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Effects of a Low Calcium Diet and Oxalate Intake on Calcium Deposits
in Soft Tissues and Bone Metabolism in Ovariectomized Rats*

Lee, Mi-Rin - Park, Mi-Na - Mun, Ji-Young - Lee, Yeon-Sook’

Department of Food and Nutrition/Research Institute of Hum

an Ecology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

It is controversial whether low calcium intake, commonly associated with osteoporosis, results in calcium accumula-
tion in soft tissues. This study was conducted to investigate the effects of low calcium (Ca) and oxalate (ox) intake on
soft-tissue Ca deposits and bone metabolism in ovariectomized (ovx) rats. Eight week old female Sprague-Dawley rats
were ovariectomized and divided into four groups. The rats were fed experimental diets containing low (0.1%, w/w) or

normal (0.5%, w/w) Ca with or without sodium oxalate (1%,

w/w); Sham/NCa, Ovx/NCa, Ovx/LCa, Ovx/NCa-ox, Ovx/

LCa-ox for 6 weeks. All ovx rats showed a remarkable increase in body and tissue weight, glutamic oxaloacetic trans-

aminase, glutamic pyruvic transaminase, blood urea nitrog

en, alkaline phosphatase, and decreases in weight, ash, and

Ca contents, as well as bone breaking force compared to those in sham rats. Serum Ca concentration was not significant-
ly affected by dietary Ca levels or ox intake. Kidney Ca, ox acid content, and microscopic Ca deposition increased re-
markably in the Ovx/LCa-ox group compared to those in the other groups. Ca content in the spleen and aorta also in-
creased significantly, but the weight contents, Ca, bone breaking force, and Ca and oxalic acid in feces decreased

significantly in the Ovx/LCa-ox group. Serum parathyroid

hormone levels were not significantly different among the

groups. These results indicate that low Ca intake decreased bone mineral content and increased Ca deposits in soft tissues,
which was aggravated by ox intake in ovx rats. Thus, high ox intake may result in a kidney disorder in patients with os-

teoporosis who eat a low Ca diet. (Korean J Nutr 2011; 44(2)

101 ~ 111)

KEY WORDS: soft tissue Ca deposit, Low Ca intake, oxalate intake, ovariectomy, calcification.
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1 AP 5 EAYTE Y 1\} ZLof| A
zo] 2zt 489 A YL ALrhet
o FEAESE Y (Institutional Animal Care and
Use Committee; IACUC) %-¢1-& Wl ﬂ'ﬂoﬂ we}
ot AFEELS olzelzt A2 A7l I 828 (% 200~
205 g)¥ w, FaEA s sham—?%—% AT T
ARSI AR gSE5E A Aolof w4t

O 2 o] 7y g uke] QloluiR] Al7|aL, 2zt At
% 4lo] (Normal Ca; Ovx/NCa), Az Alo] (Low Ca;
Ovx/LCa), AAzat 441 4lo] (Normal Ca & sodium
oxalate; Ovx/NCa-ox), Azt 5=A4F Alo] (Low Ca &
sodium oxalate; Ovx/LCa-ox)E 657F FoA T
Sham+& G2 E gk A3t Y #A9| =&
AAEE & Az Ao (Sham/NCa)E Fofste] A4
Z+- (control) 2.2 Ut} 65 Fof BE 49 FEES

=232

o

+ =9 (ad libitum)2-

L AEEEES T U}EVQ —Ev—ﬂ e A

o =519}

SlHe 2% 22+20 AEE 66 + 5%
2> F7] (70 00~9 : 00)= 24

N-93M x%zﬂ/\lo] ZAL w5
ol wet 4711 F5

9 Alo|& wh=o] uljg ]%'—'5}93\‘:} e A3l ol ot
A AA Aol 0.5% (w/w), AL+ Kim
53} Choi 59 9'1;%1724% AR 3lo] 0.1% (w/w)S §H
Foles ARSFATE A4 A4S David 59 A2
5 AR o] #ﬂ"/]'E% (sodium oxalate)= A
HYo 2 ALY A ERS A1A4 wd Ul St
ks SA5Y] R FEAT AloloA 7HE Hol o] 85
20 Faai) ol84E st HHyor o|gy
I giek duElAES FelA A 2 Al 9%
A gl o] YR ¢k 1% (w/w)E A 37 4=
O R Aokl o]F AEE (A or Aol whet Alxst
%At (Table 1). 4lo] & v]e}

T G990 2= AIN-93 vitamin
Ltd., Gwacheon, Korea)d}¢
= Algt &ehES AIN-93M-

stion, 4+ gdos

mixtures 79 (G-bio Co,
AT F1ES A
MX 243} ZA 2A5k AHE
CaCos 5 AHE-3F3ITh

Nz 23

AY 2Fdo AEFES UAITE A 3 0.1%
7oletil (Virbac, Carros, France)= A= 100 g 0.04
mL¥ 2% ) FApso] 1A ) ARE AFielsich
N2 Aol sk om, 4ToAA 2~3A1ZE WA &
3,000 rpmof|A 2027t el sho] BHS Eelshitt,
o] A2 A A7HA] —80TollA Ws Haksteley, o A
2 % 7k A, o, hEulS A3sio] 7lo] kol 9)

O
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Table 1. Composition of the experimental diets (g/kg diet)
Diet composition (g/kg) NCa LCa NCa-ox LCa-Ox
Ca 0.5% Ca0.1% Ca 0.5% Ca0.1%
Cornstarch 608.20 618.20 598.19 608.19
Protein (casein) 140.00 140.00 140.00 140.00
Sucrose 100.00 100.00 100.00 100.00
Soybean ol 40.00 40.00 40.00 40.00
Fiber (a-cellulose) 50.00 50.00 50.00 50.00
Vit. mix (AIN-93)" 10.00 10.00 10.00 10.00
Min. mix (Ca free)” 35.00 35.00 35.00 35.00
CaCo;, 12.50 2.50 12.50 2.50
Sodium oxalate” 10.00 10.00
L-Cystine 1.80 1.80 1.80 1.80
Choline bitartrate 2.50 2.50 2.50 2.50
Tert-butylhydroquinone 0.01 0.01 0.01 0.01
1000.0 1000.0 1000.0 1000.0

1) AIN-93 vitamin mixture 2) AIN-93M mineral mixture (Ca free): Cornstarch was substituted for Ca in mineral mixture  3)1% sodi-

um oxalate (w/w diet): KAN S0800, Japan

< Aolu 258 7i3to] AlAskL AEAHS (0.9%
Lz

NaCl)ell 221 2 A&sto] ojux|= £7] A|Agh
z20] FAE S5t 4 QQJ‘-HL 85 (L2~LH)E
A& & 25, A, W 5 —EFZ' = WF AARE oh,
FAE &40 B A T8 A 4970 i g3
Azl S =48kl em, Ee% AARE 7 &= A
I Y= AZx (Freeze-drier, Labconco, Kansas, USA)s}
A} HE AlEe A A7) 80Tl WE Hastelch
NE 2

&4 7<%+ 9 alkaline phosphatase (ALP) &A1} 7+
7% A3 [glutamate oxalacetate transferase (GOT),
glutamate pyruvate transferase (GPT)] ¥ A1%&7|%
A3 [blood urea nitrogen (BUN), creatinine (Cre), uric
acid (UA)] 48 dH 252 A7] (fully automated
dry chemistry system: SPOTCHEM, Daiichi Kagaku
Co., Kyoto, Japan)& ©|-&3te] 43513t} @4 ¢l 5%
£ SejEd Aare) Ye)PE o] 43t A kit (BCS
Inorganic Phosphorus kit, Bio Clinical System, Any-
ang, Korea)S AF8-5}9] 650 nmollA4] spectrophotometer
(Beckman DU-530, Life Science UV/Vis, Fullerton,
California, USA)E v|A A5t T4 o AEZ 79
2740 dAFZ2A AYS 0|83} rat estrogen (E) EL-
ISA kit (Cusabio Biotech, Wuhan, China), &% S04+
A 322 (Parathyroid Hormone: PTH) H& "= rat
intact Parathyroid Hormone (PTH) ELISA Kit (Uscn

life Science and Technology Co., MO, USA)<& ©]-&3}o]
Z¥Z} microplate reader (Bio-Rad, Hercules, CA, USA)
450 nmollA ZA3Hc

g Fu), W 24 @52, 25D
9 5o] Bt _1;7]@%% SA517] sl A= FHslod
3|glsldct, &, 550~600C 4 sla}2ol A oF 9A|7F Eot
S|SAIZ] k2, AEA ZARRN (65% HNO,)S Eol At
sakge AH B st sleke B 6 N
HClol| g-3ligh &, 0.2% LaCl,- HOZ 3]4ato] U353
Al (Atomic Absorption Spectrophotometer, 210 VGP,
Buck Scientific, Inc., California, USA)E ©]-83}¢] Ca
S 4227 nmoA ESAsFGEY BEMof| A3 nE =z}
71 10% HCL 0ol 124121 o4 Bilel 37 555

2 A|Hsto] Az F AT,

ol ZE 57
ElZ ghte (breaking force) ¥ 253F2] HTE
(flexural strength)+ materials-testing machine (Zwick
7010;. Zwick GmbH, Ulm, Germany)< ©|-83}o] =4
S 2AZAL 315E4% 1 mm/min, A7 E= 13.89
mmo 2 1AEI] mo] Z=A] Holoj| A A A5G

Ao Welst A

e 2AS S 9fstel SBE AFE 10% FHY
% 2] 307 F85] WA The, Al 24

o

2] B7gE AA grepd 2017] (Reichert-Jung)E ©]&-
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of Zuljslct, Zufel A nfo]|ARECR 4 um= gt
A3t 3 Hematoxylin & Eosin (H&E) GAS AA|510]
gstan|gstol| A WexAeha wigts PAsodct” st
Anl7 200uHol A A4 A Aol et S Akl
%, 24 2 RlEe] uheh SApER 35E skl 24
o] 2~57l T & ok (mild) 2, 6~871E 2% (mod-

erate), 11~31712 A3} (severe) &2 ko] JLE3}SIT)

AT 5o 4k 54

& Al 22 AA ko] 2 N HCI2 41°9] homogenizer
(DAIHAN scientific Co., Ltd, Seoul, Korea)E& ©|-&3}
o] #33} 3 3 thA] 2 N HCIS o] waterbath (DAI-
HAN scientific Co., Ltd, Seoul, Korea) 604 30&
7t shaking sttt Al@T-E Aol A% o5 S o
2] (Whatman No, 41)& ©]&3dto] 12} oJZAFIL o]
o1& 0.45 um membrane filter (Supor membrane low-
protein-binding non-pyrogenic filter, PALL, Life
Sciences)& ©]-§5te] HPLCE RAsE” #& 54
A% & F43} 3 B dARF Hoto], A% oA
Aejel st W o s SAYch Ak TS A
ZFA& (oxalic acid dihydrate, SHOWA, Japan)? re-
tention timeY} v|Wslo] & kS L5kt HPLCY
A 2742 0,01 N H,S0,5 S92 3}aL, Aminex HPX-
87H ion exclusion column< ©]-&3to] UV detector=
210 nmol|A =338t}

SAEA

AF o] Aut= SPSS 17.0 (Statistical Package for So-
cial Sciences, SPSS Inc,, Chicago, 1L, USA) L& 132
o] g5t SAAE sttt HE A= B 203t
(mean * SE)& Yepoitt A 7He] #9442 ANO-
VA test & p<0.05 £%°l|4 Duncan’s multiple range
testol] oJalf HEsElom o] Z 9 ofe] S| A

TA = Pearson’s correlation coefficients ©]-83}o]
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Ovx)9] AELS Hit 205 gO & 5214 2jol7} gIglot A

227188 Shamato] H]3] OvxatolA] Gozoz =7
UERET. Ovxatoll Al Ao] Z< 4==of oJjt A5 Alo]

= glglott A AHTOA 4k Wbl ola) Aol
feldo giagiel, Ao] HH%S Shamzol H3) Ovx
2o] folHom Zrhsg oL, Ovxtold 24 A7 5
off mE felzel Aol gielm kel HAAR ols) Alo]

MFFo| etk

gy 28 A 29 5k

@go] 243} 2lo] I Table 30 AABHT, B4
24 FEE APT 0 5H ol glglont B 91
L 02 250 Hl3) Ovx/LCa-oxie] Fo40 &
A vhebstet

golo| pyoft A|E I 22E 5

7+ 7% A& (GOT, GPT)9} A1%7]% & (BUN, Cre,
UA)S] ¥, B4 ALP B4, 8% o AE24 9 PTH
%2 Table 390 AAIBIct Bele] Asfer A # = Sham
of ula OvxiZeld Z7HSI9L, Ovxold 4424 A
Fact AR AAZANN S715Heh 58, Ova/LOa-
oxi-& Sham3o] Hl3) BE A8k} A\E7} folmom F
7Felal Ovx/NCaw-d} Ovx/NCa-oxw-2t} GOT, GPT,
BUN, UARHE 2 @3 ALPEHo] Soldo.s Z7hslact
8% o|AER7 B Shamo] Ha) Ovxto] $o)4
O VGkm Ovx 7] Aolt= glglont A4 24 44
ol ujsh A 24 HHPol FHeHe AFL Bt @

=
=2 0

Table 2. Body weight, weight gain and food intake of the rats fed experimental diets

Group Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day)
Sham/NCa 203.1 + 8.6 2748 +7.1% 1.5+0.2° 16.6 +0.4°
Ovx/NCa 205.6 + 4.4 336.6 +9.6° 2.5+0.2% 20.0 £ 0.7°
Ovx/NCa-ox 204.9 +2.9 331.3+9.1% 2.7 +0.2° 18.9 0.6
Ovx/LCa 2060+ 1.9 349.4 +3.2° 2.9+0.1° 208+ 1.1°
Ovx/LCa-ox 205.0 + 2.9 307.9 +10.1° 2.1+0.2° 17.7 £0.4%

1) Values are mean =+ SE of 7 rats per group  2) NS: not significantly different among groups 3) Values with the different letters in
the same column are significantly different at (p < 0.05) by Duncan’s multiple range test

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet
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Table 4. Weight, breaking force, ash and Ca contents in bone of the rats fed experimental diets

Femur® Lumbar®
Group Weight Ash (mg/g Ca(mg/g Breaking Weight Ash (mg/g Ca(mg/g  Flexural
(mg/100 g B.W.)  wetwt) wetwt)  force (kg) (mg/100 g B.W.)  wetwt) wet wt)  strength (kg)
Sham/NCa 3045+ 1.8 441.0+3.0° 111.3+£0.8° 12.6+0.7° 490.4+15.0°  300.1 +6.6° 88.6+29° 19.1+1.0°
Ovx/NCa 259.3+12.1° 4282+ 42° 1041 +1.4° 125+0.3° 4153+ 23"  2755+2.6° 845+1.1° 156+1.0°
Ovx/NCa-ox 2488+ 4.4° 410.3+3.4° 99.8+1.3° 11.1+£0.5° 4309+ 83° 247.5+43° 756+1.1° 132+0.¢°
Ovx/LCa 243.1 £ 39% 3947+ 64° 925+23° 11.1+0.3° 3925+ 9.5  239.7+51° 71.1£25 128+0.7°
Ovx/LCa-ox  227.4+ 5.0° 282.8+5.7° 70.3+21° 6.1+04° 408.9 + 10.2* 149.7 £2.2° 46.1 +0.9° 7.1+02°

1) Values are mean =+ SE of 7 rats per group  2) Values with the different letters in the same column are significantly different at (p
<0.05) by Duncan's multiple range test

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet

#. Average values of femurs

t: Lumbar No.2—-5

Table 5. Weight and Ca contents of liver, spleen and aorta in rats fed experimental diets

Group Liver Spleen Aorta
Wt (/100 g B.W.) Ca (ug/g wet wt) Wt (g/100 g BW.)  Ca (ug/gwetwt)  Ca (ug/g wet wt)
Sham/NCa 2.86 +0.07"" 91.24 + 8,62 0.19 £0.01° 80.92+ 2.39° 170.10 + 21.81°
Ovx/NCa 2.74 £0.23 105.15 + 5.00° 0.18 £0.01° 7917 £ 6.71° 395.49 + 36.19°
Ovx/NCa-ox 2.48 + 0.09 84.06 +3.91° 0.18 £0.01° 84.85+ 4.48° 205.08 + 30.94°
Ovx/LCa 2.76 £0.12 78.35+2.15° 0.19 +£0.01° 82.51 +11.20° 819.71 £11.31°
Ovx/LCa-ox 2.58 £ 0.06 95.44 + 5.58> 0.27 +0.02° 119.46 + 2.54° 627.70 + 57.89°

1) Values are mean = SE of 7 rats per group  2) NS: not significantly different among groups  3) Values with the different letters in
the same column are significantly different at (p <0.05) by Duncan’s multiple range test

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet

Table 6. Weight, Ca and total oxalic acid contents of kidney in rats fed experimental diets

Weight* Ca* Total oxalic acid?
Group
Sham/NCa 0.31 +0.01°" 49.23 +2.84° ND ND
Ovx/NCa 0.27 £ 0.01° 50.07 + 2.68° ND ND
Ovx/NCa-ox 0.27 £0.01° 63.10 = 3.22° ND ND
Ovx/LCa 0.27 +0.00° 50.23 + 11.49° ND ND
Ovx/LCa-ox 0.42 +0.03° 3913.90 + 386.00" 2.06 +0.29° 1.71 £0.18°

1) Values are mean + SE of 7 rats per group  2) Values with the different letters in the same column are significantly different at (p
<0.05) by Duncan's multiple range test

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet. ND: not detected

*. Average wet weight of kidneys

t: Left kidney
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Fig. 1. Microscopic finding of calci-
um deposition in kidney of sham
and ovariectomized rats fed ex-
perimental diets for 6 weeks H & E,
%200 [A: None (control). B: Mild Ca
deposits. C: Moderate Ca deposits.
D: Severe Ca deposits], arrow rep-
resent mineralization in kidney tis- G
sue.

Table 7. Mineralization in kidney" of ovariectomized rats fed experimental diets N (%)
Ca depositions
Group -

None Mild Moderate Severe
Sham/NCa (n = 6) 3(50) 2(33) 1(17) 0(0
Ovx/NCa (n=7) 3(43) 2 (29) 1(14) 1(14)
Ovx/NCa-ox (n = 7) 3(43) 1(14) 2 (29) 1(14)
Ovx/LCa (n=7) 1(14) 2 (29) 3(43) 1(14)
Ovx/LCa-ox (n = 7) 0(0) 1(14) 1(14) 5(72)

1) Right kidney

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet, Mineralization grade (count):
None(0), Mild (2—-5), Moderate (6—8), Severe (11-31)

p<0.05: 1=0,613, p<0,05)% Lrepch gHoz Fstel AFol Ftehe AR AREY, T4
M3 470 AFF7 I TN GRS W of7lo] Hol
1 0= 2 Sk, S48 SR A T A et AT

AF 271 2 A0S Shamel vl Ovel  Ué AT A 06 HR2e AFE} FOHol
A goldom Zrhstct ole] Aol dABAIR A% ST F7bsHE AR Uehel fA AT ey
A% 271 BAS B vl glow] P ojz ARl o thil, Ovx/LCa-ox@o] AFE7Iee] e AL, 44t
ol oA APBAIZE] BBHE olASHE A4S shedl  Wbell W Ao Al 7t WA A L4t $4HS
Wk AR o AERAe] AUW APALO] BB1E bl AHFoRK dePAEl) Beo] ZeH ol uf
SIA A 0] FAL I AR T 2 A Hellsel §A54 Ra) e e
E3, Kalu 52 WA 3 F o LERATE SAHO o)t fako] A S20] ZHMAS T ) thzte] 13 A
2 4ol 2 go] 45| white] AFo] F/hRCIT MIst  Fol HOlHOR Fastu” AHAMe] FNU4E AES
QEEY B AT A3 Ovia GARA ueh o AER ekl gt A avtel fAksHL
Aol Bu] Az Qs A AT I Aol HHFE f B 24 FEE Shamo] Hs) Ovxo] Fhashs 4

5
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Table 8. Calcium and total oxalic acid excretions in feces of the rats fed experimental diets

Total oxalic acid

Group Ca (mg/day) o/day) wa/g )
Sham/NCa 53.60 + 6.30°"? 0.04 +0.01° 0.17 +0.05°
Ovx/NCa 64.12 + 3.33° 0.03+0.01° 0.11+0.01°
Ovx/NCa-ox 71.03 + 4.59° 2.90 +0.14° 8.96 + 0.34°
Ovx/LCa 2.03 +0.22° 0.03+0.01° 0.09 +0.03°
Ovx/LCa-ox 17.03 + 1.56° 1.75 +0.03° 5.15+0.18°

1) Values are mean =+ SE of 7 rats per group 2) Values with the different letters in the same column are significantly different at (p

< 0.05) by Duncan's multiple range test

Sham/NCa: Sham operation and normal Ca diet (0.5%), Ovx/NCa: ovariectomy operation and normal Ca diet (0.5%), Ovx/NCa-
ox: ovariectomy operation and normal Ca (0.5%) with sodium oxalate (1%) diet, Ovx/LCa: ovariectomy operation and low Ca
diet (0.1%), Ovx/LCa-ox: ovariectomy operation and low Ca (0.1%) with sodium oxalate (1%) diet

Table 9. The relationships among several variables

Femurwt  Kidney wt Kidney Ca Aorta Ca
Femur wt
Kidney wt -0.158
Kidney Ca  —0.501* 0.772™*
Aorta Ca -0.529* 0.144 0.428
ALP -0.667"* 0.551* 0.883"* 0.613"

Femur wt, Kidney wt (g/100 g B.W.), Kidney Ca (ug/g wet wt),
Aorta Ca (ug/g wet wt), ALP (IU/L)

*: p<0.05, **: p<0.01 by Pearson’s correlation coefficient
ALP: alkaline phosphatase
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