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Abstract—The present study was attempted to investigate the mechanism of oxidative cellular injuries
which occur in diabetic rats by determining changes of antioxidant enzymes activity in the lung of al-
loxan-induced diabetic rats, the contents of glutathione in the lung, liver, blood samples, and y-glu-
tamylcysteine synthetase activities in the liver. Superoxide dismutase activities (SOD), including Cu,
Zn-SOD and Mn-SOD, decreased in the lung of diabetic rats compared with those of normal control
rats. However, activities of catalase and glutathione peroxidase (GPX) activities were not affected in the
lung of diabetic rats. In diabetic rats, glutathione contents in the lung, liver, and blood samples, as
well as the activities of y-glutamylcysteine synthetase in the livers which is known to be the key en-
zyme of glutathione biosynthesis. decreased significantly. From these experimental results, it is
thought that the decrease in SOD activities in the lung, glutathione contents and y-glutamylcysteine
synthetase activities in some tissues in alloxan-induced diabetic rats may be the crucial cause of vul-

nerability to oxidative cellular injuries.

Keywords [_] Superoxide Dismutase, Cellular Injury. Alloxan-Induced Diabetes.

Superoxide dismutase (SOD), catalase, perox-
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=¥ 3Ate] 38T glutathione ¥ ¥ GPX 84 =7t
7= s a3 W87 (polymorphonuclear le-
ukocytes) 2] superoxide anion /3 %] F7}5 <
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glutamylcysteine synthetase®} glutathione sy-
nthetase®l] ¢J31A] glutamic aicd. cysteine ¥ g-
ly cinec2%E A== tripeptideZA, 74
FEukg o} DNAY #H4d, amino acid
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AlESE x| - 248552 Sprague-Dawley¥
A 2, A4 dE2FH alloxan 9 FaTo
o] FuFE alloxan (50 mg/ke)S 2¢ 7HF 0
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er (pH 7.4)& 7138l4, polytron homogenizer2
AZIA T3, 4°Col A 10,000% g2 3083 YA 3}
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phosphate buffer (pH 7.0) 2.5 m!*| 3 mM GSH.
20mM NaNj, glutathione reductase 0.72U,
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W &L dhee A9 Ze zAAA @A 0.45
mM H,0,& 71814 &3 9hgAl7A F3x] WslE
243193, A4 EE v E2H dhgol 9% 3
= WSS 7 2tg ohe-Ael o siA] AlLksldTh

A=0.868( (NADPHJ/(GSHIot)(Vi/ V)

719 A: B4 84=, (NADPH): NDAPH& =
W3} (GSH),: GSHY A&F%, t 9§ AIZE Vi &
Sofo] gk DV, FAe] Lfojr}

Glutathione A2} - Glutathione A% Tietze™ 2]
DTNB-GSSG reductase recycling %ol 93] &4
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NADPH”} glutathione reductase (GR)¢] 2o =&
GSH= #95= (2) A vh& (recyclic reaction)
& o] 83,
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glutamine +glycine + ATP—— ¥-glu-cys + ADP(3)
¥-Glutamylcysteine synthetase

phosphoenol pyruvate+ADP — pyruvate+ATP (4)
pyruvate kinase

Pyruvate+NADH o lactic acid+NAD™  (5)

R28HTE NADH 345 6.22/mM/CmE °f
23t o9 At AslElE NADHS pmole 2
B3t

R F2k - oA o] FFe Lowry 5209 W
o) 93X 600 nmoliA FF =S SAsy XF Iy
AlRE 22 WHo R Z33le dAS Anetgl
o}

ol d¥dAdae R HFAL Student’s t-
testE o83t Aann, PAsE

10 p<0.01
—‘r-‘ {"Jcontrol
8l 2 Altoxan
=
@
<
a
o ©
£
= p<0.01
=
Z 4
j53
© ]_
0
o
w
2 _
—
7
[o]
Cu,Zn-SOD Mn-SOD

Lung

Fig. 1 —The SOD activity in the lung of alloxan-in-
duced diabetic rats. Rats were treated by in-
traperitoneal injection of alloxan (50 mg/kg) 2
times every 2days. Three weeks after the final
injection. they were sacrificed by cervical dislo-
cation. Cu,Zn-SOD and Mn-SOD activities
were determined by Crapo’s method. Results
are expressed as mean*S.D. from 7rats. Sta-
tistical difference were calculated by comparing
enzyme activities between control and alloxan-
treated groups.

4

Alloxan© 2 FUA|ZI S EIF 9 H| SOD §HMT
B3} - Alloxang B2 o2 Todly 3F F Fwrt
fratE 7ok #@# 9 ¥ SOD BAHEE 4% A,
D3 839 ¥ Cu.Zn-SOD 4%+ 5.08+0.92
U/mg protein®|3, B4 #59] ¥ Cu,Zn-SOD
A T== 8.29+0.72 U/mg protein® 2, ¥ Cu,Zn-
SOD &4 =+ B #F A 7AH At (p0.01).

£33 379 5 Mn-SODEAEF 1.50%£0.35
U/mg protein®l 3z, A4 83 <] 3 Mn-SOD &4
T3 3.151+0.45 U/mg protein®Z, Mn-SOD &4
e g HeA e FAHEE Jebd(Fig.1).

AlloxanS 2 FRIAZ] iz 8IF 2| I catalase &4
& #i8] - Alloxang 27302 $d3ld 35 ¥ 9
7} g 7eke] 39 # catalase BAEE FHT
A3, Fx 87 2] 9 catalase FAHLEE 89.721+6.29
mU/mg protein®l 1, A4 #AF 2] # catalase 8
A= 94.10£7.33 mU/mg protein® 2, # cata-
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Table I— The activity of catalase in the lung of al-
loxan-treated rats

Table Il — The glutathione levels in the livers of al-
loxan-treated rats

Enzyme activity (mU/mg protein)

Control Alloxan
94.10+7.33 89.72+6.29

Catalase activity was determined by Abei’s method.
The other methods and legends are the same as in
Fig. 1. Values are mean*+S.D., n=7.

Catalase

Table I — The activity of GPX in the lung of alloxan-
treated rats

Enzyme activity (mU/mg protein)

Glutathione contents(imole/g tissue)

Groups GSSG/(GSH+
GSH+GSSG GSSG GSSG) (%)

Control  24.94+3.75 4.37+047 17.5

Alloxan  15.98+2.55*  2.66+0.34" 16.7

The amount of glutathione was determined by Tietze's
method. Values are mean+S.D., n=7
*. PX0.01 vs control

Table IV— The glutathione levels in the lung of al-
loxan-treated rats

Control Alloxan
CPX 116.87+8.51 124.36+6.83

CPX (glutathione peroxidase) activity was determined
by Flohe's method, others are the same as Fig. 1.
Values are mean+S.D., n=7.

lase BAEE FdolA 7t 74t ot F vlud
Atolel] f-9]§ apolE Vel R = &9kt (Table D).

Alloxan 22 FRAIZ! Bz EF9| I GPX #AME
W} - Alloxang E57}02 o 35 §F Fvt
St 7ekel @A ¥ GPX #4XE 2A4% 4
P BFe ¥ GPX #45E 124.36+6.83 mU/
mg protein®li, AN #F9 ¥ GPX ==
116.87+8.51 mU/mg protein® 2, 3 GPX 4%
E ghodA ozt F1sl o T ulad Aloldl]
2% 2ol & LERX| &= eFskcH(Table D).

Alloxan2 2 FRA|ZI S EF0IM 2t T, 3 Y
9| glutathione & M#} - Alloxan® 7302 Fojs}
o 353 ¥, Bt fEd 8F 71 H, E gool N
glutathione®& &A% A+, F= 87 ] F glu-
tathione®2 15.98+2.55 pmole/g tissueZ JA+ 3
# 7ol & glutathione® 24.94+3.75 umole/g tis-
suedl| B3t oF 35.9%7F AAEAR, Faate] 413}
glutathione®2 2.66+0.34 pmole/g tissue® F4
7] AHgl glutathione® 4.37+0.47 umole/g
tissued ¥t °F 39.1%7} T4 HY oY, & glu-
tathionel gt A3} glutathione™el vl A9
W37} A HTable 111).

T #8F A9 F glutathione®2 3.37£1.02
umole/g tissuec® A #F H<9 F glutathione®
5.19+0.63 pmole/g tissuel vlo}ed ¢k 35.1%7F 7
2N, T 413} glutathioneZFE 0.32+0.06
pumole/g tissueZ A4 thZ 2} Ak3} glutathione %
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Glutathione contents(pmole/g tissue) GSSG/(GSH +

Groups

GSH+GSSG GSSG GSsG) (%)
Control 5.1940.63 0.16+0.05 3.1
Alloxan  3.37+1.02" 0.324:0.06" 9.5

The amount of glutathione was determined by Tietze's
method. Values are mean=S.D., n=7
*: P0.01 vs control

Table V—The glutathione levels in each of the blood
samples from alloxan-treated rats

Glutathione contents(imole/g tissue) GSSG/(GSH+

Groups ~ e+ GSSG GSSG GSSG) (%)
Control 5.15+0.90  0.26+0.01 5.1
Alloxan 2.98+037*  0.33+0.10° 1.1

The amount of glutathione was determined by Tietze's
method. Values are mean+S.D., n=7
*; P€0.01 vs control

0.16+0.05 umole/g tissueol B}dtd < 287} Z7}
Huow Bwgdr & glutathionedl W3t Aks}
glutathione@e] ¥-&-& A4 diZTof visjA 3.14)
7t 7 E A Table IV).

Fix 87 899 ¥ glutathione®F& 2.98+0.37
pmole/m! blood2 A4 NZF A & glutat-
hione® 5.151+0.90 pmole/m! bloodel] ¥zl <
42.1%7} 22H0 1, dwTe) A8 glutathione®™
< 0.331£0.10 pmole/m! bloodZ RAA tEFe]
0.26+0.01 pmole/m! bloodol ®13led °F 26.9%7t
7 HNem, G ¥ glutathionedl W& Akt
glutathione®¢] vl&& A4 =Tl v|shA <
2.2917} 7} HRAHTable V).

Alloxan22 RUAIZI S #F0IM Zi] y-glu-
tamylcysteine synthetase SIS B8} — Alloxan& &
Aog To3le 33 ¥ 3wyl fdd #¥FH T v
glutamylcysteine synthetase BAEE EAT 4
3}, 28.46+2.30 U/mg proteino| i, A4 8H Y 7+
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Fig. 2— The activity of yglutamylcysteine synthetase
in the liver of alloxan diabetic rats. Values are
mean+S.D., n=1.
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Control

yglutamylcysteine synthetase &=+ 35.19+
3.62 U/mg protein®]olA, 4 A=+ 2
H&le] Gitol| A oF 19%7) 7AE E4 BHEE
e (Fig. 2).

a @

fFrelatiE SODY 93 H.0.%F 0,2, H,0 =
catalase® GPXe| ¢jsf H,O=2 =22 SOD,
catalase ¥ GPXt& felib4e] R0 2 HE AXE
BE3= o) F83% §h0|H olE AL &0
FAaEW AtafE]z)ol ot DNAY v 2 X3
&Eao] zPgdcha I Y ARG BFAFEA
A4 == superoxidest I Ak Qte] F
7V AL, 38ALE A EC] EU4E dd, uncou-
plers(protophores, ionophores % Ca™ ") %4 23}
A Adeko] ZrhEt® #= Abao] ¥glo] ol ¥
AEWAN BPE = AtaFer7 B, gAsd o
24| ¥ (activated phagocytes)olA] MAISl&= rad-

icals Fx= BolA] #luje] atstAlE H&da) Wg e
Aol e}

£ AFoA Alloxan Fo 2 Fxrt f3d 879
# Cu, Zn-SOD 84 EE A4 dxTd vldte] G
ToA 38.7%7F FAE A4 848 veldged, Mn-
SOD 84 %5= 7t 7} Holl A 25 FuollA {3
2o g4 BHEE vy, # catalase 9F GPX &
AEE oo g2 Aleld ol fo]E el
=) ggstct.

Lovens< streptozotocin Bx #F 9] 7t A% &
HEF Cu. Zn-SODEAEE Z2HSloY, Mn-
SOD #AE: Z7taxoz Rustden® Woh-
aieb 52 streptozotocin B3 BH #AF Cu, Zn-
SOD ¢} catalase 42 HAHUL, GPX 842
8171 @lglen, 7+ Cu, Zn-SOD. catalase 2 GPX &
Aol % 7ZAHUR, Aol catalase B4 7}
HAeu Cu, Zn-SOD ¢ GPX &4 ®3l= gloiA,
streptozotocin Bz #F A dhtsl g gAle] w3t
£ A7zt 3”2 238247 alloxan 3
F o o sl as AT Wy} sk he] FHl
wepAd g2 JePdS o 5 o

Glutathione(L-y-glutamyl-L-cysteinylglycine)
& A XU gl EX 5 o] 9l tripeptide® A, HlE
W -SH(thiol group)¥d B2 F#S AX3= 3o
o, A3 715 dedoel} DNAY 34, v-glu-
tamyl amino acid 53 22 B39 ojF, §4849]
24 Y frerld o MEESd T A
EH o T3 o kgl A EE HHe=
_7&0,_1 @_E}_i ?_]_-E}- 16, 26, 27)

Alloxan Fx=@Fe} 7 #H 3 HAolA glu-
tathione ¥& £4% A3}, % glutathione 3 F4
o v)ate] B EH ] 7oA 9 36.1%, #lA
2k 35.1%, AllA 2F 42.0%7} Ztzh A4S Ak

Glutathione< y-glutamylcysteine synthetase
(8)¢} glutathione synthetase (9)ol 2J8l|A glu-
tamic acid. cysteine ¥ glycing 7|2 & o] &3} A
Eujoll A g gy 7

Glutamic acid+Cysteine+ ATP — y-Glutamylcysteine + ADP (8)
y-glutamylcysteine synthetase

v-Glutamylcysteine + Glycin + ATP— Glutathione+ADP 9)
Glutathione synthetase
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v-Glutamylcysteine synthetase 4-& Aie]Ade|
A GSHel <l3ix =d=n Az} ol 4P F
©.2 y-glutamylcysteine synthetase &4 A1
buthionine sulfoximine& FA}SHA 7+ A4 2 &9
SolA glutathione el §&3] A3t=|2 &, buthi-
onine sulfoximine< A ¥ glutathione &A1
2xog fH4s8lA 2oln EH, yglutamylcys-
teine synthetase @4je] A=W o} Ao
glutathione #Fe| 23] HaE™, @Folvt =9
GSH %% 729t 622 wa g3 sodium se-
leniteE Fo3&1'H y-glutamylcysteine synthetase
B4 =71 Z715 ] glutathione #e) F7tglthk=s Ra1
L

B AY AH alloxan F=8F 2] 7 yglutamy-
Icysteine synthetase 845 FA4AH 9 21l vls}
o] 2k 19%7} 78R o2 el weiad 73 89
2 ¥ glutathione % #4E 7t yglutamylcysteine
synthetase BAJ=7F 724gC R 3] 7HIA glu-
tathione FAFo] A3t=e] zh, Y ¢ # glu-
tathione #e] Aste A o2 Azbert.

AZ YA AREE A9 95% o|Ato] ALl
Al o] gEHFd|, °olF 96~99%7} cytochrome ox-
idaseoll Q&M ARSI, YA 1~4%7F sup-
eroxidet} THIEHFEAZ HEH =P HEe ARG
o] olA superoxidert #its} 4o A TFo] W
Aoz Atz ¥} Alloxan Fx¥AolA] # SOD 84
7ZHa-9} glutathione ¢} 72 4E Al EUol A4€ su-
peroxide®] AA 2 catalased] B34 Km value7}
@32 GPXY #4dl 2% glutathioned] 74 ¢l
g gaksl 49 A7 S8 239, alloxan F4
FadF o] HolA Atafalz]e] MEEAdel oigh 7+
FAo] Tt HE 89002 AR Ao F AYZect

A2l W

B d7E 199395 24T ghadd ] 2| Holl
o3 =S UL wil= vk
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