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Fig.1. Body weight changes in rats. n=3,Mean+SD
200
~ 150 +
IC
2
= 100 - —— A%
= —o—BE
;:‘;,' 50 A =H=DE¥
—=—E3
——F
5 6 7 8 9 10
Experimental period(week)
Fig.3. Water intake changes in rats. n=3,Mean+SD
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Fig.4. Systolic blood pressure changes in rats. n=3,Mean+SD

Fig. 1-4 Data are expressed from each group A, B, C, D, E and F. A: 0.3%-salt food and RO water; B: 0.3%-salt food and
RO water included in phy (2 mg/ml); C: 4 %-salt food and RO water; D: 4%-salt food and RO water included in phy (2
mg/ml); E: 8%-salt food and RO water; F: 8%-salt food and RO water included in phy (2 mg/ml).

- 269 -



3. 2 CE-MAS #3#ft xof TR IR L IR L Z 3BV TR B D380 BT (Table 1,
A B, C BE, E BEOZ vt 9 BEHZ DWW T Fig.6),

CE-TOFMS |Z&DAZ R — DEMT ATV, BA A AEAR

APEW) 117, BAAAERHED 65 25 Te, 182 O ,» o

BENID L T FABRRINE I, Ca

3.2.1 EHAMHT "
M S A7 182 OAGHPEM DIEREV LTz 7V Hifk

AR HCIE, ABE CRE, ERECHNT | ’

Da-8Na-3 ..

PCI & PC2 MIICIZEDFMEARO b, ERT AL 3 Sadtn
o Da-4Na-3
O C B L AEIRED 58S K& 7= (Fig. 5). & | a1
Da-8Na-2
3. 2.3 3MEBIIYTRI—REMT e
FRGT T LGSR DR RHE D/ 32— 4
= % N N N Da-C1
BRI T-RETPE A U 7oRE R, 21 TR O AEED 3 " Da-C2
REMOERIZ LD EZ 2T TN, ZOHFTT A3TF 5t . _a s . .
¥, 5EREX YL, ATV, TRy, A Y — L e
Welg, ©~al g, ML)y, 4-eRaXs 7 al, A5 Fig.5. Principal component analysis of the rat plasma
F=r, An=Fr, ZUvr o 11 FEEONHPEY OF
Table 1. Metabolites correlated with salt sensitive hypertension
4.0%-salt diet 8.0%-salt diet : 8.0%-salt diet
Compound name Vs : Vs 5 v
0.3%-salt diet : 0.3%-salt diet : 4.0%-salt diet
Ratio p-value Ratio p-value Ratio p-value
%Mﬁﬂﬁ‘ﬁiiﬁﬁiﬁg 0.7 p<0.05 0.7 p<0.05 1.0 p=0.777
1H-Imidazole-4-propionic acid 0.5 p<0.01 0.7 p=0.144 1.4 p=0.331
%jﬁgiggggg}‘}g%ﬁ“‘i 0.8 p<0.01 0.8 p=0.058 1.0 p—0.830
3-Phenylpropionic acid 0.7 p=0.096 0.5 p<0.05 0.7 p<0.05
5-Hydroxylysine 0.8 p=0.255 0.5 p<0.05 0.6 p=0.075
Asparagine 0.8 p=0.070 0.7 p<0.01 0.8 p<0.05
Citrulline 0.8 p<0.05 0.8 p=0.075 1.0 p=0.784
Glucaric acid 0.5 p<0.05 0.5 p<0.01 1.0 p=0.885
Glycine 0.9 p<0.05 0.8 p<0.01 0.9 p<0.05
Histidine 0.9 p=0.054 0.9 p<0.05 1.0 p=0.445
Homocitrulline 0.5 p<0.01 0.3 p<0.01 0.5 p<<0.001
Hydroxyproline 0.8 p<0.05 0.7 p<0.01 0.9 p=0.104
Imidazole-4-acetic acid 0.6 p<0.001 0.7 p<0.01 1.2 p=0.180
Methionine 0.9 p=0.261 0.8 p<0.05 0.9 p=0.492
N-Methylalanine 0.7 p<0.05 0.7 p<<0.05 1.0 p=0.941
NS-Ethylglutamine 0.4 p<0.001 0.4 p<0.001 0.9 p=0.272
NS-Methyllysine 0.8 p=0.128 0.8 p=0.074 0.9 p=0.275
Ornithine 0.9 p=0.234 0.8 p<0.05 0.9 p=0.276
Pipecolic acid 0.6 p<0.01 0.6 p<0.01 1.0 p=0.828
Proline 0.9 p=0.130 0.7 p<0.01 0.8 p=0.064
Thiamine phosphate 0.8 p=0.250 0.8 p=0.150 0.9 p=0.173

-270 -



5-Hydroxylysine Asn Citrul*l ine

= 1.eE024 [ 1 rsE-02 [ |
1.4E-02 1 —
3.0E-04 - o
g 1950 | 2.0E-02
= 4 i}
5 225 & 1.0E-02 - & 1.56-02 -
5 2.0E-04 ¢ g.0E-03 2
@ = 2
= 1.5E-04 © §.0E-03 & 1.0E-02 1
= 1 0E-04 - & 4,0E-03 c
5 1.0E-04 } .
5.0F-05 - 5.0F-03 -
6.t 0.0E+00 0. 0E+00 -
Gly His Hydroxveroline  wa
70E-02 4 [ I 2.5E-02 - A 1.2E-02 -
6.0E-02 - '
- 5 R ) 1.0E-02 1
i N [u]
g 5.0E-02 7 e L 8.0E-03
4. 0E-02 - © 1.5E-02 A
E e 2 5.0E-03 -
E 3.0E-02 4 = 1.0E-02 - E
& 2.0E-02 | g B 4.0E-03 -
1.0E-02 | 3.0E-03 1 2.0E-03 -
0. 0E+00 - 0. 0E+00 - 0.0E+00 -
Imidazole-4-aceticacid Met Ornithine
®k
)= yT M I 1.0E-02 - ,—' 2 .5E-02 - '
o I
3.0F-04 8.0E-03 1 2.0E-02 -
§ 2.5E-04 - 8 g
5 OE-03 - © 1.5E-02 |
5 2.0E-04 - ; 6.0E-03 ¥
& 1.9E-04 7 & 4.0E-03 - & 1.0E-02 |
& 1.0E-04 - o o
2.0E-03 - 5.0E-08
5. 0E-05 -
0.0E+00 | 0.0E+00 | 0.0E+00 !
FPipecolicacid . Fro
4.0E-03 - - 0802
3.56-03 - 7.0E-07 -
o 3.0E-08 - 6.0E-02 -
i 1]
5 2.5E-03 - L 5.0E-02 |
2 0.0E-03 - o 4.0E-02 -
= 1,5E-03 1 & 3.0E-02
= 1,0E-03 - & 2.0E-02 A
5.0E-04 - 1.0E-02 -
0.0E+00 - 0.0E+00 |

Fig. 6. Data are represented as relative area (mean £ SD). Metabolites belonging to group A" (0.3%-salt food and RO
water), group CI (4.0%-salt food and RO water), and group EM (8.0%-salt food and RO water), respectively. *p<0.05,
**p<<0.01, ***p<<0.001

Asn: Asparagine, Gly: Glycine, His: Histidine, Met: Methionine, Pro: Proline
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No. 1560

Effect of Spirulina on Salt Sensitive Hypertension

Yuka Ishihara', Nobuko Tominaga', Osamu Hayashi?, Kyoko Ishii?, Masami Nishina'
! Saitama Medical University, > Kagawa Nutrition University

Summary

We investigated the interrelationship between hypertension and several metabolic pathways, and beneficial
effects of phycocyanin against hypertension. The previous study has demonstrated that phycocyanin prevents
hypertension in a spontaneously hypertensive/NIH-corpulent rat. In this study, we used a salt-sensitive
hypertension model (DIS/Eis) rat and compared metabolites in sera of the rat fed the food including 8%, 4% and
0.3% NaCl, respectively. Moreover we investigated the effects of phycocyanin against the hypertension in the rat
which was fed phycocyanin with the food.

The 0.3% food did not affect blood pressure of the rat while the 8% and 4% food increased it. ~As a result,
the 8% and 4% food caused to the rat hypertension. Phycocyanin did not affect against the hypertension of
DIS/Eis rat induced with 8% and 4% NaCl, respectively.

Capillary electrophoresis mass spectrometry with time-of-flight (CE-TOFMAS) analysis identified 224
metabolites from the serum of the DIS/Eis rat. The analysis showed that 11 metabolites were present in
significantly (p < 0.05) lower concentrations in the DIS/Eis rats (4% and 8% NaCl), than in the DIS/Eis rat (0.3%
NaCl). A multivariate statistical technique, principal component analysis, was used to process the data from
CE-TOFMAS. The compounds of positively and negatively high loading in principal component including
Asparagine, Citrulline, Imidazole-4-acetic acid, Histidine, Hydroxyproline, Ornithine, Proline, Glycine,
5-Hydroxylysine, Methionine and Pipecolic acid were involved in Urea cycle and Lipid metabolism, and those
related amino acid metabolisms.

These results suggest that the metabolic-pathways in above the metabolisms are closely related to

salt-sensitive hypertension.
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