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Abstract

The study was undertaken to determine the effect of the ageuous extract of sea tangle, Laminaria japonicus, on the
activities of glucokinase and hexokinase in the pancreas of diabetic mellitus mice which were induced by alloxan. After
one week of alloxan injection, the levels of serum glucose and insulin secretion were dramatically increased, however,
the insulin secretion was decreased with administration of sea tangle extract. Alloxan injection allowed the serum
glucose level to increase and the level was decreased by sea tangle extract administration. Furthermore, it was observed
that sea tangle extract was effective in recovering the levels of insulin secretion. Enzyme activities of the glucokinase
and hexokinase were decreased by alloxan treatment. In contrast, sea tangle extract administration to the mice allowed
to increase proportionally. These results suggested that sea tangle extract is highly effective in treatment of diabetic

mellitus induced by alloxan.
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Glucokinasew %4 TAH X (pancreatic islet p-cell)o] A
YAtz o] 88 glucose QA4H3} EAE glucoseE glu-
cose-6-phosphate (G-6-P)2 Q14HIA| A glycogeng A
NPLZHA MY 22F o dARTHe. E3, 2
9] glucokinasex= Y&dl s EH=7 F5-Hu A4
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BE ek ol AJFEL F2 Sigma Co. ¥ Wako Pure
Chemicals Co. (Tokyo, Japan) #|&9] EFE& 73ty
AbEatgTh WY 2 #AgAoke dBY Daiichi Co.9
Boehrinher Mannheim Biochemicals Co.ojA] T34t}
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APFELS AT, alloxan A Gw(oldh thziol
2t 3, alloxan Ag] Fafrd $ 0 ”} el (ol 3t thAl
op AeFelgt e 74 ol 20mkH wi A st A Ho
ARG AT 2T dAvkA e 5% alloxan mon-
ohydrate (Sigma, St Louis, MO, USA)E ul$2 1.0 mg/
10 g¥ B 3Yztel] A 33 FAMH T ohAlupA
T2 alloxan FAF & ThAlul FE5A-2 0.2 mg/20 g¥ 1¢
28] 257 AR BEAqdyon, g2 FH4E 257
AT T8t

NZAE o Hxf2l
HEHo g g8 243114 & o) = heparin X8 &
Hpoz ks Yulo)d Fole of 200 ul Bo} ALES
Ak w2 EL decapitation HPE o2 3 HA7] T Hol
< eppendorf tubeo] el 3087t A UEFE ¥ microcen-
trifuge= 1087+ 15000 rpmollA] YA B3yt AHd

)
Q) WHE v 50 wH REsel uBaYD 9F A4
4N ALgAT A 2 AZsel Arke 494

of HAS T FLAZ B7E AAY T 2L 2Hag
ok 3% 23 262 1089 50 mM sodium phosphate
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Glucokinase9} hexokinase EA1Z A& Walker HH[19]
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sodium phosphate $%(pH 7.0), 5 mM MgCl,, 5 mM
ATP. 0.2 unit Glucose-6-phosphate dehydrogenase} 1.0
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5% Alloxan monohydrateZ n}$-29 A% 10 g& 1.0
mg¥ B 3U7L 33]d] A FARE & 19, 79, 149
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AFHAG 1 F 159 $9 A5 ¥slE Table 1o] e}
Aok AT AFo] 134 gol Wi alloxanghg FA}
g 2FE 221 g& Jehio] A AFZ7E AFHA
om alloxan FA} ¥ thAlep MeEe 174 g2 43¢
AZP2E4e RATh 39, ¥H glucosest V&AFE
AMNE FEAARE BYEu(Table 2, 3), H¥A&U] &
T AAbo] 264 nU/mlIe) whd, alloxan9hg FA4e O] &
T2 728 nU/mi2 Jeh} sy Ful7t 484 Yetg
0.0, alloxan FA} 3 iAo} X o A= 487 nU/mle

Table 1. Body weight and diet intake levels of normal,
control (alloxan-treated) and sea tangle extract-
treated diabetic mice

Normal  Control Sea tangle
extract
Body weight (g) 134114 221+32* 174%25
Diet intake (g/day) 25%052 3.6%12 29+0.7

Values are mean+SE. for 20 animals.
*Significantly different from normal mice at P<0.05 by t-test.

Table 2. Serum glucose levels of normal, control (alloxan-
treated) and sea tangle extract-treated diabetic

mice
Normal Control Sea tangle
extract
Serum glucose (mg/1)
feed 14741182 2352%621 165.7+194
fast 562+ 65 1904+148.7* 1204+221

Values are mean+S.E. for 20 animals.
*Significantly different from normal mice at P<0.05 by t-test.

Table 3. Plasma insulin levels of normal, control {alloxan-
treated) and sea tangle extract-treated diabetic

mice
Normal Control Sea tangle
extract
Plasma insulin (nU/ml)
feed 425%6.7 1025t74 722%62
fast 264+32  728+47* 487+37"

Values are mean*S.E. for 20 animals.
*Significantly different from control mice at P<0.05 by t-test.
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Fig. 1. Serum glucose levels in normal, alloxan and sea
tangle extract-treated mice.
Values are mean £S.E. for 20 animals.
*Significantly different from normal mice at P<0.05 by t-test.
*Significantly different from alloxan mice at P<0.05 by t-test,
O, Normal. @, Sea tangle extract after alloxan. B Alloxan
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Fig. 2. Serum insulin levels in normal, alloxan and sea
tangle extract-treated mice.
Values are mean+S.E. for 20 animals.
Slgmﬁcantly different from normal mice at P<0.05 by f-test.
Slgmfxcantly different from alloxan mice at P<0.05 by f-test.
5 Normal. @, Sea tangle extract after alloxan. i}, Alloxan
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Fig. 3. Pancreatic glucokinase activities as parameters of
glucose phosphorylation in glucose injection test.

Values are mean+SE. for 20 animals.
*ngmﬁcantly different from normal mice at P<0.05 by t-test.
Slgmﬁcantly different from alloxan mice at P<0.05 by t-test.
, Normal, @, Sea tangle extract after alloxan. i, Alloxan
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Fig. 4. Pancreatic hexokinase activities as parameters of
glucose phosphorylation in glucose injection test.
Values are mean*SE. for 20 animals.
*Significantly different from normal mice at P<0.05 by t
test.
*Significantly different from alloxan mice at P<0.05 by t-test.
O, Normal. @, Sea tangle extract after alloxan. ll, Alloxan
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Aol AHFA oA tzTe 2o HFFo] BT
Hl3te] FAMHAA F7HE Ao, thAu} FdFg A= of
ZFo Had o] dFH7 RAAoY 949 YA
A% YolMe 479 134414 goll Hl3lo] alloxano.
2 Bt 498 gRPe 139 F 21132502 §9
A Sle F7H8 Eon, alloxan FAF & gAntE Fof
§ AYTY ALE 174125 go 7 Zashe AFE BY
th 53, FEA HF glucoses} insulin o] tiE=T
dre AT vty 2F F94 e F7HE YERd
glon, Ao} BEoFpdMes Yo g Z7E insulin
de FAAUA ZAAIE Ao VYeh} dedd &3
7t AEE AXBIAT ojdd Ade Hwd AHdM e

dedo] I} Fujdrte A U5F AolH, Bl
o] Y& A% viTte BT B vdte] oF 2uj
Ax Fon, AFo] FFRY F/EFE IR N
7t #de A9 BRAA E 9 gujsie vt aga o
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T+ d#d AFS v VA e AHE d3AZ
F on?], AFHEA %i’é}~ 7] ©]$ NIDDM =9
TEA @3] FAHUA Fadn 7] °l§} NIDDM %
Aol FE s w27 FAR0A Zages Bl
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3t A FT AoldH ] AT Aol HIE FYAHL ¢
Ao gAEl Ao dAE JANA AF
2] NIDDMe ZA#E o= Ak AAAE +
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tAeh7t 3Asel distd ojud A8 YehlieA|
g AE] Y8td AT, tE2E 2 AEAE
glucose® B7h) FAMG thg A2t €93 84 s
HuldsE fAsgnh @92 AATAA glucosert F
AbE ek Z7bebe] 302 & HuXE Uehlo —’F/\} 3'F
IAMRE AR FE02 A& Zastaen, 83 9
A% glucose FAFERE Fu]57] A|Zste] 30& 5];
A5 Yepd F 22200l Adgste F3E BYd. 1
Hy, alloxan® & Fw7l fdd fExEL 7IAAY 89
A 7F AT R gohow FA F 308 HuAE 7]

2718 AR
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Glucokinaset= glucose-6-phosphate (G-6-P) AAJuh-g-&
Zujsje] b3 Aol A UDP-glucoseE HJAIA glycogen
A3t ol Feddte}9]). UDP-glucosew thA] UDP-glucose
glycogen glycosyltransferase (glycogen syntase)ol] 2|3} 2t
oM A glycogens FAEIH o|df o] AATAHL
G6-Pof| & o] FA] L& QA8 a2 LB hex-
okinase #4& JAste Rog RIEHUTH16] wti
G-6-P2] A F glucokinaseste] 45 #AAZE B B2 A
FAEAA Ao thate] Ha Aok Glucokinases 7H
# Ao EolgtA ZAstn 7+9] glucokinases Q&AL Z
Ag wol x| § o glycogen AF Tl #qsty 4
% glucokinase?] ¢ ¥FUW L= FLE 7A| s
ded BHIE 2P Aeg ¢l o] NIDDMe| H
oo BHEHE 93 48 A4H 13,15, Alio-
xano] 93} FEH HPFE F=A] glucokinases} glu-
cosed] g E 9l SH7I7} alloxandl 98] AHAA o g A
& wol, glucokinased] 84317} glucosed 7] QA4H
A 7R B3 AYAoE FaHS R Evi Ba
=3 9IcH7,813]. E38, 2-Cyclohexene-1-one (CHX) FoA]
glucose Aol tigt Ql&d Eu|7F Asje=ol ol CHX
7} A4 glucokinases EBASA7IE 7]12t0] ol B
A B wAld o] Aio thate]de] 7MY FRE AL
Z FAEHAARI].

A dehd tialete) dg lEd BHIAS 8-S
2ot A3 1 Ely] 98k glucosed] 7] U4tE A4
9] glucokinase9} hexokinase?] 848 41 B3Itk Glucose

ZA% A 7re] @& 279 glucokinase$} hexokinase &
e 2 zolE HPed, alloxantt FAE ETAN <=
glucokinase$} hexokinase® &4 #4jo] EF ATl
Hl3) 953 A=A o]y Ae alloxano] °JE F
40 4E A3 AsTeRA GRHE KL=
Aoz 1 713%g ¢A HAte & £ Ao 23y, all-
oxan FALE TAntE B8 APTAAME alloxang F
Avek thz 2ol wldled glucokinases} hexokinase®] &)
% Z7bEe Aeg Jehd, galubrt olg F 549
g4sto] 433 ARE YehhAc}h Hexokinases} glu-
cokinase’} A5 glucosed Z7|A4HSAI71A] £
& AF Ao s FuyE f53A due Bu[781316]2
v 2o} Hol, B AFoA vehd thajrle glucokinases}
hexokinase 843} fde Fuu$ Agsted 471 A
oggta oAz

oj4e] AzE FH3W, tdAvte alloxanoz fdd
Fur ul$2oM glucose 4t EAQ] glucokinasedt
hexokinase®] 4& Z7H71E 27t e ALR vg
U oAyt 3o A5 &371 )lE Ae2 AR

e %

tAlete] @4FEE0) 3w A5 A#7 YeA
g ¢olR7] Y3y alloxano 2 AHste dPHeg F
=HE FEd ¥ glucosed] 27] A3t BFofdhs glu-
cokinase9} hexokinased] €4< A An 33 2o
A8 Ak

1. Alloxan FAlo] ofs] AF3 FEAY glucose ¥

9] insulin 8|7} FAXNA FAhEPoH AFH FE
Al9] glucosew FALS QoY thEFe Hlste A
3.

2. Alloxan FAtel 93] HAZF glucosex|7} HArd
Hlate AAA F7hHR oY T et Fofo oja) @A 3
ZaE Atk Insulinx] 9] A5 FH AL GAlv}p Fo
Tl ME AT fAE AEE BT

3. Glucokinase9} hexokinase?] &A1& alloxan FA}Ld
g dAAsE FaFHoW, At Fod oaf Fo 43
A FsEH Ak
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