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O—ALC-) %27 % —+% (CytC-R) 12XV ETIM=
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LHERA LT, MIROERERRLHMBEO T br
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DB ROS A A3 AL 7 v % - ~ (GSH)
W ELTARE, FVIYFFUS I I AT
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IBLTWBEBETHELLZA=N=FF T FITTH
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HI R, MBENODNAICHEEG 252525k
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faik, ISR ZFH L CTwb720, 20
MR CTER SN LEEERR T VIV OZBRITHEIZ
EH5ENTWDEY, LaL, ERicEonl) %
il 2 OWEHEREHR OHFMEFEBUR L TRE b ORI R
PEIELTBY, ARGk & OBRPARE THT I
W R EA AR S N TV DY, Z OB E OB
RICBWT, EERBLE 2L LT 5 ARPTER LR
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1. EBHE

1) SEEREhY & fE ik

AN, IMRERS80gD JcL. Wistar Rk T v
N (HAZ L7 HRA&H) 2h84 07 0oy il
(CEE). KRE.Z v\ HlE (SH). Z VT8 o8

7B (GEE) 2N 5 DEEIZ8%DNaClZ N2 72
CN#. SNE:. GNEEO6EEIZ/) (Table 1), €1
FNOHECIOOHHEE L. 16l o k& L
720 1HEIZIODE E L, S}l K OVBkKiZad ibCTH % .
22 = 05 C. BES0 = 15 %, BHM7HE-198F
FHFEECTHE L7, B, BRI6HMIZS v M2
BYIRIEMRITAE 2 E (NATUME:RN-210) 12X
MEZMEL?z. Thbb, v bz60CHOTEA
TR BRI AN, BEH 7ICELT
=L, HUIELWIRSME SR TH S,
B2 E L CIEzllg Lz,

2) 3k

Glutathione: oxidized form (GSSG). cumene
hydroperoxide (CHP). glutachiton reductase
(GSSG-R). cytochrome C (Cyt.C) iX. Sigma
Chemical Company (St. Louis, Mo., US.A.) #,
1,1,3,3-tetraethoxy propane. 2-thiobarbituric acid
(TBA). glutathione: reduced form (GSH). 5,5-
dithio-bis (2-nitrobenzoic acid) (DTNB). 24-dini-
trochlorobenzene (CDNB) (&, FI3EhlisE T3/
&4t (KB #, f-nicotinamide-adenine
dinucleotide phosphate reduced form (NADPH)
A Ty OVEERE TR S R 8
hydrogen peroxide (H:0: (ZBIHAL=REA &4t

Table 1 Percentage composition of diets
. Groups
Ingredients C CN S SN G GN
Milk casein® 21.10 21.10 0.00 0.00 0.00 0.00
dl-methionine 0.42 0.42 0.00 0.00 0.00 0.00
soybean protein isorate® 0.00 0.00 20.00 20.00 0.00 0.00
wheat gluten® 0.00 0.00 0.00 0.00 2400  24.00
corn oil 5.00 5.00 5.00 5.00 5.00 5.00
meneral mixture® 3.50 3.50 3.50 3.50 3.50 3.50
vitamin mixture? 1.00 1.00 1.00 1.00 1.00 1.00
choline bitartarate 0.20 0.20 0.20 0.20 0.20 0.20
cellulose 5.00 5.00 5.00 5.00 5.00 5.00
sodium chloride 0.00 8.00 0.00 8.00 0.00 8.00
corn starch 77.65 77.65 70.00 62.00 39.40 31.40

“Protein : 85.3%
»Protein : 90.0%
9Protein : 75.0%
YAIN-76 (1977)
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ER) BodborzhEhMH LA, T2, 1
W L7F=v, REE RORFEREGE. A/GH
WA ADERSE T MRS ORI SX » b
V7 F=r-TANTa—, REEC-T A M7 a—,
REBFBFAMNTI—, A/GB-FA+Ta—) %
iz, oI T2 TG mE 20 T H»
725

3) Wk

(1) BERIEME
a. TSR i D R

fTHERT % BLIMAE S & 728 o & % %0.9%
NaCl-50 mM phosphate buffer (0.1 mM ethylendi-
amine tetraacetate (EDTA) &4; pH 74) T#EGE
Lzt L. MW, 45 E0%50 mM phos-
phate buffer (0.1 mM EDTA&A; pH 74) THE
JVFA AL ZOXREIY A — %4 T, 10,000 x
g T205 I L7z S5ICZFD RiE%E4 T,
105,000 x g T605 fiE . L. 20 Ligx ¥ A b
V= Vilisr (Cyt) & L. Bix REERIUS OFERIR
WHW 7z REIEFERE R, S 5124 T 105,000 x
g T30 L riE L. oz S LT
I7uV—AHS (Mic) 1%, FARCEEREMN L
Lf:zs‘ 26)o
b. GSH-Pxi& 4

Lawrence b ®J5#:27) 12X D IE L L T0.25
mM H:0:%£15 mM CHP%Z F\WwCilllE L 72 50 mM
KH:PO:, 50 mM K.HPO.., ImM EDTA. 1 mM
NaNs:. 0.2 mM NADPH. 1 mM GSH, 1 EU./ml
GSSG-R%* 5 1 BULE . (pH 7.0) 0.8 ml& FERIE
0.1 mlZFHFELIVIZAN, 25 CTooME%, &
BEEW0.1 mlz iz WL A dE & %340 nmT
W L7z EMICIIRERIEOR D IR EZMH L
720 WERIECyta v, 15 BICERIE S
AHNADPHOwTHF L 720
c. GSSG-Rif %

Worthington 5 D2 12X W illsg L7z, fAdkt
V221 mM KH:PO.w 26 mM K.HPO.,., 1mM
EDTA. 02 M KCI. 1 mM EDTA. 1 mM GSSG.
0.1 mM NADPH»*5 7% A5 38w (pH 7.0) 3 ml
= A, 25 T2l ta. BERIH0.L mlZ Mz,
WG DR AE A %340 nmTHIE L7z, BMIZIX
ERBOMR) ICEHKEMA L 720 BERIIECytr
v, PR RICER{E S A NADPHO & T#
L7

d. Cyt.C-Riif %

Phillips & DK E 12X Y llE Lz, FOBERIE
0.5 M potassium phosphate buffer (pH 7.6). 0.1
M KCN. 10 mM NADPH., Z¥/K#%140:2:1:
L2OEETRELTHW 2, 79 AL VIS HETR
1.85 mlzx A, 25 CT20MtEH%. 2 mM CytC
0.05 ml& BEFEIR0.1 miZ Iz . WoLEOBnE & %
550 nmTHlE L7z. BEMRICITRERFEOMR D ITEH
KLz BEEFEIIMicE v, iGkid15H
AR E NS EICHCytCORTHE L,

e. GSTIE

Habighb @Y 12k, BE L L T20 mM
CDNB% Wil L7z A3+ 1202 M potassi-
um phosphate buffer (pH 6.5) 0.5 ml. 20 mM
GSH 0.05 ml. FHEEFEI045 mlz iz, PotED
WIME S 2340 nmTHE L7z ERICIEEERFEO
ROICEBRZMA L 720 BERFIXCytz AV, 1%
X1 ICHE ENHCDNBOE THE L 72,

(2) ZofioE R
a. I3

FHE T DML S & 2 BHIZEREL L 72 131 DA
TR L 7z, BB I IE305 [, 4 C Tt
0B (3000 rpm. 2040 1) L. il % ik
& LT20 CTRAEL 720
b. BEE LI &=

Uchivama b O HEV 2L DifllE L7z, #Ei LT
LD L 72 g = off #0115 M KCITHREY S A4
A L7z AT REBEICAEY 2 — 105 ml. 1.0%
H:PO: 30 ml. 06% TBA 1.0 ml% AL, #blEAKHE
e CA5S B, HR NIRRT THHIL 7. &
5 {Zn-butanol 4.0 ml%Z Mz CTHE L < #E#HE. 3000
rpm. 10°REOGEEL. ZO 7% 7 —VEDOWE
JE#%535 nm&520 nmTHlE L7z $720 FEY A
— PO ICEMIZI120.9% NaClz ., FEHEIZ1X10
nmol/ml®1,1,3,3-tetraethoxy propane-methanoliz
Wax vz, 2B, =3 TBABEWE TH L~
ayI7NVFe FELTELR,
cCITNVFTFF AR

EllmaniE* (2 X Yl Lizo #EH LTI L 72
JFI#0.5 gi20.1 M phosphate buffer (pH 7.4) 2.25
mlzMAZREIF AL AL D15 mUIFERDI%
sulfosalicylic acidZ iz CHML 7. 4 TT30%
MRE . 4 T, 10,000 xg. 2057 M 0B L. &
® Fi%05 mliZ0.1M phosphate buffer (pH 8.0; 0.1
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mM DTNB&A) 45 mlzlz. 5512412 nmT
WEEWE L. B, HE#I12130.1 M phos-
phate buffer (pH 7.4) T L7-GSHZ= M L 72,
d. P-450% &

Omura®OFFFEY 12X YilllE L7z. 50 mM Tris-
HCI buffer (pH 7.25; 3 mM MgCl2&4) THAML
BRI A T A V2RI EL. 3 -7712CO
2158 L. 400-500 nm THER L7ze R THjly
DX VIINa2S2048megZz 2. £ {HEHEL 72,
FFUM400-500 nmTHEA L. COZEANRT ML D450
nm & 490 nmDOWNEE DD SPAS0F HE % K
720 2B, EERIIIMicE w7z,

e. ¥ NI EDER

Lowry 5O HE" 12 & 0 e L7z. AiBEER
0.2 mliZ2% Na.C0O;-0.1 N NaOH. 0.5% CuSO..
1.0% KNaC.H.Os * 4H.0 (1 v Vi) (50:1:1) @
RIE10 mlZ Mz, 105 FIE Lze Z D%k
T2fEA R L 7zphenolid3E0.1 mlZ Iz . 3045k
%, 500 nmCTWSEEZME L. k.
FEME7 VT I 2wz,

f M7 VT F= ek

Jaffe’ 312X D E L7z M{E05 mlZkks ~
327 330 mlz A, FilIC105 FH0E L 721,
2500 rpm T10%5 e 0 i L 720 20 13§20 mlz
28 CTHAMIMMME L 72, ¥ 27 ) YEREW1.0 ml
0.75 N NaOH#&# 1.0 mlZ Nz . 028 T T205 1
i U7ze KD304 LIPI2520 nm CTHOBEE 2 il &
L7zo B, BEHEIZIZ 7 L7 T = o BEHER & 255K
TAHARLTHW 2,

g. I R I 2 i

) A — - TOOSHE™ 12X hilllsg L7z, ik
0.05 mUZFEAAIE30 mlZ Nz, 37 C T4 Mhni
L7-%. 555 nmTHOLE 2 e L7z, &b, i
VPR B HEE & ZE K CARIL TH W 72,

h MR FEEFE G

LT —¥ AR T7 = VED L HE
L 720 IMi%0.02 mlZFst@itdeA 2.0 mlZ Mz, 37
CC16aMmisE. FEtikdEB 20 mlz iz, 37 C
T10- MR L. 570 nmTUOBE2ME L7, %
B IR RS RE & AR CRML TH
W7z,

i My A/GH

TNT I VIFBCGE® X Y E Lo Ik
0.02 mlUZFEmARIES0 mliZz A, 105 HHGE £630
nm TWOLEZRE Lz, 720 By V7T,

—F e 160

Ly MESP XD ME L. MKl mlcFE
fEASE5.0 mlz Iz, 3070 FT i %540 nm CTROLEE
ZRE Lo 3. BEHE 130 % SR I3 2 2850
KTHMLZbDEH ., TVTIVOERIZIET
VT I UVERAREE W, B, a7y il
3y X EDWEDI STV T I Y OfERWTEK
D726

4) FEEHLE
155 N7 IT I ME = e R TR L, IO
DA EZEMEIEStudent sOBIEIZ X D 1T 5 72,

2. ®BR

1) EEICHET 5

REIZ, 6FEE BI0H 2T TITITIE R B
L7z (Table 2), m#AREIL, CHIZHLCNAET
10% A B A - 7225, SEE & GEETIENaCLIAm o
WEIIAR LN o T2 72, CHICLHERSHET19%.
GHET33%. SERICHENGHETIXI7%ENZENAE %
BEZR L7z F72. CNEEICIEXSNEET12%. GN
FET30%. SNEEIZHEAGNEETIZ20%FNZFNAE &
WAKF L7z I ER, BLX OIS v 237 ik,
WINOHEMIZBW T WL RERIIBED NS
Polze BHMNERIE, NaClRIZ X W CEE, B X
O'SHEETHI30%. GRET15%Z N2 A BZI2H L 72,
F 72, GEHEIZCHICIE L15% DA E b, SHclt
L 10% DB %2 78 L7245, CHE & SEE o I R
X dolze /2. CNERICIE LSN#E L GN#ETZ
NZENKI10%A4A Z B 2 7245, SNIE, GNEERM TIZ
ZEAEBALDR AN D5 72,

EAREIE, NaCLIRINC & Y CBE L SEETHRIRE. G
BECHR2ME, TNENEFICL o7 (Table 3),
CHE. SHE. GHEMICBU 2BAKREOEIFIZEA LR
olze —J). GNHEIZCNEE, SNE L., #h
FNRI50% DA il Y %R L7z, CNEE, SNEEH
TOKREF Do filk BLOY 87 HEE
Bk, CHRIZILCNHE, SEEICIESNEFETH 4 #9910
WH N o 7205, GEE. GNEER T & 277
BRREN o7z Tl CHEIZIE LSHETI%,
GHET20%. SEEIZIL LGEET8%Z N2 A & 4 Al
ZR L7 GNBEIZCNEE, B X OSNEEICHERZEHN
ZFNRI20%H ZIART L7245, CNEE. SNER To
KX % H o 72 PERIZ. NaCllhc & Y CEET
19%. SHE. B L UOGHTHI0%ZNZNARITKT
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Table 2 Changes in body weight,liver protein,and kidneys weight of rats

Groups Final body weight Liver weight  Liver protein Kidneys weight

(g) (g/100g BW) (mg/g wet liver) (g/100g BW)
C 3627 37x0.1 1423 0.68=0.01
CN 3275 39+0.1 1433 0.86=0.01%
S 292+5* 4002 140+ 3 0.71+0.02
SN 288 + 3¢ 41=01 146+ 3 0.93 £0.02>¢
G 241 £ 7> 39+0.1 1383 0.78+0.01*
GN 229+ 3%¢ 42=+0.1 141 x4 0.90=0.02¢¢

Values are expressed as the mean of data from 10 rats =SE

Abbreviations: C,casein protein diet; CN, casein protein diet containing sodium chlo-
ride; S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride;
G,gluten protein diet; GN. gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

PSignificantly different (p<0.05) from value for the S group

Significantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

Table 3 Changes in water intake,food intake,protein intake,and protein efficiency ratio of rats

Groups Water intake food intake protein intake Protein efficiency
(ml/day) (g/day) (g /day) ratio
C 201 175+0.2 3.15+0.04 1.02+0.02
CN 65+ 2° 188 04" 3.38+£0.08" 0.83+0.03"
S 18+12 16.0+0.3" 2.87+0.05 0.82+0.02°
SN 63 2¢ 180+05° 3.24+0.08" 0.72+0.02"¢
G 18+1 14.0+04*° 252 +0.08° 0.72+0.02*°
GN 35+ ]9 14.7+04%¢ 2.65+0.08%¢ 0.65+0.02%%¢

Values are expressed as the mean of data from 10 rats =SE

Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chlo-
ride; S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride;
G,gluten protein diet; GN. gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

bSignificantly different (p<0.05) from value for the S group

Significantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

L7z 72, CEEICHL LSEET20%. GEET29%. S T28%. GEEIZHEGNEET37%ZFhENFE R LA
FICH LG TI2%ENENH BEITEr - 720 720 ZRL7: (Table 4)o F72. CREICILLSHE, BX
CNEEIZH LSNHET13%. GNEET22%. SNEIZI UGHETH 2 H5% G BIME T L72AS, SHELEGH®
LGN#ETIX10%F N ENA B R EZ R L7, MCTREZ Do 72,

MFEE. CEEICHENCNEET18%, SEEIZH SN
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Table 4 Effect of sodium chloride and / or protein quality on blood pressure

Groups

Blood pressure

C
CN
S
SN
G
GN

(mmhg)
153=1
180 =4
147 +1°
188 =3P
144 =17
197 £ 4°¢

Values are expressed as the mean of data from 10 rats £+ SE

Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S,soybean protein diet; SN,soybean protein diet contaiining sodium chloride; G,gluten pro-
tein diet; GN.gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

"Significantly different (p<0.05) from value for the S group

Significantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

Table 5 Effect of sodium chloride and / or protein quality on lipid peroxide and glutathione levels

Groups JOOH GSH
(n mol MDA/mg protein) (u mol/liver)

C 0.53+0.05 271+0.11
CN 0.69 £0.03" 258 +0.13

S 0.43+0.03 2.88+0.07
SN 0.56 = 0.05™ ¢ 2.72+0.24
G 0.57+0.07 193+0.11>°
GN 0.87 £0.04%%¢ 193*0.11%¢

Values are expressed as the mean of data from 10 rats =SE

Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S,soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten
protein diet; GN.gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

"Significantly different (p<0.05) from value for the S group

Significantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

2) NaClojz:

(1) WHHEREEREER

PO M ERAL IR E 3. CHECLE LCNEE, SHELC
I LSNH#ETH 4 30%. GREWZIL LGNEET53% %21
FNARIZHINL 72 (Table 5)o GSHuix, W3
NOHBTEHL DR BB R LN LD o572,
GSH-Px®DSefkfrfl, B X UOTotal D{EMEIX, Wi
NOBEMIZBWTEREN D) -7 (Table 6),
GSSG-RififHix. CHEICZIL LCNEETI3 %D f B R 1K

— e 162

%R L7225 ZOMORER TIEHH S 2R R AA
bNehrolz,

(2) HEWHH R

B REOCytC-RIGHEIX. CHEICHACNHEE
T2BH%HEIZ LA L7z (Table 7). SEEICH LSN#
TIX15 BIRNEIASAR S L 7-Ahs, GRE. GNEER T
DO S ERIE o7z, P-45081Z, wWTFho
HERIZBVWTHIFEAEERARON o7, F
BXPERE S OGSTIHMEIZ, WTFNOMRTH T EAED
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Table 6 Effect of sodium chloride and /or protein quality on activities of glutathione relating enzymes

Groups GSH-Px 1) GSH-Px 2) GSSG-R
(n mol/mg protein/min) (n mol/mg protein/min) (n mol/mg protein/min)
C 149+ 11 194+ 11 60=x2
CN 1397 205+9 52+ 22
S 132+8 194+12 72+ 3
SN 142+10 207 £11 66 + 44
G 148+9 200+8 60=4°
GN 1517 2118 62+4

Values are expressed as the mean of data from 10 rats =SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G, gluten
protein diet; GN.gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group
"Significantly different (p<0.05) from value for the S group
Significantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group
eSignificantly different (p<0.05) from value for the SN group

YSe-dependent
?Total

Table 7 Effect of sodium chloride and/or protein quality on activities of drug-metabolising enzymes

Groups Cyt.C-R P-450 GST
(n mol/mg protein/min) (n mol/mg protein) (n mol/mg protein/min)

C 118+4 0.86+0.03 567 + 32

CN 147 = 6° 0.85+0.05 564 + 13
S 176 = 12° 0.94+0.06 747 £ 59°

SN 150=10 0.90+£0.05 675+ 14¢
G 146 £5*° 0.86+0.03 618 + 46

GN 153+6 0.88 £0.04 649 + 44

Values are expressed as the mean of data from 10 rats =SE

Abbreviations: C, casein protein diet; CN,casein protein diet containing sodium chloride; S,
soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten pro-
tein diet; GN. gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

Significantly different (p<0.05) from value for the S group

eSignificantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

RSN o 7205, SHEIZH LSNAETI0 %k i

IEN:Z;)O 720
(3) HMLiFH s

2 LT7F=VEIE, GREICHRGNEET24% DH
BREMA, ZOMOFER TIENaCLIRIMZ L 58

CHEZIE LCN#ETI0 %D THEINIZH - 7285, #

DMOEERNZ BV TIXITIFFEZ R L2 IRFEREHE
wmiE, NaCLiIMZ L D WIh o T 20%uit5 4

10% O EINE M 25 S 7z (Table 8)o JREEE I,

BIZE L rolze A/GHIZ, SEEICHASNEETIS %
B o lehd, ZOMOREH TIEREDS Lo 720
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Table 8 Effect of sodium chloride and/or protein quality on serm creatinine,
uric acid, urea nitrogen and A/G levels

Groups Creatinine Uric acid Urea nitrogen A/GY
(mg /dl) (mg/ dl) (mg/ dl)
C 0.47+0.05 3.27+0.32 16.4+05 1.36£0.11
CN 0.53+0.05 293+0.23 18708 1.34+0.11
S 0.55+0.01 2.89=*0.17 16.0+04 1.45+0.14
SN 0.61+0.05 298 +0.19 19.8+0.5b 1.67 =0.08¢
G 045+0.02° 317=0.12 16.0+0.6 1.35+0.09
GN 0.56 £0.05° 3.23+0.17 198+ 1.1° 1.57+0.15

Values are expressed as the mean of data from 10 rats =SE

Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten
protein diet; GN. gluten protein diet containing sodium chlride

aSignificantly different (p<0.05) from value for the C group

"Significantly different (p<0.05) from value for the S group

Significantly different (p<0.05) from value for the G group

dSignificantly different (p<0.05) from value for the CN group

Significantly different (p<0.05) from value for the SN group

Yalbumin-globulin-index
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The effect of sodium chloride (NaCl) and/or protein quality on hepatic glutathione-related enzyme sys-
tems in rats was investigated for a period of 90 days. The blood pressure of the NaCl-treated rats were
found to be significantly elevated, especially, with gluten diets.

Feeding of NaCl diet led to slight increase of lipid peroxides contents, especially, with gluten diets.
Feeding of NaCl and gluten diets resulted in significant decrease of glutathione content. On the basis of
the results obtained in the present study, it may be suggested that long-term feeding of high NaCl and
gluten diet reduces the detoxification of many xenobiotic compounds, and generates the oxygen radicals
and lipid peroxides leading to various pathological processes.
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