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ABSTRACT

Effects of Dietary Restriction on the Activities of Antioxidant Enzymes
in Liver and Muscle of Diabetic Rats

Kim Jin Hwa
Adviser:Prof. Bae Hak Yoen M.D, Ph.D.
Department of Medicine,

Graduate School of Chosun University

Background : Oxidative stress is higher in obese diabetic than in non-diabetic
subjects. Dietary caloric restriction(CR) without malnutrition is effective on both
the control of body weight and reducing oxidative stress in obese diabetic
patients. This experiments were subjected to CR and ad libitum feeding to
evaluate their effects on oxidative stress in the liver and skeletal muscle of

experimental animals.

Methods @ The 20 weeks old rats were studied: Otsuka Long-Evans
Tokushima Fatty (OLETF) rats, as an animal model of type 2 diabetes, and
control Long-Evans Tokushima Otsuka (LETO) rats. The experimental animals
were subjected to 30% CR and ad libitum feeding for 3 weeks. The antioxidant

enzyme activities in liver and skeletal muscle were measured.



Result : CR was effective in reducing body weight and blood glucose
concentrations (all p<0.01) both in OLET rats and LETO rats. The TBARS
concentration in liver was decreased significantly by CR in both OLETF and
LETO rats. The activities of catalase and superoxide dismutase(SOD) were
increased by CR in liver of LETO rats. However, the changes of antioxidant
enzymes activities by CR in liver of OLETF rats were not significant. In
skeletal muscle, CR did not produce any significant effect on the antioxidant

enzyme activities in both OLETF and LETO rats.

Conclusions : These results demonstrate that CR is more effective to reduce

oxidative stress in non-diabetic than diabetic animals especially in liver.

Key Words : dietary restriction, diabetes, antioxidant enzyme
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Z7ke 3 AlA 9z é o] A superoxide dismutase(SOD) &4 &= L
catalase?} SOD €A =7t FoatA 7= A 18 Fxw 329 485 SOD
A= FAaTol EJ—Q‘H Tl sgitslasr Fddxe WHIE SRS

T;}— (18-20)

Aol A Ade vind Fuw DA AFHrs £ AW P54 2 o

FEAL FAANGNT w2 AFgrd wE T LY vE Fad £37)

g 2a 9 FA2HE Fart 2uddan®) Skrha®®e wwkd Aol q o

N3 Aol i Aol e AETEAL BAANS sy AYFRIA 4
[e)

WA B dFoME A28 9xy 2dol Otsuka Long Evans Tokushima
fatty(OLETF) 3 F & o] &3] QoA AojAgte] o3t 3itstas &4 x 9
HEE b Kol ZAste] AojA o] wWE I WEE BEEY



AdEEe AZ 20539 Long Evans Tokushima Otsuka(LETO) 2% ¢ A23
W R dol Otsuka Long Evans Tokushima fatty(OLETF) 3% & A}83} %t}
Ad LS Long Evans Tokushima Otsuka(LETO) 3 FHE AN YEFoE,
Otsuka Long Evans Tokushima fatty(OLETF) 3 # oA dwo] 150mg/dL ©] A<l
FHE Tuvo A 49 LETOF Y OLETFES 2¢] FolaF 30% =
Algksto] AbsatH A AIZE A el webA 39, 7Y, 149, 214 Fe AT} IS

A5k, AAFE FAYANA 1 EF 9 5S HEete] AP AHEEA

2. N8 %A

AH = ether viASF 4% 59 55 A=Fs9. A9 4494 £59 &
2 ZFA] dry ice-ethanol @ Ao 2 WEAIAA -80ColA Haatdh =4 o
ne dAste] 208 & (w/v)e 50 mM phosphate buffer(pH 7.0)2 7}3-3 ice
jacket AEfol A polytron homogenizer® 12000 rpmoll A 15%% 33] HkE-3lo]

AAA 4TAA 10000xg2 1583 AdRed & FFAL SOD, catalase
GSHPx ZA = 49 xairdoz A43 9

3. Superoxide dismutase 3= =7
SOD @A EE Crapo 579 wel oJsiA ZAAT. = APl 01 mM
EDTA® 0.2 mM KCNE &3 100mM phosphate buffer(pH 7.8) 2.3 mLe] 05
mM xanthine 0.3 mL%} 0.1 mM cytochrome C 0.3 mLE Y1 £33 25T A

3R E WA F cuvette.®E £ 7  xanthine oxidase f£HRE  7}slo

UV -spectrophotometer(Gilford 2000)2 550 nmolA 127 Hars ST3P=E =4
st SH =9 F7F %27 Wl &9 0.020°] F A xanthine oxidase® S A3t}
a9 FHEE A ZHdAA 23499 001 mLE 7t S E HIE A3



Ao cytochrome C FHLEEE 50% JA s T42HFS 1 unit® FA A

4. Catalase ¥A = =7
Catalase FAEE= Aebi®™eo Wwlo wel =A319 ‘jr = 50 mM phosphate
buffer(pH 7.0) 20 mLeol Z&4 9 0.05 mLE 7}ste] &3 & 25Co| A 3& 5ot

Wxgk 3 10 mM Hx0: €9 1.0 mLE 7l &% LTL =] 240 nmo| A 15%7F
MHHE FRES SAAY. 5o BAEE 1RFd] 1 uMe] H0.8 Bl
7le E42%S 1 unit® 3k}

5. Glutathione peroxide A = =3

GSHPx @4 %E Flohe 5% wwoz =459t = 100 mM potassium
phosphate buffer(pH 7.0) 2.5 mLel 100 mM EDTA 0.03 mL, 100 mM GSH 0.03
mL % 45/mL glutathione reductase 0.03 mLE Y 37ColA 5&3F #3515
mM NADPH 0.03 mL¢ 45 mM H:0.& #<F &%=7F 0.01 mMe] A 78 5 =

l

ARSI %—& Aot 2 A dA EANE JhebA] g RS AA FHE
WsE AP, EAGHEE B EAF
= o5 Aol s ALtsEA
A=0.868([INADPH]/[GSHI0t)(Vi/Vs)
7] A = &4 A%, [NADPH]: NADPH ¥ =%3} [GSHIO: GSH| A &%
i 11—8—0—1191 +%F 2 Vs &i%‘«l & Folth

9] =% & hexokinase(HK)$} glucose 6-phosphate dehydrogenase(G6PDH)ZE
Abg3lo] A3tst 2% E A 7] (Hitachi 717, Japan)S ©] &3to] =335}



1. A olA el o g AF s}

AsE A AAFH oldA Areke] ddol o8 A5 *‘01 Al gk A
Foll AFAA AdFS vFH F drk. B Ao A AF 51250+27.80 g¢! LETO 3
AE Aol FoA%FE 30% Aldste] ASA 219 F AFo] 469.30+19.70 go = A
A zbu o] A Foll BEhe] 84% A (p<0.01) Ak LI A F 562.80+29.70 g9l
OLETF 3 FA+= 2ol wo9E 30% Algste] A&A7 2195 AT o] 501.40+24.20
go 2 A3 Ao AFol vste] 10.9% A (p<0.01) sFATHIH 1).

2. AolA@el o9& dgw
LETO A= 4 *lﬁuﬁﬂ 12X 8% d9 8950+7.90 mg/dLolA 214 %
82.60£6.10 mg/dLoZ 7.7% #A(p<0.01)E XA ov OLETF 3= AdA 2y
o] 12A]17F FEZ d9 156.70£12.40 mg/dLollA 219F 121.50+11.00 md/dL#&
22.4%9] 72 (p<0.01)E EAtH(2d 2).

o

3. AojAge] AF Y FAsEA R HAE FF

7+l catalase FA T+ LETO #FH oA Ad A 2ol 19.10+1.80 U/mg protein
of| A 30% o] ATS A3 219 F 2440+0.93 U/mg protein® = 27.7%2 =9
st A5 (p<0.01)o] #EEH U OLETF 3AFA A= AdA 2ue] 24.00+1.60 U/mg
proteino] A 2] o] A gk 214 & 25.20+2.10 U/mg protein® & 5%° A5<S HH oy
Y3t = R 1). Fe SOD &A=& 30% 2olAgt Z3 LETO 3 F ol
A 11.20£0.40 U/mg proteinol] A 2 eojAl gt 21€4 % 16.70+1.41 U/mg protein®
32.9%9 93 H+(p<0.01)= I OLETF dH+E= 11.10£0.84 U/mg proteinoll
A AolAgr 2145 13.14+1.10 U/mg protein® & 155% 9 A4S X o 57
H FoAd e AY(E 2). Fe] GPX A=+ LETO #FHA 585+0.21 U/mg
protein®l] A 2ol A g 21YF 645+051 U/mg protein® 9.3%9 A+S HA

_10_



OLETF ## 9 A% 6.33£0.39 U/mg proteinol A 2o]Ag 214F 6.12+0.72
U/mg protein® 3.3%2 A%< HYoy BF fosA= FA(E 3).

o

4. qoAFo] BAY 2§ FYREL BT WAL 9F

30% o] ATS AlFPs 21T 259 catalaseF A EE LETO I FH

o A A E A

Zhuf ¢] 1.59+0.16 U/mg protein®] A 1.67+0.15 U/mg protein® 4.7% 9 A%< H A

il OLETF 3 FHNAME= A A 2w o] 1.1840.13 U/mg proteino A 1.45+0.17
[e)

U/mg proteinZ 18.6%2] 5ol #FHNoY FAHCE FostAls LUdH(E
4). 259 SODEA X+ LETO 3 F oA 1.92+0.08 U/mg proteino] A 2] o] A gt
219 % 1.97+0.15 U/mg protein® 25%7} A5 =12 OLETF 3 FHolA 1.91+0.11
U/mg proteinoll A 2 o]A1 g 2143 2.04+0.17 U/mg protein® 6.3% % A5 %A o
U fFYslA e EUTHE 5). &5 GPXEAEZ+= LETO 3H<9 4% 161018
U/mg protein®| A 2 o]A g 2145 1.71+0.19 U/mg protein® 5.8%2 A%+2S HS
3 OLETF 3 FHoA+= 1.73£0.09 U/mg proteinol A 2 o]A s 214 % 1.81+0.17
U/mg protein® 4.4%9% %S Ho Fo3 Hal= A TH(E 6).
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sto] 7dA = 27%7F AT Bausln HojAlgto] B F ] ATl wA
T QS GotE7] Aot B AP A= 30% HolATds Aldsrdn. 1 A
AojAlg 219% LETO #AF+= AlF o] 51250+27.80 goll Al 469.30£19.70 g= 8.4%
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OLETF 3 Ho %= 156.70£12.40 mg/dLolA 121.50+1 m
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U AAH fahd YA zHE & ded ole dAksta 4l SOD, catalase 2
GSHPx9 @A = Walo] oa)a dojd 4 dr}'” SODE superoxide anion(O-)
S HAEFA2RE AN E EiolH, catalase? peroxidase: HAZFAE A7

o= werle AL 2AAY HYFA= A FFA FAel v

>

ol iz Awe gaed & AR WEaES @A ®rh Rao P
A 217098 2 28 EE AN 40% HFEHE2AI} Fe] SOD, catalase
GSHPx @4 %7} F7F5 3l 53] catalase’t 7t & Z4284 %= 7S deEdd

A7 2 2 A
SOD, catalase % GSHPx @Ax=x =E% Z71dva stdc. 28y
Lammi-Keefe 5°7& AF 4199 72 293 A4 23 259

catalase A =+ sl 7E gl Al Aol A <

ga2oe= A

T Gl A 5 SOD ¥ GSHPx A% 74 9 Agdo=z
S 7207 559 o A7 A SOD, catalase. GSHPx ZA %= % x4 34t
st=o &9 ®sEe] RuEuA Fae ks Wyt 2y e Ao
ol 2 9t} MatkovicsS ™2 streptozocin F+=4 WxF e 7 AF = Ao
A CuZn-SOD® A =7 7#AE S Busddon, Grunos™e solduwd 3z
A AEF CuZn-SOD$ GSHPx®o A&7 oA HAES Hishda,

Saleh5*"& streptozocint £4 FxF 9] A FolA catalase B E7F 9 A
.
[e]

e wusgth oldd nmuse FARA WHF Fuo
5]

2 Ao AM s FarolA Aol o Fisas SR WE BHS
71 93ted A2Y Dy 2del Otsuka Long Evans Tokushima fatty(OLETF) 2
oM st asr FAEE SAT HolA T WE 2
g7 tlz9l LETO #AF oA 30% 2o Alg 21

E
oty
it
8=
i
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T 7to]l catalaseFA =7t A AFw el 19.10+1.80 U/mg proteino] H]| 3} o]
24.40+0.93 U/mg protein® 27.7%2 93 A< (p<0.01)S HAx 7+e SOD &
A7 AdAZu el 11.20+040 U/mg proteinol 4 16.70+t1.41 U/mg protein=
32.9%9 Foe e (<00 Btk v Fxtel OLETF dF9 729 3o
catalase ¥ SOD 9 &A=& {FoT AeS HolA &Fdrh 1+ GSHPxo €4
EE AAdEadd LETO A9 Fxarel OLETF #F RFoA fog 4%
Holxl okl 30% 2 o] Al g ]ﬁﬁf‘f} 2145 ZHolA ZA3T SOD, catalase
GSHPx9 &4 =% LETO3#, OLETF 3F EFdA fg3 F5S HolX
pla=s O]% 2 ol Al ghol] o gk A4S T4 GAE WEUF AV FRY E4

O

lo g2 w3 ﬂllo

Z
S Gasuse WAl Ty Aol Gl o Aesew FART,
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AT 714 AE] Aata FHF HAHE Feldss AsH A

i, wshel BaRtn AzE oAt

A= FHYAE2E  A2ASE superoxide dismutase(SOD), catalase(CAT),
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glutathione peroxidase(GSHPx)% ¢ #4tsa A& Folod #2719 AL &HA
A HFE FAANA AL FAAHES FAL Utk A2F TG 2Ed
Otsuka Long Evans Tokushima fatty(OLETF) 3 # < A4 iz °o =2 Long
Evans Tokushima Otsuka(LETO) & # & o]&ste] AolAge] W& AF % d9F
o WA=} h FHol Ao FAkst

Wol WAt 9ge B nA A,

hol BHEES ZAste] AolA ol P

fo

2 =W Rd9l Otsuka Long Evans Tokushima fatty(OLETF) 3 3#
o} A tFa o2 Long Evans Tokushima Otsuka(LETO) I HE 30% % 2] o]
S Algsto] AbsetH A A Fel webA 3Y, 7Y, 149, 214 %0 ATy dF

FA43%ta, AIdAEZE FAYANA Y FFH I5S A E3l9 superoxide

o

dismutase(SOD), catalase(CAT), glutathione peroxidase(GSHPx)%] A =E =7

A3 30% AolAg 219% LETO dFA= AdAZuwe Az 51250+27.80 gol
H&}o] 469.30+19.70 g2 8.4%9 Fol3 #A(p<0.0DE K AF 562.80+29.70
g¢l OLETF 3# ¥ 501.40+24.20 g2 10.9%° 93 7A(p<0.0)E Bt =

1A e A AP el nalste] 30% AolAF 219F LETO <2

)

o
il

AdA= g9 89.50£7.90 mg/dLol A 82.60+6.10 mg/dLo = 7.7%° frold A
(p<0.0)E ® 3 OLETF #FA A= &9 156.70+12.40 mg/dLell A 121.50+11.00
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md/dLZ 224%¢ F93 ZAE<00D)E Ryt dasas FAEo A
LETO 3 # <] oA catalase®] &=+ A3 Al#ufe] 19.10+1.80 U/mg protein
40£0.93 U/mg protein® & 27.7%9 9

i~

o A 30% Ao] ATL Ay 21T 9

s

g A5 (p<00DS A 7Fe SOD AT HE3 11.20+0.40 U/mg protein®l A

16.70£1.41 U/mg protein® 32.9%2] 93 &< (p<0.01)e] &Aooy OLETF

A A fos eSS Holx gtk e GSHPx9 @A =+ LETO 3+
o} OLETF 3# BEF fog F5S HolA ZAdu. L5412 SOD, catalase %
GSHPx¢ @4+ LETO &# 9 OLETF 3# 2% f9o3 A58 Bolx &t
=

AE: HolActe] o3 FgastEgr FAEY W= Ao FHUY E49 FFHo
webA Aol e Aoz Helt FheA FAsla A AR s 2 W E
webo] oAl do] kel mael b 2 FFE Fu AR Holn IHx2H
nzE geke Aoz Azt wak AolA st o s Azl A AL
Z7ta 97 A dzwe LETO #F o) vste] Fxw¢ OLETF 3AHA ¢ A
A YERL Aol A gkl o] d dAkankgo] Wyl Fad FHeEd s ge] o He

Aoz FEAd
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3 1. Effects of dietary restriction on the activities
of catalase in liver of control(LETO) and
diabetic(OLETF) rats

Catalase (U/mg protein)

Days

LETO OLETF
0 day 19.10+1.80 24.00+1.60
3 day 19.60+0.40 23.60+1.10
7 day 20.30+2.20 21.50+1.40
14 day 23.10+1.10 24.10+1.50
21 day 24.40+0.93" 25.20%2.10

Values are mean+SD, n=7.

"p<0.01 vs each control diet group

LETO: Long Evans Tokushima Otsuka,
OLETF: Otsuka Long Evans Tokushima fatty

_17_



X 2. Effects of dietary restriction on the activities
of superoxide dismutase in liver of
control(LET Q) and diabetic(OLETF) rats

Superoxide dismutase (U/mg protein)

Days

LETO OLETF
0 day 11.20+0.40 11.10+£0.84
3 day 12.20£1.10 11.21+0.87
7 day 13.10£1.20 10.81+0.85
14 day 15.80+1.61 12.47+0.48
21 day 16.70+1.41° 13.14+1.10

Values are mean=SD, n=7.

"p<0.01 vs each control diet group

LETO: Long Evans Tokushima Otsuka,
OLETF: Otsuka Long Evans Tokushima fatty

_18_



¥ 3. Effects of dietary restriction on the activities

of glutathione peroxidase in liver of
control(LET Q) and diabetic(OLETF) rats

Glutathione peroxidase (U/mg protein)

Days

LETO OLETF
0 day 5.85+0.21 6.33+0.39
3 day 5.82+0.33 6.51%0.60
7 day 5.94+0.42 6.78+0.42
14 day 6.66+0.48 6.84+0.45
21 day 6.45+0.51 6.12+0.72

Values are mean+SD, n=7.
LETO: Long Evans Tokushima Otsuka,
OLETEF: Otsuka Long Evans Tokushima fatty

_19_



¥ 4. Effects of dietary restriction on the activities

of catalase in muscle of control(LETO) and
diabetic(OLETF) rats

Catalase (U/mg protein)

Days

LETO OLETF
0 day 1.59+0.16 1.18+0.13
3 day 1.68+0.15 1.56+0.15
7 day 1.39+0.11 1.58+0.17
14 day 1.63+0.18 1.65+0.18
21 day 1.67+0.15 1.45+0.17

Values are mean+SD, n=7.
LETO: Long Evans Tokushima Otsuka,
OLETEF: Otsuka Long Evans Tokushima fatty

_20_



3 5. Effects of dietary restriction on the activities
of superoxide dismutase in muscle of
control(LETO) and diabetic(OLETF) rats

Superoxide dismutase (U/mg protein)

Days

LETO OLETF
0 day 1.92+0.08 1.91£0.11
3 day 1.85£0.10 1.95£0.09
7 day 1.85£0.13 1.78+0.08
14 day 1.94£0.18 1.87£0.16
21 day 1.97£0.15 2.04+0.17

Values are mean+SD, n=7.
LETO: Long Evans Tokushima Otsuka,
OLETF: Otsuka Long Evans Tokushima fatty

_21_



3 6. Effects of dietary restriction on the activities
of glutathione peroxidase in muscle of
control(LETO) and diabetic(OLETF) rats

Glutathione peroxidase (U/mg protein)

Days

LETO OLETF
0 day 1.61£0.18 1.73£0.09
3 day 1.65£0.17 1.80+0.18
7 day 1.80+0.14 1.58+0.04
14 day 1.65£0.16 1.79£0.22
21 day 1.71+0.19 1.81+0.17

Values are mean+SD, n=7.
LETO: Long Evans Tokushima Otsuka,
OLETF: Otsuka Long Evans Tokushima fatty

_22_



Body weight (g)
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a9 1. Effects of caloric restriction on the
body weight of control(LETO) and

diabetic(OLETF) rats.
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12hr fasting blood

glucose (mg/dL)

a9 2. Effects of caloric restriction on the
12hr fasting blood glucose levels of
control(LETO) and diabetic(OLETF)
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