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Effects of electrolyzed-reduced water and electrolyzed-H, water on
oxidative stress in skeletal muscle of broiler chickens
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MR R OB E (3 3L) : The objective of this study was to clarify effects of
electrolyzed-reduced water and electrolyzed-Hz water on broiler chickens exposed to
chronic heat stress. Chickens were provided with ad libitum access to 1) dechlorinated
water (no Hs, pH7.3), 2) electrolyzed-reduced water (mid Hz, pH10.2), or 3) electrolyzed-Hs
water (high Hz, pHS8.5) for 6 d after 16 d of age. Thereafter, they were exposed to a
constant 32°C for another 6 d, subjecting to the same treatments regarding drinking water.
Chronic heat stress lowered growth performance, duodenal villus height, and ratio of the
height to crypt depth and enhanced lipid peroxidation in skeletal muscle and liver of broiler
chickens. However, changes in these parameters were improved by both of electrolyzed
water.

AR AERH
(RN - 1)
[ERESE [ & @t
2010 4B 1,900, 000 0 1,900, 000
2011 4B 1, 200, 000 360, 000 1, 560, 000
&l 3,100, 000 360, 000 3, 460, 000

WFFesy 8« s
B OSE - ME . HHEF - BRES
F—U— R 3BTk, KFEK, TEMERSEE,

FAPES: - B
T ha R, BEA LA

HTE TR, A b AR & 5 EHRY
RFEHEEE, 3D BRI O AT A
IEHTHERE U, @l b e A 2 R % il 2%
BREIZ BN TIE, BUTOHIIRRILERIE &0
BRD & 2 FRIOMNEIE, £7203, BUTLY

1. WFEBRAES IO 5

TEDOBEEIL., FEOMREFEOmALZ ER LT
KA LU AR F COAERREEZHBET D
VBN DA, BATO iR E P2 Tl
ARV ARHFEME AR T AEZ EBMLTL



PIA NV AR EZZ LI @O D LD 72 hik
DRBNEHETH D,

REHOIT, FEOBEAR L ALM
FTTIEIbav N U7 D OTEMRE S O PEAENE
L < # K L (Poult.Sci.84:307,2005; FEBS
Lett.580,4815,2006). Z U233 hay b )7 HEEND
FRIZE I A——F X R T =F
SN0, THDHI EEFFHALTWVD
(Am.J .Physiol.297,R690,2009), 3 TiZ. /K
%R %%LT@@@T&%%M%FLm
KIZIE, 2D+ O, %Z(Biochem Biophys Res
Commun,1997). F£7= I/kFEK] 12X - OH
<+ HO O % (Nature Medicine, 2007), Z7l
ZTNEETE DI ENEIEESN TS, Lz
Mo T, BILARKZAROHAKIZE T, &
M2 NLVAFCELD -0, .- OH - H
OODIEMHFLIEBIELZ LN TEN
X, AEREERE ORER LD L L 2K < PR
DI ENTE, ZORER, =X —GE5%
DORAELHIHFTE D, S5, BrAKD
HVEAKRFEAK ETEBRILAEZ > EMAER
. TREFOFBILOEEE L mEE
BTHZELARETH D LW ENT,

2. WO HK

BE DR L RABRE T CIXAKN TR
WER AL J1 & b DI 1 B & FE (Reactive
Oxygen Species, ROS)DEEIZAL S, 2D
ZEDROS( O, ZA——FF L K7 =
AT UHhn, H,O,lfb/KkHE, - OHE
FrrfxoZUHn, - HOOE Rr~YULd %
VIVHMVDEEIZ, EXI L CRERE
OFERIFEMPFIH SN TE 7, L, A
N U ASAE T TR NSV, AIFRIT
Fima < BRIz U, &g DRk X DK
FAK) OB THEEZRLES T2
DTH D,

3. ﬁn®ﬁ&
BRERCRITD &Kkl & TKkFEAK ©
PIALZI A% invivo FelgdEEk U C TEUBRIK

A5 7m0, BEET L, 34°C, %ﬁﬁ
BLI-=U ) (AHBTaAT7—) |
Emjﬁ%ofmﬁmj%ﬁméﬁmi m
BHERE, REZFHRIL-, BRI, £
BrREh & U CRER R AR L. 24°CH,0 X
(24 : 1,0, EBHEHEAK) B IO 32CIEMES
B3 X (320 H,0, 2MiMEFEK ; 32:R-H,0, FBfF
BITK ; 32:H-H,0, FEAFAKSEK) DEF4 X EE%
ELT, BEEIEAL 22 Ak v 6 ARTT-
7o #RBUKITEIE S ARTE VTR E TH
ok & L, REREE (CP22%,
ME, 3. 1kcal/g ) IZHHBEERE Lz, &HI
A - FFlg O RE ORI, wm&mwg
WAERRD THAH~a T TE KODA) & F
TV Y — U & DR AERRKE S W) & 57
HIEFRNTH AT, S5 \&/A7A
WEELIZZ XTI BEDO I VA= LV E RS
EELUCHAE L, B, BLE CEMNEE
FEBRWIMThE=4%— LT, KOS Z A 2
VTl Uiz, 51T, Bk & oy
RO FREMED & 2 B ORRFEIT OV T,
7 ROMEFRY 7=/ — (0PC) K, 7L
a—AK, CoQl0 KD EIEFEEIZ X 5 BB A
b U ZBRFIDFIZ DN T H R, AR
HBROMEFZ 1T o T2, 7ok, il TRk ©
WK LD /NG REZEAL 72 & DN B RS Al &
LRI ERHEH S ST BT, NGBS
REmOE S, X N B REED BT
FHEBALZ A, ROk OZBGEFIZhEDO/E
HAA =X LD—bm&E Iz L,

. AT R
BRBROK ORI E LT, ElitEFEAK R
X JQuwN—) BT S b EAREEITKT
ipHﬁﬁ_ﬁ< AKFBRENE <, LR

BALMENZ & 2GR LT, — . EffK
%mfipHi%%m< IKFBIREE DN IEH I
‘%<\&MLI;LMWﬂ\ LR LT
(K1), &5z, 29 LI=RABuKk oM RIEE
@®%@%§Hﬁw:kﬁ%%ﬁmﬁoko



- CES et o
Z BERETN
OFERFKEN
ORP
300 -
- 07 .
S 045 %ok
£ 300 B BRI
DEmakEk
-600
oh 9h 15h
1200
5 800 O £EEZEK
[=%
a 8 EHET
2 400 BRI

0O FfkEk

K1 HEKROER
UCERETICBITAERBRON, BLETEN

(ORP) . ¥ETE/KEEE (DH) 2EIEL-. EERHR
BOKTTHERTH A0, 9, I5EEMEE

AT o T
means = SE. , n=b, 6

Z T, FfﬁmJ%Fm%mJ@ﬁm

%A b L ARIENE D S AR AT, = x~

A—ﬁ#/b_ﬁ#éLxWQ%ﬁ#éf%

BRI . BEORE FaXS IV L AR

gt 5 [KFEAK] ZHNT, Znb0f0KIZ
22-28 AfICHBITAIEAE

400

ab
300 -
200
100
0 ,_

24:H20 32:H20 32 R-| H20 32: H-H20

1000 - 22- 28Elﬁ“| BITHEHAFHERE

750 ab ab

> 500 V L
250 o

0 A :

24:H20 32 H20 32 R- H20 32:H H20

X2 22-28H@IIBITAETRE

22-28HERC B VT, BESASE TN COSAEELIT /.
MHEE (Huon—) @d24TERE.,

(A 22-28HERIC B S HEEE
(BY22-28H#RIC Bt 2 2 EENE

Duncan’ s Multiple Range Test, @PP<0.05, means+ SE.,n=§-8

X B BB AR T B DHOEEMSE
ERAEA LRI i?gﬁ%ﬁxko

Z OFER, AT IL24 H0X & Hifg LT
32:H,0X, 32:H-H,0X CHEIZHD L7=A3,
32:R-H0X CIX LR O bivie o Tz, flkt
FEEEE32: HLOX CTHEISHD L7,

32:R-H,0B<. 32:H-H,0K THEILRD B
Mmolz, DFEV | BRETK, BEKFENKT

BN LD AEPEMEOR T A B S - (K2
) o

A 5 . REFICHTAMDARE

il Il

24:H20 32:H20 32:R-H20 32:H-H20

(nmol MDA /g
tissue)
)
o

w

_ HFRIcBTEMDAE S
a

b
‘b\ I a |
0 T T A—

24:H20 32:H20 32:R-H20 32:H-H20

=y
(1]
o

tissue)
o
o
=]

{(nmol MDA / g
(4]
=]

3 MEIZBITHIDATE

22-8HmICBVT, BEERH IE T COREEEE
1Tofz, MHEX (A=) FUORTE., BRE 1A
LI TBARSEL: & O HIE L =,
BRI B A IDAEE

(B Pz 1) 2 UDAE &
Duncan’ s Multiple Range Test,
neans+ SE.,n=8-6

I 51T, ETR L ORFIEOMDAS &L
24:H,0[X & Hl L C32: HOX THEIZHEM L

HWEORSE

abp<(,05,

A
4000

3000
£ 2000
1000
0

24 H20 32 H20 32 R-H20 32 H-H20

B 00 B’f“ﬁd)pﬁé

600
E 400
~ 200
0

24 H20 32 H20 32 R H20 32:H-H20

© 5, HEBBOLE
6
4
il
0 \
24 H20 32 H20 32 R-H20 32 H-H20

E4 /NEEFERE
2-28HEBC BT, BRI THCOERBEF T o/,
R (FVo—) @2408E, SHEEECERE, +oBEo
U P £ HEZR & LI RR & 852 L7,
(MHEDOES
(B)F2 DI &
(CfE/TEEDER
Duncan’ s Multiple Range Test, *P<0.0b, means=+SE.,n=8-6



7273, 32:R-H,01X, 32:H-H,0X Tl LTkY
. TBRETTK R B ONTAKFEKRDOHAKIZ LY
W, Ao IR L 2% Fn L © 5 AlRetk
PREhiz(X3),

ZEIZ31T 5 in vivo HLEEERR X 0 HiEkMb
MFITBNTIE EITK) & DKEAK] O
BRK T, FBFREEICBW TR BEITK]
TEhUENPRD LN, £2C, W [55R
K] OEIKIZ KL 2/ MEEREZE L b NTE B
FIEE A2 ST L, Rk OB EGERN
NEONEAA I =X L D—8%EH LT
5HE b, #BkEDMAEDEIZL HHEE
ZhRDAREMEIZ OV TR L7z, RiTAEEE [RIER
DEBRSEM T, T7hbb, ARG L,
24°CH,0 X (xfHR - i FEK) B 32T
B3 X (EE6 HaTk v 32:H,0, 2
WESEK 5 32:R-H,0, BEfRIEIT/K 5 32:H-H,0, F&
i /KFEAK) Bk EHE L, 22 Bt X D ZEUR
E%& 6 HRE T -7,

ZORER, +HRBOMEDOE S 13X 24:H,0 X
Ll LT 32:H,0 K CHEICHEL o723,
32:R-H,0 X, 32:H-H,0 K CIIHERZETAD
NWixhole, —hH, BEORE 31T 24:H,0 X &
e L C 32:H,0 KCTREL 25\ mNHALH
723, 32:R-H,0 KTIFAERETALNT,
32 H-H,0 K TIFF L RAMHMNB A BT, F
7o, 32:H,0 REW T EEEOR ST
32:R-H,0 R CTHE S 22 5\ 2 & 5 4,
32:H-H,0 R THEICELS 2ol ZD=9,
METEmoO R, 24:00 K EHEFL T
32:H,0 K CHEIZIK T L7=2%, 32:R-H,0 X,
32:H-H,0 R TITHEEREZTALNRN ST
(4), ZoXkrc, KEERERLY ., B2

PARERIC K DR, REORBITET D25,

BILK, HDHWEFKEKIZE > TV IR bk

BINDHAEMENRENT, 2Dz LickDy,
AR PSRRI DWALEESR (R 7y,

T 2T =Y, U R—VE) L HE LR,
A5 N A B 3 (S A s B % B 2 T D AT REPE A
EZ 5T,

A
pCalpainF iR

~ -]
L )

N
L

Ratio of mRNA to 18s
rRNA (AU)

o
N

24:H20 32:H20 32:R-H2032:H-H20

UbiquitinF& 17

nlan

24:H20 32:H20 32:R-H2032:H-H20

-~

N

Ratio of mMRNAto 18s
rRNA (AU)

o

5 BESICRT B Z vy BESREEEE A
22-28HERIC BT, BUHEAIE TRALTOERBRE#1To/-.
MR (FVot-) F24CEHRE. SHEBERCERE, BB
BUFZ A ENEEEE G TRES, RI-PCRIBC LV EITL
7o, PIENEIUERE & LT 18s rRNAZ V7,

(&) uCalpainZeq

(ByUbiquitinZsq
neans =+ SE.,n=8-6

S5, BRI D 2 X By R
B TFRBAMBN L& 2 A, uCalpain,
Ubiquitin |& 24:H,0 X & kbl LT, 32:H,0 X
T EFEMIC & 5 7223, 32:R-H,0 X, 32:H-H,0
XTEO LRIz NI HY, 2D
ZEiE, B, BEUBHEIC L o TH NI Sy
fRITMREE S DAY, BITAK « KFEAKIEEIT X
> CHfRIZEET 5 > 7 L3l &
WHZEREZLNZ(X5),

7ok, AERK & ORI RO FREMED B 5
BEMOBRPBIZOWTIE, 7 RV FRY 7=
J =L (0PC) /K., Z/a—=R&/K, CoQlO/KD
AR GAIZ X DB N U ARFI RN
DI Toled, SH%OMEE Lz,

5. ETrpsgIam L5
(WFFEAEHE . WFFEHE R ONEEEITIEE 12
ES )

CMERERm L) RO )

(Fa¥E) G

LT/ BB BV ERF D 7 e A T —I28
T B EfREITTKEB L OKEAKBGIZ XL DR
{EA B U RERFIZh R/ B RFZEF2 2011 5K
ZR4/2011.8.25/F AR ALH K

(XF) GFofF)

(PEZEPEME)
Ok GHo )

Py i
A
MHEFIFE -
FHYA -
T
HFEEA A
ENFL DR -

OBAsIRIL GO )

T
T
MR -
FEYE -
i
BASFA A :
ENF DR

(D)
TR Iy



6. HWFFEHLRR

(1) WFZEfRFE

ok IER (TOYOMIZU MASAAKT)
WAL KRS « KREFEBLE P e Rl - #d%
rgeEde5 80180199

(2) WFFES5T 4R
L

(3) HAEMTFEH
mL



