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Effect and mechanism of three kinds of drinking water on
blood pressure of hypertensive mice
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Abstract: Objective To explore the effect of three kinds of drinking water and its
possible mechanism on blood pressure of hypertensive mice. Methods The water quality

parameters were measured for three kinds of drinking water and the parameters included
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total dissolved solids ( TDS) oxygen consumed( OC) pH oxidation reduction potential
( ORP) electric conductivity ( EC) dissolved hydrogen calcium and magnesium.
Establishment of mouse model of high blood pressure by using N -nitro-L-arginine methyl
ester hydrochloride ( LINAME) for 30 days. Then the mice were randomly divided into 4
groups: normal control group model control group group of tap water and group of filtered
water. Blood pressure in mice was detected every month. After 3 months nitric oxide
( NO)  nitric oxide synthase ( NOS) total superoxide dismutase ( T-SOD)
malondialdehyde ( MDA) glutathione peroxidase ( GSH-Px) endothelin ( ET)
angiotensin ( Ang) aldosterone ( ALD) catecholamine ( CA) high-sensitivity C—reactive
protein ( hs-CRP) interleukin 6( IL-6) and cyclic guanosine monophosphate ( c-GMP) in
serum of the mice were determined. Simultaneously morphological changes of heart kidney
and thoracic aorta paraffin section were observed. Results The pH TDS OC EC
calcium and magnesium in filtered water were higher than that of pure and tap water. The
negative ORP and great quantities of dissolved hydrogen were found in filtered water; The
systolic blood pressure and mean blood pressure( ( 106.24 +5.31) and (90.73 +£4.99)
mmHg) of filtered water were lower than those of the pure water( 119. 58 +6. 08 and 96. 44
+6. 48 mmHg) ( P <0.05) . The NO( ( 87. 05 £39. 82) pumol/L) in the mice with filtered
water were higher than those of with pure and tap water( (45.01 +9.62) and ( 46.56 +
30. 54) pmol/L) ( P <0.05) . Compared with those of the mice with pure water significant
decrease in IL-6( (201.42 +36.41) and (173.99 +114.96) wvs. (363. 14 + 149.00)
pg/mL) and Ang( ( 1319.20 £ 111.90) and ( 1349.38 + 180.15) ws. (1736.17 =
242.86) ng/L) were observed in mice treated with tap and filtered water ( P <0. 05) .
The T-SOD and GSH-Px( (268.37 £12.25) and (712.45 +30.59) U/mL) in the mice
with filtered water were significant higher than those of pure water( ( 250. 46 +15. 60) and
(678.36 +35.80) U/mL) ( P <0.05). Conclusion Compared with pure and tap
water filtered water can reduce the blood pressure of the hypertensive mice by
antioxidation and anti-inflammatory.

Key words: drinking water blood pressure antioxidantion N -nitro-l-arginine

methyl ester hydrochloride

1
o 1.1
29. 6% : CPB-PLUS
2. 66 - (
o <5 ps/mo
o min
’ (
o ) o 5
4
( N KDF.

KDF

10



6 901
o ( ICP-MS) o 64
mg/kg L-NAME "*
N 1
o 95% CI o
1.2 1.4.2
N'- £~ ( N”-nitro-L— (39 ) 3
arginine methyl ester hydrochloride L-NAME) ( (14 ) (13 )
) - (1 (12 ) ,
mg/mL ) (13 ) o
( total superoxide dismutase T-SOD) . 3
( malondialdehyde MDA) |
( glutathione peroxidase GSH-Px) . ( nitric - 90
oxide NO) ( nitric oxide synthase 12 h
NOS) ( ) .
( endothelin ET) | ( angiotensin 1.4.3

Ang) |

( catecholamine CA) .

( aldosterone ALD) .

6(IL-6) .

( hypersensitive response protein hs-CRP)
( cyclic guanosine monophosphate c—

GMP) ( ELISA) (

)
BP2010A (
) ERC2012 (
) ENH-00 (
) TAS986

TGL20DK (
) VIS7220N (
) BHS (
) TSH2D

OLYMPUS
~BM-VIII
( )
HM310 ( MiCrom )
SpectraMax Plus 384 (
Devices ) o
1.3
3 ICR 60
15~18 g
: SCXK(

Molecular

) 2012-0001
(23 +2)C
(55+15) % .

1.4
1.4.1
1
(13 ) (47 )

( total dissolved solids TDS) .
consumed OC) . pH.

( oxygen

( oxidation

reduction potential ORP) | ( electric
conductivity EC) . N o 10
TDS.pH.ORP.EC
N ; OC
GB/T
5750—2006 { Do
1.4.4
8:00—12: 00
38 C 15
min ( systolic blood

pressure SBP) ( diastolic blood pressure

DBP) ( mean blood pressure MBP)
( heart rate HR) 3
1.4.5
NOS.T-SOD  GSH-Px NO.MDA
ABC-ELISA ET.Ang.ALD.
CA.IL-6-hs-CRP  c¢-GMP o
1.4.6 N N
N 4%
HE

1.5

SPSS 16. 0



902 46
Xts o 1 TDS pH
o oC
LSD+ : ORP
Games-Howell o o EC
. P<0.05 . . ,
2.1
1 (rn=10 x £5)
/ / H, / / /
pil S(mg/l)  (mg/l) (mV)  (ms/em)  (mg/l)  (mg/l)  (mg/L)
6.14£0.23  <0.01  0.42£0.02 217.80+ 9.00  <0.01 <0.01  <0.05 <0.02
6.58£0.10 49.00+3.16 0.87£0.02 520.80 £10.41 0.06£0.00  <0.01 3.070.04 0.54 £0.01

7.71 £0.02 91.00 +£3.16 0.98 +0. 17

-210.50 £23. 03

0.13+0.01 0.6+0.06 6.83 £0.26 0.58 +0.01

2.2 SBP.MBP  DBP
N . (P<
0.05) . 3 1 3
N N SBP.MBP  DBP
. (P <0.05)
2.3 SBP  MBP
2 . (P <0.05) .
2 (xx5) mmHg
0 1
n
13 100.81+4.88 73.85%6.23 83.04+5.31 104.83 26.25 77.68 +4.68  86.81 =3.97
14 120.28 +4.08'"Y 88. 11 +5.92!Y 99,01 +4.86'" 120.48 +4.95'" 85.42 +6.56'" 97.12 +5. 46"V
13 121.74 +6.46'"7 85.05 +9.81'Y 97.38 +7.96'" 118.22 +4.25'7 89.92 +8.45'Y 99,53 +6. 56"
12 120.22 +4. 42" 87.76 +6.33'" 98.83 +5.24!Y 109.76 +6.69"' ¥81.98 +8.05  91.34 +7.221?
2 3
n
13 105.03+6.49 79.10+3.80 87.79+4.48  103.45+5.69 75.69 +4.44  84.97 £4.29
14 120.75 +5.34'Y 87.89 +6.33'Y 98.88 +5.42!" 119.58 +6.08'" 84.85+8.29'" 96.44 +6. 48"
13 117.29 +6.03'" 85.65 +7.00'" 96.25 +5.91'" 118.22 +4.25'" 89.92 +8.45'Y 99,53 +6. 56"
12 106.94 +4.43'” 80.71 +4.09' 89.55 +3.90'” 106.24 +5.31” 82.88 +5.95'V 90,73 +4.99"' ?
(1) P <0.05; (2) P <0.05
2.4 NO.NOS.IL-6.hs-CRP o
2.5 T-SOD.GSH-Px
3 MDA c-GMP
NO (P <0.05) 4
T-SOD
(P<0.05) . (P<
IL-6 0.05) . GSH-Px
(P<0.05) , (P <0.05)
hs-CRP (P <0.05) . MDA -
( P <0.05) GMP .

. 4 NOS



6 903
3 N 6. (x=5)
. / / %/ /
((pmol /L) (U/mL) (pg/mL) (pg/L)
13 190.70 +41. 10 30.36 +3. 16 154.26 +100. 41 68. 19 +38.37
14 45.01 +9.62) 31.23 +3.99 363. 14 +149. 00" 112. 61 +38. 72V
13 46. 56 +30. 54" 30. 68 £2.95 201.42 + 36.41% 107. 05 +32. 78"
12 87.05+39.82('% 30.31 +4.35 173.99 +114. 96! 86.78 +36. 84
(1) P <0.05; (2) P <0.05
4 (x x5)
. / / /
(U/mL) (U/mL) ( nmol/mL) ( nmol /L)
13 273.73 £14.72 713.21 £23.20 7.24 0. 87 6.39 £1.40
14 250.46 =15. 60" 678. 36 £35. 80" 7.81 +1.54 6.81 +0.97
13 251.62+18.95" 678.51 +26. 649 7.29+1.14 6.17 £1.00
12 268.37 +12.25? 712. 45 +30.59% 7.39 +0.79 6.39 +0. 62
(1) P <0.05;(2) P <0.05
2.6 ET.Ang.ALD.CA (P<0.05) .
ET. ALD CA
5 Ang o
5 . . . (x x5)
n /( ng/L) /( ng/L) /( pg/mL) /( pg/L)
13 409. 95 +82. 42 1278. 52 +105. 05 261.73 +29.05 80.28 £21.27
14 419. 34 +46. 90 1736. 17 £242. 86" 283.04 +15.08 81.81 +12.51
13 427.24 £62. 51 1319.20 +111. 90 285.58 +32. 82 86.53 £30. 93
12 408.25 +83.54 1349. 38 +180. 15'? 279.72 +31.08 86. 34 +25.90
(1) P <0.05;(2) P <0.05
2.7 . ",
. 12
, ’ ) 13 .
o SOD N
MDA "
3 . N
3
SBP.MBP  DBP T-SOD  GSH-Px
LNAME
o NO MDA
NO (L- .
arginine L-Arg) NOS o
o L-
NAME L-Arg NOS B
NO NO +«B( NF«B)
'® . NF«B

NO

. NF«B



904 46
attenuates left ventricular hypertrophy in spontaneous
( IxB) hypertensive rats J . Mol Cell Biochem 2012 365
kB (1) :233242.
NF«B <B ! -
.6 hs-CRP 2010 32(5) :52-53.
8 LNAME
o I
2011 27(5) :610-613.
T 3 9 GOMEZ-GUZMAN M JIMENEZ R SANCHEZ M et
IL-6 hs-CRP al. Epicatechin lowers blood pressure restores
NO endothelial function and decreases oxidative stress
Ang and endothelind and NADPH oxidase activity in
DOCA-salt hypertension J . Free Radic Biol Med
i 2012 52(1) : 7049.
10 CHEN Jing ZHANG Zhiguo CAIl Lu. Diabetic
cardiomyopathy and its prevention by nrf2: current
’ status J . Diabetes Metab J 2014 38( 5) : 337-345.
11 E
I
° 2008 16( 6) : 543-546.
12
PI3K/AKT/mTOR
1 . 2014 M . J. 2016 32
: 2015. (4):719725.

2 SORLIE P D ALLISON M A AVILES-SANTA M L 13 XIN Haiguang ZHANG Beibei WU Zhigin et al.
et al. Prevalence of hypertension awareness Consumption of hydrogen—rich water alleviates renal
treatment and control the hispanic community health injury in spontaneous hypertensive rats J . Mol Cell
study/study of latinos J . Am J Hypertens 2014 27 Biochem 2014 392( 1-2) : 117424.

(6):773974. 14 .

3 BANKAR G R NAYAK P G BANSAL P et al. J. 2011 27(2):
Vasorelaxant and antihypertensive effect of Cocos 118419.
nucifera Linn endocarp on isolated rat thoracic aorta 15
and DOCA salt-induced hypertensive rats J . J J.
Ethnopharmacol 2011 28( 6) : 504-513. 2016 36( 4) :499-503.

4 WANG Jinwei ZHANG Luxia WANG Fang et al. 16 NF-
Prevalence awareness treatment and control of kB/MAPK
hypertension in China: results from a national survey J . 2016 32(4) :489-493.

J . Am J Hypertens 2014 27( 11) : 13554361. 17 SAVOIA C SCHIFFRIN E L. Inflammation in

5 SHEUM J CHOUP Y LIN W H et al. Deep sea hypertension J . Curr Opinion Nephrol Hypertens
water modulates blood pressure and exhibits 2006 15(2) :152-58.
hypolipidemic effects via the AMPK-ACC pathway: an 18 SUN Li GAO Yuehong TIAN Dengke et al.

in vivo study J . Mar Drugs 2013 11 (6):
2183202.
6 YU Yongsheng ZHENG Hao. Chronic hydrogen-rich

saline treatment reduces oxidative stress and

Inflammation of different tissues in spontaneously
hypertensive rats J . Acta Physiologica Sinica
2006 58(4):318-323.

120170547



