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Hypoglycemic and Antioxidative Effects of Dietary Sea-Tangle Extracts
Supplementation in Streptozotocin-Induced Diabetic Rats*
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ABSTRACT

The purpose of this study was to investigate the effect of dietary sea-tangle extracts on blood glucose levels, serum
lipid levels, thiobarbituric acid reactive substance (TBARS) and glutathione enzymes in diabetic rats treated with strep-
tozotocin (STZ). Four groups of rats (Sprague-Dawley male rats, 180 — 200 g) were consisted of normal rats fed control
diet (C), diabetic rats fed control diet (CD), normal rats fed sea-tangl extracts diet (E), and diabetic rats fed sea-tangle
extracts diet (ED). Diabetes was induced by single injection of streptozotocin (60 mg/kg B.W.). After 7 weeks, rats were
sacrificed, serum glucose, serum total cholesterol, triglyceride levels and glutathione enzymes were measured. Urine
was significantly higher in CD and ED groups than those of others (p < 0.05). Levels of amylase, calcium, uric acid,
hemoglobin, cholesterol and low density lipoprotein (LDL) -cholesterol were different among four groups. But high
density cholesterol (HDL) -cholesterol of ED group was significantly higher (p <0.05) than other groups (C and E
group). And the weekly change of serum glucose was decreased in the 3th, 4th and 5th weeks. But serum triglyceride
(TG) of diabetic rats fed sea-tangle extracts diet (ED) was lower than diabetic rats fed control diet (CD). Activity of
hepatic microsomal G6Pase was significantly increased CD and ED groups higher than C and E group, but kidney was
decreased ED group. Hepateic glutathione S-transferase (GST) of CD and ED group were significantly lower than C
and E group (p <0.05), glutathione peroxidase (GPX) of E and ED group were significantly higher than C and CD
group {p <0.05), glutathione reductase {GR) activities of ED group was significantly lower than other groups, malondial-
dehyde (MDA) of ED was lower than E and CD group, but kidney was increased significant in ED group compared to
liver. These results suggested that dietary sea-tangle extracts reduce .hepatic disorders such as oxidant than kidney. In
conclusion, dietary sea-tangle extracts groups reduced blood TG and hepatic MDA levels in STZ-induced diabetic rats.

(Korean J Nutrition 37(1) © 5~14,2004)
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zotocin @ 2 PE s Ao 843 Aoldh<l guar—
gums 3933 u B84 AojAR UAE FEET
UAEZF AREATT FcE? o] gjelE
£ Aol df7} vlAg RS ¢l unstirred water layer
(UWL) 9] 54 F7MA E539 #ite Aslistd 3
UAS F7HAT JAvha RaE R, A3l T B¢
£ B—glucan 2& BTG FY & FAHL=E U3 A
ofA2] gAks A won, o= B {EAT AT &
BE 74 ARty RuEdck” dadxhe ¥ 14
o me} EAsAE B8she A7t 22, o] F met-
formine A& FEANA TH3e F7H1712 F84

s Tdsky Y 3e &3} A7l o] uig- T2
e 1T o FEEEAIY F3kel] A AES}
L3ty AAZIY. 3 g 8z iy 52
3 559 45T QAL v]gdHonh” Fuy g
2] ¢k 90% ol s AR she lad n]ojEY FAtolA
713EE AAdAL vldE F FA4AW S VLDL-F4
25re] 571 9 HDL—-Z821E2] 7holn™ o]g) e
TAEZY 8% HDL-ZYAHE 559 24 9
Fo EFQ e A AR IRIHAU”
P date] ola} A oA APIitsHEe] F7HE T su-
peroxide dismutase (SOD) A7} 748k, AA9) ok
ok5k G432 (glutathione, HIEF C, BiEM] E)o] &
=EAS SR B pEE o st
2 2EGA Alololls A3 Aol e Row A7
HoAm Qlok Eg, Aedg A, Bulske f-cellE
A7 QAR free radicals (H,0,, 0,7, HO) ¥ nit-
ric oxide o] B1H T Uk FHZ HAF FEAASS
olg3lo] wd nEFE A5 AdelA] itstas (heme
oxygenase—1, glutathione peroxidase (GPx))$} antia-
poptotic gen (A20)2) mRNA 28 Z7P} #1349 g—cell
9] Ao Rtk Bt Ao AFARI Faksta
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= A= AU o]A AT} fEo] HIZE
phytochemicalo] 8% 4EA4ES ofgslo] AHE o
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1. AEEE A A

A% 3599 Sprague—Dawley% <7 50vHIE A%
ARTE MElN F4st) DBFAEE HoliA ASE
7ol A2 &, AFol <k 180 — 200 g Huf 4702
o] A8E AAEIGTh Aol BE JUAE 1F
-8t (Table 1) tjzz2lo]s} thrlal F2E (FUB[AF
ThAlrt AZIAE 108) 34 LS ARREIg o o]
ARt 5 g/dlel] 3 H7F Aol& &gitt (Table 1). th
A} F2E9] AxE A (FF4D 8 & (10 8) S stea-
mer (60°C) oA 12212 FE3I3ct. vhAw) 7)1 28 4
e 8 (53.2%), 9% (13.1%), 29 (1.2%), A4
(0.03%), £33 (43.5%) 3} Brix 48.62% Ad Fk7

°

Table. 1. Experimental diet (g/100 g)

Groups” C E CD ED
‘Corm starch 54,7 54.7 54.7 54.7
Casein 20.0 20.0 20.0 20.0

o -cellulose 5.0 - 5.0 -
Vitamin mixture” 1.0 1.0 1.0 1.0
Satt mixture® 40 40 40 40
DL-methionine 0.3 0.3 0.3 03
Com oil 15.0 150 150 15.0

Sea tangle - 5 - 5

C": Control diet + citric acid buffer (i.p,60 mg/kg, BW), E: Sea-
tangle extracts + citric acid buffer (i.p,60 mg/kg, BW), CD: Con-
trol diet + streptozotocin (i.p,60 mg/kg, BW), ED: Sea-tangle ex-
tracts + Streptozotocin (i.p.60 mg/kg, B.W)

? Nutritional biochemicals, ICN life science group. cleveland,
ohio vitamin mixture is composed of: Vit. A acetate (500,000 U/
@) 1.8 g, Vit.D conc. (850.000 IU/g) 0.125 g. «-Tocophero! (250
1U/g) 22.0 g. Ascorbic acid 45.0 g, Incsitol 5.9 g, Choline chloride
75.0 g. Menadione 2.25 g. P-Aminobenzoic acid 5.0 g. Niacin
4.25 g, Riboflavin 1.0 g, Pyridoxine hydrochioride 1.0 g, Calcium
pantothenic acid 3.0 g, Biotin 0.02 g, Folic acid 0.09 g. Vit.B:.
0.00135 g, and Dextrose to 1 kg

¥ AIN 76 Mineral mixture, Nutriional biochemicdls, ICN life science
group, cleveland, ohio compostion of minerat mixture, g/kg mix-
ture: Calcium phosphate didasic 500.00 g, Sodium chloride 74.00
9. Potassium citrate monohydrate 220.00 g, Potassium sulfate
52.00 g, Magnesium oxide 24.00 g, Manganous carbonate (43 —
48% Mn) 3.50 g, Ferric citrate (16 — 17% Fe) 6.00 g, Zinc carbonate
(70% ZnO) 1.06 g, Cupric carbonate (53 — 556% Cu) 0.30 g, Pota-
ssium iodate 0.01 g, Sodium selenite 0.01 g, Chromium sulfate
0.55 g. Sucrose, finely powdered 118.0g
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APFEL 16417 A7 BT streptozotocin
(60 mg/kg B.W.)& 0.01 M citric acid buffer (pH 4.5)
of g3liste 13] 574 FARI dng fEslelt) dxr
& Z29) citric acid buffer €9 FARBKITHY G &
W 1L ma] oA AHFst F3A (Medsense 2,
USA) & d9& F74sto] vl ddo] 250 mg/dlo] ]
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T 8 5F T APFTES 18A1F AAIR] & &5
sto] A7 e HellA g Fof 3000 rpmeiA
1577 d4REsi] 848 Fesisitt Fes €2 &
A A7 —-70C Bl Basilch dae e { &
Al NESI] 2H AE AEdstel g9 A 9 A
ZAE AAS T 2R Al G54E AFg ohg o7
o Fol AR E& FFATI FAE B4l 18 ¢
£ AA 2 £ 25 ml9 ice cold homogenizing media (M
Tops, Misung Co.) & 743} 3 t}2 d4Eesle o] &
AFEARO. cutnsol BE O 2 311 $29) microsome +E
02 o] —70CollA Rastitir) 4o ARSIt

4) o "3

g3 F Y2889 T4 Bucolo W7 £33
#4 kit, HDL-ZAEIEE g4l &gt kit (oFbAeh
2 747 ZA3tn ol5 SYXNERE LDL-Fd2HEA
{LDL CHOL = Total CHOL — (HDL CHOL + TG/5)} &
T3k

BEAEEB e 370) :5~14, 2004/7

5) "2yt 2N

(1) Microsome ¥& 24 7k} A13hH
Baginski 59 ®¥ 22 glucose 6—phosphatase
(G6Pase) 2] AEE =A35191,'® Buege} Aust?] &

Hel weh A E e 2474 2980

(2) Cytosol #3 ¥4 (7H A7)

Habig 5¢] W22 glutathione S—transferase (GST)
9] B =S Tappel WO 2 glutathione peroxidase
(GPx) BATE 43I

(3) =g 3 &7
Lowry 59 ¥ 22 bovine serum albuming ¥&¢
Ao 2 Agst] &3 St

(4) Amylase, calcium, uric acide XA, hemoglobin
2 AN 53
Yav 7] (FUJI DRI-CHEM 3000) & 833 oA
ek sd=1

6) SHNE

¥ A= SPSS EA package® ol-83l0] FA A9}
EFUAE T 74 A8 S dxe O, dx?
= (CD), vl 327 (B) 9 thAlvl 3% It (ED)
7k #2412 one—way ANOVAZ2 Duncan’s multiple
range testol] 2J3l] p<0.05 &M A=s5ct

L TL g L

1. MEFES DAL =7

iz Gxd (CD) % tAlnt 55 2= ED)2 o
Z7 (O tAvl 328 Z (B) B} HF 350) 494
(p <0.05) 2% F&3I3lth ol Bl AsiA AT L
Adu-g Falishs HAAQA dirlel 71Q1% Ao 2 -
t} FuAES $2A7] Daniel 323 Zacharia® 2] 23
M= #AE T T2} Lee 529 AFL BF 9 A
% F71IA AT/ Sl W felF)l Aol g
F Yot ARl ujda) R FoiTY G diRTol
vl £ AF F7 AT 1Y) o) thAnlY) Foi¥
elg} AF =] Apol2 Atz gk 1R AR B AF
7} o] @0 dix? (O F tArt FE2E di=7 (B)
o Hl& B 2t (CD)# tHAlvt F2E 2T (ED)
A F23 (p <0.05) 22 FA et olg e A
= d3ol B 3uFY ZAde 18 A% vy
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o] VelY: Held 542 2 AdA T (T
ble 2). AoldFHE = (CD, ED)o] 27 (C, B X
t} $94 (p<0.05) 28 F71513ct (Table 3). A8 F
Z 24 Ao (24417 AF) Wy} wudERS Table 43 2
t} =uld2 CD +3 ED T4 #9973 (p <0.05) 0%
71kl ot Wujdse CD 7% 7724 (p<0.05) 02
S7¥3sit) ol tiilnp F2EFAE sle] EDTlA =

AT} hemoglobin FE F93 Aole gixlort, gyt
Ao ghad 3x19] hemoglobin T3 A371%52] A}
Z 3 NEFTAHZ Yol Ao BaFo] dr|7le]
AR TR ¥zt gt Lee 59 XA F2E
o] AF7|5]Y STZ % B3 He 89S vepd
F E F 93} g F=Y (glycosylation hemoglobin)
S AAIZIvka Buskict (Table 2—4).

S7FeHA] eiskckn Alg gl A ALY v
A BEE F2 2491 polydipsia, polyphasia, polyuria,
glycouria®} hyperglygemia®|-t THA|n} F#&& ol
A ¥ ek vEgo] (3~55A]) S3lEIItk STZLS 3
9] f—cell® FHAA FuF o) Udnrzor ¥
% amylase®] $7hs #8) &4 YehlE A Eot &
Aol = F amylase FEE Rl vla) BTy
94 (p<0.05) 2% Wtk & F Cad vldz2 dzr
© e vl8] B PZ2F (CD) oA Zasisioy v A8
TAME dF2F (C) $£Fo% 8= A%e 594 74

Table 2. The weight of the experimental rafs

2. BYLFO| 1Y}

A2 5 W) Wk ET O ek 222
HEF @0 vls) i B (CD)ZF Chilo} 328 9
= ED)o 179 274 Hgol £3kort 3579 4
Foll gastcht 5RRE Asal] 679 73R G
Aol Are 419 g 4EAR L gEE ©)
3} Thle} 222 g7 (B)olHE E 2olze] gl @
& Aoz Yehdth (Fig. 1). 019 2& Ak thajo}
222 9u BD)9) ¥ e ave 244 Aolis

Groups No. of animal Inif.ial bOdY,s Fingl body Weight change Kidney ' Liver .
weight (g) weight(g) (g/7 weeks) (g/ 100 g Body weight)  (g/ 100 g Body weight)

o 9 25672 = 578" 389.89 + 9.04° 133.17 = 6.21° 0.58 + 0.02° 276 £0.13°

E 10 25475 £ 16.05 369.90 £ 11.19° 11515 + 11.88° 062 + 0.02° 2.88 = 0.09"

CD 9 24921 £ 598 27261 £1520° 586+ 9.51° 1.04 £ 0.06° 4.14 +0.31°

ED 9 24617 £ 1554 24711 + 1688° 094+ 8.15° 1.11 + 0.08° 3.74 + 0.27°

C": Control diet + citric acid buffer (i.p.60 mg/kg. BW), E: Sea-tangle extracts + citric acid buffer (i.p,60 mg/kg, BW), CD: Control
diet + streptozotocin (i.p.60 mg/kg. B.W), ED: Sea-tangle extracts + Streptozotocin (i.p,60 mg/kg, BW)

? Values are Mean * SD. Values within the column with different alphabets are singnificantly different (p <0.05) among the group by
Duncan’s multiple range test (a>b>c>d). ™ not significantly af p <0.05 by Duncan'’s multiple range test

Table 3. Effects of sea-tangle extracts on diet intake in nomal and diabetic rats (g/rat/day)

1 2 3 4 5 6 7
c" 20.16 £ 0.68%7 17.96 + 0.97%° 1649 + 0.59° 17.98 + 0.61° 1637 £ 050° 1618 £ 0.67° 1421 + 1.74°
E 1614 £ 096® 1621 +0.78° 1724+ 1.07° 1847 +1.05° 1680+ 1.04° 17.04 =091 1651 * 2.68°
CD 2349 + 0.93° 2758 £ 1.36°  27.16 + 1.34° 2863 * 1.49™ 2568 = 1.94° 2846 £ 1.99° 2375+ 1.47°
ED 14.76 + 0.81° 1761 £1.34% 2160 +1.26° 21.73+073° 1600+ 088° 2135+ 1.00° 19.43 + 1.5¢°

C": Control diet + citric acid buffer (i.p,60 mg/kg, BW), E: Sea-tangle extracts + citric acid buffer (i.p,60 mg/kg. BW), CD: Control
diet + streptozotocin (i.p,60 mg/kg, B.W), ED: Sea-tangte extracts + streptozotocin (i.p,60 mg/kg, BW)

? Values are Mean *+ SD. Values within the column with different alphabets are singnificantly different (p <0.05) among the group by
Duncan’s multiple range fest (a>b>c>d). ™ not significantly at p <0.05 by Duncan’s muitiple range test

Table 4. Effects of sea-tangle extracts on biochemical parameters in normal and diabetic rats

Amylase (mg/dl)  Calcium (mg/dh  Uric acid (mg/dl)  Hemoglobinns (mg/dh)

Urine (ml/day)  Feces (g/day)

Urine Urine Urine Serum
c" 1208 = 29877 302+ 0.75° 464.25 + 261.98° 9.35 + 3.84% 2.53 = 0.85° 16.14 + 0.85°
E 643 = 1.22° 155+ 0.51° 44311 * 148.00° 8.63 = 1.96™ 2.63 £ 0.96° 16.73 = 0.38°
CD 7439 £ 11.16° 2486 £ 14.42° 18433 £ 26.57° 408  0.67° 3.38 = 0.96° 16.16 + 0.64°
ED 4813+ 7.71° 313+ 063° 36957 +115.87° 10.19 + 1,97 3.14 £ 0.80° 15.99 + 0.35°

C" : Control diet + citric acid buffer (i.0.60 mg/kg. B.W). E: Sea-tangle extracts + citric acid buffer (i.p,60 mg/kg, B.W), CD: Control
diet + streptozotocin (i.p,60 mg/kg. B.W), ED: Sea-tangle extracts + streptozotocin (i.p.60 mg/kg, BW)

?Values are Mean = SD. Values within the column with different alphabets are singnificantly different (p <0.05) among the group by
Duncan’s multiple range test (a>b>c>d). ™ not significantly at p <0.05 by Duncan’s multiple range test



Fig. 2. The effect of experimental diet on serum total cholesterol
in rats, ” Values are mean + SD, ? Values with different alphabets
are significantly (p <0.05) among the group by Duncan’s multi-
ple range test (@> b > c), ¥ Not significant, C": Control diet +
citric acid buffer (i.p,60 mg/kg. B.W), £: Sea- Tangle Extracts +
citric acid buffer (i.p.60 mg/kg. B.W), CD: Control diet + Strepto-
zotocin (i.p.60 mg/kg, B.W), ED: Sea-Tangle Extracts + Strepto-
zotocin (i.p,60 mg/kg, BW).
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3. oY MR 2FE
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22 9T (ED)o]
aEv SR EEE Cdl visl] E, CDT# EDT
A f43 (p <0.05) 22 F7kshk= A¥elvt EDTL CD
TR Tadhe Ao R vt 22859 FAAYEEE
st Al e 74sde] vekdth (Fig. 3). HDL (high
density lipoprotein) —Z@A & 55 CTo) vlwsPd CD
3 EDTIM 724 (p<0.05) 22 F7k8I ey EDZ

& CDTRY 718k @02 thiul 559 avs #
28t = 9lgir} (Fig. 4). LDL (low drnsity lipoprotein) —

= dE&T O Hlsiy
Fedt (CD) % GAmt

F7FhRe Ao Vet (Fig. 2).
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Fig. 1. The effect of experimental
300 - diet on serum glucose in rats. " Va-
250 e C lues are mean * SD, ® Values with
5 200 different alphabets are significantly
> r —=— E (p<0.05) among the group by Dun-
€ 150 L . can’s multiple range test (a>b>c),
* ¥ Not significant, C": Control diet +
100 - —x— ED citric acid buffer (.p.60 mg/kg, B.
50 | W), E: Sea-Tangle Extracts + citric
o 1 \ . | | | acid buffer (.p.60 mg/kg, BW), CD:
Control diet + Streptozotocin (i.p,60
! 2 8 4 s 7 mg/kg, BW), ED: Sea-Tangle Ex-
Weeks tfracts + Streptozotocin (i.p,60 mg/
kg, BW).
100 200 5
a a abe ab
80 a T a T 150 = L =
5 s g i el i iy .
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0 { I ! o : e : ;
C E cD ED 0 % B < I s L kg
Groups c E cD ED
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Fig. 3. The effect of experimental diet on serum triglycreride in rafs,
" Values are mean + SD, ” Values with different alphabets are
significantly (p <0.05) among the group by Duncan’s multiple
range test (a>b>c), ¥ Not significant, C”: Control diet + citric
acid buffer (i.p.60 mg/kg, BW), E: Sea-Tangle Extracts + citric acid
buffer (i.p.60 mg/kg. B.W), CD: Contro!l diet + Streptozotocin
(ip.60 mg/kg, BW), ED: Sea-Tangle Extracts + Streptozotocin
(i.p.60 mg/kg, BW).
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Fig. 4. The effect of experimental diet on serum HDL-cholesterol in
rafs, ” Values are mean + SD, ? Values with different alphabets are
significantly (p <0.05) among the group by Duncan’s multiple
range fest (a>b>c), ¥ Not significant, C”: Control diet + citric
acid buffer (i.p,60 mg/kg. B.W), E: Sea-Tangle Extracts + citric
acid buffer (i.p,60 mg/kg. B.W), CD: Control diet + Streptozoto-
cin (i.p,60 mg/kg, B.W), ED: Sea-Tangle Extracts + Streptozotocin
(i.p.60 mg/kg, B.W).

FUAHESEE Lol vlal deddTol Hashe 3
goz BAFA} (Fig. 5). YN Fwr) 2"
2 g2 VLDL (very low density lipoprotein) A|A&9]
HaEo 8F FAAAAC] TEHE Z0E BuHn e
AP g et & 4 Qo

¥ Ao 71 HiREA B2 EE 2 ALY o)

O
42 G5 AL ZdAHES S adE D 2



10/l 3589 Hdn @ P48} 5

d2HE $28 HAE S F AT Lee 9 A7l
A AEFRY B2 2 657 5o A3 €3 54
A3 Ze2AEE0] pectin®] A8k Aol w]A]A] FaIick
(Fig. 2-5).

4. Glucose 6-phosphatase (G6Pase)ZY=

7r9] G6Pase A EE =7 (CO) 3 tAlul FE5E o
27 )l ¥3l gz g (CD) Y UAet 58 =T
ED) A F21F (p<0.05)2F F7leta EDF2 CDT
B} Zashs Ao R Jelgrt (Fig. 6). 18{ut 47l
Ae 7} s AR T et 28 o] G6Pase
NS AT A&E Btk (Fig. 7). Glucase 6
phosphatase (G6Pase) = = 7H4 Al £¥3}37 mic-
rosome®l] EAs= AEHFALZA SFEA F2
A Tt Uul o g STZZ Hite Jagoid 7
A7) G6Pase@gol S7FElth= Mithieux 59 B
7} e H, o]d G6Pase@/d2] F71 922 hyperinsuli-
nemial$ 208 BISGL™ FnFEolr 18T d
Aba 84 39 protein kinase B4 ES} insulinsEE
74850, G6Pase B S71BISICH Y B s ok
FaFEolA 7k G6Pase ¥do] Tl W& H1
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Fig. 5. The effect of experimental diet on serum LDL-cholesterol in
rafs, © Values are mean + SD, ® Values with different alphabets are
significantly (p <0.05) among the group by Duncan’s multiple
range test (@>b>c). ¥ Not significant, C": Control diet + citric
acid buffer (i.p,60 mg/kg. BW), E: Sea-Tangle Extracts + citric
acid buffer (i.p,60 mg/kg. B.W), CD: Control diet + Streptozoto-
cin (i.p.60 mg/kg. BW), ED: Sea-Tangle Extracts + Streptozotocin
(i.p.60 mg/kg, BW).

9P olg} A3} G6Pase BHAEE TEFUA &4
7 7 Qg dZe) o] =a* GEPased) mRNAZ7}
L Hvlel =2 AR (p < 0.001)& Vepdths B
55 s, @nAdeelas G6Pase@4%57F A7

o =

o7sE Aoz AlgHd (Fig 6, 7).
5. AERIMSE (Malondialdehyde : MDA)Y £F
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Fig. 7. Renal glucose 6-phosphtase.” Values are mean + SD, * Va-
lues with different alphabets are significantly (p <0.05) among
the group by Duncan’s muitiple range test (a>b>c). ¥ Not
sighificant, C": Control diet + citric acid buffer (i.p.60 mg/kg,
B.W). CD: Control diet + Streptozotocin (i.p.60 mg/kg, BW). E:
Sea-Tangle Extracts + citric acid buffer (i.p,60 mg/kg., BW). ED:
Sea-Tangle Extracts + Streptozotocin (i.p.60 mg/kg, BW).
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Fig. 8. Hepatic malondidldehyde.” Values are mean + SD, ? Va-
lues with different alphabets are significantly (p < 0.05) among
the group by Duncan'’s multiple range test (a>b>c), ¥ Not
sighificant, C": Control diet + citric acid buffer (i.p,60 mg/kg.
B.W). CD: Control diet + Streptozotocin (i.p,60 mg/kg. BW). E:
Sea-Tangle Extracts + citric acid buffer (i.p.60 mg/kg. B.W). ED:
Sea-Tangle Extracts + Sireptozotocin (i.p.60 mg/kg, BW).
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Fig. 6. Hepatic glucose 6-phosphtase. ” Values are mean + SD, * Values with different alphabets are significantly (p <0.05) among
the group by Duncan’s multiple range test (a>b>c). ¥ Not sighificant, C": Control diet + citric acid buffer (i.p.60 mg/kg. B.W). CD:
Control diet + Streptozotocin (i.p,60 mg/ kg. B.W). E: Sea-Tangle Extracts + citric acid buffer (i.p,60 mg/kg. B.W). ED: Sea-Tangle

Extracts + Streptozotocin (i.p,60 mg/kg, BW).



I Aol 2E2E dat (ED)S 715 3= A%goT
ebdth (Fig. 8). A1RIME Col| vl EF 3 EDFellA
S7khe A%oz el (Fig. 9). o, 94 ss} =3}
9] g]lo] H7 % sh= A IsREE-E AEEE 712
sz AZEa gtk gt oz i WAl AbskA A
EgAae 712 sl AU ] Al gE]
A E 7ke] A4 MDA &3] 242zt S/t B
T 909t} & 9uf5 d8o] o]d4E MDA ko)
Z71Z0) Aty BuYEp 9ok 22y gl F5
9] AL AARZTH o] AR AT sl A7
’:}53]%3] 1—6:_57]_ %ol-_‘—_[ﬂ 01740 ‘:E_,] =0 6]—/\]-3;} EJ,}.
ulZolgtn Alggrky Rusiinh? 182 gy 7t
A Aol 7 B2 talnt 252 FAtst
239 b s BEE 5 Yt (Fig. 8, 9).

6. Glutathione S-transferase (GST)ZY¥T
9] GSTY 842 cytosolellA Vept 53] b
oM< o] uig- wrim deiA ek 2k B .E% o
Z7 Ol "8l S 287 (B)ol] s 4
& ZF CD)# At 358 Jdu (ED)o] #93

AN

o°{‘
E

(p <0.05) ZAAEIY Fig. 10). AR BLE CFol H]
slo] EZ, CDT3 EDo) Z4sh= Agkldnt (Fig. 11).
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Kitahara 52 A7olA # XSS FEAZE o Glu-
tathione S—transferase@d2 GST-P %4 BHael F4
dA-o] Z7igel wiet Srtshked], FxEdelA GST &
/Jusgle] tist 928 Asle e ARl Lim 599 4
79 B¢ 13 gardo) 76’—?— FAA 27t QI 1
d FaRdY A #H Z7Vhs AoR KWl
o} T3 AHE 0] 83t STZ fE G Pelr] 748 GST

=7 F7HEATRE 2470) vk 28 BE YA 3

ZE9 MHZ Q3 GST B4 F71E dAlst 541
Alg Wojalr) 3%k 7|d e R AlgEt (Fig. 10, 11).
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Fig. 11. Renal glutathione S-ransferase. ” Values are mean + SD,
? Values with different alphabets are significantly (p < 0.05)am-
ong the group by Duncan’s multiple range test (a>b>c¢), ¥ Not
sighificant, C"”: Control diet + citric acid buffer (.0,60 mg/kg.
B.W). CD: Control diet + Streptozotocin (i.p,60 mg/kg, BW). E:
Sea-Tangle Extracts + citric acid buffer (.p,60 mg/kg. B.W). ED:
Sea-Tangle Extracts + Streptozotocin (i.p,60 mg/kg, BW).
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Fig. 9. Renal malondialdehyde. " Values are mean =+ SD, *Values
with different alphabets are significantly (p <0.05) among the gr-
oup by Duncan’s multiple range test (a>b>c), ¥ Not sighificant,
C": Control diet + citric acid buffer (0,60 mg/kg, BW). CD: Con-
trol diet + Streptozotocin (i.p.60 mg/kg, BW). E: Sea-Tangle Ext-
racts + citric acid buffer (i.p.60 mg/kg. BW). ED: Sea-Tangle Ext-
racts + Streptozotocin (i.p.60 mg/kg, BW).

Fig- 12. Hepatic glutathione peroxidase.” Values are mean =+ SD,
? Values with different alphabets are significantly (p <0.05)am-
ong the group by Duncan’s multiple range test (a>b>c), ¥ Not
sighificant, C”: Control diet + citric acid buffer (i.p.60 mg/kg.
B.W). CD: Control diet + Streptozotocin (i.p,60 mg/kg, BW). E:
Sea-Tangle Extracts + citric acid buffer (.p.60 mg/kg. BW). ED:
Sea-Tangle Extracts + Streptozotocin (i.p.60 mg/kg, BW).
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are significantly (p <0.05) among
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nge test (a>b>c), ¥ Not sighificant,

C": Control diet + citric acid buffer
(i.p.60 mg/kg. B.W). CD: Control
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diet + Streptozotocin (i.p.60 mg/ kg,
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BW). E: Sea-Tangle Extracts + cit-
ric acid buffer (i.p,60 mg/kg. BW).
ED: Sea-Tangle Exiracts + Streptozo-
focin (i.p.60 mg/kg, BW).
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Fig. 13. Renal glucose peroxidase.” Values are mean = 3D, ? Va-
lues with different alphabets are significantly (p < 0.05) among
the group by Duncan’s multiple range test (a>b>c), ¥ Not
sighificant, C": Control diet + cifriic acid buffer (i.p.60 mg/kg,
B.W). CD: Control diet + Streptozotocin (i.p.60 mg/kg, BW). E:
Sea-Tangle Extracts + cifric acid buffer (i.p,60 mg/kg. BW). ED:
Sea-Tangle Extracts + Streptozotocin (i.p,60 mg/kg, B.W).

= 0
% ° ab o ab
= c = T
£g %
© c
28 @i
s
GE 20 f—
£
c 0 L 1
C E CcD ED
Groups

Fig. 14. Hepatic glutathione reductase. " Values are mean * SD,
% Values with different alphabets are significantly (o <0.05)among
the group by Duncan’s multiple range test (a>b > c), ¥ Not
sighificant, C": Control diet + citric acid buffer (i.p.60 mg/kg.
B.W). CD: Control diet + Streptozotocin (i.p.60 mg/kg. BW). E:
Sea-Tangle Extracts + citric acid buffer (i.p.60 mg/kg, BW). ED:
Sea-Tangle Extracts + Streptozotocin (1.p,60 mg/kg. BW).

7. Total glutathione peroxidase (GPX)&¥T

Fig. 129} 13¢A B 8l9} o] 719 GPX 84 &+
2T (OF thz Gt (CD) O vld) gAnt F:&2E7
(B) % thAnt 25 97 (ED)o] #23 (p<0.05)%F
7He ot ARE wsht ik

Glutathione peroxide (GPX)& 2E T HEE9] F3)9
A 2tAE e GSHE ARE-ste] H.0,9 organic hydrope-
roxidesE A|AA|7|3 o]df BJE oxidized glutathione
(GSSG) = glutathione reductase (GR)ll &l thA] GSH
of o&Esh= AbslEHAREE-S B3l AlEuhE Rtk GPX
= GST xS 4t Aoz Aguot ThelA
ARl WgtE FHrt A5 tAlnt 559 d3H= GPXE
A (p<0.05) 22 F7MIRA} Kesavulu 572 T
Ho) ojgl7|7lo] e EE GPXY E4o) HE AAHA
th Husldel &, STZo 2 N 9uFE 2
Zh A, A A Fe) galst a4 @48 BEst
kar ¢ FANE k24 o GPX 8492 Gt
A =71 o Fo3Ql Aol Gl Ao B
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Fig. 15. Renal glutathione reductase.” Values are mean + SD,
? Values with different alphabets are significantly (o < 0.05) am-
ong the group by Duncan’s muitiple range test (a>b>c), ¥ Not
sighificant, C": Confrol diet + citic acid buffer (0,60 mg/kg.
B.W). CD: Control diet + Streptozotocin (i.p.60 mg/kg, BW). E:
Sea-Tangle Extracts + citric acid buffer (i.p.60 mg/kg, BW). ED:
Sea-Tangle Extracts + Streptozotocin (i.p,60 mg/kg, BW).

o gt AFATNEL T FHeuh Ao ueba] Adukd
A3E yebllth gdees GPX 8459 3¢, 3k
W 7] (72417 o= GPX £ W37} ¢lo] superoxide
dismutase (SOD)7} 7151591, 3 dAlelle SODY
#3} glo] GPX #4o] ZAaslgichs By ™ o)z} Z7}
5 gAo] Zagths R §23 o] itk
B3 9 alloxan % FuFolA GPXEAEES 4 d
Fo7 e} B2 ARTAE Bdks By 57 dX¥E A
37} gl AAoltt £ AFelx thrjul F2E Gt (ED)
X GPX & 8A4e] S7lelsletl. ol &9 gz
& BAskA GPX 840] S7keth= B19) ISDBB (in-
sulin—dependent spontaneously diabetic BB Wistar rats)
oA 4138 GPXE =7 S7Hvhe BaeP” Aubs ol
I # AdelN 3 g3l F7H GPX 84EE WA
o} &5 AF 0l ] AstE A vt (Fig. 12, 13).

8. Glutathione reductase (GR)BYk

Fig. 149} Fig. 15949} Z°] 7k GR A EE thAlqt
F2E Y= EDY UE ARTES 794 (p < 0.05)
o7 Aot A ke Ao et

Glutathione reductase (GR)+& BE /552 %A
A A% flavoprotein © 2 cytosololl EAlsta 9131, GPX
o 2l ¥ GSSGE NADPHZ 4% 3&Pax GSHE
A7 AEe S3%c) GRS ©] A3tk whe-g E3)
AZ glutathione poold FAFENZ FA|go2H 7+
Hog A BT 9 3P FAell 7lefght. Kitahara 52
ATl 7F AL (preneoplastic) ©] Lo} A9
A3} Aol total glutatione} GPX 2 GRE] EAlo} &
Z¥ecka ok A173e] EDEelA GR 8459 7 2
=7 ISDBBeIIA #13 SOD} 44 CAT 84 719} &
7l GRS 845 Z7Hchs Baeb? Ux)3 Axjolr},

7k GR A=A = EDTelA 24 (p < 0.05) %



22 ok e ARA GR BAEE dET ©)d ¥
& F7IsI o, ARt FE2ES A ARt 525 9
%7 (ED)eld GR 8459 Z71= 9oz Ak
AArEe Uehigith GR 34 A% 5 AR 7l
T3 (p < 0.05) WS B2 5= Y3} (Fig. 14, 15).
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