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Effects of Organic Salts Fortified with Seaweed Components on Blood
Pressure, Serum Minerals, and Hematochemicals in Spontaneously
Hypertensive and Normotensive Rats

Young-Myoung Kim*, Jee-Young Byun, Chan-Kyu Han, Ki-Seung Sung, and Bae NamGung

Korea Food Research Institute

Abstract The effects of the salts fortified with seaweed functional components on blood pressure, serum minerals, and
hematochemicals in spontaneously hypertensive rats (SHR/NCrj) and normotensive rats (WKY/NCrj) were investigated. SHR
and WKY rats were assigned to four groups, with 8 and 6 rats in each group: laver salt (A), fucoidan+laver high salt (B),
fucoidan + laver low salt (C) and refined salt as a control (D). The final blood pressure (BP) of SHR and WKY species in
contrast with reference BP were low in groups A and C as compared with control group. In terms of serum mineral content,
Na" levels were similar in SHR and WKY, but K* levels were higher in the group B in SHR. Serum triglyceride levels were
lower in groups A and C, but the levels of HDL- and LDL- cholesterol were significantly higher and lower in group A than
those of controls, respectively (p<0.05). These results demonstrated that the salts fortified with laver might suppress blood
pressure in rats, and also may improve mineral and lipid metabolism.
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Bagsvaerd, Denmark)E 7}t 7H3iAIZ] & ojFste] A2
oANe 53 the AAFN laver hydrolysate®] Y& 7% 5%
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Table 1. Experimental design

Group” Treatment (Drinking water) Salt conc. (%)
A Laver salt (single dose) 0.08?
B Fucoidan + Laver salt (high dose) 0.09?
C Fucoidan + Laver salt (low dose) 0.06?
D Control(positive, NaCl 99.9%) 0.08%

YNumber of animals: 8 heads of SHR and 6 heads of WKY
IConcentration of functional seaweed salt in drinking water(w/w, %)
IConcentration of NaCl in drinking water(w/w, %)
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277N 1087 Ale-g wEssiAl ¢ & v)EE AYSA7IITC
Inc., Woodland Hills, CA, USA)S °]&
pulse pick up)S 2 FE71¥8eHS 33 W S8t 1 HERS

Arg-aigr.

< APFEL 24 T AAAR F ether2 7P
aPHA A BRoE el HEste] 2,500 pmellA] 2027t 4
Zlsle] @S EEletiL, A A7 -80°CellM WEEA &

o g 24

|2 #4918 =4 FAH(Green Cross Co., Yongin, Korea)
of elFste] T8It &, €3 T Na', K'sX=& HITACHI
7180 & Internal solution(Hitachi Ltd., Tokyo, Japan) A]¢FS AR
3lo] ISE Undiluted direct o2 Z43IH 2, Ca&#F Clini-
mate CA(Daichi, Tokyo, Japan) A]eFS AR&-3le] 274 & dhalg
TFEE S35 calcium F¥=E AHFIAT Mg S
MG(Roche, Basel Schweiz, Germany) AloFS ARg-3le] A F
A= Mg-CPZIIl Complex®] &3%= 2437t Mg-CPZIII Com-
plexll EDTA 37} 39 F3:9] }o|2 magnesium FEE 7
ettt

E MskERR|

g3 A= 54 A S A D(Green Cross Co., Yongin,
Korea)oll 2]F]sled £A31th &, d&Ed-E == Insulin RIA kit
(DPC, Los Angeles, CA, USA)E ©]&3}4] y-Counter(Coba,
Packard Bioscience Downers Grove, IL, USA)Z X303, I
< Preauto S GLU (Daichi, Tokyo, Japan), creatinine<> CRE-HR
(Wako Ltd, Osaka, Japan), & U2 FX12 T-Bil E-HR(Wako Ltd.,
Osaka, Japan), BUN-> UN-L(Wako, Ltd., Osaka, Japan), & T
A2 Clinimate TP(DAICHI, Tokyo, Japan) kitsZ ZHZ} ARg-ated
&%= (Hitachi Ltd., Tokyo, Japan)Z =74 &to] At 4
albumin Clinimate(Daichi, Tokyo, Japan) A|°FS, 7+7]%5X](GOT,
GPT, y-GTP, ALP)= Pureauto S(Daichi, Tokyo, Japan) A]¢FS A}
g3lo] T3 (Hitachi Ltd,, Tokyo, Japan)S =4 &lo] FHslr).
g3 AAAE(FFA, TC, TG HDL, LDL)S &40l 93t A=
£ kit(DPC, Los Angeles, CA, USA)Z AMR-&le] =4 &13it).

SHzE|

ZHE Ame SARAE 227491 SAS Package(Statistical Anal-
ysis System, version 8.1, SAS Institute Inc)E ©]-83}] Duncan's
multiple range test "HOZ 717} 5%9F 1% folTolx A
7 T3S HAFIATHR6).
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Q1 Azt JerA] 4%kaL, WKY= A8 7iAE 437A=
ool AFA3IT AAIL(P<0.05) °1F 57X E 2olE H
o|x] ¢skth. ¥ 717k & SHRZI WKYS A #H(Table 2)&
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ADFEDye 2+t Ha 0.066 g, fucoidantaver A G 2Z(C)o] H
+ 0.045 g2 2 7 A THp<0.05).
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301 1%E}L£ uie} Zho] SHRE] Na' -2 145.17-145.67 mgg,
Mg™ TS 213230 mg/gd] MR Hol7} QI K TS
fucoidan+laver 22 21<1(B)o] 487 mg/g, Ca™ e AA22(C)
°] 9.70mg/glE AT T FoA =A YERTHp <0.05).
WKYOIA Na* gHge EHi?iiL(D)ﬂ 7P =k, MgTeES D
TS A Q)5 ?FHZ:/‘J—‘?'— 748l (A, B, O] FsHl E3dthp <
0.05). K* 3Hke 435455 mg/g, Ca™ T2 10.00-1020 mg/g] ®
= o7k AT ol VA 13HA 45 T - A DE
2o)l5 HHAANAL W F Na K FFe o7t fid=
AYATF(28-30)e} vIs=dk A= Afd FHO=2A PR 7T
st AW B FAS AXlE Aos AFRFEIT

Body weight(g)

Weeks

(B) WKY

Fig. 1. Effect of the organic salt fortified with seaweed component on systolic body weight of SHR and WKY during the 6 weeks of
experimental period(--A-- A, -x-B, -@- C, - [J- D ). Number of test animals were 8 and 6 heads in (A) SHR and (B) WKY, respectively.

" Not significant. *Significant at p<0.05.

Table 2. Daily gain, FER and salt intake of SHR and WKY fed with salts fortified with seaweed component during the 6 weeks of

experimental period

Grous! SHR WKY
roup Gain (g/day) FER Salt intake (g/day) Gain (g/day) FER Salt intake (g/day)
A 1.95+1.98° 0.11£0.15* 0.068+0.02° 2.52+1.68% 0.14+0.12° 0.064+0.01°
B 1.88+1.42* 0.10+0.08* 0.079+0.01° 2.2442.62° 0.10+0.10* 0.077+0.01*
C 2.06+£2.37* 0.10+0.15° 0.048+0.01° 2.76+1.74° 0.14+0.10° 0.043+0.00¢
D 2.06£1.60° 0.12+0.12* 0.066+0.01° 2.72+1.39* 0.13+0.06* 0.065+0.00°

Values are mean+S.D.

Number of test animals were 8 and 6 heads in SHR and WKY, respectively.
Means within the same column not sharing a common letter are significantly different (»<0.05).
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Fig. 2. Effect of the seaweed salt fortified with seaweed component on systolic blood pressure of SHR and WKY during the 6 weeks of
experimental period(—-A--, A; -x-, B; -9-,C;-H-,D ). Number of test animals were 8 and 6 heads in SHR and WKY, respectively. ™ Not

significant. *Significant at p<0.05

Table 3. Contents of minerals in serum of SHR and WKY fed
with salts fortified with seaweed components during the 6 weeks
of experimental period

Minerals (mg/g)”
Group
Na K Ca Mg
A 14567+151° 442+044"  9.53+0.18" 227+0.26™
SHR B 14517+147* 48740217  947+0.14° 225+022
C  14567£197° 443035  9.70+£0.06" 2.13+0.14
D 145504055  4.55+0.16™  9.63£022" 230+0.17
A 144.00:000°  435+021* 1020+£0.00™ 2.38+0.00°
WKY B 14450071  4.50£0.14° 10.00+£028 236036
C 14450071 4555035 10.10+£0.14  2.19£0.01°
D 145.00+000°  4.55:035" 10.00£0.14  1.94+0.07°

Values are mean+S.D.

Number of test animals were 8 and 6 heads in SHR and WKY,
respectively.

Means within the same column not sharing a common letter are sig-
nificantly different (»<0.05).
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= AL (p<0.05), SHRO] WKYXHT F%7F Hi 16% B =%
%‘%ﬂ—ﬂd FEE SHROM= d2gED)RT sizA &8k

B, O)°] SAHCZ £33, WKY+ laver saltz=(A)°] tF
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Table 4. Glucose-related components in serum of SHR and WKY fed with salts fortified with seaweed components during the 6 weeks of

experimental period
Group Insulin (ulU/mL) Glucose (mg/dL) Creatinine (mg/dL) Bilirubin (mg/dL) BUN (mg/dL)
A 10.61+1.90* 115.17£12.91° 0.38+0.04* 0.43+0.10° 34.33+3.1*
SHR B 7.18+1.10° 112.76+8.21° 0.40+0.00* 0.37+0.10° 36.17+2.12
C 9.08+1.63® 113.50+£11.22° 0.40+0.09* 0.42+0.10° 34.67+2.6
D 7.49+].5% 135.17+11.00* 0.35+0.05* 0.58+0.15* 33.17+2.12
A 16.25+0.23* 77.00+4.24° 0.30+0.00° 0.40+0.00® 11.50+0.71*
B 8.00+1.13¢ 79.50+7.78° 0.35+0.07% 0.35+0.07° 9.50+0.71¢
WKY C 12.50+0.42° 79.50+0.71° 0.40+0.00* 0.45+0.07% 11.00£0.00®
D 5.50+0.14¢ 96.50+4.89* 0.35+0.07% 0.55+0.212 10.50+0.71°

Values are mean+S.D.

Number of test animals were 8 and 6 heads in SHR and WKY, respectively.
Means within the same column not sharing a common letter are significantly different (»<0.05).
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Table 5. Albumin and hepatic function values in serum of SHR and WKY fed with salts fortified with seaweed component during the 6

weeks of experimental period

Group Protein (g/dL) Albumin (g/dL) GOT (IU/L) GPT (IU/L) v-GTP (IU/L)
A 7274024 2.52+0.08"° 152.33+16.52° 53.006.36" 0.83£0.41°
SHR B 7.1340.15° 2.48+0.04° 142.67+34.93° 53.67+5.61% 1.33£0.52°
C 7174027 2.50+0.04° 129.00+29.89° 43.5043.56° 1.00+0.00°
D 7204033 2.33+0.08" 191.00+23.82° 61.17+8.77° 1.33£0.52°
A 6.30+0.28" 2.50+0.14° 187.50+7.78® 33.0042.83" 1.0020.00°
B 6.25+0.35" 2.35£0.07" 177.50+9.19% 33.00-:4.24% 1.00+0.00°
WKY ¢ 6.20+0.14° 2354007 174.00+16.97° 32.5040.71° 1.00+0.00°
D 6.10+0.14° 2354007 188.5042.12° 36.5042.12° 1.00+0.00°

Values are mean+S.D.

Number of test animals were 8 and 6 heads in SHR and WKY, respectively.
Means within the same column not sharing a common letter are significantly different (»<0.05)

ool HarEkginh 7ho] SEe W 2 EAdo] FUke=(34) 7+
7153 & 8% GOT GPTEAL SHRI WKY E5 Dol 3l
2R st wel vl FosAl E=3kth(p<0.05). £ A3 olA
SGOT 44L& WKYO|A =& Whd SGPT= SHRoA =it}
Cho 5(35)2 scoparone®] F 2| 7H7|5dl HX= J3S ZARSH
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A3, WKYE ATS ALsh AdFolA] 724.50-745.50 pEq/LE
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Table 6. Contents of FFA and lipid in serum of SHR and WKY fed with salts fortified with seaweed components during the 6 weeks of

experimental period

Group FFA" (uEq/L) TC? (mg/dL) TG (mg/dL) HDL? (mg/dL) LDL? (mg/dL)

A 639.57+73 48" 62.00+7.46" 29.00+3.35" 23.00+1.34° 5.5020.55¢

SHR B 685.33+58.59" 66.17£9.41" 39.67+4.08" 22.8342.48% 8.3340.52°

C 646.17£96.38" 69.83+4.45" 30.50+5.75" 21.67+1.51° 6.33£0.52°

D 677.83+60.05" 80.1766.05" 40.1745.56" 22,171 47 8.0040.89"

A 683.00£29.70° 88.00+4.24° 11.00£1 41° 26.00+2.81° 10.00=1.41°

WKY B 724.50420.12° 97.00+1.41" 15.000.00" 24.50+0.71" 12.00:£0.00°
C 730.00+33.94° 90.00+:4.24¢ 14.50+0.71" 23.50+0.71" 11.001.41%

D 745.50+17.68" 102.50+4.91° 20.00:4.24° 24.00+0.00" 12.00£1.41°

Values are mean+S.D.

Means within the same column not sharing a common letter are not significantly different (»p<0.05)

D Free fatty acid

? Total-cholesterol

% Triglyceride

) High-density lipoprotein cholesterol
% Low-density lipoprotein cholesterol
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