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Effects of Ishige okamurae Extract Supplement on Blood Glucose
and Antioxidant Systems in Type 2 Diabetic Patients

Yeon-Ju Kangl, Hak-Ju Kimz, and Ji-Sook Han'"

IDept. of Food ngence and Nurition, Pusan National University, Busan 609-735, Korea
“)Soejin Biotech Co. Ltd, Gyeonggi-do 443-373, Korea

Abstract

We performed a randomized placebo-controlled trial to determine whether or not Ishige okamurae extract
supplements modulate blood glucose and antioxidant systems in type 2 diabetic patients. A total of 46 patients
were randomized to either an Ishige okamurae extract group or a placebo group. The patients consumed either
1,600 mg of Ishige okamurae extract or cornstarch supplement per day for 10 weeks. The lifestyle factors and
dietary intake of patients were not altered during the 10 week trial period. After 10 weeks, the fasting blood
glucose level was slightly decreased in the Ishige okamurae extract group, but a significant decrease was not
observed. Also, glycosylated hemoglobin was significantly (p<0.01) decreased. Especially, low-glycosylated he-
moglobin (7.12%0.38% to 6.56+0.53%) was significantly decreased compared to high-glycosylated hemoglobin
(8.65+0.92% to 8.601+0.85%) in that group. The superoxide dismutase, catalase, and glutathione peroxidase lev-
els were increased in the Ishige okamurae extract group compared to the placebo group. The increase of these
enzymes was associated with the decrease of MDA concentration in the Ishige okamurae extract group, but
a significant decrease was not observed. The Ishige okamurae extract supplement showed no adverse effects
on liver and kidney functions. Findings from this study suggest that an Ishige okamurae extract supplement
can help blood glucose status in type 2 diabetic patients without adverse effects.
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YN ELE FEe=T A4 27 9 FLd 7], dits)
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HH A3be] B F AFEALE AN AESE B8
179 F28 APHPAT] $E3 HAY & A=S 4
8 e AASRYRL, ATHIAEL T Dol & WY 3
o) 57 ARE oW HAYHES AT wgpon,
A9 F YT 6%, Y47 890 wstel AYF U,
Aok 2732 PO ol AFHALE AASHAT 2
717k 20109 79 159% € 20109 109 3197k AA 8
A

2 AFA AR AR
A&, AHE PGB 7
33 &3 5 AY wFEP e, o
mgH S A& SHETE o AL A, A9 2AF A 3070
WEZE 200 mg P& IRS AH3S 315 = 1,600 mg
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g olgste] ZHAAOH, AFL P 22 o
N AAAEE ZAHAL, AZAZRE o] 3A
3} =

gAY A gk AAe A
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ATl ALl ARE e A ATl 12
AIZF FE Jg o)A o] FojF o FEH G Hexokinase

H(19)2o 2 AFdAEX 7 (ADVIA 1650, Siemens Heal-
thcare Dignostics, Erlangen, Germany) 2 =733 11, 93}
F M 4= Turbidimetric Immunoassay(TIA)¥ (19) 2.2 In-
tegra 400(Roche, Basel, Switzerland) 2. & =339t} &
Z# 2HE, HDL-Zd 28 &, 4282 A5 4147
(ADVIA 1650, Siemens Healthcare Dignostics)E ©]-&3F
AN R A5t o, LDL-F# 28 &2 Friede-
ward?] (20)[ZZd 2 E -HDLZE 28 2 — (AL
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51l 93 ALstE . dEd 852 Chemilumines-
cent Immunoassay(CLIA)® (19) 2.2 Immulite 2500(Diag-
nostic Products Corporation, Los Angeles, CA, USA)Z &
st o & A4S Homeostasis Model Assess—
ment-Insulin Resistance( HOMA-IR)E ©]&3}o] A A319
}(21). 7+7]%5 ZAA}= alanine aminotransferase(ALT), as—
partate aminotransferase(AST), 7 —glutamyl transferase
(GTP)= Enzyme Immunoassay(EIA)H(19) 2.2 A3A7]F
ZAAFE blood urea nitrogen(BUN)3} creatinine= color—
imetryH(19) 2.2 A= A2 7 (ADVIA 1650, Siemens
Healthcare Dignostics)E ]85l &34t}

%loj_zr . 718k

r
bl
fo
S
Me
o
2

OITCHARLS| UHHA B4 B AMX[HAFX(Q| Hs}
sl A gty 3 X|AIREE s 58 AT gt dukd 54 AE<5HL Table 19 YEL
@7 W superoxide dismutase 2= 2] Jejdl WAtk BFEE7 F7 A%-S 56541 +10644 019, 9]k

2] pyrogallol®] A}EAFs}e] o] 8l wkal-g- o]-8-3F Marklund T2 56871015412 F9F Apol= glUoeH, ASFFS
o} Marklund(22)9] o2 Z733}th 8+ catalase & Z5o0|3l wSo] HFEESET 54.2%, YT 54.6%0|H,
AEE Abei(23)9] WMo g Z35tHon, AEF9 glu- 15 WS WFEET 33.3%, 9T 31.8%, hE0)
tathione peroxidase &%) Paglia®} Valentine(24)9] Ao HFEET 125%, YT 13.6%E FAME AT G
o e} Hx0.5 714 & ©]-8-3F couple enzyme procedure® ol i3k S 717re 109 ke J)Fo g S uw =S
=73ttt ¥ glutathione 3% 5742 Ellman(25)°] 4 ETE 66.7% A om, ok 127%E F D 1 froH
< 74 Baste] A3t H A, glutathiones EFEHE 3 ol zFol= gl
of o g2 R 73 R4 vlarste] A 5.9 FAY SF AEE B A FA2 A Fe W52
% glutathiones T3tA . XA HskstE 42 229 4 ETL 625% 90, JFT2 682%= UEISTE 42 A
7Aool 4 A E malondialdehyded] FHZE=E =F 3= o Wl SFHEE EFQ2N V|Fo 2ASY F A=
Table 1. General characteristics and lifestyle of the subjects N (%)
Characteristics IOE (n=24) Placebo (n=22) Total (n=46) x* value p value
Male 15 (62.5) 12 (54.5) 27 (58.7)
Sex Female 9(37.5) 10 (45.5) 19 (41.3) 1.334 0246
30~39 1(4.2) 1(45) 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)  gy_gg 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 56.00410.33
Education Middle school 13 (54.2) 12 (54.6) 25 (54.4)
level High school 8(33.3) 7(31.8) 15 (32.6) 0.020 0.990
College and above 3(12.5) 3(13.6) 6 (13.0)
Duration of <1 6 (25.0) 4(18.2) 10 (21.7)
. 1~4 8(33.3) 4(18.2) 12 (26.1)
?”J‘bete)s 5~9 2 (8.4) 8(363) 10 21.7) 0543 0.136
years =10 8(33.3) 6 (27.3) 14 (30.5)
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)
Drinking Mild (<2 times/week) 10 (41.7) 5(22.7) 15 (32.6) 3.51 0.17
Heavy (=3 times/week) 3(12.5) 1(4.6) 4 (8.7)
None 9(375) 9 (40.9) 18 (39.1)
. 1~2 times/week 3(12.5) 1(4.6) 4 (8.7)
Exercise 3~4 times/week 3(12.5) 5(22.7) 8(17.4) 167 064
>5 times/week 9(37.5) 7(31.8) 16 (34.8)

I0E: Ishige okamurae extract. NS: not significant.
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Table 2. Changes in anthropometric and blood pressure characteristics of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)
Before After Before After
Height (cm) 163.14+9.44"° 163.00+9.57 161.60+8.02 161.53+7.95
Weight (kg) 64.36+11.42 64.09+11.01 59.53+891 59.07£8.51
PIBW (%){ 111.47+14.62 111.27+14.48 105.30+14.18 104.59+13.76
BMI (kg/mz) 24.08+3.23 24.03£3.18 22.719£2.92 22.64+£2.83
WC (cm) 82.09+8.60 81.74£8.36 80.77£7.93 80.43£7.48
SBP (mmHg) 127.18+5.99 125.91+6.24 128.00+5.52 124.87+6.45
DBP (mmHg) 80.05+4.97 79.68 +3.31 79.67+5.59 79.67+3.54
"Mean=+SD. NS: not significant. IOE: Ishige okamurae extract.
PIBW: percentage ideal body weight (usual body weight/ ideal body weight x 100).
BMI: body mass index (body weight (kg)/ height (m)?). WC: waist circumference.
SBP: systolic blood pressure, DBP: diastolic blood pressure.
S AHENS 0 F A T F9FHA zol7F YEUA] & mmHgol 4] 79.67+£354 mmHg= o= & S v)A
it dutg oz Al 52 IFYd 3 o], 3 A v AoZ YEITE G 3t 9o ] s
o] 0% oY EEdhe AS YrH2R). = 33 o] 3 HAASHAE B85t o] dFEE FFH e ke
HOZ 55 3= H&L YFEFETAAE 50.0%, HF W37 Ae Ao E AR HT
T2 545%HRoH, 25& A A ¥ 73—‘%% HFEE SiC) ClalsiMA 9 o|&2| X{3HA{o| His)
wol 37.5%, AAeke ol 409%2 (Table 1), £52F T4, 5 WA BEEY, PoEAL U AEY Bls Wsl
sl 3o F A T FFH AolE EOW ey = Table 37 2T} Dl A So] BRZ 5= o]ArA <l
iAo R 5 aWe A2% Iy FAESY wxxH el A4 22E 79% vk, FEEGS 90~130 me/dL
cRHERES ST 25 R APG AEY e 58 o]3H30)o]th H = Bk a3l W PalE s X
Aol Aedd ded v SUHAA ARHeR ded = 65% o], BEETo] 196 mg/dL o], AFLEAAL
o wx 2 W3t aHRE FFAE F ATH29). 2A17F o) 200 mg/dL o] ASE Gnwoz Avtat)
AFNEALe HFEE HFH T AAAS X9k g @BD. HFEE JHTAA FEEFL 1057 HFE5 4
W3t Table 29 2tk A3 A% A 528 HAT B # % 136.50+31.96 mg/dLell A 130.90+29.83 mg/dL= 7
AFo] 643611142 kgoll A HAF T2 F 640911101 kg 2590 §95 A= dgron, 2alE M A 7.3440.78
2 AFo wste A9 UehA gtk sEEde dFE %ol A 6.82+0.98% = 2] (p<0.0D)3HA 7FA3FH T WA
B3 A8 HAE 82094860 cmoll A 81.74+836 cmZ 52 Qefol = FEE o] 130.70£35.79 mg/dLlA] 132.30

2l ztol7F AL Aok 4= 593 AHE VERY
2tk BMIE #j%E&E70] 24.08+3.23 kg/m>oll A 24.03+
3.18 kg/mi QJoFte 2279+2.92 kg/m oA 22.64+2.83
kg/m*E ¥ 7t o3 2Fol2 Yehf A ekghth G
7t @‘ﬂ'ﬂ"ﬁﬂ% 7] g9 130 o]s), o] $+7] ¥t 80
°lFH30E HFEETANA AF AF 571 FSto] 12718
+5.99 mmHgoll A 12591 +6.24 mmHg® ©]$t7] &g
80.05+4.97 mmHgol 4] 79.68+3.31 mmHg=Z f2]3F }o]

5!

gl

< AR A%are] B9 7] ¢S 128.00+552
mmHgoll A 124.87+6.45 mmHg, ©]<t7] &S 79.67+559

+30.70 mg/dLE ¢FF S7tstge, g3ld A= 7.30+

0.87%°1 4 7.23+1.24%2 s o §93 2ol fl
91‘:} TN FRE H 2~-INL7He] @FAE vk
FARA, BAAALT} AFEETAN el
Eo #ES AAe Bl s ¥
F dog /\}EQ‘Z]’

8%E 7o Z e =M (High
HbAlc level group: HHG>8%)¥ A =33 AT
(Low HbAlc level group‘ LHG<8%)°o. 2 B 73l 3=
E AdH WeE BY I3 ETe 865+10.92%04 860+

A&

Table 3. Changes in blood glucose, glycosylated hemoglobin and serum insulin 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+29.83 130.70+35.79 132.30+30.70
HbAlc (%) 7.34+0.78 6.82+0.98" 7.30£0.87 7.23+1.24
Insulin level (uIU/mL) 7.66+3.54 6.45+2.18 6.03£3.21 5.84+1.90

"Mean+SD. NS: not significant. I0OE: Ishige okamurae extract.
FBG: Fasting blood glucose, HbAlc: Glycosylated hemoglobin.

“p<0.01 by paired #test.
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Fig. 1. Changes in HbAlc by HbAlc levels of IOE group af-
ter 10 weeks of IOE supplement. IOE: /shige okamurae extract.
HbAlc: glycosylated hemoglobin, HHG: high HbAlc level group
(HbAlc=>8%, n=11). LHG: low HbAlc level group (HbA1c<8%,
n=13). 'p<0.05 by paired test.
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Fig. 2. Changes in HOMAR of the subjects after 10 weeks
of IOE supplement. IOE: Ishige okamurae extract. NS: not
significant. HOMAR: Homeostasis Model Assessment-Insulin
Resistance. HOMARr="fasting insulin (uU/mL) x fasting blood
glucose (mmol/L)/ 22.5.

Placebo

085%2 ZHAastgon, AEETL 7.1220.38%9 A 656+ d Ao Mol G X84 W =20 2 Aotk
053%Z 23 (p<0.05) 243t HFig. 1). ¥ Aol A SRIR|RIO| HHE}
G ALt e Fol felah FaHATTFE %}fﬂ o o1 .
sl vro ’imw}oﬂ“;] Aesmo] Bl e 2 ArHoz YA 7Fe F2e2HE 200 mg/dL
H&7F RS Fe T & ol8, HDL-E21% 40mg/dL. o4, LDL- &6 %
2 vl Ao PRt A5 2e BRI £ s iy
o = - slone e 130 mg/dL ©]8}, Z4 2% 150 mg/dL ©]3H37)o]th. EZe
- oi; : % Wals AmHuy fEEE H4HTo 23 Z2HEL HFEET] 18645+3465 mg/dLoﬂ/H 170.36+
A 766+354 plU/mLolR eyt A8 & 645+2.18 plU/mL W} LDL-ZHAHEE = 3 55 sk our 42401
2 dd Euy} gastdar 9okre 603+321 plU/mL ¢ ST
fos i e S e T WslE o)A geith HDL-FU2HEE wE SAH
A4 581190 WlU/mLz FE ApOlE S REDE 0 g ne gglon) sFE T ol 41145786 me/dLol A
DAEAGFE AW AP fushe Ao may o MR T ATEE e 8
R 3 46.82+5.69 mg/dLZ F7}3 wha, fJekitol = 4238+
3 eon &3 n¥et BAsUAEE Iy 2 AF
T ’ 1056 mg/dLol A 42.30+10.65 mg/dLE 7] W37}t AT
Ab Aol Welo] F23 FERERIL J1 1vh(32,33).
‘ o (Table 4). LDL-ZH2H &9 7= THASE 7145384
ded AL HFEETo| 2.77+0.49 mmol/Loll A
2.19+0.62 mmol/L, 9 ko] 2.14+0.37 mmol/Lol A 2.00 e emest ere RN
o ' EFJ AL 7R B Z717F A Tk3). B AT
+042 mmol/LE FARoU T 7 BF HF Aols S Al Al 1 n
- . . el ol A GFo] = Al NANAAE B&3tn
L]'E]'LHX] OL%}E}(Flg 2). &4 x«]‘q:]—/\go] 9}19—‘:‘3 = g9 o) A& APLo] iAol ZAAg]lL D) === S
% Bosha 7kl TETS AL WA Ho] nHT Jo] AAA AR o] 4zt F=E A3 =
= Al == AT o 1= 3 = =\ 1o . -
& SRS, AT} R gl el 3 e M HIME AL E RA
gatA fElEe] nNEFS et d3x F5A7A XEnaslE o §+¢+§+§_+_2| g3}
HH34). gt Aad A Aol A= AlglAE AdH AP e] XA eE g HFEE 3] 683+
A8 G o AtEo] 2l EE(35), dgxd 1.05 nmol/MDAG®| A 57241.28 nmol/MDAZ $] ok o] A
3 = B2 e olLd BEu)s Bt olg) &l = 6.79+0.14 nmol/MDA®IA] 6.03+1.28 nmol/MDAZ #
A 30“‘4% a3 X FHY Aelo] wj =2(36)3Y A& A3t oy §93HA] &t (Table 5). Superoxide dismu-
Table 4. Changes in serum lipid levels of the subjects after 10 weeks of IOE supplement (mg/dL)
IOE (n=24) Placebo (n=22)
Before After Before After
T-Chol 186.45+34.65"™° 170.36+38.69 175.73+47.75 160.19+59.69
TG 170.14+26.59 151.31+52.79 156.53+96.89 133.40+75.67
HDL-C 41.14+7.86 46.82+5.69 42.38+10.56 42.30+10.65
LDL-C 115.43+27.47 108.73+22.36 108.20+44.15 102.73+39.69

Y"Mean=+SD. NS: not significant. IOE: Ishige okamurae extract.
T-Chol: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL-cholesterol.
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Table 5. Changes in TBARS levels and antioxidant enzymes activities of the subjects after 10 weeks of IOE supplement

IOE (n=24) Placebo (n=22)

Before After Before After
¢TBARS (nmol/MDA) 6.83+1.05"%° 572+1.28 6.7940.14 6.03+1.28
SOD (unit/mg Hb) 7.660.11 816+1.12 6.68+2.89 556+1.21
CAT (umol/min/mg Hb) 1.16+0.10 1.38+0.17 1.16+0.16 1.18+0.15
GSH-px (nmol/min/mg Hb) 26.05+1.17 27.64-+0.68 26.14+0.94 25.93+1.49
GSH (nmol/min/mg Hb) 0.81+0.05 0.89+0.11 0.85+0.04 0.82+0.03

YMean=+SD. NS: not significant. IOE: Ishige okamurae extract.

g TBARS: erythrocyte thiobarbituric acid reactive substance, MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase,
GSH-px: glutathione peroxidase, GSH: glutathione, Hb: hemoglobin.

Table 6. Changes in liver and kidney function 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"N° 1867+3.16 25.73+14.57 22474754
ALT (IU/L) 23.73+£9.67 20.50+8.86 24.93+16.71 23.67+13.64
7y -GTP (IU/L) 24.95+10.05 21.06£5.71 23.93+9.66 23.57+10.48
BUN (mg/dL) 14.50+5.03 13.19+4.31 13.60+£3.96 15.33+5.38
Creatinine (mg/dL) Male 0.88+0.16 0.89+0.14 0.93+0.14 0.93+0.14
Female 0.63+0.05 0.65+0.06 0.73+0.15 0.71£0.15

UMean+SD. NS: not significant. IOE: Ishige okamurae extract.

AST: aspartate transaminase, ALT: alanine transaminase, y -GTP: y —glutamyl transpeptidase, BUN: blood urea nitrogen.
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