
Hop 974 fo4Ql F7Hee] o Eto, diE s
T WA T 57 Hop 97l 1 F7FEo] Stof
AT =0 AgE el tiEFe] s RS A
AAZ)7] et B W2 arginine o] QTEEA F

5 A77F et

Mo ¢

rlo

ode] Al A FAEAFAA arginine T Toll
Hate] 3 9l s FUEs} HoHoz (p<0.05) &
of oJ =R u7t HE%t 49 arginine F7F 2o]

L FUE 2aAe feRe A,

L/\ﬂxﬂ-ﬂoﬂfﬂ arginine 47} Ao|7} AL nX|&

’C‘/
o

VX:LrL°ﬂ/\1 zﬂ? 7V
8 T ghell 8241 Aol 7k Uit

2) Ovxwreld 8 & Z+9] %+ argininewo] oz
| FIHo2 (p<0.05) =9k

3) 74 WA argininewo] Y&
AR S slslth

4) % opn|iAl IF ALP, osteocalcin 5+ argi-
nine 7kl wet F9]4Q1 xto]7h $ISiTh

) & % A% DPD crosslinks valuet: A8

off 942l Apol= AT

6) & % PTH, calcitonin, IGF-1
o wet oAl Afol7h §lslt

7) GRAARANA AT =R
ol fFelHo R (p<0.05) ¥k

8) OvxTolA arginine< tjzTel Blgt] 23 =4
To gE ot Ao wF 559 974 B
gAo2 (p<0.05) =%

AZA O Z WAHAFAANA arginine F7Hol= A
280 s S7RZ HF W dE ke ot

Zo% yeht Uk 74 A o] frofed ZloR Alr .

4o A, Aol EEe A

=,

A% ngon

!
e

w5+ arginine 7}
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m A =
2 AFE §81Y caseing w38 A DL F4
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