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(Utility technical development of algae origin ability anti-diabetes
food that take advantage of small molecule processing technology)
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SUMMARY

Anti-diabetic among them activity selected excellent species 6 kind of algae (Ishige okamurae,
Sargarssum  coreanum,  Sargarssum  fulvellum, Sargarssum  thunbergii, Dictyota dichotoma,
Myelophycus simplex) to a - amylase and a - glucosidase inhibition activity. Confirmed enzyme
inhibition activity of about 80% from the result Ishige okamurae to a - amylase about 50%, a -
glucosidase. Ishige okamurae extract result concentration that analyze a-glucosidase inhibition activity
by 50, 100, 250, 500ug/m{ concentration after freezing dry while enzyme inhibition activity
increased dependently (P<0.05). Experiment group Ishige okamurae extract and contrast group
acarbose appeared same enzyme inhibition activity of 60% from 500ug/m{ concentration, and Ishige
okamurae extract confirmed 60.16% in the case of a-amylase inhibition activity, Acarbose confirmed
enzyme inhibition activity of 53%. After meal, as result that measure using mice that does blood
sugar letdown effect by STZ and leads to glycosuria, was expose by 35,346 £ 686.1 mg-mins/d{
that feed group 35,049 £ 927.6mg'min/df, group 41,670 + 444.6mg-min/d¢ that feed distilled water,
acarbose that feed Ishige okamurae extract. As a result, could confirm that Ishige okamurae extract
is meal blood sugar letdown effect. Confirmed Ishige okamurae extract's cytoprotective effect for
cell damage by high concentration glucose (30 mMs) by cell viability. The result Ishige okamurae
extract 100ug/m¢ INS-1 pancreatic 3 cell's the cell refreshing rate was 60.57%, and when handled
Ishige okamurae extract 500ug/m¢{ in HUVECs, the cell refreshing rate was confirmed by 98.8% (p
<0.05).

In INS-1 pancreatic 3 cell when guided Lipid hydroperoxide value measurement handled Ishige
okamurae extract 100yg/m¢ by high concentration glucose(30mM) guided MDA is 0.187 nmoles by,
compare to control group MDA concentration 0.364 nmoles and lipid hydroperoxide measurement
creation decreased greatly. In cell that the induced ROS (Reactive oxygen species) creation rate
handles together Ishige okamurae extract compared to cell that treat high concentration glucose by
high concentration glucose concentration dependently decrease. Especially, Ishige okamurae extract
while does the ROS creation rate by 167.35% and decreased much than control group (215.81%)
when handled 100ug/mé (P<0.05). HUVECs' the ROS creation rate does Ishige okamurae extract by
137.11% when handled 5004g/m¢{ and decreased much than control group (313.9%). The induced
NO (Nitric oxide) creation rate is 167.57% when handle Ishige okamurae extract 100xg/m¢ in INS-1
cell by high concentration glucose, decreased much compared to control group (216.22%), and the
NO creation rate decreased a little compared to control group (168.5%) to 125.4% when handle
Ishige okamurae extract 500ug/m{ in HUVECs. SOD, is antioxidase, superoxide enzyme that is
converted by hydrogen peroxide and oxygen be. When handled Ishige okamurae extract 500ug/mé to
HUVECs that process by high concentration glucose (30 mMs), displayed SOD vitality (81.6%)
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similar to contrast group cellular SOD vitality (100%) that process by 5.5 mM glucoses. It is
enzyme that need glutathione by temper that Glutathione peroxidase (GSH-Px). When handled each
free medical care by concentration to HUVECs that process by high concentration glucose (30 mM)
concentration GSH-px vitality that is high dependently appear. When based contrast group GSH-px
activity (100%) that process by 5.5 mM glucoses, GSH-px vitality of Ishige okamurae extract 500ug
/mf displayed the almost similar level with control group by 83.1% to HUVECs that process by
high concentration glucose (30 mM). Catalase, is antioxidase, is enzyme that protect cell from
oxidant stress by changing hydrogen peroxide that is hazardous substance that is produced by SOD's
action to water and oxygen. When handle Ishige okamurae extract 50ug/mé{ in HUVECs that process
by high concentration glucose (30 mM) activity of 58.6% appears and could confirm that oxidant
stress improves. Confirmed by diphlorethohydroxycarmalol(DPHC) according to structure analysis
sequence of anti-diabetic active materials purification from Ishige okamurae extract.

Antibacterial activity about Staphylococcus aureus KCTC 3831, Saccharomyces cerevisae KCTC
7913, Pseudomonas aeruginosa KCTC 2513, Salmonella typhimirium KCTC 1925, Escherichia coli
KCTC 2517 was confirmed according to antibacterial experiment result that use 0.5 mM DPHC. a
-glucosidase inhibition activity experiment result, confirmed inhibition activity of 90.97% from
DPHC 500ug/mé, and a-amylase inhibition activity appeared by 61.66%. DPHC's IC50 about a
-glucosidase appeared higher inhibition activity than acarbose by 0.08 mg/mL, IC50 about a-
amylase 0.27mg/mL. Was found thing which meal blood sugar letdown effect is much more
excellent compared to group (8,700 = 118.4 mg'mins/d¢) that group that feed DPHC in blood sugar
letdown effect in STZ induction diabetic mouse feeds 4,222 + 122.3mg'min/d¢, distilled water and
group (5,875 = 212.1 mg'mins/df) that feed acarbose. Lipid hydroperoxide measurement decreased
much compared to control group 0.942 nmole to 0.519 nmoles when MDA concentration handled
DPHC 50ug/mf{ in RIN-mSF cells. As result that handle DPHC in HUVECs that process by high
concentration glucose (30mM), result such as RIN- m 5 F cells appeared. The induced ROS
(Reactive oxygen species) creation rate decreased much than control group (160.0%) to 80.6% when
handled DPHC 50ug/m{ by high concentration(30mM) glucose, and HUVECs' the ROS creation rate
decreased very much than control group (275.3%) to 148.8%. As result that compare DPHC treated
before and after NO(Nitric oxide) yield to RIN-m5F cells that it is processed that high
concentration glucose (30mM), appeared by treated before 217.3%, after 128.2%. To DPHC teated
before 337%, after 110.6% in HUVECs NO secretion yield decreased greatly(p<0.05). SOD activity
was treated before DPHC 54.09 unit/mg, after 56.71 unit/mg in RIN- m 5 F cells, and for GSH-px
vitality, treated before 2.73 unit/mg, after 3.41 unit/mg, catalase activity appeared by before 1.063 n
mole/mg, after 1.084pmole/mg. Result that confirm DPHC's apoptosis protection effect by
immunocytochemistry method to RIN-mSF cells in diabetes cell model, DPHC was found that check
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cellular apoptosis. Result that confirm NF-kB secretion yield in HUVECs that high concentration
glucose is processed, it was 184.6%, and DPHC when handled 25, 50ug/ml{ by each 131.8%,
113.4% decrease.

Measured anti-diabetic effect using diabetic type 2 animal C 57 BLses/KsJ- db/db miced. According to
diet intake analysis result, a week Av. intake of Ishige okamurae extract group and drug group
(Rosiglitazonegroup) was 25~27 g, and control group ate 31 g. Day, according to water intake analysis
result, for Ishige okamurae extract group, Av. 18.3ml, control group 26ml, drug group (Rosiglitazone)
10ml. Therefore, was found that thirst symptoms improve much in occasion of experimental group. As
result that analyze weight change by a week, while weight of Ishige okamurae extract group and
control group increases slowly, drug group increased rapidly until 3 weeks. Absurd weight gain of
drug group is analyzed by thiozolidinedione (TZD) order's drugs side effect. For plasma glucose
concentration results of measurements, control group, for 642.9mg/dl, Ishige okamurae extract group,
575mg/dl, drug group (Rosiglitazonegroup) by 376.9mg/dl, confirmed that decrease than control
group. Confirmed that activity of drug group and Ishige okamurae extract group appeared high than
Glucokinase(GK) activity analysis result, control group, and G 6 Pase activities decrease in drug
group and Ishige okamurae extract group than control group. PEPCK activity controls group was
high vitality than drug group(Rosiglitazonegroup), and Ishige okamurae extract group appeared lower
activity than drug group. Result that measure glycogen content in control group and rosiglitazone
group, Ishige okamurae extract group's liver tissue, control group 166(mg/g liver), drug group is
177(mg/g liver) , Ishige okamurae extract group was measured by 191(mg/g liver). Result Ishige
okamurae extract group that analyze plasma TC, TG, FFA, HDL-cholesterol, LDL-cholesterol
concentration using control group and Ishige okamurae extract group, drug group confirmed that
decrease liver tissue's lipid store by improving party metabolism effectively. Result that measure
SOD, computer aided testing activity in liver tissue and erythrocyte, Ishige okamurae extract group
heightens enzyme activity related to antioxidation metabolism and improved glycosuria mouse's
antioxidation system in liver tissue. Result that measure ROS in db/db mouse liver tissue, Ishige
okamurae extract group 20%, drug group and control group were created each 52%, 58%. It is
28% of control group 53%, drug group 30%, Ishige okamurae extract group ROS concentration of
erythrocyte control group 53%, drug group 30%, Ishige okamurae extract group, experimental group
created the lowest ROS. ALT value of plasma, AST value, I -GTP, result that analyze creatinine
concentration, Ishige okamurae extract group were found that effect is in liver and kidney functional
disease.

Through clinical demonstration, result that analyze effect that Ishige okamurae extract's intake gets
in blood sugar of type 2 diabetics and insulin resistance, Ishige okamurae extract in case of eat

long term in blood pressure control help, and HDL-cholesterol was found that help in serum lipid
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improvement because increase. And was found that affect to hyperinsulinemia improvement by
insulin resistance, CRP decrease, lipid hydroperoxide inhibition, SOD activity increase, pancreaticbeta
cell's insulin secretion reaction promotion, and it was no human body toxicity in liver and kidney
functional testing. Therefore, is expected to is thought that Ishige okamurae extract's intake displays
blood sugar rise inhibition effect by controlling small intestine's a-glucosidase activity, and Ishige
okamurae extract can help in diabetes prevention and therapy. Ishige okamurae extract was found

that effect is to whitening, wrinkles improvement, inflammation easing as well as glycosuria.
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A3F AFAR 5 U L A

Al 1A A7 HE

L Algs3
Aol A3 ZxFE 20083 129 ~ 20093 9 Afolell AFE HAtel M A
atm sG] A Bt FH Rl B2 S8l dRT FFES
z35te] ALESTh AR st FE6 ol8® ZXFo HEEE Table 1, Fig. 19

2o N

Table 1. Brown algae list used in an experiment.

Scientific name Korean name
Ishige okamurae 5
Sargarssum coreanum A R AE
Sargarssum fulvellum R ARE
Sargarssum thunbergii A 50]
Dictyota dichotoma o Enpe
Myelophycus simplex ukel =4

Ishize okamurae (%) Sargarssum coreanum (2 EA

-

Sargarssum thunbergn (A%¢]) Dictyotadichotoma (21 54%2) Mrelophycus simplex (H1$%)

Fig. 1 Photograph of domestic brown algae 6 kinds used in an experiment.
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E AAG FF5dE At AEAE AAATRE F ol 80% HEHE
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o] &35kl 30um =7]¢]

= z=
3, o] AR %4F FgEs

(G2 &4, gulld E3 &4, AZAEHEL F)F o8t 7HEs AA 7he gt

0C deep freezero| X #SIHA ‘}joﬂ A}-8-5 T}

A1k &4+ Sigma Chemical Co. (USA)O| A FY3dte] ARE-3H 1L, HUVECsS (F)5H|
U, INS-1 cell2 AAIHGZ HAAA TRl 2z EFeol ool AHE-sFAT

3 9 AR T7)EF AR EFAIEE AFESEST

hatstggd 2 5 2 ZAst7] fs F#FF=A (Shimadzu UV-2401, Kyoto, Japan)ZS
AFEElg e, d3 =S 8] 7to] @A (Roche Diagnostics GmbH, Germany)Z A}-£3}
Aok 2 A A 2% wRH FAEAA Y dYy ARREHI 1, g53tE 4g)
#BAsE 42 a-glucosidase A Z-gof 71¢18H= acarboset™ (F)vlold o2 HE A
Fuwo} 202 YT HUSHUA AP AHEHAT

. Aglsty B HE

(1) & Az (Lowry’s method)

el A S Lowry’s HES o] &3t A|EH 20 pl ¢+ lowry’s solution I 200 pl & 43
S 1087 ¥3-A171 thLeo) lowry’s solution II 20 pl& FH7} 3087 W & 595 nmol A
=
=]

422 Z3s5ith BSA EF §902 o|§3le] REFHS FAYTH(, 2).

(2) & A% (DNS method)
A DNS(3,5-dinitrosalicylicacid)®} Rochellesd o2 HHAY

o]
otk A& 100 wsk DNS Aok 200u 2 & F 1587

Olt
-
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Inhibitory rate(%)=100-(0 time®} 5% WH3}2F)/100-t) =79 FF = H3}

5
$A F Aol Akﬁo}ﬁiﬂ gl AHgE A

TUsk 17U dutAolR A ddTe 5
FT 2T, acarbose FT 2, W FEE FOT 2TOE EF 6wolH, 74 £F HET
= 247 ekl upeo] & AlolAld 34rtEl Y ARSI AbSAdY] 2E B FEE
o = O
= o=

2042°C, 50x10% 2 SR, WY

A7 RHez HE 2 4
07:00~19:004]¢] 2 A ¥tk B3} Aol AF 2

o A% FFAH

¥

il

) 2485 EY =
ICR miceo| Al 1L A}E (Constant Nutrition, U] =)E FF3te] HTFAH Fo] 35~40 go] H A
ARSSE &, 12417 FE AdEl9] ICR miced| Al 0.1 M citrate buffer (pH 4.5)0] 23jA]7]
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streptozotocin (STZ, Sigma Co., USA, 60 mg/kg of body weight)2 E-7fo]l FALS
Frastdth STZ B 17Y § FEAHS ICR mice m|gW o2 RE 4Hs}
FAR 8% o] 250 mg/de o] Y Wl Fo] FHE FHeE tFste] AP ALE

StAT.

(th STZ 42 F=Hd gJolA g #st a3 =3

FHFTL ICR miced] soluble starch (2 g/kg, Sigma Co., USA)Z, acarbose Fo]T2

soluble starch (2 g/kg) 2 acarbose (100 mg/ke)E, I FEE F o2 soluble starch (2 g/kg)
P

2 3 FEE (500 mhke)d FRON S35t 12417 BAAZ ICR miced] AT Fol
8}215}. Fo F sl AT (0, 30, 60, 1208)) 1 FHelA Aste] Wkg =43
Atk 2 AFel WP F7HNE ANS FRFAFHL Fam, IYF/ITHe WA

(area under the curve, AUC)S AAF}St}.

2t @ AEERAS o83 A AEd 2 A EF
(1) AE wiekat Az
INS-1 (Rat pancreatic [3-cell line, Passages number 30-40) A|EZ = 37T, 5% CO; incubatore]]
A1 10% FBS, 11.1 mM ¥E%, 10 mM HEPES, 2.5 mM mercaptoethanol, streptomycin 100 ug/

B[}Y

3

m¢, 2 mM L-glutamine, | mM sodium pyruvate, penicillin 100 unitsm{ (pH 7.4)& XF35t=
RPMI 1640 HjA|E o|&3tth. wjg® AlE= IdFUdll 2~33] refeedingstil 6~74 grell
phosphate buffered saline®. 2 A &3t & 0.05% typsin-EDTAZ HF-ZE AXE EI sl 44
pelsd 498 ATE Aol Y3 vdes A¥s 2ns RAHEE d ERHE 67
Qoteh AvuraiE A Aglol AFEEIT.

HUVECs (Human umbilical vein endothelial cells, Passages number 3-8)= (F)Ad| vz
(MC1133, EAHA] Z)oA] passage 399 T-75cr flask® Tlate] Aol AMgstct.
HUVECs7} 80% ©]%+ confluent 3JA]™ subculture 3}<] passage 3-8H7}A] A}2-3 oM,
EBM-2 Bullet KitE ©]-83}e] 37C, 5% CO, incubatoroll A vl oFstH T EBM-2 v A= Al&
A EGM-2 SingleQuots (10% fetal bovine serum, Hydrocortisone, hFGF-B, vEGF, R3-IGF-I,
ascorbic acid, hegf. GA1000, heparin)E 211 & 4ojA ALL3stHTH.

) M= &8s =3

INS-1 cell A|X A= =HS M E7} confluence AE] 7} = 96-well plates] welld 2x10°*
cells/m¢ 2 seeding 3} 2~3A|7} incubation 3+ & X =TS HA4FE 55 mM, 30 mM L&
T XTEge g A A AEHAE fEelth ASlAEY A MEE 4847t
&F FT AEE FEHEE AFStY 2447 BF HIYES % 100

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide (MTT) solution& Z+ wellol] FY
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3led 37CoA 447 XH §oFst At Mediumol] 4] MTT solutiong A A3} 100 ¢ dimethyl
sulfoxide (DMSO)E FU3st2 308 &< incubationdt & microplate reader® 540 nmol 4] &
BEE 17‘43}31‘4(5 6, 7)

HUVECs AZEL Fautz 59 W oz Atol9le= A X7} neutral redd]] ST = EXS
o] &3t =3I} 24-well plate (1x10° cells/well)ol] A EE FYste] FHZHA| 7)1, seeding
3F] 2~3A]7F incubation 3F & I EFE AAFTE 55 mM, 30 mM ILFE TEFOF F
25l Al AEd 25 FLSAT A EYH S F HEE BATT HjUS T AREE T
THEZ Xste] 2047 B wiokslk & 24 well plate2] HHﬂ% AASEZ, 1.14 mmol/LY]
neutral red7} X 3E HjAZE 200 w0 € 347 B BJSFSE & phosphate buffered saline
(PBS, pH 7.4)& 2¥H A ZsFHTt. ML) acetic acid (1%, v/v)$} ethanol (50%, v/v)S TH-8-3
= 300 9] cell lysis buffer [50 mmol/L Tris-HCI (pH 7.4), 150 mmol/L NaCl, 5 mmol/L
dithiothreitol, Triton X-100 (1%, v/v)=2 9o} 15827 vjYA|AH MEZHE neutral redE W3
AL & QAE HAEE A5t s AE &8 AES 3,000 rpmol Al 10827 AR

A

sha, 450e Ash 540 el A FRES A

(3) A4 drtstE 54
2| A #}2kgl A== thiobarbituric acid ¥H2-5Z A AkaF (TBARS)o| 9]3)| Fragas o] HHH o
=4 &} = 96-well plates] welld 2x10* cells/m¢ 2 seeding 3} 2~3A
incubation 3} = L AXNTE 55 mM, 2% 30 mM T2 ASAEHAE {u
At 2s=Ed AEZE BAZE viYE & A EE s=EE A st 2447 &
20417 B A BRYF3S ZF welld 200 09 media FZHE FYFH| ol 14]
incubationdF & 400 x(¢] TBARS solutiong ¥ ojA] 4do]F 1L, 95T A] 20&27F boilingd} S
T coolingstH Al THAl 4401FE F 4,000 rpmefl Al 1023 AT S FFH 2 532 nmof A]
FHEE =AY A2 7HAEE LS malondialdehyde (MDA)S] oFo 2 Zhalste] A4S
oS, 9).
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(4) Intracellular ROS level 27

DCF-DAE A ZAA ANNE7ES AASIZ, ZHo] AMEWS radical (FE hydrogen
peroxide)dll BFH oz w33t DCF FF A2 ¥E= RS dEz FHsH. 2=,
DCF-DAE 413}d 2~Eg zo] glo] ROSS @A FAHFS A=z sk AZvt
confluence AFE]7} T)™ 96-well blank plateo] welld 2x10* cells/m! 2 seeding 3} 2~3A]7F

incubation 3+ & X =TS HAFE 55 mM, 30 mM 1LF A AEY AE S-dstg o)
ASGAEHAE F AZE BAL wFE T AEE FEEE Ao 2443F B 204
T EQt wFs &, vl FE mediaE A ASIA, AIEE PBSE F W AHSATH AlEe] 100
me] DCF-DAE Yo 158, thA] 608 F<QF 4294 incubationd}e], DCF-DA fluorescence

N5 floweytometer2 =74 3 T}
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(5) NO level =74

A EE 96-well plateo]] welld 2x10* cells/m¢ 2 seeding 5}&] 2~3A]7F incubation 3F &
AAEFEE 55 mM, 30 mM FEE ABIAEH AE FE4EHT AFAEYAE

ARE FEEE A st 24217 == 2047 B A vk

ATk A5 A NO 32 GriessihH-e-22 73t} 50 o]

Zo] ZL 9ko] Griess reagent [0.1% N-(1-naphthyl)-ethylenediamine, 1% sulfanilamide in 5%

phosphoric acid]& oAl 4JoiFa, A4 102 &<t incubationsted 550 nmell A 53

g SAHsATG, 7, 11).

X

£

e o
N

[o2e]
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=
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(6) Fitstas A 57
A Z7} confluence AFE]7} =™ 10-mm dishell dish® 2x10° cells/m{ 2 seeding }o] 2A]7F
al T=3s AEste As=Ef S fEsiH st iEd
185 = E AHste] 2447 & w3t 5, vjgd
mediaZ A A, MEE= PBSZ F ¥ AHHT. MEE ice AEjolA 52 B HA7]E3)
g F 10,000 x g oAl 20%3F AR FSAE wa] AP A&t oA AP
£ bovine serum albumin®] standard®} Bradforde] =¥
dismutase (SOD) 432 pyrogallole] AEAk3}EAo s ZAEAT. SODEA 1 unit2
pyrogallol ZA}E4+3}e] B]EL A3sle 49 gz vJehAtt. GSH-peroxidase (GSH-px)
g4 Lawrence?} Burk 59 #yez ZAstH, &4 | wites 123 1 mMe NADPH7}
tetEls g4 oz YeGlth Catalase &2 Aebio] Wl wel FASYTH =
50 mM phosphate buffer (pH 7.0) 2.0 m{oll Z& A 0.05 WS 7lste] 3 & 25ToA] 3

incubation 3+ & 1 mf

T 1y
P

2 F AES 48A7 wF

E7F 3913 & 10 mM H,0, €9 1.0 iE 718t st SA] 240 nmoll A 1527 W3}
He EH4EE SA59Y. 849 FAHAEE 12 B¢ 1 me HO,E EA|I7)|= a4 o

< 1 wmit2 st E4EAL SAHFIH 12, 13).

oh A 24
NzTd 4 ASERRH 48 243 2358 H+3FHAE e, 74 A 5379
2ol A2 one-way ANOVA(analysis of variance)Z A} 753+ & Duncan's multiple range test

o o8] A HAsAn

5. 3jo]l 4] diphlorethohydroxycarmalol®] ] 2 A A

Diphlorethohydroxycarmalol®] 22 & A= 3 F (2008)2] ol Fto AAIsAT. &
2 Azxs T 2ozl 3 I 500 g FH3I T 80% uﬂ%%oﬂ Este] 429 shaking
incubatore]] A 24A]7HEQF FE5 F 3,000xgel A 2083F AAE St FALE AAG A
2 AT olAT BAE 33 wRF F Qola AL FAATS dBeL AN



Aot FF3lY A2 FEES E9 831A17] Foll n-hexane, chloroform, ethyl acetate 12| 3L
butanol®] To 7 £u] B3-S AASY, HFTHZ ethyl acetate E=HE-S AEdte] 55 x
400 mme] §-2] ol 75-150 pm AL silica gel& =713+ HHo| ethyl acetatec| A] G- 23
58 Y5t chloroform:methanolE 50:19 4 0:1 H]- &2 &AIH FAHAHAES LT}t &4
AES 25x3009] F o] 25-100 um Z Al sephadex LH-20S %73 HHo| thrl F95
o 70% oMAELRE &AIA BHHGES AT o] BAANEL TA 1Y dAIZZARE
2] 3] (Acetonitrile : water = 15 : 85, < = 1.0 ml/min, 10x250 mm C-18 ZAH)E o|&3}]
A A sk (14).

jﬁ

Ay 54 2 714 S
7t 99z
YHF2 COX-2 assay kitE AE3}] screenings 19, MEIFE o] &3t Ay £ Raw

264.7 cell line (murine macrophage)2- ©]-&3}a], MTT assay, NO (Nitric oxide) secretion assay,
Interleukin-6 (IL-6) secretion assay, PGE, secretion assay, iNOS, COX-2 expression 52 *H-&

AHESFATHS, 6, 7).

gar3tedAde SA35l7] 91l DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging
activity, Superoxide anion scavenging activity, Ferric thiocyanate activityE 3743t} DPPHYH -2
TUE ATE R VS SHUAA UG U A0l BUH 9 LB o
3 Moz gAnE ATE 517mmollA] 2Asla, SODEAHL B-NADHE HAFAA =

ES 560nmol| A SA T 18]
Linoleic acidE 7|2 =& 3t »}4kskgl % oA AA et E7 =29] ferrous thiocyanate?} HF-2-
3l AAE FEHL2A9] ferric thiocyanate2 500nmol| 4] =7 3Hc}(15, 16).

NBT (nitro blue tetrazolium)E 7| & & /‘]- 3k vhS- gl So] A4 E blackish blue formazaJJ-
_]
le]

i
u
i
L2

o} GAF &A= (Antimicrobial activity) 7
FZ3 A5 3 FFEAe] =AY filter paper disk method (Advantec, Toyo, 8§ mm,

Japan)E o] &35t Az Z|EAFFE  Staphylococcus aureus KCTC 3831, Saccharomyces
cerevisae KCTC 7913, Pseudomonas aeruginosa KCTC 2513, Salmonella typhimirium KCTC
1925, Escherichia coli KCTC 2517, Bacillus subtillis KCTC 1021 6% 7/ A3AE BAFPe=
A EZelsit) g4 SHHLe e 2o} AlgFFE 37CE TSBol A mid-logarithmic phase

T=
Aot dhe ANRES

]o Fl

7hA] H FgT ?‘%ﬁ%* S AT E Zdle] AFE =55
(50 pholl =<1 &, paper diskoll FFA|AH AZTC) g3t #F= AAED (108, 2,000 x
g)3+ 3 0.1 M phosphate buffer (PBS, pH 6.7)2 33] wrEale] Ax3 T vjFst #< 100 p
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L (Asi am = 0.1)Z Trypticase Soy Agar (TSA)o] =&}l 4|3+ paper diskE vl A Lo &
AtAHo 2 HRAAA 37TCAA 18 AIZFEF vitste] Fadd =
Algoll A FEEH e so/ng;q]e HH}O}O# 449 AZIE 54, ¥
TE3Y fFF wet G+ & Z, G(-) TF 5% 4 B AT 555 d8ste ASH
o d& SAHSES ]":]'(17)

Fo] &A (Antifungal activity)e] =74
#o| &AL Candida albicans KCTC 7965, A}-&3tc}. Potato dextros agar plates
(PDA)o A A w3t C. albicansE potato dextros broth (PDB)oll HFA1Zl & 30T A 484
7 B wjokste] 1x10° CFU/mLe] ==& Fujdich Fgolo) 100 x09k 100 ut 0.01 % Z

A AEE 96 well plateol] ZHzy F913F F, 30Tl A 2447 Bk wjg3F £ 620 nm
oA O.D.ZFS ZAsle A9 AHATE Qs TFAERZE AZdA SEFHT

AAE st &4 A7l 54, HlAst=S 3TH(17).

mlm

ol 3
A= F

F

““E‘r” AAdde £ Z2HDAE Fulslh= tyrosinase®] DOPA 4+zlub-g-of thsh &4
A= =2Aste wy AR FIHE HrFEth(18, 19, 20). 1 mM L-tyrosine : 50 mM
potassium phosphate : D.W. = 10 : 10 : 9 o] H]& & Z3 3 ¥H-8 =3l (tyrosine buffer) 170
uLoll test sample 10 pL¢} 20 pLe] mushroom tyrosinase <=-8<(1000 Unit/mL)& H7}sts] =
Z "kg- o] 200 uL7} HEZE 96-well microplatee]] 2=T}. o] BEGHS 25 Tl A 3027k
v oF3l & microplate reader VERSA max (Molecular Devices, CA, USA)o| 4] 490 nme] 3o
2 dopachorom &S SAHTTE o] Fao] AU oA AFT st £
1 umole®] dopachrome2 AAdl= a4 $o=r AT

Tyrosinase A3|&A %= thS<9 wA4C R T3t

% Inhibition = {l1-Agmp. - Acte1)/Asa.}* 100

Asamp : Sample— = gi-% ELHA .‘%‘.%E %}]\-

Aun, @ sampleqt H7}stal §4F ¥X &%kS W] F3F % Fh(sample color control)
Aga : sample§lo] AT YRS o] FFHE F

Raw 264.7 cells-2- 96 well platee] 5x10* cells/well2 £33} T} okl & T 2 X 2|5} A X
o] &L F3}h 0.5 mg/mée] MTT S0l S 2] x| 8}ar, 44 7k v k8t & vi A & A Atz A
formazan crystals-2 DMSO 504{°]] =< Titertek Multiskan Automatic ELISA microplate reader2 540
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NO9| 2 AX uwjgd Fo A= NOy 9 FHe|ZA] Griess A o] &35t A3
o). 6 well plated]] cells & EF3}1 SFES A |3 th-, 147 Fof] LPSE *A]. LPSAH ] % 6,
12, 18, 24A1 7kl M ZujF ASN 100 W= FH 3}, GriessA|2F (1% sulfanilamide in 5%
phosphoric acid + 1% a-naphthylamide in H,O) 100 p{} Z35te] 96well platesell A 108 &
oF Wk A7l & 540 nmoll A Titertek Multiskan Automatic ELISA microplate reader2 F3F ==

43, 6, 7).

o}. Collagenase 3l &4 =7
Collagenase &4 =42 ninhydrin®}H-& W Hs}e] AFE-8FTH21, 22). 50mM Tris-HCI
buffer 50 plel]l Collagenase(l mg/ml) 10 pl =T AJEH 10 ul & &3 = 37Co A 1087 v
28 & 6 mg/ml gelatin 500 plL 7}ske] 37°ColAl 30837 WHSA AT HEANSS E2] A7)
71 #13} 10% TCA(trichloroacetic acid) 500 pl-& #7}3k & 10
o] HF8-ol-9- 50ul #3}] ninhydrin £ 500ul 7} & 1087 #olx LL&oA 5827 Y
—} 171tk 7teEsl =2 2 @ EdS JdA717] 98] 50% 1-propanol 1000 plg& 7}3s}
74z & AAEYEg 570 nmol A FRES =As g

=
'11—

1:1[0
2
=
o

AA 9] Aoz AR HA E(preadipocyte)$] 3T3-L1 A Z7F Ak Ze] thAlRAR L A3}
= g ol & Urt 3T3-LI AIEE YRS o] &3t 5%= o|istadirt FgEE
wjFrlolM L= 37CE el wjgNe 10% fetal bovine serum(FBS)Z YA

(antibiotics)”} E$FE Dulbecco's modified Eagle's media (DMEM)-2 AF83tH, 2-3 & 7HH S
2 o SAE THE A4F 4S8N (phosphate buffered saline, PBS)2. 2 A3 & 0.5% E
YAl (trypsin)& ¥ Hgste] AZE BFAA AW s AE2E RE APl A
= EIFE=E2AQ0 d=d (5 ue/ml), dexamethasone (DEX, 0.25uM), I1-methyl-3-methyl
xanthine (MIX, 0.5mM) ©] & EIF-F= vjordor wIlste] 1-397F HH oksle] = HFA
T2 232 4R WY 3L T Q
AAG wpalez wpETh FHA L

Aol 10-129 Ao A% SmM) TEFS

=



0. g WA W AR w27
A 2 A
2 Ao A& die AT it AHSA | 22 45, Y=, =Y
£ AAsY] Al REZ Ak AAsta, F3E 22 tA AT FH 200 A Bast
Atk T2 Az #AFE AN F e 80% HREE 3W FE3 H AYEFEsd
-80°C deep freezerol] H A HA Ao ALL3H T

AleF& 1,1-diphenyl-2-picryhydrazyl (DPPH), nitroblue tetrazolium (NBT), ethyenediaminetera
acetic acid disodium salt (Na, EDTA), linoleic acid, ascorbic acid, dimethylsulfoxide (DMSO),
bovine serum albumin, streptozotocin (STZ), citric acid, soluble starch, vitamin C 5-& Sigma
Chemical Co. (USA)olA FUste] AF83}$1 1L, xanthine oxidase, glutathione reductase, a
-amylase, a-glucosidase 59 & A%E Sigma Chemical Co. (USA)oA FYste] AF&31STh.
iNOS, Bcl-2, Bax, cytochrome c¢€] antibody= Santa Cruz Biotechnology (Delaware, CA, USA)
ol A, caspase-3%= Cell Signaling (Beverly, MA, USA), anti-actin2 Sigma (ST. Louis, MO,
USA)oll Al Fh3st AMgstdth 2 9 ARG 7B Aok S5 RS AHESRITH

satsldyd 2 Fdaw EANS =As7] 98] FFF=A (Shimadzu UV-2401, Kyoto,
Japan)E Al23¥ o, 9 S3HL 8] 7ro]d A (Roche Diagnostics GmbH, Germany)
g A&tk el EA Al 29 S SASCA 7P de AREI Jd2(25), B
5o Aglo] TAE= &4 a-glucosidase A Zrg-of 7]213}+=(26,27) acarbose= (F)
vpoldejot2 BB Algwol 2T WFad Eastax Ay Apgsiglen, ded A
g4 M e FAA AAe] thE AR ol &
control2 A3}, o= (F)FFH4L 2v|2aFEloA FYste 2T WA BRAsH
A Aol AHg-E AT

77} QJ+= rosiglitazone-2 Positive

1}, |22 E DPHC £
Ao 52 Az AHE AN F Busste] 80% HEEE 3 FE3 FH 40CelA Tt
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5%3}99t}. n-hexane, chloroform, ethyl acetate, butanolZ < 2 223} 1, ethyl acatate &3
Eo] o]dA<Ql radical 2AFS EY7] wlEol ©o|E A& silica gel?} Sephadex LH-20
column chromatographyZE ©]-&35lo] AFAHEZAS 39Tt =2 Z 2 high-performance
liquid chromathgraphy (HPLC)E E3] At 3FES F2= 7]& ATFoA4 NMR
spectral data®} W] w5} 5_]-?_18]-9}‘4. 223 3}FEL diphlorethohydroxycarmalol (DPHC).S.
2 BEAHL 512.05910]a0 F&L 0.156%°] T}

=

o ek g4 2 A% dgitet a9 54
(1) F3= &4
(7H a-glucosidase #] 3 &4
03571 d352 Bizes 2o AAlFE dolE 4 = assayE Watanabe2] H:
Hol| wa} =435 TH4). PBSel| 2 g/L BSA(bovine serum albumin), 0.2 g/L NaN3 ¢} 3}
A & (0.7U)E &A1 H B48HS =T} p-nitrophenyl-a-D-glucopyranosideE PBSo|
5mM FE2 &35l 712§ e & 5489 05 ntel A8 0. ItE go] 405
0.5

A

0

P
i
o

Inhibitory rate(%)=100-(0 time¥} 5& WH3}#)/100-th 212 FF =

(1} a-amylase 3} &4
a-amylase A8 &2 a-glucosidase A& gl A A EH AP} T2 v we 54
34 th@4). PBS 50 m¢o] 0.1 g BSAS} 0.01 g/L NaN3, &4 0.2857 g& &A1 A

ol -8 whEt}, p-nitrophenyl-a-D-maltopentoglycosideZ PBSo]l 5 mM FE& £33l 712
LAE E F ZAHEY 05 mol AR 01 mE o] 405 nmoll A FAREE SH AT
W A 3% S F S5EF A2 AR, 71EE8Y 05 wE ¥ SEL R &
ol FREE 2EAG AR dE AN o A8 Agshan

h A¥EE 9 A
FE A3L 9ste] 4539 ICR mouse 271 S (F)FS AP FE(A A ATl
A FYste] 15793 dubdolg A7l F AP ARSIt APl AREE A3
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T 2082C, 50£10% 2 f-A8tE L, HYS 1247 7tHe 2 HE

h APsEY I fit

ICR miceol| Al 12 ALE (Constant Nutrition, B|=)S FF3te] HA A Fo| 35~40 go]
A ARSSE & 12417 FE AFEe] ICR miced| Al 0.1 M citrate buffer (pH 4.5)°)] &3
Al 71 streptozotocin (STZ, Sigma Co., USA, 60 mg/kg of body weight)2 E-7}oll FA}5}<]
Fas FEstAth STZ o 159 § F5AH S ICR mice mgH oz RE APt
of ZholdRAZ SAT ddol 250 mg/dl o] FY uf F=Ho| FEE AR HF5hd
X

d ol AHE-stAT.

F Fgel oA dd A3t & 54

ZFHI T2 ICR miced] soluble starch (2 g/kg, Sigma Co., USA)ZE, acarbose T2
soluble starch (2 g/kg) 2 acarbose (100 mg/kg)E, diphlorethohydroxycarmalol o2
soluble starch (2 g/kg) % diphlorethohydroxycarmalol (100 mg/kg)E S F5oll £33t 12

A1ZE A AIZ] ICR mice®] HTol FoAstqirt. Fo & Azl A7F (0, 30, 60, 1204)

VA R s e

RIN-m5F (Rat pancreatic [3-cell line, Passages number 3-5) A|X(29)= 37T, 95% &7] &
5% CO2 “4ej9] incubatorol 4] 10% FBS, 11.1 mM XE%, 10 mM Hepes, 2.5 mM
mercapto-ethanol, streptomycin 100 pg/mé, 2 mM L-glutamine, 1 mM sodium pyruvate,
penicillin 100 units/m¢, pH 7.4 & ¥33}= RPMI 1640 BjA]S o|&3}ct. vjdd A E=
AdFUol| 2~33] refeedingd}ll 6~7Y w=hol] phosphate buffered saline®. 2 |23+ & (.05
trypsin-EDTAR F-2tH M EZE st A48l HA"E AZE v g1 Fzlo
2 AE7 1T BAEES F st 6~7drtth Altiul gstEA] Al ARSI

HUVECs (Human umbilical vein endothelial cells, Passages number 3-6)= Modern Tissue
Technologies Inc (MC1133, Korea)ol| A] passage 32| T-75cn flaskE Y3 th. HUVECs7}
80% ©]AF confluent & A]™ subculture &}<] passage 3-6WH7}A] Al&31H 2™, EBM-2 Bullet
KitE o]&3}e] 37T, 5% CO, incubatoroll A vj¥3stH T EBM-2 wjx|= Al A EGM-2
SingleQuots (10% fetal bovine serum, Hydrocortisone, hFGF-B, vEGF, R3-IGF-I, ascorbic acid,
hegf. GA1000, heparin)S ¥ 11 & oA ALL3}H T}

_47_



oAl AES 5F

RIN-m5F A Z =L =L A Z7} confluence ZFE] 7} =™ 96-well platesl] welld 2x10°*
cells/m{ Z seeding )¢ 2~3A]7} incubation 3+ & EXE=TFS AHAFE 55 mM, 30 mM 1L
TE XEFOE A s A 2EHAE FEAST. A 2EHAE F OAEZE 48T
Hige & ARE FEEE Ast 2443F FQF wiYE & 100 p¢ 3-(4,5-dimethyl -2
-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide (MTT) solution2 Z} wellol] F43dte] 37T ol A
AXNZF A wjekdlt). Mediumoll Al MTT solutionS A A3t 100 »f dimethyl sulfoxide
(DMSO)E F¢3tar 308 &< incubationdt & ELISA plate reader2 540 nmoll A SHE=ES
233k 5iTH23).

HUVECs AZEL Fautz59 W oz Aolgle A|E7} neutral
o] &3te] =A3IHrt. 24-well plate (1x10° cells/well)dll HEE FYsHS
seeding 3}<o] 2~3A]7t incubation 3+ & I =TS AHAFE 55 mM, 30 mM 1L
oz Azl MBAEAAE AU MHAEdEE E AT 4347
AEE FEEZ APt 20417 B w1 gsE T AlE9] 24 well plate] ujj A
1, 1.14 mmol/Le] neutral red7} X3E HIXES 200 02 w1 3A17F FQF vjFS
phosphate buffered saline (PBS, pH 7.4)& 2¥H A HsFHTE. Al E] acetic acid (1%, v/v)<t
ethanol (50%, v/v)& Tf-3t= 300 2] cell lysis buffer [50 mmol/L Tris-HCI (pH 7.4), 150
mmol/L NaCl, 5 mmol/L dithiothreitol, Triton X-100 (1%, v/v)& 2o 1587F vjFA|A AlE
ZEH neutral redE WEAZ & GME HATE A5t A AlE L3 AHES 3,000

A

rpmoll A 1027 A4S, 4FAE Fl 540 nmoll A FFEE S50

a
oL
2
uieh
=
ST
b I
=
= oy
Jil o

off

Ll
H
H

=
O
s
Jot oft

[e)

il
2
)
olr
L

o

s}
2| A A3} H == thiobarbituric acid W57 Al Ak (TBARS)o| 23] Fragas o] W
o2 ZAFYTH24). HNEZE 96-well plateo]] welld 2x10* cells/ml 2 seeding 3Fe] 2~3A]7F
incubation 3+ & ET L AHAATET 55 mM, 30 mM TE2 AFAEHAE §E5H T
USeRAsE & AZE B2 4T § RS Fod2 A wIL E A
&3 T ZF welld 200 p00] media FF NS FGFH ol 1A7F incubationdt F 400 10
9] TBARS solutiong €A 4o, 95°C°ﬂ/\1 2027t boilingdtt}. coolingstA Al ThA] 4]
o} F 4,000 pmoll A 1087 AARIH AzAo g 532 nmol A FRES QT A
A #2852 malondialdehyde (MDA)Q] ko 2 3habste] Akt

2}. Intracellular ROS level &7

DCF-DAE A ZoA oAE7E AAsIL, T H]F_IHQ radical (52 hydrogen
peroxide)dll HZFAH o=z uHkgsle] DCF FFE2 ez =43, A=,
DCF-DA= 4tgh2] 2Eg 2o ¢lo] ROSE S FH3H(10). AZE7L confluence e 7}

i
82
o
il
rr
>

o
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=™ 96-well plateol] welld 2x10* cells/m¢ & seeding 5}&] 2~3A]7} incubation 3+ & T =
L AMNFE 55 mM, 30 mM LEFEEE ASAEHAE Wt A AEY AE F A

=
9k vkt T, v UdE mediaZ

AAsE, AEE PBSE ¥ #H A=A AMEo] 100 me] DCF-DAZ Hol 152, thAl 60

B =t AL incubationd}le], DCF-DA fluorescence <552 flowcytometer2 =3}

[}
5
ZE A7 T F ARE SEEE A2l 2447

il

a7}, NO level &3
A ZE 96-well plated]] welld 2x10* cells/m Z seeding 5+ 2~3A]7} incubation 3+ &
HA4EE 55 mM, 30 mM FEE2 AMIFAEHAE FIEYT. A AEYH A

NoXN
AZES 484 ISP F ARS FEER AYS 44T B A NG F 43

o e MM

2}
ol
et 4% NO BHL Griess W402 ZAAT. 50 we] FZ o] 2
Qo] Griess reagent [0.1% N—(1—naphthyl)—ethylenediarnine 1% sulfanilamide in 5% hosphoric
acid] ¥olA] dojFx, Ao 108 F<F incubationdls] 550 nmoA] EF == =A Sk

.

il gtstas E4 57

A Z7} confluence AE}7F =™ 10-mm dishell dish® 2x10° cells/m¢ 2 seeding s} 2A]7F
incubation 3t & |1 m{ TET%T ETEYL AT st AFJAEHAE FA5HUT. AZIAEY A
E T AEE 484 ARE FEEE At 2447 FQF w3k =, wjgHE
mediaZ A A8}, MEE PBSE F W AHSTE AIEE ice FE|AA 52 &< HA7E
F F 10,000 x g ol A 2087 AAEHT FFAL whi APl AT dE HRFL
bovine serum albumin®] standard®} Bradford®] W& o] &3]
(SOD) &4 pyrogallol®] A-F4tslEo 2ols] AAE T SODEA 1 unit2 pyrogallol
AHsArste] HlES Asfste 49 o2 UEFATE GSH-peroxidase (GSH-px) /-2
Lawrence®} Burk59] Wl o g =A3)e, @A 1 uite 123 1 mMe] NADPHY| 4H3lw =
4o oz vepdith Catalase AL Aebie] o g} 2748}9}1’4-. =, 50 mM
phosphate buffer (pH 7.0) 2.0 m{oll Z&AA 0.05 mE 7}sle 3 25ColA] 387t
W23 T 10 mM H0, €4 1.0 mE 71sled 2Fsla A 240 nmoM 1527 WstE =

£ SATH a4 FHEE 1B T 1 md B0E M= B4 e |1

wit® 3o TABAS Z2AFATH(2, 13).

=
==
o2
o
o

dr
0

- ©

rl

]
=
=431}, Superoxide dismutase

HzEa 2t AREERE 98 43 ABEEe FTEEUHE YL, 7 AR
9] #2412 one-way ANOVA(analysis of variance)2 AFd 71353+ & Duncan's multiple range
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testell 23 AL HA s AT

AN

11. =1 M X 2d 9] apoptosis H& &3 =A

7}. Immunocytochemistry

MXZE PBSE Aojul &, PBSo| paraformaldehydeE 3| AA|AH AFLo i 2087 A|XE 1
AAZl o PBSE 3W A FH3sIHTE PBSSF 1% BSA £-9¢) cytochrome ¢ antibodyZ 1:50
o2 3AMe AL EF3 37CoA 1A 7HEQF incubation A]ZTh. PBSE 3H A5l
methanolo] DAPI (4¢,6-diamidino-2-phenylindole)E 3| AA|H BF3F & AF2oA 2087 vt
S A AT PBSZ 3 AMH3E e mount Ak Z glassE T AA|Z] F confocal (Zeiss,

Germany)2 #2313t}

S

L}. Western blot 2]

Ael® MEE PBSE Aol trypsin AP E st F{FA12 g ARt AXE
FHstgth. 2ol A Eo| HFEEe] lysis buffer [250 mM NaCl, 25 mM Tris-HCI (pH 7.5),
1% v/v NP-40, 1 mM DTT, 1 mM PMSF, protease inhibitor cocktail (10 pg/mL aprotinin, 1 p
g/mL leupeptin)]S A7}l iceo] HTEHA 10E2ric; 1A 7HEQF vortexdt &, 4Tl A
13,500 rpme. 2 1523 YA st 2 AFAs FHSAo Ao vwd Fx=
Bio-Rad w7 A=k A]eF (Bio-Rad, Hercules, CA, USA)S A}-83}e] A #3tr Laemmli
sample buffer (Bio-Rad)®} mercaptomethanols 49 ¢] sample2 =T}

olg A wE FHe] w@¥l A-S sodium dodecyl sulphate (SDS)-polyacrylamide gel2 |83}
o A7|gEer B3 F, acrylamide gel2 nitrocellulose membrane® 2 transferr] T 5%
skim milkE &-f3F PBS-T (1% Tween 20 in PBS)ol] @] A0 14]7H&E<QH blockingd}t
3 PBS-TE 5&writh 3H A|ZstHtt. 4] ¥ membraned] 132} antibodyE 2] 3} AF-9
A 2A17F B 4Tol A overnight A7 Thg PBS-TE SEnith 3 Alxsiych. ald 13}
antibodyo]] ZH= 23} antibody (PBS-TE 1:10002.2 3] Als)A] AFR)E A}-g-5he] Ab2o A 40
AA 1A BT ¥HEA1Z1 &, PBS-TZ 5Eritt 381 M st9ith ECL 89S &A%
oh2 Aol A BioMax MR film (Kodak, USA)dll 744 A gllde] wdL B A5t}

=3

el& "™ EH]FL GSIS (glucose stimulated insulin secretion) B}'H o 2 =73kt (25). A E 7}
} 5™ 10-mm dishel] dishg 2x10° cells/ml 2 seeding 8}<] 247} incubation

%1 LEE TEFS AYste] MFAEH LS FLEAT. MIFAEH S F A
=2 E FEEE Agste 2443 FF wj g3t &, v g E mediaE
Asta, AEE PBSE 3 H AH3t 3 mM EEH, 2% FBS7} TgE RPMI 1640 Hj
S AZFHY 2 FH 5 mM XE%o] ¥3FE Krebs-Ringer Buffer

(119 mM NaCl, 4.75 mM KCl, 2.54 mM CaCl2, 1.2 mM MgSO4, 1,2 mM KH2PO4, 5 mM
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NaHCO3, 20 mM HEPES, pH 7.4), 25 mM X E=o] ¥3+F Krebs-Ringer BuffersS z}z} 4
3 1A ZE A vioFSE & iR E e-tubed]] W2 TS 4ToA 12,000 pme 2 1027 44
H sl A=duks E7]5t% Tt Rat/mouse Insulin ELISA kit (Lingo Research, MO)E Al-&

o M
(@)
4
z
A
T~
&
&
2
s
3o
2
X
o2t
oft
kr
l:‘o{n
::_1,
i\
o,

d TUT F 2
F7 712 olz HSAHT H-$ 7|3 F C57BL/Ks]-db/db miceE daHe] met g4
o] (AIN-93G)E FFste S=ET(DMC), A2 ool 0.005% rosiglitasones HZF3F &

] = (Rosiglitasone), 7 2lolo] 0.5% Ishige okamurai methanol extract2 X 33+ Ishige
okamurai o & 7uE] 4 3¢ o Z U T, 673 A7 AolE ATt
AbSAel fFL q2(22+17C), FF(G0+5%)T 12417 7HA FF7E FA ST

e g o

2717 F A QA A AF 9 FRUDS AU

A kel B %, w84 A 12407 A4 A7 The cther® AN F 70%
AT BF¥E £SF F ARSYS. BPE AR F BT FAIS e S
Wl Pl

= E
= oz At HEfFEe Hol Ay ol&sturt. A &
PBS gdoz BB} gl ste], ZAZ 243
e 70C WA H#E Y. A 7]= homogenizer(Polytron, PT-MR 3100, Switzedland)E
FA% s AR AT

Y\
flo
iie]
2
filo
2
)
o
b4/
Rl
L
filo
)
e
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Table 2. Compositions of the experimental diets(%)

DMC Rosiglitazone Ishige okamurae
Casein 20 20 20
Cornstarch 39.7486 39.7486 39.7486
Dyetrose 13.200 13.200 13.200
Sucrose 10 9.995 9.5
Cellulose 5 5 5
Soybean Oil 7 7 7
t-Butylhydroquinone 0.0014 0.0014 0.0014
Salt Mix 3.5 3.5 3.5
Vitamin Mix 1 1 1
L-Cystine 0.3 0.3 0.3
Choline Bitartrate 0.25 0.25 0.25
Rosiglitazone 0.005
Ishige okamurae 0.5
Total (%) 100 100 100

DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G semisynthetic diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai :
C57BL/KsJ-db/db mice supplemented with Ishige okamurai methanol extract(1g/100g diet)

A A S Zto]™ ™A (Roche Diagnostics GmbH, Germany)
g olgsd TRYY SEE 2AHAD

FAE T NS E QA A 2P FFLS glucose-oxidase} o]

op
o

¢
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%

>

14T S ELWE S8 ZTHL FHYEAYCHIAY king AHgEtel BF 2FE
O
[}
]

3
(9,
S
=
8
2
X
]Iloll
o
k1
il
B[}Y
ox,
_O|Lr
B
v
i
el
Ko
Now
=2
2

4
ﬂJlJ

jul
-
=
ofl
o
~~
2
=
5]
e
=
=
o
=]
<)
=R
o,
o
o
o
w2
I¢)
-
=
%)
=
o
=]
o
e}
—
o)
w2
&
—
==
Q
—
—
p—
N
ox

Aol FF 6FA o] FolAH, o] AAlsty] sl o 657 F 12
F AN EET %oﬂ (0.5 gkg BW)E 27 ] E43 T mg Ao QL =
Hgw3les #A2sYt). IPGTTE Glucometers- ]%—8}04 glucose-oxidation H}IHH O &
Fo & 30, 60, 12029 T T&= HIES

PM
oﬂ

_l]}h
_o'Lf
911
+

Flatelo] XY H tubeo] AL =33 FH AR sl dFL EYIHL, olF AE
2 Ao ALYt Qd+ed F%E ELISAY S mal Rat/Mouse Insulin ELISA kitE ©]-&

of. txA 9 YAl A vA= I

(1) Glucokinase(GK) 4=

GK @4 == Davidson and Arion 5 (1987)¢] WL 43 2 H$sle] NAD+7} NADH

FAFE ATE FASYT. 7HellA ZEalsldH Cytosolo] #E-gH o2 50mM Hepes(pH

7.4)8) 100mM KCl, 2.5mM DTT, 7.5mM MgCI2, 10mg/mL BSA, 0.5mM NAD+ 4U
glucose-6-phosphate, 10mM glucose, SmM ATPE 713+ & AU AXAS 7lste] 37T,
340nmol A 10€3Fe] F3= W3tE FAHSUT GK EAE &=
127 AAE NADHE nmoleZ VERH AT

(2) Glucose-6-Phosphatase(G6Pase) 4 %

Alegre 5 (1988)2] WHS A3} G6Pase 3ol o] &3F¥UTE. WA 100mM Hepes (pH
6.5)¢] 26mM glucose-6-phosphate(pH6.5), 1.8mM EDTA(pH 6.5), 2mM NAD+, 0.6IU/mL
mutarotase 2 6IU/mL glucose dehydrogenaseS F7}5}e] 37ColA 487F vb-AlZ o). o 7]9
nfolZRF B8-S HUISIAL 37CAA 487 wgAZl F 340mmoll A FFE WHIE 5F
3ttt G6Pase A E w9+ microsom protein 1mg@ 1E7F A4 E NADHS nmole® U}
B ATt

(3) Phosphenolpyruvate carboxykinase(PEPCK) 34 %

PEPCK &4 X% Bentle and Lardy(1976)2] ®WH o] wa} Oxaloacetateo] A HAEE =4

Cytosolic protein 1mg3
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3ttt 50mM Hepes (pH6.5)¢]l 1mM IDP, 1mM MnCI2, ImM DTT, 0.25mM NADH, 2mM
phosphoenolpyruvate, 50mM NaHCO3, % 7.2 U malic dehydrogenase®] 4] JE HRLHS
A7 & E49E 7heked 25T, 340nmoll A 283k FF = ®WstE FAst3th PEPCKZ
A= @)= Cytosolic protein 1mg% 1827 A A E Oxaloacetate?] nmole®Z EFH ST

AL gyzA e el vAE 3

27 2EEA FHE seiferS(1950)0] HHL 44 B Bsd =g 72
lgd 30% KOH &g 58] 713k & Wy AFefoll A homogenizerZ 2431 o]AH-& 10
0CoA 3087 vreA17l & oges AAAT T AH3 T =820 o =gz =k
2o ALestdTh. ZEl2A S anthrone A]9kS 7} F 100°CoA] 1087 9H2A]7]
3 620nmo) A F3 % w2 =AsHY

13. A] 28 F=FE C57BL/KsJdb/db micedl] QoA A AYA AA &3 =H

% 2H2HEL Allin 519749 LU $43 5 BA2UE 298 A S
al

7.
il

S
=z
ofo
olr
A
£
ol
oft
olr
L
B
o

2 % s4X4d v =4
FAAHL McGowan 5 (1983)2] EAHE o]&sto] A o wa} A4 A

& AY(EHEA S king AHgstel S35

N
o2,

() B9 FAAYRN T 57

2 FEARY sEE 24We o83 AW dgd o fHATN A8 A9

(4) ¥4 HDL-Zd| ~HE 5% =3
g & HDL-Zd 2~ H =<2 HDL-Z# £ H
t}.

il
N
ox,
ofo
>
£
o
)
(2
2
12
7.
e

o
S
ok
ofo
olr
L
£
ox,
oft
olr
L
a4

(5) @4 LDL-Fd2dH=E v& ARl

LDL = [Total-C] - ([HDL-C]) + [TG] / 5

b 22 AZL Foleh F(1957)8 WRE o83 F=stAL, ELAHel f3HA

[e)
Triton X-1009} 3mM sodium cholate® &3} & A AS & I =422 2 =g
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(1) 7+= A 2] Superoxide dismutase (SOD) AT =%

SOD &4 %+ Marklund (1974) WS 435 LTl A SOD7} pyrogallole] A} Ak
32 AdAEtE AES =AHsIYrh =, 10mM EDTAE 33+ 50mM Tris-HCl buffer (pH

8.5)] &4, 7.2mM pyrogallol & FATHE 2 o] 25TolA 1087 ¥k A7l &
IN HCIS #7135} w88 ZAA 7| 20mmil A TF=E A5 olu g49L 71
o & EF Cytosolg o]&3t}t. A weles F4YE WA 43 1027 vg A
7.2mM pyrogallol 891 A-F4kstE 50% AAsteH ad Fo= AHstdrhk(2, 13, 26).

(2) 7tx232 2] Catalase (CAT) AT =7

CAT ZHEE Achi 5 (19799 W¥& FAstd FHsgrh. =, 50mM potassium
phosphate buffer®} &EAU-E o] 25TolA] 587 ¥4 & 03M H202 €98 75}
o 240nmoll A ¥Hg M FFE=E SAI E]“%, 25°C°ﬂ/\1 583 ¢ ‘ﬂ%/\]ﬂ % 240nmoj] A]
e T F3EE ey

3 @<= mitochondrial

protein Img & 187F ZHAFE H2029] pmol= L]—E]-IH ATk(12, 13, 26).

(3) 7tZ3 9] Glutathione Peroxidase (GSH-Px) AT =7

GSH-Px BAHEE Paglia 5 (1967)9] ®EE 3 Hste H202E 7|d2 o] &3
coupled enzyme procedure® =33}t 33U E glutathione(GSH)-E GSH-Pxol] 2]3] H202
o} uke-3le] AkEE  glutathione(GSSG)L. 2 AT o] 7 o] glutathione reductase(GR)}
NADPHo|| ¢]3le] 2= =d], oju] NADPHS FH =7} 340nmoll A #4ste =8 573
st A @9 = cytosolic protein Img & 127F AF3lE NADPH® nmole2 VFERJQATH
(12, 13, 26).

)

v AEF g A B 54 BAAEC rRe 98
(1) A&d5-2] Superoxide dismutase (SOD) AT =%
SOD #/d&=+= Marklund (1974) WS 785t L&z oA SOD7} pyrogallol®] =p&4k
32 oAlste AES SASISITh WY dxe SODYH} FdsH Ea9e AFE

A7 7] 918 HHFol ethanol : chloroform (3:5, v/v)S A= H3ulo 2/57F T =&
7hste]l & A3 FHRFE F7ESE T 10,000xg (4C)AlAl 1027 dAEE st AFAE F

ahe] ol ga19lTh.

(2) A8 9] Catalase (CAT) AT =A
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(3) A&d+-2] Glutathione Peroxidase (GSH-Px) A= =3
GSH-Px A 5= Paglia 5 (1967)9] HHS 44 Bgstgom ¥y e 77x32 9] GSH-Px
o et

2
tx2A¢] TBARS &S Ohkawa (1979)5¢ =S ol&st] 7+xZE l1gdl 0.1M
H7.4)E H7lsted Hwy defol Al homogenizerz E43t . &
HEo) 8.1% SDS &4, FHFFE & F TBAS FH7lsle] 95CoA 1A7HE¢H w-8A1 A
th w8 & Aeormw WZAH FHH<S 1mlF} n-butanol : pyridine €4S Hrlsta,
3,000rppmefl A 1587F QAR & 4FHe] FHEE 532mmo A A5t MDA F&F

g2 HdT TBARSY TU3 WHo g Azste] o] &5t TH26).

potassium phosphate buffer (p

2) Ad7o AdIeE v

YT A @SS FF SHLE Tarladgis (1964)5 2 ¥4
ol 5% TCAS}H 0.06M TBAZ H7}ste] 80°ColA 908 7F WA %
AIA 2,000pm, 25Tl A 1523 QAR & FF AL Fske 535nme] H TREE 54
54t MDA &89S TMPS VIR aste] At em, 267nme 4] 1} MDA %3
SN FHES MDA F3AFERE FE43 ZF LN TEE ALSHATHQ26).

2}, 3+ - A8 Glutathione F 5o 72 A%

(1) 7+x74 2] Glutathione 3+ =74

7+ Ao A9 % Glutathione (GSH) Ellman (1959)¢] ®}¥ol] wha} =4stgw, 7 A
Hk-g-ol o] GSHoﬂ ot 5 5‘—dithiobis—(2—nitr0benzoic acid) (DTNB; Ellman‘s reagent)7]—

sulfhydryl groupsel] &8 Q= o] 3t =& = 2-nitro-5-mercaptobenzoic acidE ¥4

Fe vk Sz 2AAT T 2F 9 ‘%9‘4% #she] GSH Ao ALeatg, Algst
uhg ol 7ho] Z88 405nmoA] BT W3tz =51 tt. GSHE L—%%é‘i o]

A 7E€7|2 8 3 TEFAY vt A9 F glutathioneS T3 TH27).

fr

ol

12 rlt
L )

(2) AE+-2] Glutathione 33k =%

AE A A9 & Glutathione (GSH)L Ellman (1959)¢] whHdl wel 2Asd, 7 9
= H¥S-ol Fo] GSHell €3k 5,5¢-dithiobis-(2-nitrobenzoic acid) (DTNB ; Ellman‘s reagent)7}
sulthydryl groupsel] <3l QA =Eo] A3 =AW u]= 2-nitro-5-mercaptobenzoic acidS & 43
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she Whe HEo] ASHIH. W2 kA9 GSHe FUst(27).
nl k- A ROS Fxel WAl 9

A" AL ZFO & 27,77 -dichloroflurescin diacetate(DCF-DA) flurescent probeZ
o] &3t ZH3Ith DCF-DAS M Eo|A oHE7|E AAS T, 23] AEN radical
Aoz w3sle] DCF 3 =22 HsH= AL 9= =
2E# 2o glo] ROSS WS FH3IT b AEdd

Cia

(2 hydrogen peroxide)ol]
Attt 2=, DCF-DAE 413} 4]
DCF-DAE 4¥€& Z 37CoA 30&7F incubation

emission wavelenght= 530nme] ZEE Al-&3te] 33

H

T excitation wavelenght= 485nmo
=

£ =389,

(2) A&7+9] ROS =4
AAE FAdAAFo] o8 27 77 -dichloroflurescin  diacetate(DCF-DA) flurescent probeZ

ol gatol 2T HHL B2H o) ROSZAYT YT,

AN

15. A 28 9% E C57BL/KsJ-db/db miced] QojA 7F @ AR 75 =H

7}. AST, ALT, Y-GTP

ALT (Alanine Aminotransferase), AST (Aspartate Aminotransferase)== Reitman-Frankel®] &4~
HE §8% GPT, GOT =738 A (oFHAISF kiyS AHEste] AFstdirh. ASTE 712 =2
a-Ketoglutaric acid, L-aspartic acidZ® A}-&3}$0 1, ALTE a-Ketoglutaric acid, DL-alanine2- ©]
&35t FdAgAFA o™ 505nmoll A =735 TH28-33).

Y-GTP =342 5-Amino salicylic acidS 383 V-GTP =g Al (o}2kA|F kit)S A&

shel eaisict.

1}. Creatinine

"4 Creatinine 332l =3 Folin-Wo & ©]-&3¥ T} A ey
L alkaline picric acid®} ZF-g-5}o] 2228 2] Creatinine picrateE FAIS=H| ©] S 520nmol|
A BEFR AT v SATH28-33).

g& BUN =# & Urease-Indophenol & o] 833t AASd A5l Q9 4AE Urease
o oa] AAE ¢E1]o}E Sodium hypochlorited]] 2]3 Chloramine3}dt %, Nitroprusside
Natrium®] Zuo|zr-go 7 AALMIEFOZ HFRA|AH A, HA Indophenol2 FE3}¢], o]
AL 580nmol|A] B|AMEA FomA 94 AATS LY TH28-33).

16. 4324
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0

7ho 3 FEEL AFVE A2Y v EA d9 2 Jded A mAe 9

2 od7e 329 Al 2% By BAS o 1057 3 FEF (1600 mgday) B§
7|

4 T2 dNe A ded Ful5H WP, FePAL, HA, Creactive protein
(CRP) 232 53 A72 daz 843 AYTE Lsie] AANNSE, FuEL,

=
GSH =2 Z2s9er 1 5% %712 9o 729 489022 Y4AE (andomized

-lweek Oweek 10week
W W W
Il || f et s Experimietital. Shoppi st SR Il
No treatment, <ICE supplementation”
lweek run in period 10weeks run in period

[ Il o placebo group——-—— — I

MNo treatment, <corn starch supplementation?
lweek run in period 10weeks run in period
T T
Blood (1st) Blood (2nd)
Anthropometrics Anthropometrics

Fig. 2. Experimental design.

Experimental group : Ishige okamurai extract 1,600 mg/day, Control (placebo) group : Corn starch 1,600 mg/day

@ 47 Wd 2 A=
(b A 2 713
B oQTE g4 HEE WEEUSeld TF SRgasADA) Fzel whe BE W
126 mg/deo] o]/ Al 28 o
AT FAsr|2 3 A2 Yoz 54
3

o, JdEd XNEE w1 YA} dFxHo]
EorH s AU 4l g
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Table 3. Inclusion & exclusion criteria of the subjects

Inclusion criteria

Exclusion criteria

Type 2 diabetic patient

Type 1 diabetic patient

Insulin agent
DM med agent

. . Unstable patient of glycemic control
Stable patient of glycemic control . .
Renal function disorder
Same dosage, same agent

Hepatic function disorder

No complication i
) Retinopathy , Neuropathy
Patient over 6~7% HbAlc

Vegetarian

DM: Diabetes mellitus

ATF717He 2010 7€ 15€EEH 20103 109 3197} o] Z,:/\]i EHEE AEAE
e AT xTor FAR Ui, aAFEE RS 1078 JWEH. o
IR BRI A F60mge] B $A7E AP AEAR] Fsiitt

AT WA T F= 2d7beEC] AAY BE ARRE dste =7 EFAAE BWR
A 147 & Aste] Al FoARb= 4690l o™, AT 247, ST 228 ez 7Y
AT

h AgA=

B Ayl A3 5 et APlaes FAVIY (?)/‘VJHPO]iEﬂOﬂH Az

75t AM&st T 3k e AFE A AFSAL, BHA £
o, ANEE, Y E AAsSY] st FxbE AFsta, Agd 22 oA AjRe] |
TR AlFE 5 1z 223 519 80% oee=z 33 F& 3 FH AY FF¥Le
™, o]2 FZ AZX 39 200 mg ¥ 3 HAEZ FPow, JFFS FHF comn starchE
g5l AzsAT

(th a7 Az

O A==
B oA 20103 7€ 1595EH 20103 109 3197+A) ohew 2o AR Ayed
=2
b AT R ZFAA Lrbabe
ZAL €9 5 dEtdd s
a

7, C-reactive protein

| ol A
=5

stk Holzal B MEZAE

2

i rﬂé 1>



ok
=
rx
ko
=)
B[}Y
ol
flo
0%
r>~
an
oF
e,
™,
L
o
S
>
o
ok
=)
3E,
)
(2
=
o
=]
>
o
>
2
X

>
>
_O|_'4
s
in)

=
B
reactive protein 27, 91€¥ ATA 24, 2 7% HAL} AAIE AL @

3 NdES 54 5 AAsn

(M
Ay
ol
(@)

fAaRte] dle A3 A3 1057 Fofl 12417 FE Aejol A ok 8A]~114] A}o]
of Huld 10 mlE APt APH A F 5 mi= EDTAZ} FH7FE Tubeo] ol 2
E5E, YA dAL plain tubeo]] Eo] AL 3027 W3 o}, dAEYIE
e

o]-&3td 2600 rpmoll A 1583 A4 £ F dF JETS Eesinh

AH 5 A HHFE McCords} Fridoviche] wh e Fste] Z|stgtt. sl
doz " AL 4TolA 3027 X3 T 2600 rpmollA] 1527 QAR5
43} buffy coatE: ¢35 AAs7 S8 09% A Ads-E 33 AHsAUT. A=
HETE 53 FHRTS £, §¥E AETE A5t Fitgdas FHE
4L A3 axgoz A4

I
o

@ ¥ F2E9 HAYH

g F2E AAE F 1057 olRog e $xe] Ha A5d FES I &
AstAA # FE2E AES AFHASH SHATh ol A A, A AAF A 30260 W F
ZE 200 mg Qe RS AFstA 3T F 1,600 mge HAFHANES nSseH, 27
Ao 7 AHglete] &Aoo 2 FAF & UAEF S 2 WA Sk @ FEEY 5
F ATEE AAERE SAkeH 110 g A= Go 2 35 787 3 dd HIHFE
H3aled AAsATh
(3) A7
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B Q7 el wele A7 24 F AMEE Al pANReH FRYTL
Hexokinase®] ©. & A5 A3} 24 7] ADVIA 1650 (Siemens, Germany)® Z=A3t¥ 1, &
7te] PR EAER AMEE= P34 (Glycosylated hemoglobin, HbAlc)= TIA
(Turbidimetric Immunoassay)¥ © & Integra 400 (Roche, Swiss)© 2 =75} tH31-33).

7

—_—

() ERAATE 574

Hqx FYAHSLS FAHS ol&slgen, =A4AHS  Glycerol phosphate oxidase
(glycerol &AW)R, ¥4 HDL-Z# 2 &L Direct method (FAAHH)E A5 33t 2
27191 ADVIA 1650 (Siemens, Germany)S & EAX3gom Iy LDL-ZdH2HELS
Friedward 2ol ]3| A2t} o).

[LDL-Cholesterol = T-cho-(HDL-chol)-(TG/5)]
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(1h ded EHlT 54
_Q_

CLIA (Chemiluminescent Immunoassay)H ©. 2 Immulite 2500 (DPC, USA)Z

(mmol/L)] x (&&= Z(ulU/ml)] / 22.5

s
:
i

o
I
i)
of

(¢}) C-reactive protein =7

C-reactive proteine latex 2-FH & Integra 400 (Roche, Swiss)® A3} T}

(h ALHURE FF =3
Y 9 HAEF AN E FE SHL Tarladgiss o WS F73 HAATH206).
Aol 5% TCA (trichloroacetic acid)2} 0.06M TBA (thiobarbituric acid)E 3 7}a}e] 80Tl
A 90ET WHEAZT o] AE Ao ® WZAIA 2,000rpm, 25Tl A 1SEF A& %
T AEdS FHeY 535mmelA FFEE SAHSIYT. MDA F

T (e} b
(tetramethoxypropane)2- 7}E &5t A8t .2 ™, 267nmol| 4] 1} MDA EF8&dq9o F

TSt MDA FRAF2RE P FF o0 2B AdsAn

(=hH kst 54 BT SF

(D Superoxide dismutase (SOD) A= =7

AT AdE FAAI7] s A

(5:15) $0¢ EFAA 10,000 pmoT AAEY FAT 714 B FFAL 183
Grh. SOD BHEE GLF AEOIA pyogallole] AEATel oF wAL o]§F
2 ZA39t 2 10 mM EDTAS £33k 50 mM ATris HCI buffer (pH.

1 ml & 0.4 mle ethanol : cholroform

il

4

Marklund HHH ©
8.5) 1.5 mlo] A¥F 0.1 mlS 7}3+ &, pyrogallol 0.1 m% Zgsle] 25CoA] &7 A

BS A ATt 7)o 1 N HCI 0.05 mlS 7}5l] w88 ZEA|7]2 25C, 420nmo)| A 533
2 A5t F4EAS AESIYY. 24 A %%’4% HAYETFE @z g ¥-gAI7l

T =
L= 170

pyrogallol &9 o] A-FA4telE 50% olAS=H Bas fRa2y (1 gez At

=3

@ Catalase (CAT) 4T
CAT BAEE AbeiSe] W oz 24319rH28-29). Z 50 mM KPB (pH 7.0) 2.89 ml

O -1 H—
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o HEF 10 plE Yol 25CoA 5527 4t
A

A ZATH o179 30 mM H,0, 100 ulE 7}a}
of SE3F "REEAIR &

o)

o
T 25C, 240 nmol| A 5ETF] FF T WHIE SAHS tS, 25T A
E7F o ¥kgA1Zl & 240 nmoll A FHEE ASAStY H.0,0 3= WIS T35
th. CAT BATE 1 g slRZ24E F 127 Z4F H,0,9 umol2 Ve ATt

@ Glutathione peroxidase (GSH-px) X4 = =7

GSH-px AT+ Pagliase =Hd ozt H0,E 7|Z=E ©]8&3F coupled enzyme
proceure 2 A5 TH?29). FLdE GSH= GSH-pxoll 9]3] H,0,9F HHE-3le] Abs}a

glutathione®. 2 A 3+% 37, o]Z o] glutathione reductase®} NADPHo|| ¢]ste] 3= =4,
oluf NADPH¢ &# %7} 340 nmoA] Z4AsteE AEE =FHSYTt. = 0.1 MTris-HCI
(pH 7.2) buffer 2.6 mi¥} 30 mM GSH 0.1 ml, 6 mM NADPH €< 0.lmlo] H,O, 0.1 ml&
He F 25TolA 527 Av-SAFATH A7ld HEF 0.1 mlE EFst 25T A 527t
HEEAIZL F 340 nmollA FRFE WIS S5 GSHpx B4E ©9l= 1 g =S
127 218l5 NADPH nmol® e Q1T

it
r]I.

(7]—) Glutathione (GSH) % =4
% GSH ¥ F42 Ellmans o WS 4 BHaste A, dale A F9
GSHoﬂ 2] 3} 22¢-dithiobis-(2-nitrobenzoic acid)”7} sulthydryl groupsell €& A= o] =3t
A0S u]= 2-nitro-5-mercaptobenzoic acidE HAste WS &0 ZASUTE HAET
skl GSH Aol ARSI, AlEok &9 §hg-oY h] 2485 405 nmoll A F3
3= %743]'93\‘:]'- GSHE ZTFEA=Z st dojzx 7|L728E 3 T&=Z A7 8|}
o A5 9] Z glutathione-g T3}

(Bh 2715 #HA
ASTS} ALT, y-GTP= EIA (Enzyme Immunoassay)® S 2 ADVIA 1650 (Simens, Germany)
o7 BEAs9

(@ A& 71s A
BUNZ} Creatinine2- colorimetry' © 2 ADVIA 1650 (Simens, Germany)& 4135} T}.

4 SAZEA

EA 4L SPSS 12.0K for WindowsE o] &3}H 17, 3&Ec] w2 Hize} WES w= T
F3 BEEAT BAGAT. AW G4E S48 B 85 5 4T sBOlE X 5
4 ARE olfetden A AZ, EASAHA, AoldF A T A FE T HF A=
=94 ERY et RAGAT, 492H zed o) 22 47 4 - F 493 4



AL paired t-test®2 EA3H T}

o) 2220 AF W% 2ol nAE 99

(1) d+ AA

H A= 329 A 28 ey A 1032 oz 3 HAFZFESHHAL (oral maltose
tolerance test) 2 I FZ&E 474E (800 mg/3]) E-8 102737 & 75 g maltose2- Y-S 435}
A st 308 7tAe® 12087 33 E H xR sl WA (Cross-over trial)o] T},

J (r;]o

<]

= vl=m @3] (ADA)7]E wel FEIEDE 126 ml/dl o] 4 Al 2% T=H
ke RS F B Ao Ao Fost 10579 A Fsgd A =
AN AFoAAZ A Ag BAE thFoz sHen, Aot Hr)sd ool ALY T
o] Bt FabE AdstHn Jdde 47 108e s

A7) 7FE 20103 109 28LEE 20101 1Y 4471AolH & o|Eo)] AR mxtayg oz

= — (-)]
Y 942 AUz BYPsd 9%, A4S 2ASL 48 $BoEt 2%, F4,
7%, B3A 47 5 ARG e gAY SHoRE AERY, PP 44
77kell Brte] ZALSH AT

h AA A 2 "y 574

AT A7 Aol AT A, A%, APSAE SHAAL, ASAZRE AL
% 24 (Body Mass Index : BMI =& (ke)/[A1Z&m)]"), A= MESL (% Ideal Body
Weight: PIBW: usual body weight / ideal body weight x 100)& AF&3}¥Th AFL HHS
B Aol A AdE Bl APAAE FHsHA st A9 ol F£Hol HA 3 F AFAS
o] g5t FATPoH, AFL G 2T Y2 e A x%x}x{% 2 ZHst. e

> %
A7 BUAE ol 8ol HRAE A SE oY WAL F WS gre AN F5

Hiroyuki 59 =¥o] wel 12417 38 Ao tidRsEe] d9 HAE 3 H, 75 ¢
maltoseE & 150 mlo] ERA] 38 ool mAlAl sttt 2 & 308, 60&, 120& 9] =AY
o Holg Hol A7} Y A 7] (Accu-check, Roche)E ©]&3te] FHstnt A4 ¥
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6ZF SzF AERE A2 T zuAdERER JEH FEHRHPL AAH a-amylasedt «a
-glucosidase EAEA A3 AP &Y =D THE FAsIA . a-amylase A 3| &4
50 mlel] 0.1 g BSA9} 0.01g/l NaN;9} 37| porcine pancreas a-amylase 0.2857 g2

L AH aA4EHE 5T, p-nitrophenyl-a-D-maltopentoglycosideZ PBSell 5 mM FE=2 23
st 7128 AL ghE F B89 50 plol AR 10 e ¥ol 405 nmell A FREE ST
W He] 3= A T 5EF Al wAsta, 71dEd 50 plg ¥ 5E7 ¥ & oA
THEE 4ot F2E HIEREH Za AEHE Adsdn ZxF 6% (W, EY4=

Zpeh, mRRE 2| Fo] O Euted, vk )] HEee FEE9] a-glucosidase®} a-amylase2]

A dde 54T 2AE Fig 39 U a-glucosidase A& - o), LA

EollA 50%0]de] Asdde el 2 F 3 FEENA F 80%2] o}

T 55 agluCOSIdase A gEdS YEFAT EE?'{P 3 FEEL a-amylased] AEHAAM=

7V 7 E4E JEhleH I 9 UM FE2EL 40% olste] w2 &S Vet o
N

o=
g o FEES FAAER] g aA=dE éj’ﬁs}oq o] %o A

< a-glucosidase > < a-amylase >
100
10 250 pa/ml
" 250 pg/ml

~ 801
2 80 1 2
= B

s 2 601
% 60 5
o

g S
= ¥ 8
£ :

E 2 = 207

04 99

A B ¢ D E F i B < D E f

Fig 3. Inhibitory effects of a-glucosidase and a-amylase of brown algae 6 kinds methanol extract.
A: Ishige okamurae, B: Sargarssum coreanum, C: Sargarssum fulvellum, D: Sargarssum thunbergii, E: Dictyota

dichotoma, ¥: Myelophycus simplex

() g3t 23tas xﬁﬁ%“é
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W 2289 g9n a7 SAYozE A Al 28 T8 FAENA 7HE 2 AMSE
I 9= aglucosidase Ad)s FHYE At en, BsE astel #Asks Ead a

[e)
—glucosidase AR AL 71915l acarboseE RO o]&ste] vl AFFHT). A3

. 5L T ¢ Zx—‘loi foAd (p<0.05) A FHES FAF = AR H FE2E
L 500 pg/meoll A LI FE9 acarboses} FAFSE A EA-S ERN ST

=
Alo] Fo] HEL Ao A a-glucosidased] ]3] E3FEH T, FEHo] A% dY
| A =2 a-glucosidase A3 &Ad-S VEH 3= in vivool A

=
FA4T 3742 ANT 5 dode Ay

H
d

80

é 60
:
7]
T 40 ¢
-]
E
2
=
£ 20

D L

100 500
Acarbose 10E (zg/ m£)

Fig. 4. Inhibitory activity of IOE on a-glucosidase. The final concentration of IOE was 50, 100, 250, 500 ug/
mé. Each value is expressed as meantSD in triplicate experiments. ° “Values with different alphabets are
significantly different at p <{0.05 as analyzed by Duncan's multiple range test. The concentration of acarbose

was 500 pg/mb. IOE: Ishige Okamurai extract.

(Y} a-amylase #3{&A
W FEES o83k 50, 100, 250, 500 pg/mee] FEAAM ZFFsP e 2 ZAE Fig 5
| GERAAT. 2A a-glucosidase A 3l &Ad %Xgoﬂzﬂ =0 AHES LEYH I _ﬁr§%
-amylase A& SANAHT 500 pg/mlAl A Adso] 60.16%=2 ENG T, 2z
A 5o e E59 acarbose T} =& AL JERAQAU. B Ao Auz o ot
ot & 77t acarbosest FIFTIA R ©SSHE Agle] TSl EAQ! a-amylase A Z-g-o)
7108k AL gl

o1¢] = AHL EThZE a-glucosidasest a-amylased] th3t mje] AsjETe] 1C50E =35}
Hom Table 40 YERJSITE a-glucosidaseol] Tk 39] IC50= 0.36 mg/mlo]il a-amylaseo]]

flo
o
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3t IC50= 0.30 mg/mlZ JUEY=dH], o= 22} 0.34 mg/mle} 0.45 mg/mLe] acarboseX T}
AR AY H =2 AslE&S eI

80
a
p— a
g 60 | ]
g
L1]
40 | b
9 b
L2
=
"~
E 20 ¢
0
50 100 250 500

Acarbose

IOE (ug/mé)

Fig. 5. Inhibitory activity of IOE on a-amylase. The final concentration of IOE was 50, 100, 250, 500zg/mé.
Each value is expressed as meantSD in triplicate experiments. ““*Values with different alphabets are
significantly different at p <{0.05 as analyzed by Duncan's multiple range test. The concentration of acarbose

was 500 pg/mb. 10E: Ishige Okamurai extract
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Table 4. IC50 value” of inhibitory activity of IOE on a-glucosidase and a-amylase.

ICs0 (mg/ml)

Sample
a-alucosidase a-amylase
Acarbose 0.3410.02 0.4510.04
10E 0.36=x 0.01 0.30x0.02*

YICs) value is the concentration of sample required for 50% inhibition. Each value is expressed as

mean+SD (n=3). Significantly different from control at *p<0.05. I0OE: Ishige okamurai extracts

() AsdE Zetadd

(7h STZ & F=F ol oA dF Zst a7

a-glucosidase EA A3 F7o} a-amylase XA oA =& AHAEAS Jepd I
FEEY A% G MAHAEHE STZeE F=s FE3 3 HE
Z normal-miced]] A|EE AT T3 T AGHIE #2A3 ZAE Fig. 60l AASIET &+
B A SR AT Q2 gke)E FAF ¥4 €9 b= 0, 30, 60, 12020 2HZ}
138.38, 188.63, 220.13, 190.13 mg/d¢ & EFFe ™, AE 37} acarbose (100 mg/keg)ES T3
olA= 0, 30, 60, 120 Z+z} 121.3, 137.15, 148.5, 121.3 mg/dl, 3 FEE (500 mg/kg)S
Eoigk T 115, 1545, 168.17, 136.67 mg/dl = UER}, 3] 22 E Ed o] =84 =
ofo] ®s| AFIFASHt AFHoR dojds & F UAMH. A FEF FoATLY AF
=7} A 9] area under the curve (AUC)E 18,027 + 500.7 mg - min/d¢ 2 VEN}, SHFF
BT (23344 + 6484 mg- min/d)ol HE] F A (p<0.05)22 A JEFEO ™ acarbose
FoAT (16,255 £ 451.5 mg - min/dﬂ)ﬂr frol A Q1 ztol7b vrEREA] ottt
Oge g STZe 2 JeE U & FHdA ) F25& 47 FoA3 & s E &
Z3 AIE Fig. 79 AASAT FRHRFTAA HE Q2 ghe)s —,—OE]‘GL $ol g St
0, 30, 60, 120&l Z+z} 264, 319.2, 368, 350.2 mg/dlE V}EFEo ™, AE 3} acarbose (100 mg/
ke)E FAZ TA= 0, 30, 60, 1202 242t 268.4, 301.3, 306, 283.7 mg/deE IEFSTE.
E (500 mg/ke)S 3 ol A= 254.8, 305.6, 304.2, 277.6 mg/dlE JEN}
FoFE 0, 30, 60, 1201'?:011 dge] A Tt Aoz vEhd v )
zzol H& o7 (p<o.05)ez2 Y2 £59 d7e fA5U.
9] area under the curve (AUC)E Table 59 et 3 FE5E FA7L
mg - min/d¢ B Vel FF4 FoJT (41,670 + 444.6 mg - min/dl)Z} acarbose
+ 686.1 mg - min/dQ)ell B3] & (p<0.05) 2.2 Zhol ZHA viebgtth. ulet

Gl oA AF dGF7HE Astele A7 S FUT F AN

ot ¢, Inoue 52 AF Hix FE FHA7e FEC] AUCE AT
8 2

MAEA7} BLatn Rusdth B AT ARAAE B F2EL 4

-
o
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240 | —d—I0E
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Fig. 6. Blood glucose level after administration of IOE in normal mice. Control (distilled water), acarbose
(100 mg/kg) and IOE (500 mg/kg) were co-administered orally with starch (2 g/kg). Each value is expressed
as meantSD of seven mice (n=7). “~*Values with different alphabets are significantly different at p <0.05 as

analyzed by Duncan's multiple range test. IOE: Ishige okamurai extracts
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Fig. 7. Blood glucose level after administration of IOE in STZ-induced diabetic mice. Control (distilled water),
acarbose (100 mg/kg) and IOE (500 mg/kg) were co-administered orally with starch (2 g/kg). Each value is
expressed as mean+SD of seven mice (n=7). * “Values with different alphabets are significantly different at p

<0.05 as analyzed by Duncan's multiple range test. IOE: Ishige okamurai extracts

Table 5. Area under the curve (AUC) of postprandial glucose responses of normal and STZ-induced diabetic

mice

AUC (mg-min/dl)
Group?)
Normal mice Diabetic mice
Control 23,344 £ 648.4 41,670 + 444.6
I0E 18,027 =500.7 * 35,049 +927.6 *
Acarbose 16,255 + 451.5* 35,346 = 686.1 *

Control group: Starch (2 g/kg) with distilled water was administered orally to a mouse. Acarbose : Starch (2 g/kg) with the acarbose
(100 mg/kg) was administered orally to a mouse. IOE : Starch (2 g/kg) with the Ishige okamurai extracts (500 mg/kg) was administered

orally to a mouse. Each value is expressed as mean+SD in seven mice (n=7). Significantly different from control at *p<0.05. IOE:

Ishige okamurai extracts
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v B MERAS o83 i FEE As2Ed s HAET

() AAZ =8

< INS-1 pancreatic B cell >

TFE EEF 23 AlE &4 thagsts 3 259 B3 adNE Fig 89 AAsAH.
IFE IEF 30 mM)eZ ALH AHEH MEANA 3 FE2ES EFIAS Al & EFo
2 22 HE AEES RAFAY E=3 o FE2E 100 pg/mle AT SIS o, INS-1 AE
o] MESS 60.57% A H T

< Human umbilical vein endothelial cells >
AEE XEFo g ME &4 tadsts ¥ F289 REERE Fig 99 AT
ETEF (30 mM)22 APH A E HUVECsel| 3 FEES EFAE A 55 &4
S AT LS BAFZUY AAEE 55 mM) TEFOE ALH HIH thzro
I AEZEL 100%2 JERIAE wl 3 FE2E 500 pg/mle AH2|519E Al HUVECs2] A
Z5E 988% AE7A AAYAA FAF (p<0.05)02 53 AFHE JeR AT

120
a
100 -
g
= 80 -
= b
<
2 . d ‘
] s de
Y a0 -
= ' I
o -
5.5 mM 0 10 25 50 100
glucose IOE (ug/me) + glucose (30 mM)

Fig. 8. Effects of IOE on cell viability in high glucose treated INS-1 pancreatic B cells. Cells in 96 well
plates (2x10* cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or
without indicated concentrations of IOE (0, 10, 25, 50, 100 pg/mf) for 24 hr. Each value is expressed as mean+SD

(n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige okamurai extracts.
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120
100
% 80
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Z 60
I
2
3
20
0
5.5 mM
glucose IOE (/.Lg/Hw) + glucose (30 mM)

Fig. 9. Effects of IOE on cell viability in high glucose treated HUVECs. Cells in 24 well plates (1x10°
cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or without
indicated concentrations of IOE (0, 50, 100, 250, 500 pg/m¢) for 20 hr. Each value is expressed as meantSD

(n=3). A value sharing same superscript is not significantly different at p<0.05. 1OE: Ishige okamurai extracts

(2) A4 #AisE 4

< INS-1 cell pancreatic B >

1% =39 o8 =¥ XA i EVHE Fig. 100 AASAY. 15T =9 (3
mM)e 2 AL A" INS-1 #HF BHEAA s FE2E AHHTS T AEFHOE
MDA (malondialdehyde) =& UEPHS & 4 Ut 3], I F2E5& 100 pg/m¢ A3
A] 0.187 nmole MDAZ, 3 FZEL X7t &%S o] (0.364 nmole MDA)e] H]3] X
kst E Aol w7 (p<0.05)e.2 ZA FAstE AEFS Ve

p
PV
o rlo &

i

mM)S. 2 AP A2 ® HUVECsolA o) FE2ES AHEd AlXe o FF2ES A &2
A X v 5 oJ&=A oz 2+ MDA (malondialdehyde) =52 X g},

e xETC s f=E AF HAdstETE Fig 119 AASAY. 1k =T (30
1}
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Fig. 10. Effects of IOE on TBARS generation in high glucose treated INS-1 pancreatic B cells. Cells in 96
well plates (2X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with
or without indicated concentrations of IOE (0, 10, 25, 50, 100 ug/m{) for 24 hr. Each value is expressed as
mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige

okamurai extracts

0.6 -

0.5 -

0.4

TBARS (nmol MDA)

a
b
I i | |
55mM 0 50 100 250 500
glucose IOE (rg/ml) + glucose (30 mM)

Fig. 11. Effects of IOE on TBARS generation in high glucose treated HUVECs. Cells in 24 well plates
(1x10° cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or
without indicated concentrations of IOE (0, 50, 100, 250, 500 pg/m¢) for 20 hr. Each value is expressed as
mean+SD (n=3). A value sharing same superscript is not significantly different at p<0.05. IOE: Ishige

okamurai extracts.
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(3) Intracellular ROS level =7
< INS-1 pancreatic B cell >
IEFE X=Fo] 93] =% ROS (reactive oxygen species) A& & Fig. 12¢)] A|A| 3%t}

IFEE TEY 30 mM)C 2 Abd A F INS-1 & BAIZA] ROS AL 15 T
ek A AEo v ) FE2ES I/ M AZTA TT dEFHoz FAFTH
E3], ¥ FZEL 100 ug/ml HFPL A ROS AAELL 16735%2 A8 FA7ME (215.81%)
of "3l FA (p0.05)ez A Faste ATFE el

< HUVECs >
s T2 93] =% ROS (reactive oxygen species) A€ Fig. 139 A|A T}

Rzs AT BE dzdoz Byl Sd,

£
A
e
i
filo
r_{

HUVECs2] ROS AAAELS

B F2ES 500 pg/ml AP A ROS FAAEL 137.11%=2, AT sHA] &S AL (313.9%)9)
Hg] w]$ Faste Aoz Yelyth ols A dItstE A4 Asiet HEe] ASlAEY S
A FarA F AR ARHEG.
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Fig. 12. Effects of IOE on intracellular ROS level in high glucose treated INS-1 pancreatic B cells. Cells in
96 well plates (2X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated
with or without indicated concentrations of IOE (0, 10, 25, 50, 100 pg/m¢) for 24 hr. Each value is expressed as
mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige

okamurai extracts
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Fig. 13. Effects of IOE on intracellular ROS level in high glucose treated HUVECs. Cells in 96 well plates
(2x10" cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or without
indicated concentrations of IOE (0, 50, 100, 250, 500 ug/m¢) for 20 hr. Each value is expressed as mean+SD
(n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige okamurai

extracts

(4) NO level =4

< INS-1 pancreatic B cell >

TEE TG 93 4% NO (nitric oxide) BdE&L Fig. 149 AAS¥Tt. 1S =
T (30 mM)S 2 AL A2 INS-1 AlZof| 3 FZFES 100 pe/ml A2l s H-9¢ NO A&
2 16757%=2, AE FH7IE (216.22%)° vHl&l §F93 (p <0.05)°.2 IA #Aise AEFS
el ST s FE 59 radical 2 &Eael A A HAkE AAE T AMstEEy 29 JHA

S BRTHSE A9 € 5 UdS AR JgEn

< HUVECGs >
I1EFE T o8] f=%F NO (nitric oxide) BA&S Fig. 159 AAEYHY}. 15=E X
30 mM)©e 2 AL A 2]E HUVECsel| 3] FEES 500 pg/m¢ A 2|$ H-¢ NO AAdE&2
125.4%2, A3 ZH87F2(168.5%)9 H3] 494 (p<0.05)2o2 ZAstE AsES JERN YT
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Fig. 14. Effects of IOE on NO level in high glucose treated INS-1 pancreatic B cells. Cells in 96 well
plates (2X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or
without indicated concentrations of IOE (0, 10, 25, 50, 100 pg/m¢) for 24 hr. Each value is expressed as
mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige

okamurai extracts
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Fig. 15. Effects of IOE on NO level in high glucose treattd HUVECs. Cells in 96 well plates (2x10*
cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or without
indicated concentrations of IOE (0, 50, 100, 250, 500 ug/m¢) for 20 hr. Each value is expressed as mean+SD

(n=3). A value sharing same superscript is not significantly different at p <0.05. 10OE: Ishige okamurai

extracts
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5) Fatstas &4 54

(7}) HUVECs

(D Superoxide dismutase (SOD) & A]

gaksl @491 SOD+= superoxideZ hydrogen peroxide ¢ oxygen® 2 A Al7|= EAE,
IEE ITT 30 mM)eZ A xzlE HUVECsoA 3] FE2EL BEFFPLS 4], A8
A7 AZRTD FE oEHo® =S SOD 4L UEhHS Fig 169 4]
5 ) FZEL 500 pg/ml ATSHPYL W, 55 mM TEGoz ALH A
SOD &4 (100%)3} 5A3 552 SOD &4 (81.6%)S VFERA ST

il
o
b
SN
W
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Fig. 16. Effects of IOE on superoxide dismutase (SOD) activity in high glucose treated HUVECs. Cells in 10
mm dishes (2x10° cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or
without indicated concentrations of IOE (0, 50, 100, 250, 500 pg/m) for 20 hr. Each value is expressed as mean+SD

(n=3). A value sharing same superscript is not significantly different at p <0.05. IOE: Ishige okamurai extracts
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@ Glutathione peroxidase (GSH-px) &43
Glutathione peroxidase (GSH-Px)= glutathioneS- 7|22 =
(30 mM)e 2 AP A E HUVECsdlA] Z} A 858 H5H
2 GSH-px &AlS JUePHS Fig. 1794 & <
Z7 AZe GSHpx &4 (100%)E 7|&Fo= FE2ES
GSH-px B/4< 83.1%=2 tx23 Ao §A8 +32< Yehhlo
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Fig. 17. Effects of IOE on glutathione peroxidase (GSH-px) activity in high glucose treated HUVECs. Cells
in 10 mm dishes (2X105 cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of IOE (0, 50, 100, 250, 500 pg/m¢) for 20 hr. Each value is
expressed as mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05.

IOE: Ishige okamurai extracts

@ Catalase &4

GArsl @491 catalase= SODE] Z-gof o3 WA EH
2 ule] Zog M Al AEFAEHE AZE HIsE 542, 155 TEY (30 mM)
o2 Abd A ®E HUVECsIA 3 288 £FF AXe o) FE2E8L AsA g2 A
TR =& catalase AL FERES Fig 1894 2 4= g E
A2 Al 58.6%2] FAHL YEhlo] }e TEJNE EL

RE AYZAFY 1T TEFo R AL A" HUVECsIA 3 FZEo] A AL o

Eg 27t AAES g
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Fig. 18. Effects of IOE on catalase activity in high glucose treated HUVECs. Cells in 10 mm dishes (2x10°
cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with or without indicated
concentrations of IOE (0, 50, 100, 250, 500 pg/mf) for 20 hr. Each value is expressed as mean+SD (n=3). A value

sharing same superscript is not significantly different at p <0.05. IOE: Ishige okamurai extracts
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3k =,
%:7_-7—3}04 Ae FZES Eo {3471 o n-hexane, chloroform, ethyl acetate L& il butanol
S AASHL, HFFH O R ethyl acetate EEEL A5t 55400 mme]
F Foll 75-150 um A G 9] silica gel2 X A ethyl acetateo| A A EFES FY3}
chloroform:methanol& 50:19]| 4] 0:1 H]|-8&2 SYA|H BAHAEL Ar}t. EAHAHES 25%300
o] &g & 25-100 uym H A9 sephadex LH-20S 73+ H™Ho|| tha] FYst] 70% oA EC
2 8YAIA SAHHES AT} o] FAHHELS U] 2T dAIZZrtEDY T (Acetonitrile :

water = 15:85, < = 1.0 ml/min, 10x250 mm C-18 ZH)E o]&3l HA s}, o]z 3 £
2 AAREE 28 19 2AEE hFsiA el o] EZo] thE Ao A-siA g 2
Ede] A7 UV (MeOH) Amax nm (log &) = 232 (3.7), {4 ~HEH =HH7Fe IR

g
(KBr) vmax 3391, 1615, 1498, 1279, 1188, 965, 818 cm-1, 281 ZABEAM ~HEH =7k
& HREIMS m/z 512.0589 [M]+ (caled for C24H16013, 512.0591) o]ith. X3, 1H-NMRS ©]-&
sle] 243 Az §1H (mult, ] = Hz)= 5.69(1H, s), 6.06 (1H, s), 5.87 (2H, s), 5.87 (2H, s),
567 (2H, d, 2), 578 (I1H, t, 2), 5.67 (2H, d, 2)°o|ow, A7) EMAzmzRE A7|EHAL
diphlorethohydroxycarmalol]-& 32135ttt (Fig. 19, 20, 21).
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Fig. 19. Separation

Ishige okamurae
(500 g)
|
80% MeOH extract

—

Aqueous fraction

]

CHCI; fraction  Aqueous fraction
23pg) l |

EtOAc fraction Aqueous fraction

(18.7 g)

BuOH fraction

(12 g)

Silica gel c.c. Aqueous fraction

(275 g)

n I | |
I0E1 10E2 10E3 10E4
| sephadex LH-20
| |
10E3-1 | IOE3-3
10E3-2
Reversed-phase HPLC
e

and purification process diagram of anti-diabetes material from Ishige okamurae
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Fig. 20. Proton and Carbon NMR spectrum of purified anti-diabetes material from Ishige okamurae
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Fig. 21. Structure of diphlorethohydroxycarmalol from Ishige okamurae
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4. s 2 8-¥] £ 3} diphlorethohydroxycarmalol?] 3+ 2 g AHF &

HZAFH 23 DPHCEZE Wk ad 3 &7 ¥ AdAstdn. a3 3379
AFEE T = Staphylococcus aureus KCTC 3831, Saccharomyces cerevisae KCTC 7913, Candida
albicans KCTC 7965, Pseudomonas aeruginosa KCTC 2513, Salmonella typhimirium KCTC 1925,
Escherichia coli KCTC 2517, Bacillus subtillis KCTC 1021 7&Fo| U] AAsHeH, s
0.lmM FL3 Foz FF A4PE st Fogo] 2 EZY A9 0.ImMostAE &
T@Ao] ofbF Holua I o] =T E0iE A AAIAe] gA &7] wWEel 0.lmM
o nAFET BHE FAIYE T 27 0dmM FEAA T FF mF B0l e
goron, 0.5mMe TiEEolA YR FFo A A 01 LFERS TH(Table 6).

Table 6. Antimicrobial activity of DPHC

Strains DPHC Conc.(mM) Activity(mm)
.1 -
Staphylococcus aureus KCTC 3831 g 5 3
Saccharomyces cerevisae KCTC 7913 gé ;
Candida albicans KCTC 7965 g'; -
; 0.1 -
Pseudomonas aeruginosa KCTC 2513 0.5 4
.1 -
Salmonella typhimirium KCTC 1925 85 3
o . 0.1 -
Escherichia coli KCTC 2517 05 6
. e 0.1 -
Bacillus subtillis KCTC 1021 05 N

5. W28 ¥ &3 diphlorethohydroxycammalol®] 33 = Az g4 A
5-1. B9k B4 9 A% dgist 2
) g3tE astas Asdd
(1) a-glucosidase A 3f &4
diphlorethohydroxycarmalol®] 3% &7 SAHYPLZE AA A 28 T S50 7t
} 28] AMEET = a-glucosidase A 35
o 3le= &4 <Q a-glucosidase @A ZFg-oll 7]<15t=
Hlw A¥stdrt. 43S diphlorethohydroxycarmalol 50, 100, 250, 500 ﬂg/mM FEAAM =
Astem o A= Fig. 229 UJERAT. AdlsS TE 22§94 (p<0.05)
A 719 A& < AT} diphlorethohydroxycarmalol= %2 X0l A acarbose T} =
L AHEHE VERALH, E3] 500 pg/ml XA 90.97%9] AsBAHS BHoFUTh

2o Fo] MBS Ao A a-glucosidased]] 23] B E 3, SFFFHA 4% BFAE F7HA]
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FIEZ, in vitroo| A =& a-glucosidase * 3| &2 }E}H diphlorethohydroxycarmalol= in vivo
= °

M= A5 dgo FA% Tt dud 5+ ez Jiddn.
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Fig. 22. Inhibitory activity of diphlorethohydroxycarmalol on a-glucosidase. The final concentration of
diphlorethohydroxycarmalol was 50, 100, 250, 500 wg/mf. Each value is expressed as meantSD in triplicate
experiments. “~Yyalues with different alphabets are significantly different at p <{0.05 as analyzed by Duncan's

multiple range test. The concentration of acarbose was 500 pg/mé. DPHC : diphlorethohydroxycarmalol.

(2) a-amylase A3} &4

diphlorethohydroxycarmalolZ ©]-&35}a] 50, 100, 250, 500 pg/mle] TEAA ZAstgon 1
A#E Fig. 239 JeER T A a-glucosidase A3 B S A E& AaS&LS VERES
@ diphlorethohydroxycarmalol= a-amylase A& FHoAZ 500 pg/mlolA A 5ol
61.66%= }E}sE I, diphlorethohydroxycarmalol®] A 3l%52 22 FX2] acarbose R T} =2 A

&
B A3 o ZA3=E diphlorethohydroxycarmalol®] ¥ 37}+3l& 77} acarboses} ml3H7tx| 2 EHE}k
E 4t #AstE T4 a-amylase oA ZHol 71dstE AL st

Aol F AL E)E a-glucosidase®} a-amylaseol] © 3 diphlorethohydroxycarmalol®] *| 3}
o] G  FHAsIHe™  Table 60l  JERNSITE.  a-glucosidaseo] g
diphlorethohydroxycarmalol®] IC50-2 0.08 mg/mLo|il a-amylaseo]] th3t IC50= 0.27 mg/mL=Z
veld=d], ol 22 0.68 mg/mLs$} 0.71 mg/mLe] acarbose T} T =& A&S<S el
s
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Fig. 23. Inhibitory activity of diphlorethohydroxycarmalol on a-amylase. The final concentration of
diphlorethohydroxycarmalol was 50, 100, 250, 500 wg/mf. Each value is expressed as meantSD in triplicate
experiments. *~ “Values with different alphabets are significantly different at p <0.05 as analyzed by Duncan's

multiple range test. The concentration of acarbose was 500 pg/mé. DPHC : diphlorethohydroxycarmalol.

Table 6. ICsy value of inhibitory activity of diphlorethohydroxycarmalol on a-glucosidase and a-amylase

IC50 (mg/mL)

Group
a-glucosidase a-amylase
Acarbose 0.68 = 0.03 0.71 = 0.07
DPHC 0.08 + 0.01° 0.27 + 0.08

Y [Ceo value is the concentration of sample required for 50% inhibition. Each value is expressed as mean=SD in

treiplicate experiments. Significantly different from control at "p<0.05. DPHC : diphlorethohydroxycarmalol.
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2) AFdY staw

(1) STZ f& Gl oA dd Zst &7

a-glucosidase A3 A3 JF 7o} a-amylase XA 3] BIoA] =
diphlorethohydroxycarmalol®] 4% ¥ /A &3S STZO®E
of Z74stth WA normal-miced] AEE AT FoAF
249] A A1SFY . Normal-miced] HEIAGL =A3a o
o, diphlorethohydroxycarmalol Foj7o] &G 7|k
T HE (2 g/kg)g =3 Fo] ok Z k= 30, 60, 12080 2H2h 50.25, 81.75, 51.75
mg/de B et o™, HET acarbose (100 mgkg)ES T3k FolA= 30, 60, 12080 zHzt
35.00, 39.00, 15.67 mg/d¢, diphlorethohydroxycarmalol (100 mg/kg)S T3t FolA= 34.17,
43.00, 6.17 mg/d¢ 2 }E}}, diphlorethohydroxycarmalol F¢#o| &R/ T3} acarbose
Fof 7ol gl AEZEdEgAstrl ZaFez dojds & o+ AT
diphlorethohydroxycarmalol Fo] 2] & @ =712 419] area under the curve (AUC)= 3,145
+ 1342 mg - min/dl 2 YER}, FF5F Fo (6,708 £ 112.5 mg - min/dl)¥} acarbose Fof -
(3,275 + 91.9 mg - min/d)ol] B]3] G2 (p<0.05) 2 A LJERETH

tgo g STZe 2 JFus {23k 8 FHolA diphlorethohydroxycarmalols 747 Foldl &
g‘ﬂ"ﬁ@re wHES ZAE Fig 259 AAEEH. FE AEHY d9S 022 S W, F

FZAA AE 2 gk Toqd Bo] F Z7l= 30, 60, 12089 Z+ZF 93.00, 98.00,
50.00 mg/dlE ElFow, AE T} acarbose (100 mg/kg) S 3 o A= 30, 60, 120&9
Z+Z} 66.00, 65.00, 32.30 me/d¢E EMTE. AE3} diphlorethohydroxycarmalol (100 mg/kg)S-
Fojg Foll A= 33.00, 5230, 29.30 mg/dlZ urE}ur dzeed dg FoIzT2 30, 60, 120
o dxo] A FUld Ae &2 el ubA diphlorethohydroxycarmalol §of 72 t)Z o] H]
3 93 (p<0.05)e2 e F£Fo I3 FA35F¥T). diphlorethohydroxycarmalol ¢+
o] Az dgEvl2Ae]  area under the curve (AUC)= Table 79 WERHASIC
diphlorethohydroxycarmalol TS 4222 + 1223 mg - min/dl 2 VERh}, SH5 FoL
(8,700 + 118.4 mg - min/d¢)¥} acarbose T4+ (5,875 +£ 212.1 mg - min/d¢)ol] B3] & (p
<0.05)e.2 27 e,

u}} 4] diphlorethohydroxycarmalol= F=F ol oA A% dFGH71E Astst= a7}
22 FAF 4 gt o, Inoue 547 A% Hux FFL F3A7= ekEo] AUC
Farle ATE YeplER, 45 499 Hdadr st Zasigic 2 AT
Fo| = diphlorethohydroxycarmalol= 4% 602 &1 x] S Z3AZFH o, AUCE
& (p<0.05)e 2 A Aer yYEigH G oA 3 25 3l
S AR 7VA Z2-sHe Aol FQ 3 EE (43, 48-52), diphlorethohydroxycarmalol=
B o g X5l oA {EF R AR HTH
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Fig. 24. Incremental blood glucose after administration of diphlorethohydroxycammalol in normal mice. Control
(distilled water), acarbose (100 mg/kg) and diphlorethohydroxycarmalol (100 mg/kg) were co-administered
orally with starch (2 g/kg). Each value is expressed as mean+SD of seven mice (n=7). “*Values with
different alphabets are significantly different at p <0.05 as analyzed by Duncan's multiple range test. DPHC :
diphlorethohydroxycarmalol.
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Fig. 25. Incremental blood glucose after administration of diphlorethohydroxycarmalol in STZ-induced diabetic
mice. Control (distilled water), acarbose (100 mg/kg) and diphlorethohydroxycarmalol (100 mg/kg) were
co-administered orally with starch (2 g/kg). Each value is expressed as meantSD of seven mice (n=7). *~
*Values with different alphabets are significantly different at p <{0.05 as analyzed by Duncan's multiple range
test. DPHC : diphlorethohydroxycarmalol.
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Table 7. Area under the curve (AUC) of postprandial glucose responses of normal and STZ-induced

diabetic mice

AUC (mg - min/df)

Groupl)

Normal mice Diabetic mice
Control 6,708 + 112.5 8,700 + 118.4
Acarbose 3275 + 91.9° 5,875 + 212.1°
DPHC 3,145 + 1342 4,222 + 1223

Control group : (distilled water) Starch (2 g/kg) was administered orally to a mouse. Acarbose : Starch (2 g/kg) with the acarbose
(100 mg/kg) was administered orally to a mouse. DPHC : Starch (2 g/kg) with the diphlorethohydroxycarmalol (100 mg/kg) was
administered orally to a mouse. Each value is expressed as meantSD in seven mice (n=7). Significantly different from control at *p
<0.01. DPHC : diphlorethohydroxycarmalol.

5-22. F=H AXE2d-g o|&£3l DPHCY At 2~Ed 2~ /WAgw)

D AE AEE

< RIN-mS5F cell >

1EFE EIE=Fo] 3 M xel £4to] thEst=  diphlorethohydroxycarmalol®] R3S g3 &S
Fig. 269 A|A39tt. 1= EEY G0 mM)C2 ARd  Z]E RIN-mSF A Lo A
d1ph1orethohydroxycarmalo1% B3 MEoA T EHOZ =2 AX ASES BAF
th v 55 mM 2o g ALA AT E 2T A ZAA R = 4 E =SS JERY
ok X3k diphlorethohydroxycarmalol 50 ug/m(-8 *2]3}9-S W], RIN-mSF M X9 A=ES
70% A YA .

< HUVECs >

1EFE XEFo o3k AE £44o] thast= diphlorethohydroxycarmalol®] X & %48 Fig.
279 AAFETE ZEE ZEY 30 mM)e=z  Abd xg]® HUVECs| A
diphlorethohydroxycarmalol-e &F & Al & JEHOo 7 =2 AX ASES HAFAL-
55 mM Exgoez Abd AZE iz AE AEES 100%E JEIS o
diphlorethohydroxycarmalol 50ug/m{2 *2]3lHE A] HUVECse] AZEE 81.4% AEZ7FA A

AAA oA (p<0.05)eR EL ZAE JERIA
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Fig. 26. Effects of diphlorethohydroxycarmalol on cell viability in high glucose treated RIN-mSF cells. Cells
in 96 well plates (2x10* cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated
with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 pg/mf) for 24 hr. Each value
is expressed as mean=SD (n=3). A value sharing same superscript is not significantly different at p <0.05. DPHC
: diphlorethohydroxycarmalol.
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Fig. 27. Effects of diphlorethohydroxycarmalol on cell viability in high glucose treated HUVECs. Cells in 24
well plates (4X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated
with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 pg/m¢) for 20 hr. Each
value is expressed as meantSD (n=3). A value sharing same superscript is not significantly different at

p<0.05. DPHC : diphlorethohydroxycarmalol.
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2) A FA%E 23
< RIN-mS5F cell >
Tk 2= s frE A FstE7tE Fig 284 AASHH. ek TET (
mM)2e. 2 ALA 2] E RIN-mSF | X o] A diphlorethohydroxycarmalol2 &% oJ&EXHo g o
-9

(%)
(e

MDA FEZE UEYHS E < v} E3], diphlorethohydroxycarmalol2 50 gg/ml > 2] 3}
0.519 nmole MDA=, diphlorethohydroxycarmalol-2- *]2]5}4] &2 ] (0.942 nmole MDA)9]|
Ha folH (p005)C R TA PASE AT Uehdch w55 mMe YHEE T
o2 AHH AHYyE iz AlZdAs e MDATEE VeI

< HUVECs >

15T X5 o3 §59 A FAETLE Fig 2990 A A] 8}9}5}. 1EFE XEF (30
mM)e. 2 AFA 2] ¥ HUVECso] A diphlorethohydroxycarmalolS =] &3+ *
o7 YO MDA (malondial dehyde) =2 HYtt ¥bH 55 mM AMdTE IE=T
HaE FA ge xFdMEs ¥ MDA =S JeR)H.
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Fig. 28. Effects of diphlorethohydroxycarmalol on TBARS generation in high glucose treated RIN-mSF cells.
Cells in 96 well plates (2X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 pg/m¢) for 24

hr. Each value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly different

at p <0.05. DPHC : diphlorethohydroxycarmalol.
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Fig. 29. Effects of diphlorethohydroxycarmalol on TBARS generation in high glucose treated HUVECs. Cells
in 24 well plates (4><104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 npg/mf) for 20
hr. Each value is expressed as meantSD (n=3). A value sharing same superscript is not significantly different

at p<0.05. DPHC : diphlorethohydroxycarmalol.

3) Intracellular ROS level =7

< RIN-mS5F cell >

IEFE X=Fo] o8] =% ROS (reactive oxygen species) A& & Fig. 300 A|A| 3%t}
IEE EER 30 mM)ez  AbA Hg®  RIN-mSF A|EA  ROS AASEL
diphlorethohydroxycarmalol-& 2|3+ ME= F= <JEFHo=r 43T
diphlorethohydroxycarmalol-2- 50 peg/ml @3-S A] ROS AAEL 80.6%E A58 F3%
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< HUVECs >

I1EFE X=Fo] 93] =% ROS (reactive oxygen species) A& & Fig. 310l A|A| 3t}
HUVECs2] ROS A Alg-2 diphlorethohydroxycarmalol-2- £33+ A X = T o&EFoz2 ZHA
3ttt 53], diphlorethohydroxycarmalols 50 pg/m¢ ]S A] ROS AAEL 148.8%=E, A
gt 2 B (275.3%)ll HlE) w]-¢ Hasts AR Ve ol A At E A
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Fig. 30. Effects of diphlorethohydroxycarmalol on intracellular ROS level in high glucose treated RIN-mSF
cells. Cells in 96 well plates (2x10" cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and
then incubated with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 pg/mf)
for 24 hr. Each value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly

different at p <0.05. DPHC : diphlorethohydroxycarmalol.

350

300 | d

250

200 bc

150

H o

ROS generation (%)
o

100 |

50

55 mM 0 10 25 50
glucose DPHC (pg/m¢) + glucose(30 mM)

Fig. 31. Effects of diphlorethohydroxycarmalol on intracellular ROS level in high glucose treated HUVECs.
Cells in 96 well plates (4X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 ng/m{) for 24
hr. Each value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly different

at p <0.05. DPHC : diphlorethohydroxycarmalol.
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4) NO level =4
< RIN-m5F cell >
TEE TG 93 §5%F NO (nitric oxide) B &S Fig. 329 AASHT. LEE

=3 30 mM)2. 2 AFA 3] ® RIN-mSF A3 diphlorethohydroxycarmalol-2- &3+ H-$ NO

AL 1282%2, A8 FH7FE217.3%)0) vls] F93 (<0052 2A Fashe
< VeRGITE  Radical &7 &3e} A gt AAE 53 Alg2Ed 29 JfHE o
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<
IFE T=F & FEF NO (nitric oxide) A AEL Fig. 339 AAIAT. 1=
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Fig. 32. Effects of diphlorethohydroxycarmalol on NO level in high glucose treated RIN-mSF cells. Cells

in

96 well plates (2X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated

with or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 upg/m¢) for 24 hr. Each

value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly different at

<0.05. DPHC : diphlorethohydroxycarmalol.
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Fig. 33. Effects of diphlorethohydroxycarmalol on NO level in high glucose treated HUVECs. Cells in 96
well plates (4X104 cells/well) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with
or without indicated concentrations of diphlorethohydroxycarmalol (0, 10, 25, 50 pg/m¢) for 24 hr. Each value is

expressed as mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05.

DPHC : diphlorethohydroxycarmalol.

< RIN-mSF cell >
(1) Superoxide dismutase (SOD) &4
gaksl 4%l SOD= superoxideE =7F24 S 2 hydrogen peroxide ¢} oxygen® 2 3 A]7]
= FEAZ, I1FE EEY (30 mM)eE  APd AHZEH RIN-m5F A 3 of] A]
o

diphlorethohydroxycarmalol-2- 2F3F M X7} A|85 FF7I3 AXET T JEFHORE =2
SOD #4458 }EFH-S Fig. 3404 B 4 v}, 3] diphlorethohydroxycarmalol 50 pg/mé-S >
stAe o, 55 mM ETxFoa AbA AHE®E dET AES SOD A (54.09 unit/mg

protein min) 2.t} =2 SOD &4 (56.71 unit/mg protein min)S ERY AT}
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Fig. 34. Effects of diphlorethohydroxycarmalol on superoxide dismutase (SOD) activity in high glucose treated
RIN-m5F cells. Cells in 10 mm dishes (2x10° cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48
hr, and then incubated with or without indicated concentrations of diphlorethohydroxycarmalol. (0, 10, 25, 50 pg/mé)
for 24 hr. Each value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly

different at p <0.05. DPHC : diphlorethohydroxycarmalol.

(2) Glutathione peroxidase (GSH-px) &A1
Glutathione peroxidase (GSH-Px)= glutathione2- 7|22 HQZ 3= T4,
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Fig. 3594 & & Qb 55 mM X¥EF o2 ARA X d thxza AXe GSH-px &4 (2.73
unit/mg protein min) 2.t} =L GSH-px &4 (3.41 unit/mg protein min)S ERY AT}
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Fig. 35. Effects of diphlorethohydroxycarmalol on glutathione peroxidase (GSH-px) activity in high glucose
treated RIN-m5F cells. Cells in 10 mm dishes (2X105 cells/dish) were preincubated with glucose (5.5 mM, 30
mM) for 48 hr, and then incubated with or without indicated concentrations of diphlorethohydroxycarmalol. (0,
10, 25, 50 ug/mf) for 24 hr. Each value is expressed as mean+SD (n=3). A value sharing same superscript is

not significantly different at p <0.05. DPHC : diphlorethohydroxycarmalol.

(3) Catalase (CAT) &4

g Ael @490 catalase’= SOD2] Z&o] o3 @A S EAQ FHABSEASE BT AL

o7 ARd  AHg"®  RIN-mSF M EoA] diphlorethohydroxycarmalols EF3+ AX=
diphlorethohydroxycarmalol-2- *]2]s}%] @< AX BT} =& CAT &A1& JeEH-S Fig. 369
Al B 4= v} 3] diphlorethohydroxycarmalol 50 gg/ml ol A= 5.5 mM EEFC 2 ALAH A
Y H 2+ AXEQ catalase A (1.063 pmoe/mg protein min)¥Z} FA}F3H catalase E4J(1.084 1
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ZE  AHd¥gZErd 1wz =

1
oft
lo
fru
S
R

Ag]E¥  RIN-mSF A Z oA
diphlorethohydroxycarmalol®] T E ¢S uwf dAks} G4 s Rsaart A8 =A v
1235¢=3

_97_



1.5

€

E

< 12 | d d

° T

=3 C

E‘ 0.9 b

&

©

5 06 |

2 a

[1-]

I

= 03 |

)
55 mM 0 10 25 50
glucose DPHC (pg/m¢) + glucose(30 mM)

Fig. 36. Effects of diphlorethohydroxycarmalol on catalase activity in high glucose treated RIN-mSF cells.
Cells in 10 mm dishes (2x10° cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of diphlorethohydroxycarmalol. (0, 10, 25, 50 ng/mf) for 24 hr.
Each value is expressed as mean+SD (n=3). A value sharing same superscript is not significantly different at p

<0.05. DPHC : diphlorethohydroxycarmalol.

6. 3= AX 2do]A e DPHCO apoptosis B3 F 7}

< RIN-mS5F cell >

1) Immunocytochemistry

M EZ A apoptosis7} Lot HAe mEZTgol2RE M EXZAR cytochrome ¢} F3]ETH
(53). AFE ETEFOoZ FEF apoptosise]l o] diphlorethohydroxycarmalol®} cytochrome c9]
TEAHE LolH 7] 918l immunocytochemistryE A 35} 1l Fig. 379 A|AS}(Th 15 =
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ZoAs o] FH=xu HPEJS®  apoptotic  bodyE: HFE £ AUTE o]d
diphlorethohydroxycarmalol-S A 2o 2 M 273 FAFS FE AX ZgS AUs 3oz
B o}, diphlorethohydroxycarmalole] A3 2] apoptosis A4S A A 7= A =E AlEHT.

(A) B) ©

Fig. 37. Immunocytochemical localization of cytochrome ¢ in RIN-mSF cells. Inhibition of high glucose
induced release of cytochrome c¢ from mitochondria by diphlorethohydroxycarmalol. (A) : Control, (B) : 30
mM glucose, (C) : 30 mM glucose + diphlorethohydroxycarmalol 50 ug/mf. Photographs were taken under 400x

magnification, using an confocal (Zeiss, Germany).

(A) (B) ©

Fig. 38. Morphological analysis of nucleus in RIN-mSF cells. After 24 hr of incubation, cells were collected
and stained with DAPL. (A) : Control, (B) : 30 mM glucose, (C) : 30 mM glucose +

diphlorethohydroxycarmalol 50 pg/mé. Photographs were taken under 400% magnification, using an confocal (Zeiss,

Germany).
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2) Western blot 44
< HUVECs >
(1) NF-xB 2+&
o158 &A3tE NF-kB (nuclear factor) @del AHIazs A7) 98l
western blot 418 AA|EYL °]= Fig. 39| A AEHT. NFkB &3 5L
= E xxEgez A AXdA =4 veEEn. st a1
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Fig. 39. Change in oxidative stress related gene in HUVECs after high glucose
treatment.

Equal amounts of cell lysates (30 ng) were subjected to electrophoresis and analyzed for NF-kB expressions
by Western blotting. (A) : Western blot band. (B) : % control. Actin was used as an internal control. Each
value is expressed as meantSD (n=3). " “Values with different alphabets are significantly different at p<0.05

as analyzed by Duncan's multiple range test.

(2) iNOS$} COX-2 Hral
diphlorethohydroxycarmalole] ¥ E=Fo 2 FEF iNOS (inducible nitric oxide synthase)$}
COX-2 (cyclooxygenase 2) T3-S AA|A7)=A SA3}L7] $3] western blot EA41-S AASH L
o] = Fig. 40 A|A|slHt}. iNOS9} =
O 1sx: T=Fo 2 AgE AEA =4 vEiEn. sARt s EEFoR AR A"
HUVECs®] diphlorethohydroxycarmalol2 * &3+ Z¥} iNOS9} COX-2 ®&o| /24 (p<0.05)°
2 7439t} diphlorethohydroxycarmalols 50 pg/ml 2 3t9S o iINOSE 114.8%, COX-2+=

104.4%7M 2] 7H4% 2102 e
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Q

iINOS$} COX-2&= 4tshz| ~Eg 2o BAE 2] ddd #dd Aoz d8A e
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Fig. 40. Change in oxidative stress related gene in HUVECs after high glucose treatment. Equal
amounts of cell lysates (30 ng) were subjected to electrophoresis and analyzed for iNOS and
COX-2 expressions by Western blotting. (A) : Western blot band. (B) : % control. Actin was

used as an internal control. Each value is expressed as meantSD (n=3). * “Values with different

alphabets are significantly different at p<0.05 as analyzed by Duncan's multiple range test.
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Fig. 41. Effects of diphlorethohydroxycarmalol on insulin secretion in high glucose treated RIN-mSF cells.
Cells in 10 mm dishes (2x10° cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then
incubated with or without indicated concentrations of diphlorethohydroxycarmalol (0, 50 ng/mf) for 24 hr. Insulin
secretion from RIN-mSF cells in response to glucose (5 and 25 mM) concentration. Each value is expressed as
mean+SD (n=3). A value sharing same superscript is not significantly different at p <0.05. DPHC
diphlorethohydroxycarmalol.
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Fig. 42. Weekly changes in food intake of Ishige okamurai and rosiglitazone supplemented CS7BL/KsJFdb/db
mice. Values are means:SE, n=7. ““Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 43. Water Intake of Ishige okamurai and rosiglitazone supplemented C57BL/KsJdb/db mice. Values are
means+SE, n=7. “*Means not sharing a common letter are significantly different among groups (p<0.05).
DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G diet, rosiglitazone

C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai
C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 44. Weekly changes in body weight of Ishige okamurai and rosiglitazone supplemented CS57BL/KsJ-db/db
mice. Values are means+SE, n=7. “"Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 45. Feed efficiency ratio of Ishige okamurai and rosiglitazone supplemented CS7BL/KsJFdb/db mice.
Values are means+SE, n=7. “"Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with  AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai
: C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). Feed Efficiency ratio:
Total weight gain(g) / Total food intake(g) x 100
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Fig. 46. Weekly changes in fasting blood glucose concentrations of Ishige okamurai and rosiglitazone
supplemented C57BL/KsJ-db/db mice. Values are meanstSE, n=7. ““Means not sharing a common letter are
significantly different among groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice
supplemented with AIN-93G diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with
rosiglitazone(0.005g/100g diet), Ishige okamurai : C57BL/KsJ-db/db mice supplemented with Ishige
okamurai extract(1g/100g diet).
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Fig. 47. Blood glycosylated hemoglobin (HbAlc) Level in CS57BL/Kskdb/db mice fed a nomal diets
containing with rosiglitazone and Ishige okamurai. Values are means+SE, n=7. ““Means not sharing a common
letter are significantly different among groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice
supplemented  with AIN-93G  diet, rosiglitazone : C57BL/KsJ-db/db  mice  supplemented  with
rosiglitazone(0.005g/100g diet), Ishige okamurai : CS57BL/KsJ-db/db mice supplemented with Ishige okamurai

extract(1g/100g diet).
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Fig. 48. Plasma glucose level in C57BL/KsJdb/db mice fed a nomal diets containing with rosiglitazone and
Ishige okamurai. Values are meanstSE, n=7. ““Means not sharing a common letter are significantly different
among groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with
AIN-93G diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet),
Ishige okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 49. Effects of Ishige okamurai and rosiglitazone supplementation on the IPGTT in CS57BL/KsJdb/db
mice. Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). IPGTT :

intraperitoneal glucose tolerance test.
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Fig. 50. Plasma insulin level in CS57BL/KsJ-db/db mice fed diets containing rosiglitazone and Ishige
okamurai. Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).

7) rz2A ] AL A" v x= G
(1) Glucokinase(GK) &4 =
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bttt oleldt 2= 7+ xS G adFo] ddo] HHY JdedA A

Hol Q1o ™ (Matschinsky, 1990; Shimizu, 1988), FE-A|2} F=r FA}oA Lo}, g@31E A4
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Fig. 51. Glucokinase level in C57BL/KsJ-db/db mice fed diets containing rosiglitazone and Ishige okamurai.
Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai :
C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).

d], Glucose-6-phosphates -F-2]8 Z=F 7
ENETY A FoFdoz AaFHJeH, FEWETIY T Alold =
Holz] gkofri(Fig. 52).
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Fig. 52. Gopase level in C5S7TBL/KsJdb/db mice fed diets containing rosiglitazone and Ishige okamurai.
Values are means+tSEM, n=7. “"Means not sharing a common letter are significantly different between groups
(»<0.05). DMC (diabetes mellitus control) : AIN-93G  semisynthetic  diet, rosiglitazone
rosiglitazone(0.005g/100g diet), Ishige okamurai : Ishige okamurai ethanol extract(1g/100g diet)

- 112 -



(3) Phosphenolpyruvate carboxykinase (PEPCK) &4 %=

PEPCKE SAROLMENS EXTolSTFHACE ARAIE 22 GA4 HAd B
A Btk 7txZ 9] PEPCK A EE @ Tl X o] rosiglitazone Bt} %q Aoz =A ust
o, o] FETEY FHQ AolF Holw W2 F£2E UEAT. F, ZAA FE
= &49 G6Pase$t PEPCK BT 3¢ HZof 3] 7txZ oA 2 A _1,:_7]. go]Aoz
A+E & T UATH(Fig. 53)

50 -

40 o

30 c
20

10

PEPCK (nmol/min/mg protein)

DMC rosiglitazone Ishige okamurai

Fig. 53. PEPCK level in CS7TBL/KsJFdb/db mice fed diets containing rosiglitazone and Ishige okamurai.
Values are means=SEM, n=7. “°Means not sharing a common letter are significantly different between groups
(»<0.05). DMC (diabetes mellitus control) : AIN-93G  semisynthetic  diet, rosiglitazone
rosiglitazone(0.005g/100g diet), Ishige okamurai : Ishige okamurai ethanol extract(1g/100g diet)
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Fig. 54. Effects of Ishige okamurai and rosiglitazone supplementation on hepatic glycogen content in
C57BL/KsJ-db/db mice. Values are meanstSEM, n=7. ““Means not sharing a common letter are significantly
different between groups (p<0.05). DMC (diabetes mellitus control) : AIN-93G semisynthetic diet, rosiglitazone
: rosiglitazone(0.005g/100g diet), Ishige okamurai : Ishige okamurai ethanol extract(1g/100g diet)
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Table 8. Effects of Ishige okamurai and rosiglitazone supplementation on plasma lipid concentrations in

C57BL/KsJ-db/db mice.

DMC Rosiglitazone Ishige okamurei
Total cholesterol . : .
6.39 £ 0.59 3.52 £ 0.49 6.33 £ 0.75
(mmol/1)
Triglyceride a ¢ b
228 + 0.13 1.40 £ 0.21 1.67 £ 0.43
(mmol/1)
FFA . . b
231 £ 033 1.1 £ 0.52 1.99 + 0.21
(mmol/1)
HDL-C . b .
1.19 £ 0.44 1.43 £ 041 2.33 £ 0.101
(mmol/1)
LDL-C . . b
4.75 £ 0.13 1.81 £ 0.21 3.66 £ 0.43
(mmol/1)

Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with  AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai
: C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Table 9. Effect of Ishige okamurai and rosiglitazone supplementation on hepatic lipid concentrations in

C57BL/KsJ-db/db mice.

DMC Rosiglitazone Ishige okamurai
Total cholesterol a . b
3.76 + 0.11 2.15 + 0.16 242 + 0.5
(mmol/1)
Triglyceride a c b
246 + 0.28 1.84 + 0.25 2.16 £ 0.31
(mmol/1)

Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with  AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai
: C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Table 10. Effect of Ishige okamurai and rosiglitazone supplementation on activities of antioxidant enzymes in
C57BL/KsJdb/db mice.

DMC Rosiglitazone Ishige okamurae
Liver
SOD c b a
) 2391 + 2.51 29.37 + 2.1 3147 + 6.55
(U/mg protein)
CAT b a a
) ) 1.56 + 0.74 2.39 + 0.74 3.79 + 0.80
(umol/min/mg protein)
GSH-px b a a
) ) 19.33 £ 0.56 20.14 + 1.38 20.02 + 1.52
(nmol/min/mg protein)
Erythrocyte
SOD c a b
. 15.06 + 1.05 23.51 + 3.08 2241 + 491
(U/g protein)
CAT c a b
) 25.62 + 4.51 32.51 + 4.77 31.88 + 2.63
(umol/min/g Hb)
GSH-px c a b
11.54 + 2.09 1496 + 2.18 14.02 + 0.21

(umol/min/g Hb)

Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with  AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai

C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). SOD: Superoxide
dismutase, CAT: Catalase, GSH-px: Glutathione peroxidase
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Fig. 55. Effect of Ishige okamurai and rosiglitazone supplementation on TBARS levels in C57BL/KsJ-db/db
mice. Values are means+SE, n=7. “"Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). TBARS:
Thiobarbituric acid
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Fig. 56. Effect of Ishige okamurai and rosiglitazone supplementation on GSH contents in C57BL/KsJ-db/db
mice. Values are means+SE, n=7. “"Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). GSH:
Glutathione
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Fig. 57. Effect of Ishige okamurai and rosiglitazone supplementation on ROS level in C57BL/KsJdb/db mice.
Values are means+SE, n=7. “"Means not sharing a common letter are significantly different among groups
(»<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with  AIN-93G diet,
rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai :
C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(l1g/100g diet). ROS: Reactive Oxygen

Species
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Fig. 58. ALT in CS7BL/KsJdb/db mice fed diets containing rosiglitazone and Ishige okamurai. Values are

means+SE, n=7. “®Means not sharing a common letter are significantly different among groups (p<0.05).

DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G diet, rosiglitazone

C57BL/KsJ-db/db  mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai

C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). ALT: Alanine

Aminotransferase
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Fig. 58. AST in C57BL/KsJ}db/db mice fed diets containing rosiglitazone and Ishige okamurai. Values are
means+SE, n=7. “®Means not sharing a common letter are significantly different among groups (p<0.05).
DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G diet, rosiglitazone

C57BL/KsJ-db/db  mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai

C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet). AST: Aspartate

Aminotransferase
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Fig. 60. Y-GTP in C57BL/KsJdb/db mice fed diets containing rosiglitazone and Ishige okamurai. Values
are meanstSE, n=7. ““Means not sharing a common letter are significantly different among groups (p<0.05).
DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G diet, rosiglitazone

C57BL/KsJ-db/db  mice supplemented with rosiglitazone(0.005g/100g diet), Ishige okamurai
C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 61. Blood creatinine level in C57BL/KsJdb/db mice fed diets containing rosiglitazone and Ishige
okamurai. Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Fig. 62. Blood urea nitrogen level in C57BL/KsJdb/db mice fed diets containing rosiglitazone and Ishige
okamurai. Values are means+SE, n=7. ““Means not sharing a common letter are significantly different among
groups (p<0.05). DMC (diabetes mellitus control) : C57BL/KsJ-db/db mice supplemented with AIN-93G
diet, rosiglitazone : C57BL/KsJ-db/db mice supplemented with rosiglitazone(0.005g/100g diet), Ishige
okamurai : C57BL/KsJ-db/db mice supplemented with Ishige okamurai extract(1g/100g diet).
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Table 11. General characteristics of the subjects

N(%)
IOE Placebo Total 2
Characteristics X~ value p value
(N=24) (N=22) (n=46)
30~39 1(4.2) 1(4.5) 2(4.3)
40~49 9(37.5) 3(13.6) 12(26.1)
50~59 3(12.5) 9(40.9) 12(26.1) 6.276 0.151
Age (years)
60~69 9(37.5) 6(27.4) 15(32.6)
70~75 2(8.3) 3(13.6) 5(10.9)
Mean+SD 55.41£10.64 56.87+10.15 56.00+10.33
Male 15(62.5) 12(54.5) 27(58.7)
Sex 1.334 0.246
Female 9(37.5) 10(45.5) 19(41.3)
<200 13(54.2) 11(50.0) 24(52.2)
Monthly
average Income 201~400 6(25.0) 7(31.8) 13(28.3)
0.491 0.921
(10,000wor/ 401~600 2(8.3) 1(4.5) 3(6.5)
month)
=601 3(12.5) 3(13.6) 6(13.0)
Middle school 13(54.2) 12(54.5) 25(54.2)
Education level  High school 8(33.3) 7(31.8) 15(32.6) 0.020 0.990
Coll d
oree A 3(12.5) 3(13.6) 6(13.0)
above
Single 1(4.2) 0(0.0) 1(2.2)
Married 19(79.1) 19(86.4) 38(82.6)
Life partner 1.917 0.590
Divorced 1(4.2) 0(0.0) 1(2.2)
Bereaved 3(12.5) 3(13.6) 6(13.0)

IOE: Ishige okamurai extract
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Table 12. Clinical characteristics of the subjects

N(%)
IOE Placebo Total 5
Characteristics X~ value p value
(N=24) (N=22) (1=46)
<1 6(25.0) 4(18.2) 10(21.7)
Duration of 14 8(33.3) 4(18.2) 12(26.1)
diabetes 0.543 0.136
(years) 5-9 2(8.4) 8(36.4) 1021.7)
>10 8(33.3) 6(27.3) 14(30.4)
Current Diet 3(12.5) 3(13.6) 6(13.0)
0.13 0.909
treatment OHA 21(87.5) 19(86.4) 40(87.0)
Under weight 2(8.3) 3(13.6) 5(10.9)
Distribution of IBW 6(25.0) 8(36.4) 14(30.4)
o 1.941 0.585
body weight /. eight 7(29.2) 6(27.3) 13(28.3)
Obesity 9(37.5) 5(22.7) 14(30.4)

IOE: Ishige okamurai extract, OHA: Oral hypoglycemic agents, IBW: Ideal body weight

b AA AFA 2 "G
At At AAASA 2 k2 Table 139} ot FAtolA] 3 FE25479 4142 169.08+6.08 cm
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Table 13. Anthropometric and blood pressure characteristics of the subjects

Male (n=27)

Female (n=19) Total (n=46)
IOE Placebo IOE Placebo IOE Placebo
(n=15) (n=12) (n=9) (n=10) (n=24) (n=22)
(Age) 54.62+9.05" 56.00+8.50 56.56+13.10 58.17+13.03 55.41+10.64 56.87+10.15
years
H(elg)ht 169.08+6.08 166.78+4.89 154.56+6.19 153.83+4.58 163.14+9.44 161.60+8.02
cm
Weight (kg) 70.30+6.93 68.11+7.27 54.56+9.90 56.1749.70 62.84+15.52 63.33+10.03
P{({/}?V 116.64+7.82 116.48+10.54 109.05+20.88 112.54+14.16 114.90+11.79 113.04+15.48
(fgl/v[!) 24.49+1.64 24.46+£2.21 22.90+4.39 23.63+2.97 23.74+3.25 24.13+2.48
m
(VVE) 87.14+4.57 86.64+3.47 74.79+7.84 75.78+9.00 82.09+8.60 82.30+8.13
mc
SBP (mmHg) 126.62+6.45 124.00+4.50 128.00+£5.52 124.33+8.73 127.18+5.99 124.13+6.23
DBP (mmHg) 80.31+4.74 79.224+4.21 79.67+£5.59 79.334+4.63 80.05+4.97 79.274+4.22

YMeantSD, IOE: Ishige okamurai extract

PIBW: Percentage ideal body weight (usual body weight / ideal body weight *100)

BMI: Body mass index (body weight (kg) / height(m)z)

WC: Waist circumference

SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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Table 14. Smoking, drinking and exercise of the subject N(%o)
IOE Placebo Total 2
Characteristics X~ value p value
(N=24) (N=22) (n=44)
Non-smoker 10(41.7) 13(59.1) 23(50.0)
Smoking Ex-smoker 5(20.8) 2(9.1) 7(15.2) 1.84 0.40
Smoker 9(37.5) 7(31.8) 16(34.8)
None 11(45.8) 16(72.7) 27(58.7)
Mild
Drinking (<2 times/weck) 10(41.7) 5(22.7) 15(32.6) 3.51 0.17
Heavy 3(12.5) 1(4.5) 48.7)
(=3 times/week) ’ ’ ’
None 9(37.5) 9(40.9) 18(39.1)
1~2times/week 3(12.5) 1(4.5) 4(8.7)
Exercise 1.67 0.64
3~4times/week 3(12.5) 5(22.7) 8(17.4)
=35 times/week 9(37.5) 7(31.8) 16(34.8)

IOE: Ishige okamurai extract
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Table 15. Daily energy and nutrient intake of the subjects

Nutrients

IOE (n=24)

Placebo (n=22)

Energy (Kcal)

1806.55+469.21"

1801.80+491.99

Carbohydrate (g)

263.83+61.75

267.15+68.60

Protein (g) 70.69+ 28.46 82.77+36.81
Fat (g) 46.45+29.21 44.68+26.84
Vit A (ug RE) 867.65+549.79 960.62 +485.39
Vit B; (mg) 1.24+0.61 1.30+0.53
Vit By (mg) 0.98+0.36 1.20+0.53
Vit Be (mg) 2.20+0.86 2.56+1.35
Vit C (mg) 109.53+58.72 110.51+44.40
Folate (mg) 283.45+126.96 249.66+80.85
Vit E (mg) 11.28+4.34 14.48+7.96
Ca (mg) 464.40+171.77 510.68+183.71
P (mg) 1012.63+341.86 1119.724+445.37
Fe (mg) 12.90+3.65 15.06+5.71
Zn (mg) 8.71+3.08 9.56+4.53
Fiber (mg) 22.6449.88 23.66+7.76
Carbohydrate en (%) 60.09+13.93 59.31+12.88
Protein en (%) 16.10+3.11 18.37+4.54
23.81+9.83 22.3249.19

Fat en (%)

YMean+SD, IOE: Ishige okamurai extract
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Table. 16. Changes in anthropometric characteristics and blood pressure of the subjects after 10 weeks of IOE

supplement
IOE (n=24) Placebo (n=22)
Characteristics
Before After Before After

Age (year) 55.41+10.64" 56.87+10.15

Height (cm) 163.14+9.44 163.00+9.57 161.60+8.02 161.53+7.95
Weight (kg) 62.84+15.52 62.95+10.06 63.33+10.03 63.07+7.56

WC (cm) 82.09+8.60 81.97+8.45 82.30+8.13 82.63+6.64
BMI (kg/m’) 23.74+3.25 23.64+3.06 24.13+2.48 24.17+2.41
SBP (mmHg) 127.18+5.99 125.91+6.24 124.13+6.23 124.87+6.45
DBP (mmHg) 80.05+4.97 79.68+3.31 79.27+4.22 79.67+3.54

YMean+SD, IOE: Ishige okamurai extract
BMI: Body mass index (Body weight (kg)/Height(m)z)
WC: Waist circumference

BP: Blood pressure, SBP: Systolic blood pressure, DBP: Diastolic blood pressure

(h g4 AFEH W

AT Abe] A HFAGEIAStE Table 1734 2tk [0E- 9] 3 F5E A3 $9 U2 44 9
3w AT 1806.55+469.21 kealo| Al 1870.94+£514.79 kecal® k7l Z718tdar ©rdteo] AHEFw
263.83+61.75 goll Al 275.06+76.11 go =, vkl Al F 22 70.69+28.46 goll A 79.95+26.87
o} BT fo3lA= gk A Ao AHY A 46.45+29.21 goll Al 50.10429.63 go = okl AF4Elg]
th Ao HlE B48lEo] 60.09+13.93%0] A] 58.8149.99% = Ak 7449, ©l e 16.10£3.11%
o A 17.0943.37% = =7} sl on], A2 23.81+£9.83%0 Al 24.10£8.25% % Z7}3141Th.

HElR B, Ca, Feo] AFHZFS 9 (p<0.05)3H 2718t o L yle] ¢d9k4Ql HEl A, B, B, C,
E, folate, P, Zn, fiber= A F o] kb S/t AV FHAaE ot fogh wigte Ve A skt
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Table 17. Changes in daily energy and nutrient intake of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)
Nutrients
Before After Before After
Energy (Kcal) 1806.55+469.21" 1870.94:514.79 1801.80+491.99 1722.614+248.99
Carbohydrate (g) 263.83+61.75 275.06+76.11 267.15+68.60 262.44+60.99
Protein (g) 70.69+28.46 79.95+26.87 82.77+36.81 78.71+£24.80
Fat (g) 46.45+29.21 50.10+29.63 44.68+26.84 36.81+12.80
Vit A (ug RE) 867.65+549.79 881.36:+505.01 960.62+485.39 821.50+404.73
Vit B; (mg) 1.24+0.61 1.37+0.71 1.30+0.53 1.18+0.28
Vit B, (mg) 0.98+0.36 1.24+0.47* 1.20+0.53 1.17£0.41
Vit Bs (mg) 2.20+0.86 2.54+0.98 2.56+1.35 2.27+0.64
Vit C (mg) 109.53+58.72 148.20+95.43 110.51+44.40 112.54+43.47
Folate (mg) 283.45+126.96 281.90+156.53 249.66+80.85 254.19+98.15
Vit E (ng) 11.28+4.34 16.54+16.49 14.48+7.96 14.49+9.33
Ca (mg) 464.40+171.77 597.98+216.27* 510.68+183.71 525.39+187.24
P (mg) 1012.63+341.86 1175.94+427.07 1119.72:+445 .37 1069.10+343.82
Fe (ug) 12.90+3.65 15.9145.56* 15.06+5.71 15.2145.77
Zn (ug) 8.71+3.08 8.5942.57 9.56+4.53 8.70+2.57
Fiber (mg) 22.64+9.88 27.85+12.40 23.66+7.76 25.7247.53
Carbohydrate en (%) 60.09+13.93 58.81+9.99 59.31+12.88 61.90+10.01
Protein en (%) 16.10+3.11 17.09+3.37° 18.37+4.54 18.56+3.98
Fat en (%) 23.81+9.83 24.10+8.25 22.3249.19 19.54+6.66

YMean+SD, IOE: Ishige okamurai extract. *p<0.05 by paired t-test
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fazle] FEREY 2D Fad A (Glycosylated hemoglobin, HbAlc)e] W3} Table 189} gt} A3
o] FEIHFL 136.50+31.96 mg/dioll A 130.90+29.88 mg/di = 7+Astgon @A AR 7.34+0.78%
ol A 6.8240.98% % F-2]3kAl (p<0.01) ZAASFA T WbE fefito M= FEa o] 130.70+35.79 mg/diel
A1 13230+30.70 mg/de= °FiF FTbellom, WeldAAE 7.30+0.87%C A 7.23+1.24%2 FFAt] ot
frofgh afolE HolA] sttt 539, 345 dd W vk olye} 30 Wt 9 Ao AR Gk
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Table 18. Changes in blood glucose and glycosylated hemoglobin levels of the subjects after 10 weeks of
IOE supplement

IOE (n=24) Placebo (n=22)
Before After Before After
FBG (mg/dl) 136.50+31.96" 130.90+29.88 130.70£35.79 132.3030.70
HbAlc (%) 7.34+0.78 6.82+0.98"" 7.30+0.87 7.23+1.24

YMean+SD, IOE: Ishige okamurai extract
FBG: Fasting blood glucose, HbAlc: Glycosylated hemoglobin
** p<0.01 by paired t-test
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Fig. 63. Changes in glycosylated hemoglobin levels of IOE group after 10 weeks of IOE supplement.
IOE: Ishige okamurai extract, HbAlc: Glycosyated hemoglobin, *p<0.05 by paired t-test
HHG: High HbAlc level group (HbAlc =8%), LHG: Low HbAlc level group (HbAlc <8%)

(@) FHAZA ¥

idate]l A4 AWl Table 193 20} ¥ 5579 5 ZFUAHELS 186.45434.65 mg/diol A
170.36+38.69 mg/dt= 7+A3F¢l 7, LDL-Zo| A~ H S 115.43+£27.47 mg/dloll 4] 108.73+22.36 mg/di= 74
o oA o dokrdl olAE felg Wslyl glglth LDL-Fel2E o) S/l %
o) AstE JhEslA 70 1 =227 Ae4E g Aol v spgstE ] dud AFde 74d A

i

= =} grasel e B aTigel slol @Y Adel g e dxe W FEETH g
HE AANAAE B3k 3lo] ARA dAo] i o FEES ANAQ dAAELE 3
AA7)AL, HDL-Fe 2E &2 S7HAA 4 A/ =52 = 5 & 30w Alsdd
Table 19. Changes in serum lipid levels of the subjects after 10 weeks of IOE supplement
IOE (n=24) Placebo (n=22)
Before After Before After
T-Chol (mg/d?) 186.45+34.65" 170.36+38.69 175.73£47.75 160.19+59.69
TG (mg/df) 170.14+26.59 151.31+£52.79 156.53+96.89 133.40+75.67
HDL-C (mg/d?) 41.14+7.86 46.82+5.69 42.38+10.56 42.30+10.65
LDL-C (mg/df) 115.43+27.47 108.73+£22.36 108.20+44.15 102.73439.69

YMeantSD, IOE: Ishige okamurai extract
T-Chol: Total cholesterol, TG: Triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol
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IOE: Ishige okamurai extract
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FZ2E0 A$ 2774049 mmol/Le| Al 2.19+0.62 mmol/Lz £ A4S JeEJglon] ekt E
2.14+0.37 mmol/Lel| A4 2.00+0.42 mmol/L= k3t 7FAsl= Ao = velytkoh(Fig. 65).

Aad A2 Bk, SRS, QA 2B, f14 Al s ARl AlIA 2 Ak

g, Aol g as, wAsk M, Fel oy, W 4 = -

g ARl SR & ¥Rt HE BUE AT Aed Rl By ol axd A%
e e ARy Adol M Fas B A7 Asst ol A%A APyl AHel Py
Aol W§ waol 2 Ao Al

O Before DAfter

o]

HOMAe (mmol/fL)
=]

IOE Placebo

Fig. 65. Changes in HOMAR of the subjects after 10 weeks of IOE supplement.
I0E: Ishige okamurai extract

HOMARr: Hemeostatic index of insulin resistance

(AP C-reactive protein H 3}

C-reactive protein (CRP) =42 =4 wE A HIA Ago) 57‘]]043%9} O FT w4, A #F
2 ol F RS 8 HdAbETh SEARE CRP A RO
A% AEE M = deAd gE 29 T =
Fig. 663} 2t} # FZE3ox CRPE= A3 A 0.12+0.06 mg/dMW *E‘@ % 0.11x0.03 mg/d¢= k3
Fraslar, okte] A9 AFA 0.14£0.07 mg/deel A AF F 0.15£0.09 my/di= kgt Fvlslch w
gA 9 FEES AAEHY TRdA AS5A WSS $F A CRP FhAe] AFTFS mA= o= A}
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Fig. 66. Changes in C-reactive protein level of the subjects after 10 weeks of IOE supplement.
IOE: Ishige okamurai extract

CRP: C-reactive protein
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Fig. 67. Changes in TBARS levels of the subjects after 10 weeks of IOE supplement. I0E: Ishige okamurai
extract; MDA: Malondialdegyde; TBARS: Thiobarbituric acid reactive substance.
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Table 20. Changes in antioxidant enzymes activities of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)
Before After Before After
SOD 7.66+0.11 8.16+1.12 6.68+2.89 5564121
(unit/mg Hb)
(ol Hb) 1.16+0.10 1.38+0.17 1.16+0.16 1.18+0.15
GSH-px 26.05+1.17 27.640.68 26.14+0.94 25.93+1.49

(nmol/min/mg Hb)

IOE: Ishige okamurai extract; SOD: Superoxide dismutase; GAT: Catalase; GSH-px: Glutathion peroxidase; Hb: Hemoglobin
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Fig. 68. Changes in glutathione level of the subjects after 10 weeks of IOE supplement.

IOE: Ishige okamurai extract; GSH: Total glutathione; Hb: Hemoglobin
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o
oFE e 54 AFY AL A g A AALR T2 ARRHe Ve AAbe A FllA
dF AST9F ALT 18al x-GTPO] F215 SA4ste] o FEE9 AHFd we <hdd A5
A3l A A slslth(Table 21).
AST®] 7% 38 IU/Lol3}, ALTE 43 IU/Lo]d}, y-GTPE 11-50 IULE A4 W= ot 71 71% AA
A= Table 210 eI 3] 2220 10537F A3 § ASTE 3] 22ETo|A] 22.73+7.68 [U/L9)
A 18.6743.16 TU/LZE k7l 7hAastgon) folslx ekgtom AW elo] £35l9th. ALTE 23.7349.67
IU/Lo] A 20.50+8.86 TU/L=Z <Fzt 7FAslgou) A% mE AW ele) 319 ch
¥-GTP 79 24.95+10.05 TU/Lo|A] 21.06+5.71 IU/LZ °F7F 74Aslgovt B5 AAEe 43190k ¢
FroAE A A FE fogh Wl gllon BE gl &8kt webA H FEEQ 4V
1 ARTE 271 ArbelAE 1Al 5AAAE-S YENA] fE Ao R Ve

(e 75 AP HF

A A7 s 7AALE blood urea nitrogen(BUN)a} Creatinine-2- =73 5141 t}. BUNE ureas}t F ool = FHF3}m
el thAhE R AAE amino acidi= AWl ole] ZHA] FAoel 23 HolumslE o] tRUolR
254l ornithine cycleol]l €3] urea® FAH F Aol Soj7] )RR AARFEA A A9 2w AdE
2z ANAAZH AA7F Zt}h. Creatinine 2 52 435 oA EA] creatine phosphateo]] 4] A A FH
creatineo| Al E<rEo] A7 AL HEAREo|Th Pl o g dito] FolE wrord AL Ale] o] i A
o] FHauo] AREA]l ofdfgFo] FHASHAl HH, ole AF 7e AstE Qlal HA AR el 7k
Ae A2 ujgith. mahA] AARFA A of o] WA s = creatinine 5782 A 752 BUbeleE F
Q3F AR ARSH

AN 71s AAbANE Table 22+ 2ot s FE2E 1077 43 & BUNE 3 FEELo4] 14.50+5.03
mg/diell A 13.19+4.31 mg/dl=E & W37} YA AN L (5-23 mg/di)ol] 438t th. Creatinine2 HA}2]
79 0.88+0.16 mg/diolA] 0.89+0.14 mg/di® A¢] w87} 19l olxte] A= 0.63£0.05 me/die] A
0.65+0.06 mg/di= <¢FzlF Z7lstg ot AAHS] (FAF: 0.6-1.4 mg/de, o#}:0.5-10 mg/de)el] <38l 9
frdAE: AF AFR Fog Wt glslon mE A4 Lkt wekA H FEE A4V
4 AHE A 71 A 54482 dEUA ¥ o R AlnETh
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Table 21. Changes in AST, ALT and y-GTP of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)
Before After Before After
AST (IU/L) 22.73+7.68" 18.67+3.16 25.73+14.57 22.47+7.54
ALT (IU/L) 23.73+9.67 20.50+8.86 24.93+16.71 23.67+13.64
¥-GTP (IU/L) 24.95+10.05 21.06+5.71 23.93+9.66 23.57+10.48

YMean+SD, IOE: Ishige okamurai extract

AST: Aspartate transaminase, ALT: Alanine transaminase, y-GTP: r-Glutamyl transpeptidase

Table 22. Changes in BUN and Creatinine of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)
Before After Before After
BUN (mg/d?) 14.50+5.03" 13.19+4.31 13.60+3.96 15.33+5.38
Male 0.88+0.16 0.89+0.14 0.93+0.14 0.93+0.14
Creatinine (mg/d¢)
Female 0.63+0.05 0.65+0.06 0.73+0.15 0.710.15

YMeantSD, IOE: Ishige okamurai extract

BUN: Blood urea nitrogen

M) A 28 Fxy Bl QoI A FHE HAY AFAIY

mgAle] ANale 9l S Table 232k 2ok Al 1099] voli= 46.90£8254] 017 5 0]

o G §71e 19 vigke] 4%, 1~ uwiel A9} 4%, 5~10%]
2

h AA AZFH D Y

Aol AAAISA] 2 QRS Table 249k Atk iAol Jl=  162.60£7.38cmo] Q1L AlF
62.5049.62 kgolglew BMIE 23.67+3.57 kg/m’o]lth. 32| EdE 81.28+7.85 cmPon 4789
123.60+5.17 mmHg, ©]¢+7]|8ete 79.60+4.72 mmHg=ZA] T ghz}e] ot= 3¢l 130/80 mmHgE A

St

o
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(th 3l vA= 9F
o] ¢l maltoseo]] g 3 FEFE2] a-glucosidaseo]] th3h A4S Dol y] Q& A 28 =
A= Ao E oral maltose tolerance testES AA|ZF A#ES Fig. 69¢] YEFH AT, Fig. 690 A ¢} 7o)
maltose loading 5% Aol # F&22 A3 797} maltose?} loading J-2 7-¢HU} g3 xHo] &
#o g o]FolFrh 53] 308 o controle] ¢ 260.40£46.24 mg/dio.® FA3F] At o,
FEE TS 235.10+37.35 mg/d¢E controlo]] M]3 2] (p<0.05)0. & o FF-2 el it
a-glucosidasee]] &gt ©rFsHEo] F4E Al AGFN A A&SHA o] ol XAl Hol FAg
e Ty, g3 A9 A9l maltased} -2 a-glucosidaseE 2143 A gho 24
Aoz gHA Uk wHA #H FEEY AHAE AU a
-glucosidase &44-S AANAIF o 24 A A5 oA 35 Jelhllv= Aoz Az,
% o

s ‘iﬁrf“d-‘ﬂ ‘ﬂZJLﬂ Yol | gso] gt

ol

Table 23. General and clinical characteristics of the diabetic subjects

Subjects 1 2 3 4 5 6 7 8 9 10

Age(year) 39 49 63 41 46 40 44 59 48 40
Mean+SD 46.90+8.25

Sex F F F F F M M M M M

Duration(yr) 1-4 <1 <1 <1 -4 510 14 =10 14 <1

Current treatment OHA OHA OHA OHA OHA OHA OHA OHA OHA OHA

M: Male, F: Female, OHA: Oral hypoglycemic agent
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Table 24. Anthropometric and blood pressure characteristics of the subjects

Subjects 1 2 3 4 5 6 7 8 9 10 Mean+SD
H(iirg)ht 162 150 153 163 163 160 176 169 165 165  162.60+7.38
V‘;ifgg)ht 62 67 53 60 44 63 70 78 70 58 62.50£9.62
(fgl/‘g) 236 298 226 226 166 246 226 273 257 213  23.6743.57
X‘r’n()? 7620 83.82 73.66 8128 6604 8128 8636 9144 9144 8128 81.28+7.85
SBP 120 132 117 125 123 117 121 128 123 130 123.605.17
(mmHg)
DBP 78 84 76 70 82 76 79 84 82 85  79.60+4.72
(mmHg)
YMean+SD

PIBW: Percent ideal body weight, BMI: Body mass index
WC: Waist circumference

SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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Fig. 69. Effects of IOE on blood glucose levels after oral maltose tolerance test in type 2 diabetes mellitus
patients. Control (distilled water) or IOE (800 mg/4 capsule) were administered orally 5 min before maltose
loading of 75 g. Each value is expressed as mean+SD of 10 subjects (n=10). Significantly different from
control at *p<0.05. IOE: Ishige okamurai extract. (A): Incremental blood glucose level, (B): Blood glucose

level
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12. AXFE3 AAAL HE

(7h k878 (Fig. 70)

1. Sampling 2. Washing 3. Hot-air drying

12. Pellet 7. Supernatant

8. Filtering 9. Concentration

Application Field

10. Freeze dr €
o e

Cosmetic

Assorted feed oo

11. Packing Cosmetic
Pharmaceutical

Fig. 70. Manufacturing process by each stage for Ishige okamurae extract manufacture.

(1) A1 &3 (Sampling) T+7|

CAFE A 4= Bd 59 5 4 A9 £y

-

(2) A3 (Washing)
- FAT I 98 = 1247 BE, o|EF AARLH 33 ol AT AHZ™EE AA ol

43 428 AAU.

2,

(3) €3 7 =(Hot-air drying)
- 40-50Co A AFEAZE AHEFETHF 10% ©]3})

(4) £4J(Grinding)

- FE2EES =017 A8 24 & $Th(100mesh).

(5) 5% (Extraction)

- 80% FAALYFE A&l 60rpmeZ 40°Col A 347 Ao 2 23] wHl FE30)
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(6) Y AlE 2] (Centrifuge)
AARYIE AME-SHA 3000pmo 2 &5t 2ttt

(7) o] #}(Filteration)

- Filter pressE AM§-3lo] A &

o

o

i)

cige

F2E

(8) “&=(Concentration)

- 80% FALRS AASI] Ast] SOCAM Y HEB

9 5271

l
9 Bde 52 Azd.

Rig

Z(Freeze drying)

ot

(10) B =3 7 (Powder packing)

(b A&
AF=AM 44 AAG 4 AEE AEIHE /A4S BB AAT F AHs Az
el A ol AAE FH AEE NFOE Wet weight® A2 Ik FF5HAh 3
AE kgt AEAZZ A0CAN F5E 10%2 Az AxZFL ALz FFsch 2
sk ot 2502009 A2 FHE AAHHo, o) NS BAT F

=

oF 2.5+0.2g2] DPHC7} ZA)st= 2 39l Q?iﬂ-(Table 25).

Table 25. Yield, amount of crude protein and total sugar of conchiolins before and after desalting.

. . . D igh fter 80% | Purified DPHC
Material Wet weight(g) | Dry weight(g) =% EVtS% tgyg;)tr;cﬁorn ° drlyl lveveight(g)

Ishige okamurae 1,000 250+20 37.5+2 3.75+0.2
Yo(w/w) 100 25 3.75 0.375

* Data are expressed as mean £ SD of duplicate determinations.
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A& ¢ (Spec. Of Offer)
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AxzeAp Adu] g owl

Tek AA A HAHA ke A

1. 105 vl )38 = (ID1940*H3810) 1 58,000,000
2. 5% HOLDING TANK(ID1550*¥H3100) 1 67,000,000
3. EVAPORATOR 1 150,000,000
4. EXTRACTOR 1 80,000,000
5. 105 -4u)) %78 = (ID1940*H3810) 1 58,000,000
6. dAZFAx7] 1 60,000,000
7. a9 ATAR| 1 80,000,000
8. Filter decanter 1 165,000,000
9. DISK CENTRIFUGE SYSTEM 1 89,000,000
10. CANDLE FILTER SYSTEM 1 100,000,000
11. STRUCTURE 1 100,000,000
12. PIPING 1 150,000,000

58,000,000

67,000,000

150,000,000

80,000,000

58,000,000

60,000,000

80,000,000

165,000,000

89,000,000

100,000,000

100,000,000

150,000,000

1,157,000,000
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1. 105 &-vjj X 4=} =1 (ID1940*H3810) 58,000,000 | 58,000,000
1.1. VESSEL

-. Total volume : 12000L

-. Working volume : 10000L

-. Vessel meterial : sts316L

-. Vessel diameter : ¢ 1940*6T

-. Vessel depth : 3810H

-. Exhaust vent port, Harvest port
1.2. AGITATION UNIT

-. Agitation motor : direct-couple type AC motor,

15Kw, 380V, 3ph, 50/60Hz

-. Agitation speed, output speed range : 20rpm

-. Flat turbine type impellor (6blades,2 stages)

-. Vertical two baffle plates

-. Self balanced double mechanical seal : 120 m/m

-. Vessel geared motor mount on the top of the vessel
1.3. CONTROL PANNEL

-. A4 : case : sts304

-. ON/OFF SWITCH, power
2. 5% HOLDING TANK(ID1550*H3100) 67,000,000 67,000,000
2.1. VESSEL

. Total vaolume : 6200L

. Working volume : 5000L

. Vessel meterial : sts316L

. Vessel diameter : ¢ 1550

. Vessel depth : 3100H

. Sirculation port & Harvest port
. Manhole

. Leg pipe

. Buffing; inside/outside #250
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3. EVAPORATOR
3.1 VACUUM BATCH EVAPOTATOR
-. Design pressure : F.V~2kg/cr’.G

-. Operating pressure : 680 mmHG/1kg/cr’.G
(shell/jacket)

-. Treatment of surface : Buffing(#250(1}],%]))
(1) Type : shell & jacket type vessel
(2) Capacity : Totalvolume:6500 LITER
: Operatingvolume:5000 LITER
(3) Material : STS304 - shell*8t/jacket*6t
: STS304 - support lug
(4) Dimension : id1600*3048h*8t(shell part)
(5) Accessory : Double mechanical seal unit
: Anchor & paddle type impellor
: Agitator ass'y
: Sight & light glass
(6) Electric power : 12kw*4p*220/380v*60hz*1/60
(30rpm)
(7) Quantity : Iset
3.2 SURFACE CONDENSOR
-. Design pressure : Shell side; Full vacuum, tube
side : lkg/cn’.G
-. Operating pressure : Shell side 670mmH tube side
: 0.5kg/cr’.G
-. Treatment of surface : ACID pickling
(1) Type : Shell & tube type heat exchanger
(2) Material : STS304 - shell*4t
: STS304TP-A : tube OD19.051.2t* *3000L
(3) Dimension : id600*3000L

(4) Accessory : Sight & light glass

(5) Quantity : lset

150,000,000

150,000,000
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3.3 CONDENSATE TANK
-. Design pressure : Full vacuum
(1) Type : Vertical vessel
(2) Material : STS304 - shell*6t
: STS304TP-A-supportlug
(3) Capacity : Total volume : 550 LITER
: Operating volume : 450 LITER
(3) Dimension : id760*1219h
(4) Accessory : Sight glass
(5) Quantity : lset
3.4 VACUUM PUMP
(1) Type : Watering
(2) Capacity : 1.5m’/min, 720mmHg
(3) Sealing : Single mechanical seal
(4) Meterial : sts304
(5) Service : Vacuum
(6) Quantity : lset
3.5 PIPING

(1) Scope : A F271% 10m o, AAu T T

A AN G

(2) Meterial : STS304TP-A : Vapour line, product
line, condensate line, city waterline, hot water line,

steam line

(3) Accessory : Ball valve¥, local gauge
3.6 CONTROL & INSTRUMENTS

(1) Scope : Control panel, local work
3.7 STELL STRUCTURE(ZXH] ¥3})

(1) Material : STS304

(2) Size : 4m*6m*3m(D*L*H)
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4. EXTRACTOR
4.1 EXTRACTOR

-. Design pressure : 2kg/cm.G

-. Operating pressure : lkg/cm.G(shell/jacket)
-. Treatment of surface : BUFFING

(1) Type : shell & jacket type vessel

(2) Capacity : Totalvolume : 6500LITER

: Operating volume : S000LITER
(3) Material : STS316L - shell*8t/jacket*6t

: STS304 - support lug
(4) Dimension : id1600*3048h*8t(shell part)

(5) Accessory : Double mechanical seal unit

: Anchor & paddle type impellor
: Agitator ass'y
: Sight & light glass

(6) Electric power :12kw*4p*220/380v*60hz*1/60
(30rpm)

(7) Quantity : Iset

4.2 SURFACE CONDENSOR

-. Design pressure : Shell side/tube side : lkg/cm.G
-. Operating pressure : Shell sidetube side : 0.5kg/
cr.G

-. Treatment of surface : buffing#250
(1) Type : Shell & tube type heat exchanger
(2) Material : STS316L - shell*4t

: STS304TP-A
: tube OD19.05*1.2t*2000L

(3) Dimension : id400*2000L

(4) Accessory : Sight & light glass

(5) Quantity : lset

80,000,000

80,000,000
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4.3 BASKET
-. Treatment of surface : BUFFING
(1) Type : EF&% type
(2) Material : STS316L - shell*6t
: STS304TP-A - support lug
(3) Capacity : Total volume : 50 LITER
: Operating volume : 45 LITER
(4) Dimension : id760*1219h
(5) Accessory : Lifting lug
(6) Quantity : lset
4.4 PUMP
(1) type : centrfugal pump
(2) Capacity : 120Liter/min. 10m
(3) Sealing : Single mechanical seal
(4) Material : STS316L
(5) Service : Product
(6) Quantity : lset
4.5 PIPING

(1) Scope : X475 30M o], &4l
Ab ZH] a5t

rJ
o

(2) material : Sanitary pipe, Product line, Codensite

line, city water line, chiller line, steam line
(3) Accessory : T.C.V
: Safty valve
: Reducing valve
: Ball valve, local gauge
4.5 CONTROL & INSTRUMENTS

(1) Scope : Control panel, local work
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5. 10%= -§-v)| A} 745} = (ID1940*H3810) 58,000,000 58,000,000
-. Total vaolume : 12000L
-. Working volume : 10000L
-. Vessel meterial : sts316L
-. Vessel diameter : ¢ 1940*6T
-. Vessel depth : 3810H
-. Exhaust vent port, Harvest port
6. AF A=Y 60,000,000 60,000,000
-. TYPE : hot air dryer(Atomizer)
-. Material : STS316/sts304
-. Dimension of chamber : 713-83Fo| wizl AA
-. Capacity : Evaporator rate-3kg/hr-2000kg/hr
-. Consists of Drivin chamber(Cone type)
-. Atomizer : Rotary vane type, 1000~30000rpm/
electric motor
-. Air supply fan
-. Eahaust fan
-. Heating system : gas buner, steam buner, electric
heater
-. Temp. indicating control loop, control loop for
pm
- AZAA : Cyclone , bag filter, scrubber, Air
knocker
7. 39 of3)-4] 80,000,000 80,000,000

-. Capacity : 3ton/hr

-. Feed pump(10m’*30m)
Multi-v 406 220/380v, 2.2kw

-. Back washing pump(4m’-30m)

Multi-v 203 220/380v, 0.75kw

K
W

1639 W18 1.5s, sanitary pipe, valve

o

- HAEx g

- A, oAl Y =
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8. Filter decanter
8.1. A=Y
-. Speed : 3600rpm
-. Capacity : 3ton/hr
-. Control : LCD touch screen color monitor
-. Pressure vessel
-. Product feed nozzle
-. Filterate nozzles
-. Solid-residue
-. Overflow and vent nozzle
-. Heel volume nozzle

-. Instrumentation nozzle

- saddle flange for heel filteration spray jet nozzle

-. Inspection port

-. Register

-. Filter element

-. Filter medium

-. Cloth clamp ring

-. Lower/upper egister support bar
9. DISK CENTRIFUGE SYSTEM

-. Speed : 6500rpm

-. Capacity : 0.5ton/hr

-. Max. RCF : 8000*g or more

-. SCS/m’ : 25000 or more

-. Harvest tank : 1000L or more

-. Extract time : water pressure control

165,000,000

89,000,000

165,000,000

89,000,000
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10. CANDLE FILTER SYSTEM
-. Filter : R-003, 4-19-700/T96Z

-. Valve & instrument & skid

-. Controller

L TRE

- Tg¥ = 5000Liter

75-38m*/h at 34-55m

A% 9 A

-. Pump :

-. Dry system

-. Transfer screw
11. STRUCTURE

-. Material :

-. Hand rail

sts304, ss400

-. Epoxy paint
12. PIPING
-. Ball

pip/stainless steel pipes on the other lines

valves, solenoid valves, and sanitary

-. Other types of valve can be mounted for the
special purpose

- e B, Al JSAE T2 A8 Al

FTOR AR
- BE M3 AAE Edardel @A AE
AHE-S gt
C2E el AAEE wjdAA  gAEF T
o]} &g AlFAHS-
- A& . STS304/STS316L

100,000,000

100,000,000

150,000,000

100,000,000

100,000,000

150,000,000
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13. S&AF2 A

7} AgFARRA A H5A B
(1) w8 7)5

Tyrosinase= UA] W] melanin AFA ARANA 7FE 83 7] SEAAGA O Tos

FEAaRA o] BAS FYE AT Z AN melanin Ao FAHS %) )

< F ok 2 EZE tyrosinase?] B AT & SHS @A E4 vwaIE Bt
3 4 otk B AP AFEE AW oA 1A V)5S FE] FEA FtE
§1% Thol=atlS)el meh stk 3 FEEC) tE tyrosinase B4 AslFel 53 2w

fr

Fig. 35¢ Z&t}. ﬂ%&%gi AF&-3E kojic aidst arbutin®] FE= ZF 0.5SmME AREstlem,
FEL 80% EOHZ FZ3te] $5% F 7% 22g Algsigod, A8 S5 747
. 10, 20pg e Abgsted B4 AsEe vlmalAdrh. 2 A3 kojic acid$} arbutin®] tyrosinase A
AEgE AZ 49%st 30%2 FJAHUH, H FEFARY A L FEEE 33%, 49%, 62%
o AHBHL FASYT} o|Ae AAY WzET FAHA Lo v 22 umAPos
Hzzol s FANA ke 3 F2E] vuBo] B AR FAHAG 2T A=
FTEE AR ™ kojic acide] 7
of sigshs ol

Arbutine] 8] FlMETT} S5 kojic acide] Z$ RENES fEsE EAR Ao 3
2T HPF dmE A4LE FAND e, "Jd‘é"] F< abuind] BF QE
(Bearberry)ol] A] g
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G 48 e AW (34, 35), ASH 2Pl B AT oA EHT UE AL
FeA ek 2 AA AFHS AT A9, PUEAS o} HAE GANAE A
% o gtk wekd S FEEBY A9 3

3

G A%, PAHIEARZA FF arbutin

=]
Els
2709 Yolo] HE dHad A ]}_(Melanocyte)oﬂ &l =g 733 da)
=
=

41::
P
4
>
ool
=
1o
oz
11t
i)

@) F9F
dZol dolupe 4L A BA(infectious agents), 5 H(ischemia), FA-FA ¥4, 4 =
e A AA 57 2e £BE A2 oo fEEE ddo weg Fuln, o

Zuk-g-ol| = Suk(erythema), H-F(edema), YZ(tenderness), 55 T2 YFF4ol YERATH(36).
Arachidonic acid& cyclooxygenase (COX)oll oJ& Al A | dF5HE vk 543

3l= Z+ prostaglandin®} AT §-F o] 3= thromboxaned A A= H|, COX A= A

fxzo] FAE fFA 483 TS st= COX-1 EAaet IFHAAAA A He =

e

O,)’

olN
fr

FEA Q) COX2 AR FTAF QT

- 162 -



70

60 -
50 -
40 -
30
20
10
0
10 20
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Tyrosinase inhibition(%)

Fig. 71. Tyrosinase inhibition activity of Ishige okamurae extractor. Control : kosic acid and arbutin, Sample :
Ishige okamurae extract powder 2, 10, 20ug. All experimental date were meantSD of triple determinations.
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COX-1(type 1; constitutive form) &= F 2] T4 Q4o FAAZS XT3 23 2HA
3l Ae®E A Ul o] FAE & ZFA HFH(vascular flow)e] FA|, A EZE3}(cell
division), 7 (mucus)¥} ZFELAF(bicarbonate)e] A Fo #HJst= Z4Z <l prostaglanding]
kS A=, o]#3k COX-1 &4 & A4S NSAIDs (Non Steroidal Analgesic Inflammation
Drugs)7} A&figtezx 9 FA7 4o EAQ 2 g A3 Z-R(antiplatelet activity)e] e}
drt &, COX-1 Eas dFUAAE HAA s dqE A7 A7 & F5hA @A
st @#E F5A17]= EZA(Thromboxan A2)E THEojUl= FholH, FAlo f(FH o] w35

AT E HY B EFS wEAJY= T4 ¥, COX-2(type 2; induced form) E A+
2 , A=A Al E(inflammatory cells)o| & EAE 1, 3] A=
AdolA FEEE Aoz dHA Jut. COX-2 4= I52 FUst= =2 Prostaglandin
E28 AAste JEaolw ®EI IHAS dstn ddE FAste
(Prostaglandin 12)9] AT =R 3= &4 o|th(37-39)(Fig. 72).

2 dFoAs mH@Ads SHT uo} TS AEE ARSI eH, 4 dzokEd
indomethacin 10pM-& A&t oH, 3 FEF2EAIEE 242 2ug, Sug, 10ugs AFESte] a4
g4 43I 2 27} indomethacin®] COX-2A4 3| &-2 50%, 3 FEEAEQ H$ Z4zto

=
A<l Prostacyclin

i

SEolA] 38%, T5%, 94%Z o}F & COX2Asl Bl Rt webd B 22 Ao
$9% ATE o}F 94 AR HY HYow, of ARE AT B FENY FFGo]

(3) Fitst

AEAZE AR ol&3 TALE T o AR EELS AEUe mEZE=g ol A
respiratory chains& AXHA] EH,0)2 FAEA|T YHO AAEXEL HE gdAdns= 77
oA FZtAFE(intermdiates)e A dSt=H] ©|E& reactive oxygen species (ROS)Zal 3}H
superoxide(O; ), hydroxyl radical (OH), hydrogen peroxide(H,0,) F©] o 7]of] &3lt}.

ROS= 318 ub-g-Alo] 7}st7] W&o A FZdMe= AMEW AsdAE %Z‘:l(&gnahng molecule)
AEE SHA T AFEolAE A, A, A F UIE A F2E HIAAA Az &4
(oxidative injury)S €oZ 4 ot IHER AAE ol&sle EE AWA= A3 A A
superoxide dismutase(SOD), catalase, glutathione peroxide (GPX) 59 &Av} Z-& vitamind Z-2
EZS B4 ol5L AF(scavenge)ste] AMEES HE3alA 3= 7] 7 (antioxidant reserve)S
7]-7<] A FHAok 28 ROSe] A Aol =3 AV = antioxidant reserve’} B A A o2 ZFof
okzle]l #¥o]l FUAA Hu, o]z]3t AE)E oxidative stress@} S}® oxidative injury®2 <l
3 /‘3%1]17“4 Tz 7150 o]AS 2T 4 Arh Redox states &3] Y glutathioned} AF

mln
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Fig. 72. COX-2 inhibition activity of Ishige okamurae extract powder. All experimental date were mean+SD
of duplicate determinations.
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T

3} glutathione®] H](GSH/GSSG)EA EAE=H o= A XU oxidative stressE UEI = o W3+
AFoltt. FGMALELS TAA EAGAY EFste dol gtk olE2 AP HoE AHwS
o] Aoy dhte AL ATV THE B AAAE A XA ZITE ‘superoxide radical (Oy)'o|zt E

T e 5 Y5t dolR ATt FFES HHYA duAE s o TS 3o
T}, Superoxide radical2 A EZ1je] mEZ=goloA EFUglo] TAst=H AlA FAT H
B2 9t} ole RuAAES 74H free radicalo]® Aol 73 o] ZAFTh. Superoxide
radicalo] 3+ 7f¢] AAZE wWrolA] ‘hydrogen peroxide(H,0,)’”7} E T} Hydrogen peroxide AH#|= L
T &0 =X AT A e Hol:d ZE FHo|2d Wl FA| o] FF
3l ‘singlet oxygen(O,)'©|1} “hydroxyl radicalOH)'Z 3t} Hydroxyl radical2 7}3h Absle &
7H #AdAkAs ol T (37).

|

o5 TN MEFF AEE doto vd"E A, v7I9 A 27 ZEE FoEH AF
& A7 g AT HAAS st ME o] #IE I, DNAE 48 48 iy, 2
=9, 7tE, A9, olENGu R, HEd, A9, 7, F 7/H, FE, U, SR, &
zsto|H Yy Xuj T A 90% ol dS dozIthk(38). =3 BAAMEZ FHAY] nEE A
wate] Hzx] T3 AEE e SdAAGAE ZA BASt ok wEkA H2 oL &
E, HAS, A4d#AAS 5 EE AUH @S oxidants®} antioxidants®] W AQ] mpjof] o
g 2# 2 A ste AlZo] tiREI o, o5 AW A8 B dE 9% FXHoR Pt
st 22 g A77F A ol FoA L Unt. ks BEEY AL A 55 o9 A4
3} 7%, enzyme EA4F enzyme FAFEA EZC) 93} free radical XHE O 2 radical ¥H3-& FZEA]
A olF &AL sk AE ksl 2 DNAS] &4-8 AAAFIcz=N A, A, =
3t oA 59 tFE B0t e AR dEA Aok

e ARH FAsAzRE E4AGY vadAAde A FGagEAEe] o] ALEEH A
gtot, 7HE Ad&3t @ A S| sl tocopherol d4bst AITF HlwA W2 Holil,
BHT(butylated hydroxytoluene), BHA(butylated hydroxyanisol), PG(propyl gallate), TBHQ(tertiary
butylhydroquinone)ot &2 €A atstAle] B¢ 4 FF ol AFH Al o8 ZHE fEste
Aoz dHA el EA7E A7 EFE/H TAIE Agheta Th39). 3 AFRELS 737l
&7 FUHE ATTAHF ARS AlFstE = FAlol o] el gre} 245 Ao o
2 A BT BAE 2 e AIES o183 A FAsAl el o3 dAHed.

meta] 2 dAfeie o FEEC] ddgitsAzAY Go] 7h5dha] ag|a HResbA] o
3 AgS & deA s Edstaat d¥e Ao, oln] & AIellx it
= Zeg AAsIAATE, SHFLAR o8 THeAS BoI9lste] kst &/4dS DPPH W

ol

=2

O

=

A7 &)
T
ol 3
o

fxrogs 342 488 7P ©o] AFRE I Q1T ascorbic acidE A3 oM, =+ 10ug
21

ug, Sug, 10ugE ARE3l¥ch. = ZF} ascorbic acide DPPH
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radical scavensing activity7} 91%= Q= Reom, B A|5o] A= Z+z}t 8%, 21%, 36%=. ascorbic
acidol] H]8] Y& radical £AA%50] ¥ Aow FolFQrHFig. 73). 22} B A8 A9 ascorbic
acidell ]38l @& AL THAAR A B FET} FUIETE radical &A G| TR EHOE F
7hehe Zle 2 Hol SPFFUER AT Ae ARgdibds 255 & T Ue e gQlF
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Fig. 73. DPPH radical scavenging activity of Ishige okamurae extract powder. All experimental date were

mean+SD of duplicate determinations.
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Attt X 2= free radical 2 %5©°] 943} ascorbic acidE A}&stRem, B Ao A&

H 9 FE2E A5 TET 4ug 10ng, 20ugS AFESIYTEH tE2TF o2 AL8-F ascorbic acid?]

& AFESEEY. o 23 27 ® AFR-3)F ascorbic acid®] collagenased A& EHA] <]

rr
S
=
oQ
filo

2 A=, ) FEES G 31%, 43%, 53%E FE JETHoZ FUIsS
t} ol#3 AF}E I FZEo] collagenase@ AL A A7 FH7} dxTd HE 53
7
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Fig. 74. Collagenase inhibition activity of of Ishige okamurae extract powder. All experimental date

were mean=SD of duplicate determinations.
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(Th otEdzdAE S A 74

ICID Ingedient(%o)
Water 62.65
Methylparaben 0.20
Disodium EDTA 0.04
Dipotassium Glycyrrhizate 0.05
Glycerin&Glyceryl Acrylate/Acrylic Acid 3.00
Copolymer(and)Propylene Glycol
Carbomer 0.16
Stearic Acid 2.00
Cetearyl Alcohol 2.00
Sorbitan Stearate and Sucrose Cocoate 3.00
Polysorbate 60 0.50
Sorbitan Stearate 0.20
Glycerin 5.00
Isohexadecane 2.00
Squalane 3.00
Shea Butter 0.50
Macadamia Nut Oil 1.00
Caprylic/Capric Triglyceride 3.00
Dimethicone 0.50
Tocopheryl Acetate 0.10
Butylparaben 0.05
Propylparaben 0.10
Amisol soft 0.50
Triethanolamine 0.45
Ceramide 5.00
Sodium Hyaluronate 2.00
Fragrance 0.10
Ishige okamurae extractor 0.90
Herb extracter 2.00

Total 100

sgobAl AT MREET AAEUL
AA WRe AL GFL DA olET Azl BTIE 9T
L S5e, AR Be, 3

@, olgerel WF, BUIIS AT, PR AT PR,
o AREF, 0r|AE AYSd A5 FF F ASHAL

Hﬂ%

A% wARA JRAUAS

HejFa, 43

(e

=

7N

A

¢

A RA o]7]fd X4,



Fig. 76. Photography of ACNE serum is contained the Ishige okamurae extract.

Ch A=E A5E AF e g

ICID Ingredient(%o)
Water 71.41
Ethanol(95%) 10.00
1,3-Buthylene glycol 5.00
Aminocoat 3.00
Methylparaben 0.13
Natrosol 250H 0.20
KOH 0.10
Dipotassium glycizinate 0.05
Carbopol 940 0.23
Hydrolite 5 1.00
Citric acid 0.02
Na-Citrate 0.01
HCO-60 0.35
Collagen 0.50
Sodium hyaluronic acid 5.00
EGF 1.00
Fermented Herb extractor 2.00
Ishige okamurae extractor 2.00

Total 100

o) AYTA: AFRER ALEAL AT BARA IFAUAS BT, YL A4
AA F% AYT 4FS FEAA G=F N2 MRS Y wARA T, A3, FE,
QulR), B9, AR, B, 4L 4847 BEAA ALEATHFig T6)
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