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Enzyme Activities of Streptozotocin-induced Diabetic Rats

Han Ho Bae'**, See Won Song"?, Tae Heung Nam'? Chung-sik Cho3"

1: Dawoom Oriental Medical Clinic, 2: CharmDawoom Bio-Tec,
3 Dept. of Internal Medicine, College of Oriental Medicine, Daejeon University

ABSTRACT

Objectives : This study has been carried out to understand the effect of Uncooked Korean Food(F-DM)
on blood glucose and antioxidant enzyme activities in streptozotocin-induced Diabetic Rats.

Methods : SD rats were separated into four groups{each with 20 rats). Except normal two group, the
other two groups were injected into intra-peritoneal with streptozotocin 60 mg/kg. Experimental group
was eated Feed with 25% F-DM for 4 weeks.

The change of plasma glucose level, body weight were observed. After 4 weeks, liver and kidney
weight, antioxidant enzyme activities, survival rate were observed with histological changes on liver,
kidney and pancreas.

Results : In experimental group, body weight and survival rate increased, plasma glucose level were
decreased significantly. Liver and kidney weight, XOD activity were decreased in experimental group
compared to control group. GSH-px and CAT activities, insulin- immunoreactive granules in B-cells
were increased significantly in experimental group compared to control group.

Conclusions : This study shows that the F-DM might be effective for treatment of diabetes and its
complications, as well as reduction of the oxidative stress.

Key Words : Diabetes mellitus, Uncooked Korean Food(F-DM), streptozotocin, oxidative stress,
insulin-immunoreactive granules
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Table 1. Prescription of Uncooked Korean Food(F-DM)

Class Food

brown rice, barley, glutinous rice brown rice, wheat, rice

Cereal bran, adlay, african millet, glutinous millet

white soybean, biack indian bean, green perilla, black

Legume sesome, black soybean

pumpkin, Kale, potato, radish, camof, sweet potato,
burdock,  lotus roof, onion, barley sprout, Angelica
Making, cabbage, radish tops, wild parsiey, stone crop,
Vegetable & Fruit  |korean leek, wormwood, mulberry leaves, pine needics,
chinese bellflower, garlic, ginger, citron, cactus, apyogo
mushroom, ganoderma lucidum,

coriolus versicolor

Seca weed laver, brown seaweed, sea tangle

Green weed chlorella, spirulina

Acanthopanax  senticosus, silkworm, chinese matrimony
Herb vine, vegetative wasp, vam, Angelica gigas, Eucommia
ulmoides,  schisandra chinensis, arrowroot

mixing lactobacillus, parched salt, roval jelli, kimchi

ete extract.  glucan 30, veast

2) B2

APl AHRE FEL FolE(F)oA 220g ¢
9] Sprague-DawleyAl 3 83 s0melE 7988
o} 13Y $¢ A" B30 AL, duk &
o) §ie RE HAS F, Ao Wrlely 470 s
o] F 4% Bk 7 FEE 4y 2o F493
o ARSI H9, €38l ARSI 2 AlE 17t
F $EL 2% 20:2T, HUEE 50:5%, #7135
10-128)/hr, Z2BAITHE A TARE 2F TA7HA,
ZTv 150-200 Lux® A s A3k

3) AleF & (7]
B Ago| AM-E xanthine sodium salt, xanthine
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oxidase, armmonium m-olybdate, bovine serum albumin,
EDTA sodium salt, streptozotocin, gluco-se-6- phosphate,
melate anhydride, nicotinamide aderine dimdectide(NAD),
nicotinamide adenine dinucleotide phosphate(NADP),
trichlorcacetic acid, triethanolamide, N-1-methylnicotinanide
(NMN), p-methylaminophenol sulfate, trisma base,
hexadecyltrimethyl ammonum bromide, 5-dithiobis
(Z-nitrobenzoic  acid), citrate, cytochrome C, poly-
lysine 59 A2 sigma(USAAIAM, guinea pig anti
swine insulin Antibody, Envision kit, diaminohenzidine
59 Ajeke DAKOMenmark)olA F&gla, 7
B} AJoRE AlFefa] I3 dF UiAE 5%%3
AE3IgeH 7171 Accu-Chek  Active(Roche. Co,
Germany), BUCHI rotavapor R-200, BUCHI heating
bath B-490(Flawil, Switzerland), BECKMAN COULTER
Allegra X-12R, BECKMAN COULTER OPTIMA L-
100XP(Beckman Coulter INC, USA), TECAN SUNRISE
(Tecan, Austria), Leica SM2AX0 dledge microtorne
(Leica, Germany), Leica SP1600 saw microtome
(Leica, Germany), BX51-P(Olympus, Japan), Envision
TS AT

2.
1) HEE AEZA

s 968 F-DMOE oA Com starch
o] Hl-&S 65%ll A 40%E w5l

2) ¥= 7=

Yo fue

Hgel B-AZE Myrog walz)
o €A streptozotocin’ & AVAE 001 M citrate
buffer (pH 4.5)] élsH/\];a 60 mg/keS B} W= =
ARst e, A 00IM citrate buffer® @
[l 4SS o"”_i FARICE Fad e
Streptozetw Fol 24X 3 oo 2 HE A
s IPSA7IER 28] 9ol 300 me/do]
Kol

=
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Table 2. Composition of Experimental Diets(%)

Ingredient xC NDC NSE DSE
Com starch & &5 40 40
Sucrose - - -
Casein 20 20 20 20
Methionine 43 03 03 03
Mineral mixture 35 33 35 35
Vitamine misture H 1 1 1
Cellulose 3 5 5 3
Choline chloride 02 02 02 02
Corn off 3 5 5 5
F-DM s | »

NC : non-treated.

NDC : treated with streptozotocin(Bmg/ke 1.p)
NSE © NC cated feed within 25% F-DM.
DSE @ NDC eated feed within 25% F-DM.

— =] L=
/éwfg%%% 18/\]7{} ;ﬁéﬁi ?« AE< %—23"5}5’4,

A}—s}oq ARHACT, B RF S g
R AgE BESHG. olold 428 i) Ay
S AAST, W 4952 38 AR olgAn
2718 AASNGOM, oIF FHL HA%, 10
A e

R2EL 45 F 1§D AZANFE Y AR

A 7R/€1-r~91r dl st} kAT

6) AEMF 2 FAHC| ZA|

A 72 1g9 499 01 M potassium
phesphate buffer(pH 75, KP buffer)& A7isted ¢
LpZ A glass teflon homogenizer® vhslG5o
o, o]FA Eic FEAE §4& i;q«] AEZ A
£3817] 98k 600xGolA 1087 Hd4lEeiste A
FAL S5t o] FEde cw 000~ Gl
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B¢ €42 riEECEe} BEL I
A, AHEE 105000%GoA 1A7HESH YA
st AxA 235 47 IFaan. vEES
oF B3 catalase BASAY ARSI T xR
32 xanthine oxidase, glutathione peroxidase,
glutathione reductase, superoxide dismutase ¥4

299 a2902 AEHYT,

Mr oM ok

7) Xanthine oxidase(X0D) &M= &3

Xanthine& 7128 &t YAE utc acid® &3
e bergmever S¢ W''es HEsd 3049
EFEA(33mM potassium phosphate, (.05 mM
xanthine, 0.02unit xanthine oxidase)& cuvettedl]
¥e I cytosole 7SS 25T, 200 molA FF

E FHEEE SH%AH

8) Glutathione-peroxidase(GSH-px) B E &X

Lawrench®t Burk® #9'?e] w2} cumene
hydroperoxides} Hx008 7122 3l AMESIT
GSH7} cumene hydroperoxide 5 HoOp9h ¥h&3}ed
A58 glutathione(GSSGYo)  BAEZ  GSSG7}
NADPHE 413127194 GSHE U522 340 mmol
Al NADPH 93-S 24319t & 05M potassium
phosphate buffer(pH 7.0) £ E49& 715t 5T
MomAA F3% AZE S33 AT &b
(GSH-px) 1 ity E4¢ 1 9 15 59 338
NADPH® %2 nmole® JERHSAT]

9) Glutathione reductase(GR) EAME =X

ADPHE o©]&£3}9 GSHE #9412 w NADPH
7} NADP+Z 4HlEe HTE 340molA &3t
g49e A3sant?. EAGR) 1 wits 529 1
g 18 9 2344171 NADPHY %< moleZ Y}
ERASITY.

10) Catalase(CAT)S] &AMz &X

Aebi 59 whg'el wet 50 mM Q14HHF buffer
(pH 7.0) 289 nol 7139 30mM H202 100 &
Yol BTA 587 whgA7) uhgdd zade
101 #7lebe] 2B5TolA 58 Fete E3x WIS
246 mollX £33t ELEHNEE A O
o] 35 ¥zl HoOpd EF3ATE o8 5
= 73 228YEE Alstgrt

gk
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11) Superoxide dismutase(S0D) 4= A

o+zz] AejollA pyrogallole] AEAtsbe] 9o F
BAe o]88 Marklund® Marklund®) 8¢
AHE-8ted 10mM EDTA-50 mM, Tris-HCL buffer
(pH 86) 15 mo) FAY 100 ast 15 mM
pyrogallolg H7lsled 25ColA 483 ¥8AI7 £
50 d¢ IN HCZ 388 £33 the 420mo 4
FBEE A8, pyrallol®] AHE4sHE 50% AR
shed 9838 8§29 & 1 unit® FA8IATH

B

Z23e 10% F4 TEUd LA <]
Hel xg HAE AA
st o) Tojsgoh M9 A BESL 2
m A2 ARG W, poly-lysineX g 28
&e)olme] BAEY T xylene® ©AE ethanol&
ojgal ¥ug 2 4 HAFE AMsIALH, 3
% 23L 3% HoOp &l H2olA 1087 X3}
Q) % 2AL guinea pig anti swine insulin
antibodysh 1 @ 10022 3o 308 ¥2
AN#A3, HRP7} 2%¥ dextran polymerd 3087
2)3tgc. Tris buffer with 05% tween 20(pH
76)& ol&3ld, o 3 FAE A WA
0.2 diamincbenzidine 2.2 HA4L AAEn, FHvlE
A9 9 03% gEUoEE ol &std MARNE
A3

13) BAIX2]

B A7 RE 4% ZF FX< MeantSDE
EAEGAL, one way ANOVAS 28] p<0.05 &
A Fo4X¥ GRE BTN, Foldel v
<% Duncan’s multiple range test2 7% th

4 A

1 AF Hs

A 64% F7H8EA R, i2FAME 20%
ZAasgen, ddidre 26% Z7H8H9T. 43
F APFY AFL 289081116 g2 BATY
37413t571 goll Blstd ZAHYT thEzFe 17925+
340 gl ¥EAME F94 A F7HE A Fig.
1, Table 3).
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Body weight (g)
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Weeks

Flg 1. Effects of F-DM on the body weightes in streptozotocin-
induced diabetic rats

The results are expressed the mean.

NC : non-treated.

NDC ' treated with streptozotocin (60 mg/ke i.p).

NSE @ NC eated feed with 25% F-DM.

DSE @ NDC eated feed with 25% F-DM.

Statistically significant value compared with control group by ANOVA
test and Duncan’s method(* : p<0.05, #* @ p<00L ### 1 p<0.001 vs
NDC).

Table 3. Effects of F-DM on Body Weightes & Body Weight
Gains in Streptozotocin-induced Diabetic Rats for 4 Weeks

Experimental diets
Characters

NC NDC NSE DSE

Body weight (g} | 37413571 17925340 | 33067:133 | 289.08+11.16™

Body weight

gain(@) 1465121601 | -43.99:1069 | 15868173 60.9+¢8.77

The results are expressed the mean+S.D.

NC © non-treated.

NDC : treated with streptozotocin (60 mg/kg 1.p).

NSE : NC eated feed with 25% F-DM.

DSE : NDC eated feed with 25% F-DM.

Statistically significant value compared with control group by ANOVA
test and Duncan’s method(++x p<0.001 vs NDC).
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Table 4. Effects of F-DM on Liver & Kidney Weightes, Survival
Rates in Streptozotocin-induced Diabetic Rats for 4 Weeks

Experimental diets
Characters
NC NDC NSE DSE
Liver weight(g) 135+0.46 1424096 134+ 072 13.1+ 062
Kidney weight(g) 3224072 412+047 341 079 | 331t 036
Survival rate(%) 100 55 100 70

The results are expressed the mean+S.D.

NC : non-treated.

NDC : treated with streptozotocin (60 mg/kg ip).
NSE  NC eated feed with 25% F-DM.

DSE : NDC eated feed with 25% F-DM.
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Fig 2. Effect of F-DM on plasma gucose levels in streptozotocin-
induced diabetic rats

The results are expressed the mean+S.D.

NC : non-treated.

NDC : treated with streptozotocin{60mg/ke 1p).

NSE @ NC eated feed within 25% F-DM.

DSE : NDC eated feed within 25% F-DM.

Statistically significant value compared with control group by ANOVA
test and Duncan’s method(* : p<0.05 vs NDC).

Table 5. Effect of F-DM on Plasma Glucose Levels in
Streptozotocin-induced Diabetic Rats for 4 Weeks

Group | 0 dayvs 3 days 7 days 14 days 21 days 28 days

(o) | 223253 2561326 | 21921204 | 2N | ATSHBI | 242525
D, | 084215 | 6004+ 1153 67141568 | 106.4:1284 | 6B211226 | 621182082
(SR | 19854366 | 2264687 | 21474318 | 2784431 | 24224206 | 256:48%5
(DB | 20520243 66311282 | 674241224 | 5026541066 | 5385156 | aR =088

The results are expressed the mean£S.D.

NC @ non-treated.

NDC : treated with streptozotocin(60mg/ke 1p).

NSE : NC eated feed within 25% F-DM.

DSE : NDC eated feed within 25% F-DM.

Statistically significant value compared with control group by ANOVA
test and Duncan’s method(* : p<0.05 vs NDC).
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1) Xanthine oxidase(X0D)2| &HAdofl O|xj= Hgt
b ZAFe] XOD BAEL AATY 124#21

B A&

o

unit/min/mg proteind] H&t wlZFAA 193246
unit/min/mg protein®. 2 F7}E Y3, AITAME=
175441 unit/min/mg protein® &2 THFEF| vl3}S

FadtRoy fo4d YtHFig. 3).
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o
3

XOD(unit/min/mg protein)

NDC NSE DSE
Group

Fig. 3. Effect of F-DM on XOD activity in hepatic cells of
streptozotocin-induced diabetic rats(unit/min/meg protein)

The results are expressed the meantS.D.

NC : non-treated.

NDC : treated with streptozotocin(60mg/kg i.p).
NSE : NC eated feed with 25% F-DM

DSE : NDC eated feed with 25% F-DM.

2) Glutathione peroxidase(GSH-px)2l &t
0|Xl= Hst
272 1.18+0.16nmole NADPH  oxidized/min/mg
protein®. 2 A9} 158+0.21lnmole NADPH oxidized/
min/mg proteindl] HIElH EAo] ZAEUT AAT
A 1.43+0.2mmole NADPH oxidized/min/me protein
02 izt Hisk] Fo4 Al F71EIcKFg. 4).

3) Glutathione reductase(GR)2| &Adoll DX+

02
op
0%

&M GR B4 1.23+0.12 unit/min/mg protein
©0F A9 214014 unit/min/mg proteinel] B3} 7+
AFRoH, Ao e 1.62+0.17unit/min/mg protein
2 ET Histy g4 ZtHAoY, fode
AN THFig. 5).
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protein)
QO O o - - - —
N B D 2N B O

o
|

Group

Fig. 4. Effect of F-DM on GSH-px activity in hepatic cells of
streptozotocin-induced diabetic rats(oxidized/min/me protein)

The results are expressed the meantS.D.

NC : non-treated.

NDC : treated with streptozotocin(60me/ke 1.p).

NSE : NC eated feed within 25% F-DM.

DSE : NDC eated feed within 25% F-DM.

Statistically significant value compared with control group by ANOVA
test and Duncan’s method(* : p<0.05 vs NDC).

25 -

GR(unit/min/mg protein)

05 -

NC

Group

Fig. b. Effects of F-DM on GR activity in hepatic cells of
streptozotocin-induced diabetic rats(unit/min/me protein)

The results are expressed the meantS.D.

NC : non-treated.

NDC : treated with streptozotocin(60mg/kg 1.p).
NSE  NC eated feed with 25% F-DM.

DSE : NIC eated feed with 25% F-DM.

4) Catalase(CAT)2| &Moff O|xl= H&

2L 0911018 nmole/min/mg protein® & A
A9 1834023 nmole/min/mg protein®l] ®3}
CAT E4o] ZAaHMen, dETdME 159022
nmole/min/mg protein®.2 thEgtol Hlsle H204
UA F7H=E Ak Fig. 6).

5) Superoxide dismutase(SOD)2| &0l 0[Al= &k
279 SOD &A1& 1.1840.18 units/mg protein
0.2 AAT9 1.72+0.11 units/mg protein®] B3}
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25 -

CAT{umole/min/mg protein)

Group

Fig. 6. Effect of F-DM on CAT activity in hepatic cells of
streptozotocin-induced diabetic rats(nmole/min/mg protein)

The results are expressed the meantS.D.

NC T non-treated.

NDC ¢ treated with streptozotocint®0ng/ ke 1p).

NSE @ NC eated feed with 25% F-DM.

DSE @ NDC eated feed with 25% F-DM.

Stetistically significant value compared with control group by ANGVA
test and Duncan's method(x @ p<0.06 vs NDC).

SO0O{units/my prote
=
&

Group

Fig. 7. Effect of F-DM on SOD actvity in hepatic celis of
streptozotocin-induced diabetic rats(units/me protein)

The results are expressed the meantS.D.

NC @ non-treated,

NDC : treated with streptozotocin(60mg/kg 1p).

NSE @ NC eated feed with 25% F-DM.

SE NI eated feed with 2590 F-DIVL

T2 1.35+0.13 units/mg protein®
tof wlglel FMEIGe) foAe qisld

dTollAE gz visky
BENA insulin ¥ w-go] H
oA JAPDD) F718F o] BAEAHFig. 8).

vl e Y st ma Bl WAL 9% 69

Fig. 8 Islets of Langerhans of B-cells(Isuin Immunohistochemistry;
Magnification: =200}

A NC weated none.

B NDC wreated with Streptozotocin{GOng/kg 1.p).

C : NI eated feed within 25% F-DM.
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