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The Effects of Manganese Supplementation on Bone Status and Calcium Balance
in Ovariectomized Rats according to the Calcium Intake Levels”
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ABSTRACT

The purpose of this study was to investigate the effect of manganese (Mn) supplementation on bone status and
calcium balance in ovariectomized rats according to the calcium intake levels. Total of 50 Sprague Dawley female rats
(6 weeks) were divided into 5 groups and bred for 12 weeks: sham operated control group (SACa), OVX Ca defici-
ency group (OLCa) with Ca deficiency diet (0.1% Ca modified AIN-93N diet), OVX Ca deficiency & Mn supple-
ment group (OLCaMn), OVX adequate Ca group (OACa; 0.5% Ca AIN-93N diet) and OVX adequate Ca & Mn
supplement group (OACaMn). BMD (bone mineral density) of the femur was increased by Mn supplementation in
OVX adequate Ca group. However, BMDs of spine, femur and tibia were lowered in OLCa compared to the OLCaMn
group. Bone strength of tibia in OLCaMn group was significantly lower than OLCa group. Serum ALP (alkaline phos-
phatase) and CTx (C-telopeptide of collagen cross-links) levels were significantly higher in ovariectomized rats than
those in the sham group, but they were not changed by Mn supplementation. Ca retention rate and Ca absorption rate
did not differ among the experimental groups. Urinary Ca excretion was increased by Mn supplementation in Ca
deficiency rats. In summary, Mn supplementation resulted in positive effects on bone mineral density ovariectomized
rats with which intake adequate Ca. However, Mn supplementation on Ca deficiency ovariectomized rats resulted in
decrement of BMD and bone strength by increasing Ca excretion. Therefore, it is encouraged to consider calcium in-
take levels in supplementation of manganese in order to prevent postmenopausal osteoporosis and to keep bone healthy.
(Korean J Nutr 2008; 41(3): 206~215)

KEY WORDS : manganese supplementation, bone mineral density, bone strength, calcium balance, ovariectomy.
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A )& 2Elste] Rt BE Aolg 1257 F
&% U5 SR 8% 29, 2477) §9 24
3T

e
Apelsh 24 B9 B FUAHES s,

AHFELS 6539 Sprague Dawleyd ¢4 34 (2
A, A7NE o8t o, 50viE]9) AEEFES 99
AP 10ty 5702 Vreleh Zhed Aol w
g dof 93 47 dAadEA $£4S 3 T 25EY
2lo] (OLCa; dFA8AAZED), 2544 40] (0OACa; &
LAY ZET), ZE 293 P 2FAe] (OL CaMn;
GAEAA IR ET), De B W B2E (0A
CaMn;, HAZARNAAZEFINREST) 9] Aoz, U
A 172 PZEFO2A sham-operation (BZAD) S A
Algt T AR 2lo| 7 127 AHSagich

A3 o9} o= Afa o Folsidinh AL
S W AP AR BE 7|FEL 77129 298 1A
3}7] $15}e] EDTA (ethylene diamine tetraacetic acid)
Lol AU Afolls Aard o] 24417 oA &
APt 2ol 52 3 ol AlFsla Az 5718 Al
A% ok ARGSISITE AR Be &% 24 £ 2T,
FEE 60 £ 5%% FASHIIL, WS 1243 F7]2
Y. AAols FAMol24 2AHE AIN-93Y S
Faz sio, w43 Table 17 2t} Ag2jo] =
A T 718 vl A Ho] AR F 3.5%% 1%7F
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Table 1. Formulation of experimental diets (g/kg diet)
Experimental group LCa” LCoMn ACa ACaMn
Corn starch 465.692 465.692 465.692 465.692
Caosein 140 140 140 140
Dextrinized cornstarch 155 155 155 155
Sucrose 97.51 97.312 100 99.802
Soybean oil” 40 40 40 40
Fiber 50 50 50 50
Mineral mixture - - 35 35
Mineral mixture 35 35 - -
(Cafree)
Vitamin mixture 10.000 10.000 10.000 10.000
L-Cystine 1.800 1.800 1.800 1.800
Choline bitartrate 2.500 2.500 2.500 2.500
Tert-butylhydroquinone  0.008 0.008 0.008 0.008
Calcium carbonate 2.490 2.490 - -
Manganous carbonate - 0.198 - 0.198

1) LCa: low Ca - adequate Mn diet; 0.1% Ca, 0.001% Mn, LC-
AMnN: low Ca - supplement Mn diet; 0.1% Ca, 0.01% Mn, ACa:
adequate Ca - adequate Mn diet; 0.5% Ca, 0.001% Mn, Aca-
Mn: adequate Ca - supplement Mn diet: 0.5% Ca, 0.01% Mn
2) Butylated hydroxytoluene as antfioxidant was added 0.0125%/
kg diet

zh skt 18l 1253 AR
12A17H8 Z2)A17]aL ethyl ether® w}FA)71 &
Erlsdela Ag AFHs] 1A1R A% LAE 3 3,000
rpmeA 2087 AAREAA HE Lo AR
=70CelA ‘@EE" 3}3‘%‘:} T3 2F (spine) 9} Q8%
EF (femur) @ FF (tibia) 2 AFH3] A4z
Aol dl & —20°C°ﬂ’\1 WA

ESETY

FU%, R4 8 9 SUde 255 8 o2
% =T, B3 9 8F 2~5¥) RIS AR w
A 85T FxeIA A HANA 229 AzxAS A}
0}3\_9_11],”)

T

DEXA (dual energy x-ray absorptiometry)
HE olg3l FEHASETUE F47] (PIXImus 2.0, LU-
NAR, USA) &2 25 tig¥, A
ak UJ 3'—1:::]14_ __751—].03\;]. u =, —-—1?_7];‘5__] 61—& U] =
A £74¢] CV (coefficients of variation)+ 15v}2]9]
T, HEY 9 AEE 2~3Y 71407 3 4% A7)
2¥z7y 0.10%, 0.05%, 0.10% % Jebdth 22 2o 3
7 3 mm2| €3o] {249 Universal testing machine
(CR-100D, Sun Scientific Co., Japan)< ©)&&}] three-
point bending ¥ o2 =439t}

E-2 &2 o] (length), Yol (width) @ Zo]
(depth) &= WU} a3 (Vernier caliper, Mitutoyo, Ja-

THE, 5714 &

oz
2

pan)a 01%6}01 0.01 mm FF7H] 335t ol
head o]-_,] ;HJHJ,} uh:]. =) H _7_—1_ 1: 7]_4

72?%77}?4 ?7@ stglon, yolsgh Zol2E 17}4 =4 5
oA £9= (mediolateral) ¥ AEH3F (anteroposte-
rior)& EAsAL?

g3 dZeel L ATEOR (alkaline phosphatase; ALP)
T &ZeRl AgEllA £4E kit (Boeringer Mann-
heim, Germany)E ARl AFsA3}sHEA17] (HITA-
CHI 747, Japan) 2 £43199c}. €3 & CTx (C-telopep-
rat A4 CTx &%4 kit
(Nordic Bioscience Diagnostics, Denmark) & ©]-&3}}
ow 83 OPG (osteoporotegerin) & rat A& osteo-
porotegerin ELISA kit (Biomedica, Germany) & A
3lo] ELISA (Sunrise, Eecan, Australia) 2 £4s5th
g3 Zh5e Z5o] OCPC (O-Cresolphthalein complex-
one) 9 &ze]| LMok BapAe] gftEo] FAsh=
22 7)2 02 kit (Daiichi pure chemicals, Tokyo, Ja-
pan) & o]&ato} A5 A3sHEA7] (HITACHI 747, Ja-
pan) & 733tk

iy} AW-E Microwave digestion system (Ethos
touch control, Milestone Inc., Italy) 2.3 #-33le] 73!
S WE F ICP (Vista-PRO, Varian, Australia) € ©]-&3}
o 2o AtAS AXEIRT Zee A% 2aE,
2SS 2w AAEHY SAS iy AW T RS
ol gato] th32] Ao oA A=sgith

2w A% (ng = 2+ A4F5% (mg) - ¥
2o 7o) 7y vl (mg)

Zed B4& (@) = {[ZF 359% (mg) — ¥z &
Ho g0l ey ujdE (me)]/Z2+ AF%F (mg) X 100}

ZE9 23 (%) = {[(ZF AF%F (mg — U=
o] Zg WldE (mg) /2% AFAZ (mg) X 100}

i
£ AFE 53 o BE HI= SAS program (ver.
9.1)& olgste] Had BFHAE :rLOh_ 19wl &
EAE BIglem, Fo)d o] vEls W 4 i A
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= Table 29} Zth o] AMFHFL Fan|d4 A
o] BAEATRY oAl B9k, GAEAE o)
M ATl AdEeTRY f9Aog A eRgel
(p<0.00D). 27] AFL 20l F38 z1o)
UAT, HAF AT dagATo] AR 1)
gHoR A Vet (p < 0.001). AFE SV Hoi

oM dAEA ] AT HlE) folHoz =
Al et} (p<0.001, p<0.001).
SHYH

APFES] FUT, I = 29 9 235
st A= Table 3% 2tk 9% dEHE 9 AT =
UEE GaZAFo] Azt v 25 Weka,

FREARE WelMe A Zadol Adarel v f2
Aoz #7 vekstt (p <0.001, p<0.001, p <0.001).
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Table 2. Feed and manganese intake, body weight gain and feed
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(p <0.05). 25} diH

THHE I 7T Aol E HolA] gttt

o] 7 dE el ABE FAS AolE B

A skt 1y Ao daEAAgE o)A F

el vlste] foHoR 2Lt Wekon], dad
AT WellMs 91 REA] f3] 37

a7t ekt (p<0.00D).
AATY 24 1o U BIR= Table 49} 2t o

efficiency ratio (FER) of experimental rats

Sham Ovx-Lca” Ovx-LCaMn Ovx-ACa Ovx-ACaMn  Significance
Feed intake (g/day) 2020 £ 0437 1779 £ 044° 1732+ 026° 1813 + 021% 18.46 = 054° p<0.001
Inifial weight () 229.52 + 14.37 229.75 £ 22,04 23407 + 2239 228.60 + 20.16 229.15 + 17.64 NS
Final weight (g) 32882 = 36.28°  405.52 + 43.82° 386.60 + 31.71° 389.55 * 47.34° 393.60 *+ 21.77° p<0.00]
Body weight gain (g/wk) 752 + 232° 1412 £ 3.57° 11.52 + 2.84° 1291 = 368 1297 = 229° p<0.00]
FER 0.05 + 0.02° 011 £ 003 010£ 002° 010 003° 010 002° p<0.001

1) See footnote of Table |
2) Mean = standard deviation

3) Values with different superscripts within a row are significantly different at

4) Not significant

Table 3. Bone status of rats

a =0.05 as determined by Duncan's multiple range test

Sham Ovx-LCa” Ovx-LCaMn Ovx-ACa Ovx-ACaMn Significance

BMD"”

Spine (mg/cm®) 190.17 £ 11.36"% 16795 + 1108 15795 & 923 17529 + 1320° 17124 + 15.15° p<0.001
Femur (mg/cm®) 20587 = 1585° 18421 + 11.59° 18080 = 9.71°  190.06 = 13.25% 19561 = 10.23° p < 0.001
Tibia (mg/cm?®) 17622 £ 12747 16020 £ 994 15156 + 1295 16300 = 6.33° 16249 + 577° p<0.001
BMC?

Spine (mg) 53375 £ 7596"  446.46 + 70.67° 47036 * 80.64° 527.82 + 66.68° 49525 + 60.28%° p<0.05
Femur (mg) 454.44 + 64.75 40875 £ 41.37 41790 + 4406  428.11 + 4606 451.50 * 50.52 (NN
Tibia (mg) 358.70 + 28.52 33820 £ 2039 321.56 * 4693  344.44 + 24.52 350.36 + 13.82 NS
Area

Spine (cm?) 270 + 039 266 = 0.40 297 = 0.41 303+ 041 289+ 018 NS
Femur (cm?) 220+ 016 222+ 017 231+ 0.4 225+ 0.16 230+ 018 NS
Tibia (cm?) 204+ 012 212+ 0.15 211 = 0.15 211+ 011 216+ 009 NS
Bone strength

Femur (kg) 1171 = 0.89 11.78 = 0.4 1213 £ 0.70 11.45 + 0.54 1207 = 090 NS
Tibia (kg) 1050 + 099° 995+ 0.41° 909 = 041° 1064 + 0.26° 1079 = 0.24° p<0.001

1) Bone mineral density

2) Bone mineral content

3) See footnote of Table 1

4) Mean = standard deviation

5) Valves with different superscripts within a row are significantly different at @ = 0.05 as determined by Duncan's multiple range test

6) Not significant
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gy As N SRR

g3 Ze 9 IuAREe| dig Fak= Table 58
ok ¥R 24 dadEATo] vEAT vs folshl
A Yebstth (p <0.001). 8% ALPE WAvdA|Fol v
AAREo) Hl3 f9¥ ez =A veElted (p<0.00D), 8
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Table 4. Bone length, width and depth of rats

B3t} (p<0.001).

% OPGY dadAlze] izl vl FostA =
A vebT (p<0.01).

38 ¥3

e Bl st A= Table 67 2t} difoz9
Z RS e B daEARe] AddiETel
Hlal] FrelatAl @A vEebt e, dadAl Az Aolite]
GAadA] AgzgAolTel Hsl FoHoR w2 AdE
B3t (p<0.001, p<0.001). B3t 29 F Zg wWjdF
& Az Lol dAaMEA T Bla FsHA =A ek
o, dadATedMe AZagTel ARZdETl v
ooz v oW F 2w RS BAT (p <0.00D).

Sham Ovx-Lca"” Ovx-LCaMn Ovx-ACa Ovx-ACaoMn  Significance
Femur
Length (mm) 36.07 + 0.77° 3695 + 1.45 36.13 + 0.71 36.46 + 0.58 37.24 + 0.69 NS
Width (mm) 392 + 0.19 402 + 0.03 406 + 0.18 404 + 030 410 = 0.16 NS
Depth (mm) 3.02 + 0.38 332 +0.14 301 + 0.45 330 + 0.15 3.32 + 003 NS
Tibia
Length (mm) 40.56 + 1.01 41.47 £1.10 41.46 + 1.08 4132 £ 078 41.67 *+ 0.56 NS
Width (mm) 3.52 + 0.20 376 + 033 370 = 0.15 3.65 + 0.29 3.61 £ 0.26 NS
Depth (mm) 238 + 006 244 + 0.20 241 *+ 0.20 2.45 £ 0.11 237 £ 013 NS
1) See footnote of Table 1
2) Mean = standard deviation
3) Not significant
Table 5. Serum parameters of bone turnover
Sham Ovx-Lca® Ovx-LCaMn Ovx-ACa Ovx-ACaMn  Significance
ALP” 85.88 + 31.80°° 137.50 £ 2897°  143.463 + 21.67° 137.00 £ 29.10° 127.11 £ 23.20° p < 0.001
c 2883 + 525° 46.46 + 14.28° 5309 + 8.66° 2219 = 9.57° 2791 = 532° p<0.001
OPG” 31.42 + 11.68° 3898 + 10.17*° 47.10 = 18.41° 50.63 + 10.11° 4833+ 9.2¢° p<0.01
Serum Ca (mg/dl)  11.01 = 047"” 1003 + 0.42° 1017 = 0.29° 1008 = 0.47° 1008 + 0.48° p < 0.001

1) Alkaline phosphatase

2) C-telopeptide of collagen cross-inks
3) Osteoporotegerin

4) See footnote of Table 1

5) Mean =+ standard deviation

6) Values with different superscripts within a row are significantly different at ¢ = 0.05 as determined by Duncan's multiple range test

Table 6. Calcium balance of rats

Sham Ovx-Lca” Ovx-LCaMn Ovx-ACa Ovx-ACaMn  Significance
Calciumintoke (mg/day) 10097 = 218" 1779 + 0.44° 1732 + 026° 9043+ 1.07° 9228 = 270° p<0.001
Fecal Ca (mg/day) 38.12 + 12.84° 547 + 1.42° 460 + 1.86° 3282 + 1395 2580 + 9.47° p <0.001
Urinary Ca (mg/day) 077 =+ 0.15° 0.16 + 0.10¢ 030 + 011 036 + 030 049 + 025  p<0.001
Carefention (mg/day) 62.08 = 14.39° 1216 £ 1.38° 1242+ 178 5744 +1330° 6597 + 9.44°  p<0.00]
Ca retention rate (%) 61.31 1326 6837 £7.62 7183+ 1103  63.46 + 1496 71.51 = 10.29 NS®
Ca absorption (%) 6207 = 1321 6927 £ 794 7352+ 1046 6386 + 1511 72.04 + 1036 NS

1) See footnote of Table 1
2) Mean = standard deviation

3) Values with different superscripts within a row are significantly different at @ = 0.05 as determined by Duncan's mulliple range test

4) Noft significant
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