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Liver Glutathione Metabolism in Streptozotocin Induced Diabetic
Rats.

Akiko Naruse
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Abstract The effect of dietary cysteine content on rat liver glutathione level in streptozotocin induced
diabetes was assessed. In diabetic rats, who received the same cysteine intake as normal rats, on the
8th day after injection of streptozotocin, the liver glutathione level was lowered to about 70% of that
of normal rats. There was not a significant change in the content of glutamate glycine. Of significance,
however, cysteine level was slightly elevated. 7 -glutamylcystein synthetase activity was not changed.
These results were indicated that the lowered glutathione level in diabetic rats may be attributed to the
change of efflux and consumption of glutathione. The glutathione efflux from the liver was measured in
the rats aiso. L-Buthionine-(S R)-sulfoximine, an inhibitor of glutathione synthesis, was given to rats.
The liver glutathione level was measured periodically. In diabetic rats, the efflux of glutathione from
the liver increased more than in normal animals.

KeyWords liver glutathione, cysteine, glutathione synthesis, diabetes, rats



64

1 B
IE® 5 v b OB glutathione Ed, AEFOEHT7 IV BEB LY o 2 BERICLEL

HHT 3L BHT T T0 B DL LORETHIE LT, BHO/Ss - CligeRT o
Ne—D2ODWFEL LT, BRWEIWIZHIT S glutathione DEMHEE * BFE L OREIZ BV TH
LMIZL, BRFICBITLRBOENA glutathione (I LD L S L HBLRIFL TV L2 %
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1. 8B L OEFTELHG

TRRHET » b, 5CICERL-BMETHAT L, KEFIIEHOREREML
HEEREEBICG R . EREEROMBIIR1IRLA. 73/ BRSWOMKIZE 3 12
ARL2E DI, 207 3/ BHMEH 5 methionine & cysteine tryptophan % [\ 72 & ) % F &
L L7, ZTHUZ cysteine %A FMLERELYREL /-0

Table 1 1R R Table 2 7 3 /RRIREWOMBIL

FEH BeEH (E8) amino acid mixture MEE (BE)
corn oil 6 ILu 0.33 Val 0.41
McCollum’s salt mixture 1 Leu 0.53 Arg 0.40
vitamin mixture 0.5 Lys 0.44 His 0.16
choline chloride 0.5 Met - Ala 0.35
amino acid mixture 18 Cys - Asp 0.57
cellulose 5 Phe 0.32 Glu 0.79
corn starch 60 Tyr 0.24 Gly 0.20
agar 0.5 Thr 0.29 Pro 0.25

Trp - Ser 0.45

BEPR W 1X streptozotocin % 0.1M citrate buffer (PH 4.1) 28 L7- b D % 65ug/kghENE &
T, BEERE 05 LTRESE, 1BEMTRERERICTHEER, ERICHELZ, BT v b
121k, F—&EICLY, SEOEBMEIEKERS L,

2. FHREETTEHE S OR R

BFB% 1 g {Z0.5N B1EF#BE% 4 ml ANZ, motor driven Potter type Teflon—glass homogenizer 2
L YE®L, 10,000X g, 1055& ik L 72 L& % cysteine, glutathione, ##7 I / BOEEICAW
AR
3. EEY

(a) cysteine ; GAITONDE ' 12 & 0 58 L 7=,

(b) #TCH! glutathione; SAVILLE #: 12 & 0 & & @57 FF 7z A1X  t SHAREN 5, cysteine &

## L3IV fl%, glutathione B & L72o TIEZE 12 X @748 & < —FK L T 7z,
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(c) mM¥E ~/%) HLEE L83 SIRI L2 Mg % 0% 008 U TR g icong, milRF »
} Glucomesser ( REMRZFLFMAZHE) % HV glucose oxidase I L D EE L 720
(d) 7 —glutamylcysteinesynthetase 74
Meister & D FiEICHE L, &ML ATP 45 0 Pi release & % Fisk—Sabarow (2 & ) il
E L726
(e) H3835%! amino acid analyzer {2 & 0 #ll5E L7,
4. BFREAS @ glutathione R E DRIE
Ty PRUAREAERZ ISV 10g OTRERSAE 5 2, HIBHKI6RHEHKIC L-
Buthionine—(S * R)—sulfoximine (LLF BSO & B&EE) %0.1mmoles/100g b. w. DE|A THEMNIZ
5 L, B5.430, 60, 90571CF » F E8 L glutathione B % &R L7120 BSO O 5k hkE
WX D FHEBT T TERZRET L THY

RREER

o HEEF D cysteine = & AT glutathione &

HEEF D cysteine B ¥ 4 BIL &8 TH 2 7B DI D glutathione B F 3 IR L7z

BEEGEEZL/D, 79 b 224RRBEEHR, EBRAETS5 2, BRI L %P glutathione £
A, ¥—27IGELERZD, BEBKLIEMEDETS 5, cysteine EBIRME, HMEDOVT
NOBES, BRFOAMKL, EET » FOHT0% Lok,
BB glutathione LX)V ik, A TOAMR LR CMP B L PBER~NORE LD/ 2
WKEIWRESNDBLEZONLDT, BEFHENEHLUTHLHIZL 2> 5T, BRFEEWIZBY
T glutathione L "X)VAMEWER %, glutathione A IS 5 548 & U glutathione U B EE
DZHE2HERL,

Table 3 HEEH D Cysteine & & FFiE Glutathione &

Normal Diabetes

Liver glutahione No. Liver glutathione Blood No.
pmoles of pmoles glucouse of

/g liver /100g b.w. rats /g liver /100g b.w. mg/dl rats

CySH 0% | 3.40+0.45*  14.83%£3.90v  (4) 2.40+£0.71¢  11.53%+3.63*  220+18  (4)
0.09 4.62%+0.36"  20.02+£2.19  (4) 3.20+0.48° 15.91+1.81¢  275+30  (5)
0.18 6.10+0.27¢  28.15+£3.19¢  (4) 4.40£0.60 22.39%+3.11" 24570  (6)

Significant differences were found ;
bvse cvsf,bvsec avsc p<0.00l.a vsb, 0.02<p<0.05
dvsf evsf 0.001<p<0.0l
a'vs ¢, b'vs ¢, 0.001<p<0.01.
b'vs €', 0.01<p<0.02, ¢'vs ', d'vs e, d'vs {', 0.05<p<0.02.

* glutathione S EICBI5-§ 5 &M ORET
FFIB O glutathione ABEEICESTAEREF L LT, BT I VBEOFBARE L, glu-
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tathione GEBREMNELONL, TD 2212250 T, HRFEMEEREWE » B L7,
« FAOMET I /7 BRL )V

glutathione B DM ¥ 7 I / BT % glutamate, glycine, cysteine ? 9 &, glutamate & glycine
EZDORFMEBEAS, 10°M TH AL DI L, cysteine id 1 H{E < 10™*M LA 7% {, cysteine BAY
glutathione &M DEEK T & % » T P EFEEMOHE, FFEA cysteine BB L /- K EF
HOT I BBIIKECKET 5, BRFAHY T, TEHWEREDOT IV BERRLTLA
5ADERIZ L Y AFRA cysteine EAYME { £ D% glutathione &HAHIH ST L ~NWAHMETF LT
WATEBEELZZObNE, COREHLNIITE/-OFROERET I VEBEZNEL:. BEY
4R L7

Table 4 AFIRFOERET I /BE

amino acid content ( " moles/g liver)

control (4) diabetes (4)

Asp 1.58+0.44 2.51+£0.73
Thr 0.82+0.07 0.38+0.22¢
Ser 1.2940.27 0.961+0.55
Glu 1.2840.21 1.554+0.43
Gln 5.25+£1.02° 3.06+1.21°
Gly 2.90+0.46 2.70%£1.23
Ala 3.8210.64 2.95+1.94
Met 0.05+0.01 0.05%+0.03
CySH 0.0540.01¢ 0.13+0.01'

blood glucoses 146 +03 333 £ 97
(mg/dl)
( MNo. of rats

Significant differences were found ;
avsdp<0.05 bvsep<0.05 cvsfp<0.01,

BERREMIT T b glutathione, glycine (22 W T, EH T v L DBICEBENEIEL, cys-
teine X, TR LIPHERFOHTPEEIZE V. MH & D cysteine IBE AT, glutathione K
DOEFERTTHE I LIZEDLY TRV,

» glutathione &R BEHR G

glutathione S HLIZ KD & 912, glutamate & cysteine 7* 5 7 —glutamylcysteine S 3, 2
NI glycine S MEN S 2 BB CTHITT 5, TORMNOER L MBS 28E, b 7 —glu
tamylcysteinesynthetase 252 DR D keyBE\E 2 DT DEFEDE N % T2,

FSIWRLA L) ICHBEET » MEIZ, BFE cytosol D mg 7 ¥ /37 B 1) DFEMHIZIR, HEOE
RO NL o7,

VDR R»SHERF T » b Tid, glutathione A B IZHIHIAY 1218  glutathione B & DB E AT
<, cysteine DL NUPRRFDHTHALI LEERETH L, EMED glutathione & KD EEE 1313
BEL ot LAENEZER OGNS, E-> THI glutathione DWAIZHFSG T HER, HI b M
5 ML R AEERANO BB ICELAE L Ch 5 T iE A FR S i,
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L-glutamate —I

r L- 7 -glutamylcysteine = —
L-cysteine J 7 -glutamylcysteine- T glutathione
synthetase . .
L-glycine —— glutathione
synthetase
Table 5 7 -glutamylcysteinesynthetase &% * BFiEA* & @ glutathione DHHIZ DUV T
control (4] diabetes (4] BFiE > & @ glutathione DR HHE %
- : FARD 72D, —ERRE, BT glu-
1048 + 8.1 (nmoles/min/mg g;c.):)emi) 1.2 tathione DA %, glutathione & B FHE
# BSO & HWTHIHI L, ZDOMIZEE
a vs b ; Not significantly different B2 HFIE @ glutathione X2 MIE L, W
AR EFHI L 720

FTEES » PEHWT, BSO x5 E T L7,

Table 6 BSO %5 &DRET

No. Body Liver Glutathione Cysteine
of weight weight 2 moles/ s moles/
rats g g g. liver whole liver g. liver whole liver
Control (4) 117+ 3 4.81+0.5 3.33£0.97 16.31%£6.10 0.09+£0.02 0.45%0.14

BSO/100g b.w.
0.1mmoles (4) 130+11 5.01+0.6 1.47£0.20 7.25+0.54 0.16%£0.01 0.78+0.03

0.2mmoles (5) 121+14 4.71£0.8 1.71+0.20 8.19+2.26 0.16+0.04 0.72£0.08

4RI L7 T v MICTHER REF 1 I8 7 D 10g % A K10m] (2 TH—IZELHETH 2,
BRRMMA16EF M %IC BSO & RZKICHEM L100g AEH 721, 0.18 L V0. 2mmoles BIEMIZIS
L, 1EE#ZOFMD glutathione & cysteine & % & L7,

F6IIR L 7L 912, BT glutathione i3 BSO %512 & D BHF I T L, #5 20.1lmmoles,
0.2mmoles 3£1Z, control D50% LATIZHIHI S N7z, T DEFREH S BSO D5 &130. 1mmoles T
FTIZH KR glutathione B AMIHI S NG Z &0 57-DT, ZOHRGETEFEY &R
HEN & LB L 72,

AR TIZB1T 5 glutathione D BFIEA & D

ARMMER T v b, BLUURHEAKREHREL, BERKRKIKEROT v FIIBSO %
0.1mmoles/100 g fAH, MEIEMICRE L, H5EHBEFHIZIFMD glutathione % E&E L7,

BSO #¢5-7%304 C glutathione ERAIHI S, FHIZ & b % > THA cysteine L NILASER
LTwab, fif#4 5 D glutathione DM IZBAEEE D LM T Tid, BSO #%5%605Th 5 &, HER
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Table 7 BSO #%5-% O BT Glutathione B DOFEFFATEAL,

normal diabetes
refed fasted refed
0 min | blood glucose(mg/dl) 163 + 14 118 £+ 21 341 £ 113
GSH 4 moles/liver 54.22+4.82 18.22+£2.93 36.41+10.17
CySH /jmoles/liver 0.641+.118 0.386+.093 0.578+.075
liver weight (g) 7.9+0.4 4.940.2 5.3+0.7
No. of rats (6) (7) (4)
30 min | blood glucose(mg/dl) 160 £ 3 121 + 17 334 + 56
GSH . moles/liver 42.4516.96 16.52+4.16 31.41+2.88
CySH , moles/liver 1.149+ 158 0.661+.122 0.825+.107
liver weight (g) 7.8%£0.6 5.240.4 5.6+0.4
No. of rats (6) (6) (6)
60 min | blood glucose (mg/dl) 167 £ 20 125 £ 12 324 £ 94
GSH 4 moles/liver 34.02+ 3.75 13.224+4.10 22.20+2.08
CySH ;. moles/liver 1.113+.138 0.543+ .081 0.601+.125
liver weight (g) 7.5+0.4 5.0+0.6 5.2+0.3
No. of rats (6) (6) {4)
90 min | blood glucose (mg/dl) 156 £ 8 117 = 27 324 + 61
GSH y moles/liver 25.971+6.28 9.20%+3.91 18.97+3.13
CySH s moles/liver 1.007 £+ .086 0.386+ .066 0.6021.125
liver weight (g) 7.410.7 4.44+0.7 4.910.6
No. of rats (5) (7) (4)
GSH efflux rate
pmoles/min/liver 0.337 0.237
pmoles/min/g liver 0.031 0.041

%7 v FTi20.041 ;y moles/min/g liver, IEFEMTIX, 0.031 4 moles/min/g liver & ¥ERIFENY)
DFATE L % > T 7zo FRIGIM O glutathione O iH 4K HFE AHERIFENY O F ASIEH B L b #
HEBICH O AT LIS REREER D O b HERAEY T I glutathione DR AMBE S LT H
h, #®D7:% glutathione DFFARL XKL e > TV A Z LR S B, FERFEY T glu-
tathione U\ Tl cysteine DFIFHATLHE L T 5 T Lid, BSO %58 THMA cysteine L N L

A2, FNEBEETLVWILLLLHEESIN S,

T & O

BER %A% glutathione fLBIZ O MO DDERE L6 LT A0 %, HEEF cysteine B I
L CHFi# glutathione A7& D X ) KB T 2 »R<H FEICL DBR LA, BRFETIRIEFEY
& R D cysteine % BHL L T b AT glutathione B (X, EEDT0BICLEL LD o7, TDE
K % glutathione & & BFIE A 5 OB OME A & AR, SHEEICIIEL R <, FE»S
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DOBEAHL 22 o> TV A B2 RIE L 72,
bz, AHEIZK), RIGHBTLEEE L HBIS B $ LAKRKERERTE/ A
FAFHNVEERE LY ¥ —, WAES, FAEEEEICERBRLET.
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