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Effects of Dietary Seaweed on Blood Glucose, Lipid and Glutathione
Enzymes in Streptozotocin-Induced Diabetic Rats

Young-]Ja Cho' and Mi-Ae Bang

Dept. of Food and Nutrition, Mokpo National University, Chonnam 534-729, Korea

Abstract

The purpose of this study was to investigate the effect of dietary seaweed in diabetic rats treated with
streptozotocin (STZ) for 7 weeks. The rats (Sprague—-Dawley male rats, 180~200 g) were divided into 4 groups
* normal rats fed control diet (C), diabetic rats fed conirol diet (CD), normal rats fed seaweed diet (M), and
diabetic rats fed seaweed diet (MD). Diabetes was induced by single injection of streptozotocin (60 mg/kg,
i.p.). Urinary levels of calcium and uric acid, and blood levels of hemoglobin, total cholesterol and low density
lipoprozein (LDL)-cholesterol were not significantly different among groups. But high density lipoprotein (HDL)-
cholestarol of M and MD groups were higher than that of C and CD groups. Activity of hepatic microsomal G6Pase
was significantly (p<0.05) lower in C and M groups than that of CD and MD groups. Hepatic glutathione S-
transferase (GST) of M, CD and MD groups were significantly lower than C group (p<0.05), glutathione peroxidase
(GPX) of C, M and MD groups were higher than CD group. In conclusion, dictary seaweed may improve blood
lipid profiles and GSH-related enzymes in STZ-induced diabetic rats.
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Table 1. Experimental diet (g/100 g)
Groupsl)

C M CD MD
Corn starch 54.7 52.3 54.7 52.3
Casein 20.0 15.7 20.0 15.7
a ~cellulose 50 - 5.0 -
Vitamin mixture” 1.0 1.0 10 1.0
Salt mixture® 40 40 40 40
DL -methionine 0.3 0.3 0.3 0.3
Corn il 15.0 14.2 15.0 14.2
Seaweed - 20.0 - 20.0

DC: Control diet +citric acid buffer (60 mg/kg, ip.)

M: 20.0% seaweed diet+citric acid buffer (60 mg/kg, ip.)
CD: Control diet+injection of streptozotocin (60 mg/kg, i.p.)
MD: 20.0% seaweed diet +injection of streptozotocin (60 mg/
kg, ip.)

“Nutritional Biochemicals, ICN Life Science Group, Cleveland,
Ohio. Vitamin mixture is composed of; vit. A acetate (500,000
1U/g) 1.8 g, vit. D conc. (850.000 IU/g) 0.125 g, @ -tocopherol
(250 1U/g) 22.0 g, ascorbic acid 45.0 g, inositol 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 hydrochloride 1.0 g,
calcium pantothenic acid 3.0 g, biotin 0.02 g, folic acid 0.09 g,

_vit. Biz 0.00135 g, and dextrose to 1 kg.

PAIN 76 Mineral mixture. Nutritional Biochemicals, ICN Life
Science Group, Cleveland, Ohio. Compostion of mineral mixture,
g/kg mixture; Calcium phosphate didasic 500.00 g, sodium
chloride 74.00 g, potassium citrate monohydrate 220.00 g, po-
tassium 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% ZnQO) 1.06 g, cupric carbonate (53 ~55%
Cu) 0.30 g, potassium iodate 0.01 g, sodium selenite 0.01 g,
chromium sulfate 0.55 g, sucrose, finely powdered 1180 g.

2T 54.7%X4=2188, 20x4=80, 15%9=135: 433.8
kcal/100 g
nled A b 523%X4 =200.2, 157 X4 =62.8, 14.2X9 = 127.8,
209 9193 (170 kcal/100 g): 170+5 = 34 kcal:
433.8 kcal/100 g
4718 Aeolag A4 ET(n=14), B g =T 2
T(n=12), "9 E¥% M7 (n=12)% PG L A7t dn
(n=12)0.2 ¥eldtyon B el 2 79 J o
ol ¥ 23R % steleh Aol A5FA ol 2 e 4
g Ao FE3tded £ AREA AAAAY 5
ARFA ] 2= 20 2°CH) B 28 A3k A, B9
F71E& 12/ 722 §A8te] 737 AEsiTh

od mo 2o R

B2 16417 AAA 7] 31 g TS streptozotocin
g)-& 0.01 M citric acid buffer(pH 4.5)°) -3} &}
_7_/\].3]_0;] Fag %E'}S’iﬁ}. Z27E 559
& }3’}"3‘3}( X Feld melAd W

o} B-g FAl7a F 71] A 3}931:]-. 7\} 8 g A wAl
% 25 mL9] ice cold homogenizing media® #23%& &
AR Rl sted o] F A5 YL cytosol ¥R 3 B
2 microsome ¥ 2 2 1}5o] —70°Cel| 4 B3P}t £

Ao ALgstedet.

Astst FA

#$4 7‘]7.—1 184 —’Ef—% - "‘]ZIBJS Bucolo ¥
H(16)ol 3 &4 kit, HDL-Z#H A8 &2 44l 2%
kit (o}*&zﬂ%)i 7z} é 3t o] & &4 71 237¥ LDL-¥
#H 2~ & x]{LDL Chol = Total Chol —(HDL Chol+TG/3)}
& T3k ek,

7t 3} A1 AH9] microsome ¥3 : Baginski % Ly
£ 2 glucose 6-phosphatase(G6Pase)?] &4 =5 &3 3lg]
3L, Buege 5(19)2] #hyi el me} A A skt ea-s 22
A st ch

743} A129) cytosol¥#-3 #4 : Habig £(20)%] vbg 2
2 glutathione S-transferase(GST)2] &4 % Z-, Tappel(21)
2] ul¥ & 2 glutathione peroxidase(GPx) 84 X2 23} 3}
st

el gk &3 Lowry $(22)9] 4% 2 2 bovine se-
RFFH R AHE-3le] FA sl

Amylase, calcium, uric acid, hemoglobin &3 : 8
#417)(FUJI DRI-CHEM 3000)& ©]-&3) amylase, calcium,

rum albuming

uric acid= ZellA 2438k hemoglobing A ol4] &4
slsic}.

EAxz|

A% A= SPSS A packaged ©] 83} ﬁi‘zlﬂ}

EEHAE Pt Z AE I & dE2TC), HE F
T(CD), 1Y H&=TM) % Pl FrFMD)ZHe] f-2)Ad-&
one-way ANOVA$] Duncan’s multiple range testel] 2] 3}
p<0.05 FFlA HAFshsdh
Za 9 nE

Aol ciaeist &Y

Nz FE(CD)H vl FEF(MD)-S 2 (C)2 v
o g 2FME} FHFE A Fo] F93 (p<0.05) 22 743}
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o APLE FuFAL AF F7telA d2Fe £F/o HE &
ofFal Aol A E ¢ gl ot chAlRt, vl ¢ &
o Fo] Fi dlE2 el v)8] & AF FI A%E oo
B A E AF AT 2T v G z2Td v)&) 3
X AEFF 1Y BrolA 93 (p<0.05) 22 FAaF )
ol = vl 2] Foigele} A Hol2 AlgE ) AT
A A Zeke- Ao vt o] datoz 27O Y =z
(M)l Bl B 2T(CD)H v B MD)A
A (p<0.05) 2.2 FA vebgrh o) e} & Axte ¥rdo]
¥ BFnAe A% 2 Al v @4k-e el
B3 E:3o] A e A 9lvh(24-27)(Table 2). 20141 # &
25 F(CD, MD)e] sl =7(C, M)E.t} 2] & (p<0.05) 2.
Z7beteleh 8 QA FE Ao A=A v Ao
vEbE T (Table 3). A3 # % 2 A (2447 A ) &

fu fu rlo o

Table 2. The weight of the experimental rats
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3} ol d 22 Table 49} 2t k)& CDEF MDDl A
914 (p<0.05) 2.2 F7pstd et W d ke CDIERE #-2
A (p<0.05) 2 Z7islsdth dubd 2 2 ¥5 amylased] 5
7he AAY £4-5 el e A Zes B A x5
amylase X2 3= NE27F vl djz2Fo vl&f F o
Z73% 1Y Gl A 23 (p<0.05)2 2 ZH2- g th(Table
4). 2% Ca®) WA=k QY 2T(0)el v &) B RERT(CD)
AA FhadE o o E ATl = 20 FE

3 8= = A3 29k 2 A Y72 hemoglobin $3-2
A 2ol glodrt dubd o2 v #212] hemoglobin
Gk AR5 A2 A N FA 2 FolA|= A&k
oluf - Age] ©r|7tell A dEG R Wy} Jdd A
o2 At ¥v) Lee 5(28)2 A AP FEE] Ad7igr5at
STZ it gx7e Ha g3 ved = ole F 33 d=
Z 24l (glycosylation hemoglobin) &%-2 A s}A 1l B

sustediet.

L Initial body Final body Weight change Kidney Liver
Groups weight (g) weight (g) (g/7 weeks) (g/100 g B.W.) (g/100 g B.W.)
C 256.72£5.78°™% 389.89£9.04" 133.17+6.21° 0.58*0.02" 276=0.13°
M 252.7215.68 380.85+11.09° 128.13+£7.25° 0.5920.01° 2.91+0.13°
CD 249,21 £5.98 272.61+15.20° 5.86+951" 1.04%0.06" 4.14+0.31°
MD 253.90+20.43 240.44 +14.28" 0.69+4.98" 1.01+0.08 4.00+0.17

YSee the legend of Table 1.
Values are meantSD.
¥Not significant.

PValues within the column with different alphabets are significantly different (p<0.05) among the groups by Duncan’s multiple

range tes:.
Table 3. Dietary intake change of the experimental rats (g/rat/day)
Groups“ 1 2 3 4 5 6 7
C 20.160.687"%  17.96+097  16.49*0.59° 17.98£0.61° 16.37=0.50° 16.18+0.67° 14.21+1.74°
M 19.31+0.94° 20.24+1.21° 20111154  2257+1.09° 2134+073° 1992088  18.31£0.34%
CD 23.49+0.93" 2758+ 1.36" 27.16 = 1.34° 2863+1.49" 2568194 28.46+1.99" 23.75+1.47°
MD 2247+135®  2438+141° 2653+ 1.39° 26.8411.26" 2591 +1.29° 28.34+1 .66 23.34+1.43%

PSee the legend of Table 1.

PValues are mean=SD.

$Values w thin the column with different alphabets are significantly different (p<0.05) among the groups by Duncan’s multiple
range tes..

Table 4. Biochemical parameters in the experimental rats

n Urine Feces Amylase Calcium Uric acid Hemoglobin
Groups (mL/day) (g/day) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
C 12.08+ 2989 3.02%0.75° 464.95+ 261 98 9.35+3.84% 253+0.85% 15.14£0.85™
M 7.60%0.81° 2.49+0.69° 277.10+129.33° 10.42+1.90°7 5.20+157 15.98%0.37
CD 74.39+11.16° 24.86+14.42° 184.33+ 26,57 408+0.67° 3.38£0.96% 16.16=0.64
MD 46.98+9.04° 6.36+0.99° 161.30£30.79° 6.27+1.60™ 1.35+0.20° 15.88+0.55

l”See the legend of Table 1.

PValues are mean+SD.

M alues w thin the column with different alphabets are significantly different (p<0.05) among the groups by Duncan’s multiple
range tes..

“Not signi’icant.
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Fig. 1. The effect of experimental diet on blood glucose in
rats.

Groups: See the legend of Table 1.

Values with different alphabets are significantly (p<0.05) among
the groups by Duncan’s multiple range test.
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Fig. 2. The effect of experimental diet on blood total cho-
lesterol in rats.

Groups: See the legend of Table 1.

"Not significant.
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Fig. 3. The effect of experimental diet on blood triglyceride
in rats.

Groups: See the legend of Table 1.

Values with different alphabets are significantly (p<0.05) among
the groups by Duncan’s multiple range test.
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Fig. 4. The effect of experimental diet on blood HDL~chol-
esterol in rats.

Groups: See the legend of Table 1.

"Not signi‘icant.
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Fig. 5. The effect of experimental diet on blood LDL~chol-
esterol in rats.

Groups: Sez the legend of Table 1.
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7ke] G6Pase &4 == U] Z27C)el vl =9 dz=2-(M)
o A $2. 8 (p<0.05) 2 FAsta MDT CDT R}t
gte Aoz el Al A = 7k v segt AR
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G6Pase= F£2 7+t Al Aol £ %5137 microsomee] &7 3}
wa g a2 A |pst B Al F83A Fojdich o
kg o 2 STZ2 4 BuF oA b 479 G6Pase &
A o] Z7}=E fdoh= Mithieux 5-(33)8] B3} glow, o]H
G6Pase@ 4 9] Z7} 44l glucose intolerance2} hyper-
insulinemiasl] 218k AL 2 Byt FuFEdA 2
o dAFa 3 "3 protein kinase B4 2.9} msuhniE_
£ ZFashd o, G6Pase B4 == F713kdcka BarE gl
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tH34).

X|ElnpAE 2 (thiobarbituric acid-reactive substance:
TBARS)2| =&
2| A AR bl A d 2 F(C)el Bl Etd vl
F(M)e] 23 (p<0.05)L 2 Zr1gloy Y& G x7(CD)
B} rl FRF(MD)e] Frbele Aoz vey A4
SIAE 2e Ao vehdeh of, FA sl skl Qo
o] ¥ % 3t A A IS A FEEA 7)) iz
AzE 3 gk, dubE o2 vy A A Abshd 2 E w0
Z712 ste] 2AU ] A A HAksEe] Fobslkd, AlA 2
7ke) FA o4 MDA #ae] Zh7 F7Hlvke B3 5(35)
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Vg BAE S Al

Glutathione S-transferase(GST) AT

o t-22] GST9 &4 cytosolol| 4] et e £3] 71e
A1) gHeko] - =ria G A 9lc) o] F = dE2T-
©ell dal »1 dx2F(M), 3= HE=TF(CD)FH vy 3
T(MD)o] $-2 A (p<0.05) 743} Al 79 Mol
Ak zFasle Aol Lim® Kim(37)¢] °4—TL3I 7
18 Fderde] 4% §5-24q xo]7} delar 3 g
do) A fFoHog Frsle AR liJ—UPS’&E}. =g
A2 o] 83 STZ § 5 FuAFH A 7ke] GST #A =7}
271 thE R1(38)7} gleh. el m g vle] 4132 Qg
7 GST A4 & 3718 A3t S3a1al& wolstr] 97
71X o2 AbgEch

Total glutathione peroxidase(GPX) E#MxT

Table 58} 6| 4] H.= ule} Zo] 7he] GPX A =& U2
FOel w8 #1E g =F(M)e], tla Fxadel Js) vy
F a7 (MD)o] F713ls Aol gleh AR E 7k v =3
W 317} ¢l glt}. Glutathione peroxidase(GPX)+= RE E4-
FE0 A oA A = GSHE A3t 0.9} organic
hydroperoxides& A7 A 7] a1 o]« A H oxidized gluta-
thione(GSSG)+= glutathione reductase(GR)ol 2}3] t}A]
GSHel| & &3l A sdab-g-& 5o Al Z2& B33}
GPX 84 %= GST @A &9} Abubdl WsE gt v o] 4
HE GPXE 27/ 71= Ao g velyr) Kesavulu %
(39)2 o] o]3h7|3ke] L E 5 GPXe| &Ae] H
S ZraEdcka ByEldoh =, STZo R A7) 95
HAe w2 7k AR AR A Fo] gAasl a4 A
33 Kakkar 5(40)9] B3eA & kx4 F9) GPX &4
2 g 7w Hev oA Aol gle AL
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Table 5. Effects of seaweed on hepatic glucose 6-phosphatase (G6pase), thiobarbituric acid-reactive substance (TBARS),
glutathione S-transferase (GST), glutathione peroxidase (GPX) and glutathione reductase (GR) in normal and diabetic rats

GbPase TBARS GST GPX GR
Groups" nmole liberated nmole/ nmole CDNB/min/ nmole NADH/min/ nmole NADH/min/
min/mg protein mg protein mg protein mg protein mg protein
C 1520.42+152.03”®  0.49+0.01° 215.27%9.30° 271.62£32.02* 60.39+3.30™
M 132597+ 116.74° 0.57+0.04° 181.77+5.32> 378.51£25.36 60.631+4.00
CD 2494.83+195.70 051%0.01™ 161.43+7.64° 227.21+33.23 56.61+3.00
MD 2145.26+273.31" 0.56+£0.03° 15712587 274.98+45.44 52.75%£3.64

"See the legend of Table 1.
“Values are meant SD.

PValues within the column with different alphabets are significantly different (p<0.05) among the groups by Duncan’s multiple

range test.
“Not significant.

Table 6. Effects of seaweed on renal glucose 6-phosphatase (G6pase), thiobabituric acid-reactive substance (TBARS),
glutathione S-transferase (GST), glutathione peroxidase (GPX) and glutathione reductase (GR) in normal and diabetic rats

G6Pase TBARS GST GPX GR
Groups” nmole liberated nmole/ nmole CDNB/min/ nmole NADH/min/ nmole NADH/min/
min/mg protein mg protein mg protein mg protein mg protein
C 2466.66+500.137%%  0.21+0.004"" 81.88+10.47" 335.35+20.83" 10.71£0.18"
M 1194.22+234.21° 0.22+0.003 76.42+353% 345.38+60.17° 12.62+0.96°
CD 1966.85+224.96™  0.20%0.003 7153+£975° 253.1628.03" 11.32+061%
MD 1153.90+ 166.56° 0.21+0.03 97.23+7.13 44474+ 60.99 11.77+0.64®

YSee the legend of Table 1.
'Q)Va]ues are mean=* SD.

PValues within the column with different alphabets are significantly different (p<0.05) among the groups by Duncan’s multiple

range test.
“Not significant.

Bdote ¥wrt glH(Table 5, 6).

Glutathione reductase(GR) &ML

Table 5, 61412} 7o) 7ke] GR AL+ HET(C)o
v &) vl ByuF(MD)H o2 A F R} FAds 7 g
2 AlAe Akl A3k e 2 vlelhyd) Glutathione reductase
(GR)= BE& ERFEEY A4 ¥4 =+ flavoprotein 2
Z cytosoldl] A8t 9l GPXel 23] A E GSSGE
NADPHZ A%3lgd4 GSHEZ #1417+ 88 33
o} GR2 ©] 43t wh-3-2 -3 Al £ glutathione pool

HANHE AT EN Ao AE 55 Y 3HAF
‘é f-21 ¢l 7]1¢1%te}. Kitahara $5(41)8] Ao & 3 At
3" W (preneoplastic)o] ol A 247} ¥ 4ell A total
glutatione3 GPX % GR] &Ao] Zrpgtcla gic) v 9]
A#HR A8 2 GR BHEE A3d 5 9le 7Hed s #2
& 4 odsdtl

olo] Arajel7k RmAle] BAs A L s
2l Bl AE R 271 Aol
FAE 20% v1o 2L FoIste] 777 Y AL
24 E5g U AAFE T 71 Fastisel

it
o_>£:

=g AT vl A vl AH =
o &3k AF7a FAE Yo} daae] 89 %E—c U1
A4 o) o3t FFrksl A 27 Ao bt o 74
= Holx] it} dAAAF F Fel2dE7 LDL-E9
2~H &2 HErT g oy SRS vl BT 3
5t= 7 gko]  HDL-ZH 28| &2 713t Aoz
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