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Effects of calcium and vitamin D intake level on lipid metabolism in growing rats
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ABSTRACT

and body fat amount.

Purpose: Association of low intake of calcium (Ca) and inadequate vitamin D (VD) status with higher prevalence rates
of obesity has been reported. This study was conducted in order to investigate the effects of different levels of whey Ca
and VD intake on lipid metabolism in growing rats. Methods: A total of 56 five—week—old male Sprague—Dawley rats
were divided into seven groups and fed for five weeks. Ca groups were divided into three levels, low, normal, and high
(0.25%, 0.5%, 1%). VD subgroups in the low and high Ca groups were divided into three levels, low, normal, and high
(101U, 1,000 IU, and 5,000 IU). The effects of Ca and VD on each group were evaluated by two way ANOVA. Results:
Significantly higher amounts of abdominal fat, visceral fat, and epididymal fat were observed in the Low—Ca groups than
in the Normal—Ca and High—Ca groups. Serum leptin levels of Low—Ca groups were higher than those of Normal—Ca
and High—Ca groups. The highest serum parathyroid hormone concentration was observed in the low Ca-low VD
group. The levels of serum 25(0H)D were significantly increased with increasing dietary VD levels. Significantly higher
serum levels of triglycerides, total cholesterol, and HDL—cholesterol were observed in the low Ca groups than in the
normal Ca and high Ca groups. Conclusion: These results indicate that low calcium intake increased serum lipid level

KEY WORDS: calcium, vitamin D, 25(0H)D, serum lipid profile, fat mass.
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o] A FEINE Eoﬂr:}ﬂ H 75kTh
HIERY] D= Q1A|9] & A} flof] AW A% 2=kt E%
-9 Fo FFE nA= T8 YR 2
o}, U 20109 gl sl Jstd f-ejuhet &
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o BE AT TS YN HSAR & F TR U
o] 55 &<k F upeld Eefste] ARSsiglom, oF 195 gof Al
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trol; CON)-& 355+ AZ45-#H]EM Dt (low Ca, low VD;
LCLD), #Z-27u]er D3 (low Ca, normal VD; LCND),
AZt<5-2H]EH D (low ca, high VD; LCHD), 22ZH<5-A
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D+ (high Ca, normal VD; HCND), 22Ztg-118|ebd] D
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Al3o]| AFR3F Ao]= AIN-93G (American Institute of
Nutrition-93 Growth")9] 7| & F2-§ A o] 24L& 7]&
sho Azttt (Table 1). 2 A5 5 7HAIQlolY th&
o) vja SAE-F-9] HH7F AW AEAS HAA7]
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o225 G499 P37 Callg K12g Plg &
4 go] EFE|o] Qlrt whebA AF4lo] 2AA] AIN-93G
Alojof FREA-5 230 g A skl 39| ot Y
A 3171 3] casein 85 g, corn starch 25 g, maltodextrin
20 g, sucrose 100 g& A|AsIFtt. Mineral mixtureo]] A-&-%
Ca2 AIN-93G 2]o]of|A] A8-E]+= calcium carbonate THAl
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Table 1. Composition of experimental diets (g/kg diet)

Ingredients” CON LCLD LCND LCHD HCLD HCND HCHD

Powdered skim milk 230 230 230 230 230 230 230
Casein 115 15 15 115 115 15 15
L-cystine 3 3 3 3 3 3 3
Corn starch 372 372 372 372 372 372 372
Maltodextrin 112 112 112 112 112 112 112
Cellulose 50 50 50 50 50 50 50
Soybean oil 70 70 70 70 70 70 70
t-Butylhydroquinone 0.014 0.014 0.014 0.014 0.014 0.014 0.014
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Mineral mix 35 35 35 35 35 35 35
Vitamin mix 10 10 10 10 10 10 10
Mineral components

Total Ca 5 2.5 2.5 2.5 10 10 10

From whey calcium 2.5 0 0 0 7.5 7.5 7.5

From powdered skim milk 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vitamin components

Vitamin D; (IU) 1,000 10 1,000 5,000 10 1,000 5,000

1) Experimental diet were based on AIN-93G composition. The amount of casein 85 g, corn starch 25 g, maltodextrin 20 g, sucrose
100 g are removed from the diet to add powdered skim milk 230 g.

AFEBtO] B9 B RS ol Slick AT £

_Q_
47+<% (Probiotec Limited Pty., Australia)<

A 3~6%,
S5 76~78%, 5 1~1.5%, A% 2% o3}, L4 26~28%,
Q1 13%2 24 AR A3 A2 WA Aoje]

0.25% (LC), 0.5% (NC), 1% (HO)7} E|&=2 H7}5k9.om, H]
el D= 4lo] 1 kgofl 10 TU (LD), 1,000 IU (ND), 5,000 [U
(HD) gHgol HeE Alxaheic.

HFFEO] AFL AolE AAT dRE 17U B9l B

5 =2 2ARE E2F AAAR 2 7Y
AEZ A5 =43} Zoletil (Virbac, Korea) 0.9 m1/100
g bw2} Rumpun (£2F Hto]ad) 0.03 ml/100 g bw= 27 &
ofsto] mHAI F AlRE AfFIstelch A &
ol A A FstHom, 015 3,000 rpmollA] 2087+ YAl E a5}
o] A At L & A AZIA] -80T oA WE Hatst
Ack Gl ARJF & A4S HHAY (abdominal fat), W
A (visceral fat), F-118F =919] A% (epididymal fat)<
AEsto] 22 W o= A|Asto] ojufx]o] E7]15 A|AT &

o)

VR
2% A BA

Ao gt 919 T2 22 Ca kit (Roche, Ger-

many), PHOS kit (Roche, Germany), Modular Analytics
(PE, Roche, Germany)= ©|-8-5}o] 27t v|AAey 2eld &
FrE SH61%.om, 25(0H)DE Liaison 25 OH Vitamin
D Total Kit (Diasorin, USA)E AH&-5to] 3tshdg He H
A& 519tk ALP (alkaline phosphatase)~= ALP kit (Roche,
Germany), Modular Analytics (PE, Roche, Germany)< %
3l v shglom, B 3222 ELISA kit (Rat In-
tact PTH Kit, Immutopics, USA)E AF&35}Fo] Microplate
Reader (VERSA Max, Molecular device, USA)= &4 3}
t} ¥ Welo] 2w Procarta Immunoassay Kit-Polysty-
rene Beads (BioPlex, BioRad, Hercules, CA, USA)E A5}
o FAI5HSIT

E7 total cholesterol (T-O), triglyceride (TG), HDL-cho-
lesterol (HDL-C)2 Z}Z} CHOL, TG, HDL-C plus 3" gen-
eration Kit (PE, Roche, Germany)S AF-&5}] Modular An-
alytics (PE, Roche, Germany)< ©]-8-5}0] &4 H|A A=Fa}
%t} E3F LDL-cholesterol (LDL-C)2 t}2-2] Friedewald
)| 23| Alxlstgick,

LDL-cholesterol =
(Triglyceride/5)

Total cholesterol - HDL-cholesterol -

EAy

Al%] Avk= SPSS 18.0 (Statistic Package for Social Science
18.0, SPSS Inc, Chicago, IL, USA) & 132 o|-8-3}o] H
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uiich At 7ke] 52148 one-way analysis of variance
(ANOVA)E o|-&sto] AEstelen, Aojdwat vlEwl D
HEojHo| k2 g 3H= two-way ANOVAE o]-83}o] A%
SISk f-2AQl FeFo] LERGS o= Duncan’s multiple
range test® p < 0.05 F=FANA S A5 Alold
w2t vlEel D 9 94 vlely] D, T =2 SR, A
A7Fe] AA| = Pearson’s correlation coefficientE 0]

sto] HS3A

I

0, 2|& A& LColA & L
L BAIA f-olAde ¢lol 4 AlF S
LCa9] A% F71eFo] HCol Bls) -2l &3tt (b <
0.05). 28} vleRq D] ek ufebre f-2ol3t xfol7k
= Zlo g Kol Yo £20] 7hE A3t A5 F71E oF
7IAZ]E Zlo 2 UERgT] Alo]ag-S LCHolA o2+
o} =2 A Bou TAA Fo42 §igle, vlell D
AF ol W2 g0t Afol= gl

2y == Table 39| AAI5}S]
Zh Az o] fAeL FRle] Fe= HIER D 413
of W2 ROt Apol= glolov, Ze AdF ol whebA
HC=2ol| B3] LCitollAl Agz2] o] FAZF folaH o =

(p < 0.00).

L A3l W Aol Az £AE dixatt v
w3t A BRA o A= LCtol A CONoll H]sf A=
Z]o] EAZF oAl E9keH (p < 0.05), W32 LCLD,
LCHD+o] CON<toll H]af| Ax2|e] BA 7} §-916HA =
Ut (p < 0.05). EgH FargkARke] 79 LCLD, LCND+:
o] CONwto vlaff Az21e] £A 7} §-olsHA =8kt (p <
0.05). ZL8jut HCH+9) A22FA = CONT- f-2J3h 2}
ol UL S L Aol whE AR HH s E
CON<} B3t A7 LCLD, LCND<~0] CONw-e] B3] %
T RofsHA =3kt (p < 0.05).

Table 2. Body weight, weight gain, food intake, food efficiency ratio (FER) of rats fed different level of calcium and vitamin D

p values”

HC

LC

CON"

VD Ca x VD

Ca

ND HD LD ND HD

LD

0.997

0.997

195.8 +2.61 0.853

195.8 + 3.67 196.1 +£3.31 196.3 + 3.07 195.8 +2.74 195.8 +2.73

198.1 + 3.32%

Initial weight (g)

0.641

0.969

476.2 +10.1 477.9 £21.4 491.9 £19.9 459.5+11.0 4549 +11.8 448.3 +13.2 0.062

450.9 +12.8

Final weight (g)

0.968 0.614

6.84 £ 0.66 6.87 £ 0.45 7.21 £0.44 6.43 +0.29 6.32 +0.29 6.16 £0.33 0.042

6.17 £0.74

Weight gain (g/day)

0.542 0.874

0.331

24.3 +0.44 23.5+0.96 24.4 +1.01 23.8 +0.33 23.2+0.23 23.4+0.36

22.6£0.71

Food intake (g/day)

0.640

0.853

0.294 + 0.008 0.270 + 0.01 0.273 +0.01 0.263 +0.01 0.052

0.291 £0.12

0.281 + 0.008

0.273 + 0.007

FER?

1) CON: normal Ca normal VD, LC: low Ca, HC: high Ca, LD: low VD, ND: normal VD, HD: high VD 2) Statistical significance was calculated by two- way ANOVA. 3) All values

weight gain (g)/food intake (g)

are Mean + SEM. 4) Food efficiency ratio
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dT ALP 43}, AP eai 9l ¢l 4, 25(0H)D
i Table 400 AXSHSICE B35 ALPY| 2442 Ad 1
Folet Ko7k glglom, Zhgat vlekyl D A4zl i)
AT frofeh AlolE vehiiA] gttt Ty B Q9] w ke
£ 2E FoA He) HAF 91 & (B.11~11.0 meg/dl)” HH Qt
ol $lglon] Azt s vjehl DOJ Aol whE &
4 F3F BE FojA] A
& A8kl Fof A der = (72~13.0 mg/d)” 1%
o = oith ey et EF
25(OH)DE] gz 4lo]E HIEtRl D gho] o= 79
S & LERTH (p < 0.001).

£ ALP BT} HTAMSES 0l 24 HIERI D 52
Z

g3 1Es:

&% TG, T-C, HDL-C, LDL-C %%} HDL-C/T-C9] H]
£ Table 50l AXEtGcE RE AP EF AdsEs 2
& A1l et §-oJ3t Aoz ek ony, viekl D AH
F*oﬂ o2 foJgh a k= glolch

FF TGY sEAtelg 245 2yt LCo] HCtEor @
2= TGO =7} S-2l8l =3kort (p < 0.001), LC7- Yo
A HIERI D gdHe 2 85 TGeEe] f23t &fol= §
k. T3 CONw2Ee] vl aof A= LCLD0] CON<2of| ]
3l TGE=7F F2skA =8kt (b < 0.05). 8F T-CY 5%
L LCFo| HCZHTE 9-25H =9koit (p < 0.001), LCT
oA vlgtyl D Aol o2 5 T-Ce=9] F25h 2fo]
= $l%ich E3F CONTHe] Hluof A= LCHD<*¢] CON+*-
of vjg] T-Ce=7F F-<J8kAl =Tt (p < 0.05). @5 HDL-C
9] sl LCto] HCHEHTh F-oJ8HA] #3kem (p < 0.00D),
LCHD+o] th2 Algtrc) 80614 =kth (p < 0.001).
T3 CONT}2] H|woj| A= LCto] CON:ol v HDL-C
FE7F FsH =t (p < 0.05). 8F LDL-CY| 5=
LCato] HCH T oFF f=qkou) vlekyl D Aol wh&
o3t Z}ol= §iit. CONT-ZRe] Bl mofl M = Ald A} Tr«@

Zto)7} ¢loitk. HDL-C/T-C9) vli= Zrat vkl D A3
ol whabA 25k Zpol 7t ¢lglch

&, HIEIZI D, €% S22 =T of X[ZCHAL X|EZHY
Aoz, HEN] D, 8% 25 w0} A A )AL 23710
AHTAE Table 69 AAISFATE Z42] AF et A QLA
o] AA A €% T-C, TG, HDL-C, LDL-C ZH2} &
FHAIE B9t (p < 0.01). =3 B2,
A ErE o] AdFH e fofgt 5o A

TS 24t (p < 0.01). HIEH D A3} @5 HDL-C

£ 1o
ot
go
1o
o>“

Table 5. Effect of calcium and vitamin D on lipid profile in rats

p values”

HC

LC

CON"

Ca x VD

VD

Ca

ND HD LD ND HD

LD

0.719

0.828

0.001

81.9+17.1° 76.0 +£7.92% 69.3 +8.20™ 42.6 £ 5.56° 46.6+£5.11° 44.6 +7.84°

51.6 + 5,947

TG (mg/dl)®

0.658

0.244

0.001

92.2 + 12.41% 99.0 + 8.56° 64.8 +8.19° 67.3 +4.32° 70.6 + 3.56™

80.5 + 2.96™

71.6 +5.09%

T-C (mg/d)?

0.587

0.010

0.001

52.1+1.19° 53.3 +3.69° 60.3 £ 3.36° 38.9 £ 1.99° 43.1 £0.97° 45.4 +1.36°

45 +2.31°

HDL-C (mg/dl)”

0.885

0.064

0.009

10.7 + 3.58° 13.5 + 3,75

10.7 + 3.53°

147 +1.4® 14.4 +1.88%° 18.8+8.31°

14.2 +0.93®

LDL-C (mg/dl)®

0.65 +0.01 0.62 +0.04 0.62 +0.03 0.64 +0.04 0.65 +0.03 0.65 +0.02 0.803 0.957 0.683

0.64 +0.03

HDL-C/T-C

1) CON: normal Ca normal VD, LC: low Ca, HC: high Ca, LD: low VD, ND: normal VD, HD: high VD 2) Statistical significance was calculated by two- way ANOVA. 3) TG: tri-
glyceride 4) T-C: total cholesterol 5) HDL-C: high density lipoprotein cholesterol 6) LDL-C: low density lipoprotein cholesterol  7) All values are Mean + SEM.  8) Different letters

means significant difference at p <0.05 by one way ANOVA with Duncan’s multiple range test.
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Table é. Correlation between calcium, vitamin D intake, serum levels of hormones and lipid metabolism index

Intake Serum

Calcium VD 25(0OH)D iPTH Leptin
7-C" —0.491** 0.177 0.208 0.153 0.384"*
1G” -0.678** -0.079 -0.019 0.383** 0.389**
HDL-C” —0.660"* 0.302* 0.316* 0.211 0.261
LDL-C* —0.380"" 0.275 0.261 0.070 -0.070
Abdominal fat” —0.602"* —-0.056 -0.170 0.233 0.634**
Visceral fat -0.580** -0.053 -0.164 0.222 0.432**
Epididymal fat -0.613"* -0.034 -0.043 0.312* 0.617**

1) T-C: total cholesterol 2) TG: triglyceride 3) HDL-C: High density lipoprotein cholesterol 4) LDL-C: Low density lipoprotein cho-
lesterol  5) Abdominal fat, Visceral fat, Epididymal fat (g/100 g b.w)

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