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Effect of Dietary Protein and Calcium Levels on
Calcium Metabolism of the Rat

Gun Ae Yoon and Hye Jin Hwangf

Dept. of Food and Nutrition, Dongeui University, Busan 614-714, Korea

Abstract

This study was conducted to examine effect dietary protein and calcium levels on calcium metabolism of
the rat. Weaned 6-week old male rats were divided into 4 groups and were fed experimental diets for six
weeks. Experimental groups were HPNC group-high protein normal calcium (protein: 400 g/kg diet, calcium:

0.5%),

HPLC group-high protein low calcium (protein: 400 g/kg diet, calcium: 0.1%), NPNC group-normal

protein normal calcium (protein: 200 g/diet, calcium: 0.5%), NPLC group-normal protein low calcium (protein:
200 g/diet, calcium: 0.1%). The calcium excretion in urine was higher in high protein group than in normal
protein group, and it was highest in HPLC group. The activation of alkaline phophatase had a tendency to
low in normal calcium group, and the concentration of parathyroid hormone (PTH) was the lowest in HPLC
group. The deoxypyridinoline (DPD) concentration of urine was investigated as the highest in HPLC group
and it was significantly lower in HPNC group that consumed normal calcium. The bone density of the femur
was the highest in NPNC group and the lowest in NPLC group. As the results of this study, calcium excretion
in urine and DPD density were the highest and the bone density was the lowest in HPLC group. It may suggest
that the deficiency of calcium causes adversely effect in calcium metabolism upon consuming high protein
diet. Therefore, it should be emphasized to consume enough calcium to prevent the hindrance of skeletal
metabolism caused by deficiency of calcium upon consuming high protein diet.
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Aol A Sl
T DA AHA FeAHPTo] TAHAL BlA=
Qg dolw A} e,

ERE

2 2] Sprague-DawleyZE +7 33 E &-47]
E AA & I 8ute] ) 47 o2 gl AR Aeo] 24
¥} vitamin mixture, mineral mixture(Ca-P free)+ AIN-
93Goll & A sled i gtsledcl(Table 1). 4 ¥+ @ HPNC-
Jrekw) A A 24 (protein: 400 g/kg diet, calcuim: 0.5%)
@ HPLC-z5h #]Z+4 (protein: 400 g/kg diet, calcium:
0.1%) @ NPNC7--A & ) A A 747 protein: 200 g/diet,
calcium: 0.5%) @ NPLC-&A A bl A Z45T-(protein: 200
g/diet, calcium: 0.1%) 0.2 FHslgct 24 FdoaE=ql
o] gtakg A 87] $)3ked CaCOs2}t CallPOy - 2H:05 A}
A3tk Agalo) e} o] 2ustrE AFA R AL, AFS
ol 2% 7|7+ 04% EDTAR A& ¥ ZH42 3o
AHgshinh AR E)F Aol HEH A2 157U
z}7] 23)¢} 134 A 1oz FA 3t

A Fgdatd vAE 9% 177

AIZEY

95 9 FCa¥t¥ 54 1 F¢ X< LUNARAH Madi-
son, WI, USA)9] okl #] WAt 24 = &3 7] (dual en-
ergy x-ray absorptiometry, DEXA) A}-8-3}e] &3] 3}l4d}.

HEFL2 105T5°CollA Azt ZAZFAE SAHT F
550~600°Ce] 33t 2elA 6~8417 3]3tsle] & B
gt} 33" 358 1 NHCle] 4813 F 1% La0s2 3] 4]
3tod 121E-333% % Al (atomic absorption spectrometer, Per-
kin Elmer Co.)% #Z#d%#S 4305t Mx e =3
2o 2 Aelsle] A2 Az g FEeEFE S
Astsict.

Yol W gof AststA FA: N 29 AL A
E %47 (Hitachi 7600-110)& o]8-3}] A&t I
%29] alkaline phosphatase(ALP)<] &4l Kind King9] ®]
A g B 3ke] Daiichi A Fg o] 23 kitE A}-23}o]
243+ ch. Osteocalcin®  kit(Osteocalcin-IRMA, Bio-
Ab2-3l gl

N

1, parathyroid hormone(PTH) = '*2

o]-&-3} RIA kit® 27 3}4th. Deoxypyridinoline(DPD)£]

Tk e e 248k competitive binding
asay® °o|-&3to] FA st

source)&

m

AlBZ=F
A7 F 657 Fd AYFTES IE AAAL £+ EAEN
ethyl ether® =121 A7) 3 wHEsled 3)Asioich A ¥ AYATE SASE o) 43t 4 AP EY) YFLEFA
A& 3000 rpmollA 2087 A EB3t Bl EAS 5 AxEsteh. AE Alo]d whE AF 3, Alola g, 74
-50°Cel A 1% pdslgc) HEFL AEsle] TAH 2 FAH S vy 7Y, kol A ZEoiAle HHE
ol Qi 28, el AL 5& AAT FAZ 2, wws}  BEE O5Be) FA, TUE 59 Y9} 3o)E one
oo} g9} tﬁ% Ad 28 A g AbRd A A7 F 244 way ANOVA-E A}-4-3}ed u]23}tg] 2 v] Duncan’s multiple
7r Ek AFHsl] 28 100 mL7F H 22 3 8glw, HS range testell o8 AEstg ot 4 AR TS FAA2 o=
105+5°C 22el4] AZAA 222 TSk 005 2702 sk
Table 1. Composition of the experimental diet (g)
. .. Groupsl)
Composition
HPNC HPLC NPNC NPLC
Casein 400.0 400.0 200.0 200.0
Cornstarch 2724 278.56 4724 478.56
Dextrinized cornstarch 132.0 132.0 132.0 132.0
Soybean oil 70.0 70.0 70.0 70.0
Fiber 50.0 50.0 50.0 50.0
Mineral mix” 35.0 35.0 35.0 35.0
Vitamin mix” 10.0 10.0 10.0 100
CaCOs 5 1 5 1
CaHPO, - 2H0 12.02 1.72 12.02 1.72
KHzPO,4 8.08 16.22 8.08 16.22
L-Cystine 3.0 3.0 3.0 3.0
Choline bitartrate 25 25 25 25
Tert-butylhydroquinone 0.014 0.014 0.014 0.014

YHPNC group: High protein normal calcium {(protein: 400 g/kg diet, calcuim: 0.5%), HPLC group: High protein low calcium (protein:
400 g/kg diet, calcium: 0.1%), NPNC group: Normal protein normal calcium (protein: 200 g/diet, calcium: 0.5%), NPLC group:

Normal protein low calcium (protein: 200 g/diet, calcium: 0.1%).

The composition of mineral mix was based on AIN-93G (Ca & P free).

®Vitamin mix: AIN-93.
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Table 2. Body weight gain and food intake in the experi-
mental groups

Food intake

b . .
Groups Initial BW (g) Final BW (g) (g/week)

HPNC  11815%£6.74"%% 3451812380  158.10+7.36
HPLC 11636864 3384812245  156.26+7.26
NPNC  118.26%547 3317512484  151.65+8.37
NPLC  117.23%£535 359841722  160.45+7.25

YRefer to Table 1.
?Values are mean*SD.
¥Not significant.
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Table 3. Calcium intake, calcium absorption rate and retention in the experimental groups

Fecal Ca excretion

Urinary Ca excretion

Ca absorption rate” )

.3
Ca retention

1 .
Groups Ca intake (mg/day) (mg/day) (mg/day) %)
HPNC 102.96+9.174% 40.13+15.12 5.8710.62" 68.16+17.01 56.72+£11.51
HPLC 85.16+5.15° 340211953 - 7.12+1.70° 60.72+15.13 4431+12.42
NPNC 105.25+7.45° 471241543 5.02+0.73° 55.23+16.12 52.72+1352
NPLC 84.19+4.16" 36.12+14.12 498+0.21° 57.141 1451 43.15+10.41

YRefer to Table 1.

?'Ca absorption rate (%) = (Ca intake—fecal Ca excretion)/Ca intake X 100.
¥Ca retention (mg/day) = (Ca intake—fecal Ca excretion—urinary Ca excretion).

o
Values are mean*SD.

Values within column with same superscript are not significantly different by Duncan’s multiple range test at a <0.05.

Table 4. Calcium biochemical parameters in serum and urine in the experimental group

Serum Urine
Groups" . Deoxypyridinoline (DPD)
ALP (IU/L) Osteocalcin (ng/mlL.) PTH (pg/mL) (nM/mM creatinine)
HPNC 208.13+94.107%% 126024 222.00£38.84™ 334.53+57.34°
HPLC 24250+ 67.21% 1.07%0.10 192.47+20.21° 48570 £55.80°
NPNC 282.12+90.68" 1.14%0.12 244.83+24.69° 391.27 +83.06%°
NPLC 315.25+72.59° 1.11+0.18 237.11£24.80° 501.71 +33.99°

URefer to Table 1.
PValues are mean*SD.

Values within column with same superscript are not significantly different by Duncan’s multiple range test at a <0.05.

Not significant.
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Table 5. Wet weight and dry weight of femur in the experimental group

G b Wet weight Dry weight

roups g g/100 g BW g /100 g BW
HPNC 0.898 - 0.052%% 0.260+0.01* 0.588+0.03" 0.177+0.01°
HPLC 0.787+0.06" 0.235+0.03 0.523+0.05" 0.156+0.01%
NPNC 0.857+0.09° 0.258+0.02° 0.578+0.05° 0.166+0.01°
NPLC 0.618=0.05° 0.193+0.02° 0.432+0.01" 0.135+0.01°

YRefer to Table 1.
MValues are mean=SD.

¥Values within column with same superscript are not significantly different by Duncan’s multiple range test at a <0.05.
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Table 6. Ash and calcium content and BMD of femur in the
experimental group

Groups" Ash (mg) Ca (mg) BMD (g/cm?)
HPNC  33121+1059° 1387519.27%% 0.163+0.012®
HPLC 32284+17.88  11915%11.97° 0.155+0.006°
NPNC 330.15+ 14.11 128461093 0.183£0.012°
NPLC 32874+ 11.87  117.351+824>  0.148+0.003°

URefer to Table 1.

?Values are mean*SD.

Pvalues within column with same superscript are not signif-
icantly different by Duncan’s multiple range test at @ <0.05.

zpo] g viellA] eksta, Z4 a2 NPLC# HPLC
A o EHA doka ti g Fe] FUE = NPNCFoll A 71 =
Al Vel e, NPLC-oll A 71 @ 9kvH(Table 6). NPLCI-
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