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Effect of Dietary Ca and Na Levels on Blood Pressure and Mineral
Metabolism in Spontaneously Hypertensive Rats Fed High Fat Diet*

Lee, Yeon-Sook® - Kim, Eun-Mi**

Department of Food and Nutrition, Seoul National University, Seoul 151-742, Korea
Department of Hotel Culinary Arts,** Kimpo College, Kimpo 415-870, Korea

ABSTRACT

This study explored the effect of dietary levels of Na and Ca on spontaneously hypertensive rats (SHR). SHR were randomly
divided into 5 groups and fed a high fat/cholesterol diet containing three levels of Na (0.05, 0.1, 1.5%) and Ca (0.1, 0.5, 1.5%) for 9
weeks. Body weight gain was not influenced by dietary intake but water intake significantly increased in high Na supplementation.
Systolic blood pressure was not influenced by dietary Na and Ca levels but was decreased by dietary low Na/high Ca levels at 9
weeks. Angiotensin-II level was affected by dietary Na level but not by Ca levels. Plasma Ca, Mg, K and Na levels were in the
normal range regardless of dietary Na and Ca levels. Weight, and K and Na contents of the heart and kidney were not significantly
different among those with different dietary Na and Ca levels. Ca and Mg contents of the heart and kidney were significantly higher
in the normal Na/normal Ca group. Ca and Mg in the feces were higher in those with high Ca intake. Na in the feces was higher in
those with high Na intake. Therefore, Na and Ca had different mechanisms in the hypertension/hyperlipidemia models, respectively.
And we suggested that Mg must be supplemented when Ca intake was high because Mg excredon was increased by Ca
supplementation. (Korean J Nutrition 35(8) : 840~847,2002)
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X o2 Wpro] sxHk2]o] (beef tallow 15% + cho-
lesterol 1%)& AAT 1AYF =g 242 N-Na/N-
Ca (A2YE (0.1% Na)/AdZ# (0.5% Ca)), H-
Na/H-Ca (249¥ (1.5% Na)/2Z+4 (1.5% Ca)), H-
Na/L-Ca (24H¥ (1.51% Na)/AZs (0.1% Ca)l,
L-Na/H-Ca (H&t]-& (0.05% Na)/xZ% (1.5% Ca)l,
L-Na/L-Ca (A4Y+% (0.05% Na)/AZ# (0.1% Ca))
< AFse 570E Ut BE A3 ol¢ Bol2s
& AvAFes Foddtgen, tAl cagest ARl
g% BE 7|7E F71E 29& U] At 04%
EDTAZ AL ¥ ZHFE P79 AHE3A
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Z} Yol AHEE Yol AIN-9379) AA|4o] A&
uigton] UukzAL Table 13 2t} A¥ole] YR+
AAE FHAQA (LRUE), 55 AR FEAYE
(&), $A EFud3 () L ve EE (Vitamin
mixture ; AIN-93, ICN, USA)2 AH&3t). 718 &
32 (Mineral mixture : AIN-93)2 2023 Z4& Al
% EFE (premix)dl At ZEE FFE=2 A7}
3] ZAsg. Avge F8 F922 NaCl, g9
F8 FY02 CaCOs& AHE3H4T

Table 1. Composition of experimental diet (gkkg diet)
. N-Na H-Na L-Na
Ingredient N-Ca H-Ca LCa H-Ca [Ca
Casein 200.00 200.00 200.00 200.00 200.00
L-cystine 1.80 1.80 1.80 1.80 1.80
Corn starch 525.66 465.10 500.06 501.96 536.92
Beef tallow 150.00 150.00 150.00 150.00 150.00
Cholesterol 10.00 10.00 10.00 10.00 10.00
Cellulose 50.00 50.00 50.00 50.00 50.00
Vit.mix 10.00 10.00 10.00 10.00 10.00
Min. pre-mix* 35.00 35.00 35.00 35.00 35.00
Choline 2.50 2.50 2.50 2.50 2.50
CaCoO, 12.49 37.46 2,50 37.46 2.50
NaCl 2.54 38.13 38.13 1.27 1.27
Tert-butythydroquinone 0.01 0.01 0.01 0.01 0.01

*: AIN-93M (Ca & Na free)

Potassium phosphate 250.00 g/kg diet, potassium sulfate 46.60 g/kg diet, Potassium citrate 28.00 g/kg diet, Magnesium oxide 24.00 g/kg
diet, Ferric citrate 6.06 g/kg diet, Zinc carbonate 1.65 g/kg diet, Manganous carbonate 0.63 g/kg diet, Cupric carbonate 0.30 g/kg diet, Po-
tassium iodate 0.01 g/kg diet, Sodium selenate 0.01025 g/kg diet, Ammonium paramolybdate 0.00795 g/kg diet, Sodium meta-silicate 1.45
g/kg diet, Chromium potassium sulfate 0.275 g/kg diet, Boric acid 0.0815 g/kg diet, Sodium fluoride 0.0635 g/kg diet, Nickel carbonate 0.
0318 g/kg diet, Lithium chloride 0.0174 gkg diet, Ammonium vanadate 0.0066 g/kg diet, Powered sucrose 209.806 g/kg diet
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3to] Z+z} 766.5 nm, 589.0 nmolA A3t

AR AL YEAZ (Freezedryer : Labonco, USA)
3l F413)8 F Z4 (422.7 nm), vkl (285 nm),
ZHE (766.5 nm), 4:tl% (589.0 nm)e} %S AxE33
EAZ &4 g.”
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(2) Angiotensin-1II

d7ge] angiotensin- 1 %2 kit (Nichols Institute
Diagnostics)E ©]83ld ycounter (COBRA 1, Packard
AL USA)Z B4t

3) HYEY
& 9H physiograph (Narco Bio-Systems INC.)E A}
B39 tail-cuffiiy o2 #o] mel FAdA F=7] gt

2) NEEY € 65F7HA 25l 14 dE FAs 2 F 15U
() E5)4 S Ay Skt

gy Zdgd g4x-5-547] (Spotchem, KDK Cor-
poration, Japan)& o]&3ld ZA3IH o, vladlEee
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4) Y2y
A% Azte SPSS programe ©]43ke] ZF ¥ v}
B FEUAE A, 239 F2o3 Zold) oigh

24319t 253 2688 TCA (trichloroacetic acid) Z& p <0.055F°14 Turkey’s multiple comparison

Table 2. Body weight gain, food intake and water intake of the SHR fed high fat diet

Group Final BW Weight gain Diet intake Water intake
g g/d g/d ml/d
N-Na/N-Ca 307.9 + 19.6™? 1.06 + 037" 11.91 + 0.53" 19.60 + 1.09°
H-Na
H-Ca 300.1 £ 10.7 0.63 0.16 11.76 £ 0.55 38.56 + 2.52%
L-Ca 315.7 £ 195 0.58 + 0.32 12.15 + 0.58 46.47 + 4.68°
L-Na
H-Ca 3246 +£129 0.78 £ 0.18 12.35 £ 0.71 20.55 + 2.40°
L-Ca 3171 + 84 0.96 £ 0.10 11.81 = 0.69 28.62 + 6.59°
Na effect NS¥ NS NS ek
Ca effect NS NS NS *
1) Mean + SEM
2) Values with different superscript within the same column are significantly different at p < 0.05 by Turkey's multiple range test (NS ; not
significant)

3) Statistical significance was evaluated at the o. = 0.05 level by one-way analysis of variance (*: p < 0.05, »*: p < 0.01, #*+: p < 0.001,
NS : not significant)
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Fig. 1. The development of systolic blood pressure in SHR during
the nine-week study (NS : not significant).
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Table 3. Levels of angiotensin-1I in plasma and mineral contents in serum of the SHR fed high fat diet

Angiotensin 1 Ca M K Na
Group gpg/d! mg/dl mg/gdl meq/1 meq/|

N-Na/N-Ca 37.73 + 9.48™* 11.48 + 0.32" 2.01 + 0.14™ 6.76 + 0.52* 1233 + 8.19™
H-Na

H-Ca 18.31 + 4.17 11.76 + 0.49 2.02 + 0.08 6.84 + 020" 139.6 =+ 2.71

L-Ca 2301 + 8.68 11.65 + 0.23 2,10+ 0.08 594+ 0.21® 1442 + 2.42
L-Na

H-Ca 46.13 + 4.92 12.00+ 0.18 222+ 0.24 5.59 + 0.36° 128.4 +15.31

L-Ca 31.53 + 4.37 11.68 + 0.38 1.91 + 0.04 7.24 + 0.45° 1356 =+ 1.52
Na effect ) NS NS NS NS
Ca effect NS NS NS NS NS

1) Mean + SEM

2) Values with different superscript within the same column are significantly different at p < 0.05 by Turkey's multiple range test (NS : not

significant)

3) Statistical significance was evaluated at the a = 0.05 level by one-way analysis of variance (x: p < 0.05, NS : not significant)
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Table 6. Weight and mineral contents in feces of the SHR fed high fat diet

Group Wet wt Dry wt Ca Mg K Na
g/d g/d mg/d mg/d mg/d mg/d
N-Na/N-Ca 1.75 + 0.25™ 121+ 0.17* 52.94 + 8.87° 7.65+ 1.68 2,52+ 0.21* 295+ 0.53°
H-Na
H-Ca 312+ 021° 1.84+ 0.18°  183.15 +17.58° 8.93 + 0.87° 262+ 1.13° 939+ 2.17°
264+ 0.19% 1.21 + 0.20* 8.82 + 2.41° 331+ 0.97* 329+ 0.18° 10.67 + 0.99°
L-Na
H-Ca 2.57 + 0.53% 1.78 + 0.32®  166.07 £30.84° 7.65 + 169" 548 + 041° 321+ 0.84°
L-Ca 1.40 £+ 0.23° 0.87 + 0.14° 429 + 0.44° 1.69 + 0.23° 2.07 + 0.19° 3.00 + 0.54°
Na effect ) NS NS NS NS ki
Ca effect * " i e NS NS

1) Mean + SEM

2) Values with different superscript within the same column are significantly different at p < 0.05 by Turkey's multiple range test (NS : not

significant)

3) Statistical significance was evaluated at the o = 0.05 level by one-way analysis of variance (*: p < 0.05, *+: p < 0.01, *++: p < 0.001,

NS ;
3, vhiEe) A 2F BFo2 vl WYl B
obdM AU vhadle UL 29T ¢ glonz Folgo}
g},

not significant)
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