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Anti-obesity Effects of Ishige okamurae Extract in
C57BL/6J mice Fed High-fat Diet

Se-Jin Park, You-Jin Jeon!, Hak-Ju Kim? and Ji-Sook Han*

Department of Food Science and Nutrition, Pusan National University
'Department of Marine life Science, Jeju National University
Soejin Biotech Co., Ltd.

Abstract We investigated the anti-obesity effects of Ishige okamurae extract (IOE) on body weight, epididymal adipose
tissue weight, plasma lipid levels, and leptin levels in high-fat diet (HFD)-induced obese mice. After inducing obesity by
feeding 45% HFD for 4 weeks, C57BL/6J mice were randomly assigned to HFD or HFD containing 5% IOE, and then
fed for 6 weeks. The body weight and epididymal adipose tissue weight were increased by HFD, but they were
significantly less in animals fed HFD containing 5% IOE than in those fed HFD. Levels of plasma triglyceride, total
cholesterol, and LDL-cholesterol were significantly lower, but the HDL-cholesterol level was significantly higher in
animals fed HFD containing 5% IOE compared with the HFD group. The plasma leptin level was significantly lower in
animals fed HFD containing 5% IOE. The diet containing 5% IOE did not show any adverse effects on liver and kidney
functions. These results suggest that IOE has a potential as anti-obesity agent by reducing body weight and lowering the

levels of obesity-related factors in plasma.

Keywords: Ishige okamurae, anti-obesity, high-fat diet, C57BL/6] mice

M

rh

3} g Eo] AAgo] A3}
o) wet HRE I3 FTts)
ZAk] w2, w194 o)
gdol] ZAFE 26%

] =

H v E AA A8
WAl AdFH sk o] sojuta,
ZAlelth. 20079 FNGEFA%
HTE Q1= 31.7%= AT ol 199
vl 5.7%4 S7ksk Zolth. BiRk AHAZE AFo
v A A & kg 2 EAE

=

1‘.‘1
rlo

of

> 5
N
N

o, fo
ol
o

P, *ﬁﬂl %%, o

e 9 HEE

2
oZ,
>
N
K do
[40
oy
R

1o lo

ot ofrl

el

-\‘%Xﬂé ’3H€5}7] S1sh A

3} e 174 A 7bah =8 o)
A A Eon s B4 ARl WY 55
o} olell wet HvEk X858 A e ATt
™, 7 oFEo] ATl frEEal 3

=

to flo
3

2

*Corresponding author: Ji-Sook Han, Department of Food Science
and Nutrition, Pusan National University, Busan 609-735, Korea
Tel: 82-51-510-2836

Fax: 82-51-583-3648

E-mail: hanjs@pusan.ac.kr

Received August 17, 2012; revised January 28, 2013;

accepted January 29, 2013

199

FAQ orlistat (Xenicaly> 19} &7 Ujol|A] A uHEs]aie] &
AH-L1Q serine?t I AES ?g*g'é]"’% lipase®] &S At
Ae] FrE "olmgle TS AN A ¥, v de 5
< et 2ot Qlo] ARl Alglo] EUjr(4 5). wEbA <l
AR FAE EHO] RG-S FHaskel] 3 kg A
EA2HE AF2de] 234< 7158 B4 Jide] e
LTEI UTh 53] oUA] e FHomA T HERIT 2o]
Afart Bol x3tHo] e ARF/FE o835 RV £4 )
S 918 A7 AEE ATke). & xFe T8 Aol
Fras ZFsL o] G W] FHZHE S48 UAs,
AE AFEte] MHEES F3, 85 MES IAEE JiA6
EgS T A7 2350 RAFHAEA ARFE o8t Ve
g 2FE] Aol Frtstal AThT). HE2F FAAME 53] 4x
Foll xanthophyll, fucoxanthin, 2714t EF-31, @ 0= ol=27)d,

24l Fo] Bol Ty Flo] AUrkal BirEo] 2U3(89), L Fe
fucoxanthin® 3}¢}, 9= Fyat olu)e} 3T3-L1¢] A3 &3}
Zo| f=%e= AXE W AW £33} glycerol-3-phosphate dehydro-
S oAt 3T3-L1e] #355 =ol Al 47

27 Voot th

E»—‘—_l_l—x__

genase &4
A ZAE YFol B =JK10).

sl e QA Faold 2e BRFIL 8F FALAE
5 F4A4e) GFS HAAE Bt Arky Basw g
(11-14). S1AF S2F7} 7pE e el 849 81 FoIA

Hlk B Qlajel P FE BAS] BAUWA SEFE o
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F gl gk 7ol ok AL Tt

o (Ishige okamuraey= ZAZF=A d3o) &3} T A&,
B At EEahH, SEvgtelxs Aslicl, HEligt, AT
sQt7ke] uigle] &of AAYgiE o] e =4 F ZE9)
= AREoz 4#HA e phlorotannine 221 x| a3}
9 A7), kst o] Aok dEA UTH(15,16). 3
T g& A &4 EZZ catechin, epigallocatechin, tocopherolZ
GAaskd g9dFA ey fucoxanthin, fucose-containing
polysaccharides, @714t 5o = ASE LA Atk17-
19). o|X¥ F= ot AL E2S AN do] &
T & #ek A vFE Aol old B AFeA=
C57BL/6] micedlA] 47 &< IA 2ol HHAA Hv-S #
Zgk Fol 677 9 FEES AU IAW AEE AFHAAA Al

&, A A g R A B, 4% A4 3 ' g3
= 45t iﬁﬂi—%%-‘ﬂ FRNE 835 ARSI

giQtell A AH BRI, FH
£ 1 Ast] S8 4 2= AlA A,
Zéﬁ’r% == "/P‘] ?% F st wEs) stk i AdE G
HNE 80% HEHEE A7 33] FE3te] oA (3 um, Qualita-
tive Filter Paper, Toyo Roshi Kaisha, Tokyo, Japan)& ©33}3}5]
o} o3 e 43455 7](Ch-9230, BUCI—H Labortechnik AG,
Flawil, Switzerland)S AF&3le] 553107 2 & BHAAZRIE
Azste] dslsit. £2 ¥ -80°C deep freezerol] HH3PH
A Aol AR

S=AE 2 HE RE

4777 9] C5TBL/6] AE 7 21vHIE G eSS 55 (Central
Lab-Animal Inc., Seoul, Korea)ollXl +43ld 157 & Z=g]9]
10%7F ZA3R1 dRbAol 2 H-GAIZl & AFol A3l A2
2ol#g Aot BE -2 H|YF & f13l F Z=2aY 45%
7F ARl IR Aol Fgete] 457 HRES

2 Eaart 3
A Aol & LR 10%7F AR LREAolE T3t
4774 ¥ R & 55O 10771 9 FEES] RN &
I}= 171 flete] ¥ 2289 45%7F AWl A2 o]
ZA et A =4 et
- 2]o]H(normal diet, ND), ZA|% 2] o]~
(high fat diet, HFD) HFEEE H7H0l(high fat diet containing
5% Ishige okamurae extract, HFDIO)L. 2 HF3I92 2+ Fwfch
7oA GO 2 LRt
A FAL 2% 2+]1°C, HFE 50+5%% FASIN L, W
12270 2 Z2A3gnh g BE AFEE ASHEe AEY
CFEQPAA A e “AFTEARE B AT 97 whsk

o
2, A A e ettt FEdda] s sle
=]

Oll

gl
20 o FEE UL D olE
A, AT A
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Aol zA= 44 e]Z DIO Formulas (Research Diets Inc.,
New Brunswick, NJ, USA)l wet & Z2g)e] 10%7} A4l 2
o]E ZA|(385 kecal/100 g)3R L, AL v F=317] 23
= 2289 45%7F Al IAW 2]o]E 24| (473 keal/100 g)3F
°3E]-(Table D). & 3 FE2= J7E o] ZAE fst] & &

Table 1. Composition of experimental diets” (g/kg diet)

Experimental group

Ingredient
ND? HFD HFDIO
Casein 200 200 200
L-Cystine 3 3 3
Corn starch 402.2 232.7 232.7
Maltodextrin 10 70 100 100
Sucrose 172.8 172.8 172.8
Cellulose 50 50 50
Soybean oil 25 25 25
Lard 20 177.5 177.5
Mineral Mix S10026 10 10 10
DiCalcium Phosphate 13 13 13
Calcium Carbonate 5.5 5.5 5.5
Potassium Citrate 16.5 16.5 16.5
Vitamin Mix V10001 10 10 10
Choline Bitartrate 2 2 2
Ishige okamurae 50

DThe diet was prepared to be isocaloric, 473 kcal/100 g, in experimental
groups except normal diet (385 kcal/100 g) according to DIO formulas
(Formulated by E. A. Ulman, Ph.D., Research Diets, Inc.).

PND, normal diet; HFD, high fat diet; HFDIO, high fat diet
containing 5% Ishige okamurae extract.
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B 20°CoA WEsrA 33t

HE 2 M2 58 53

HAAN F %E—’] e S flste] 13 ARAEMVP-
300, CASKOREA, Osaka, Japan)= AFS =433t 2lo)& j
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A}E R E(FER: The feed efficiency ratioy> A¢ 7|7kl &7}
g AT FIHES 22 717 Tl AAE ”01‘%} 2
=3k

FER=(body weight change (g)/food intake (g))x100
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o ol gasiet. AFE FA2 2,600 rpm (4°C)oﬂA1 1587+ 94
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A= ZAX A9 ke =AR|Z %;g_g_ kit /\]O—F(AM 157S-
K, Asan Pharmaceutical, Seoul, Korea), & Z#|HES] THe
% ZFY2HE =48 kit A2FAM 202-K, Asan Pharmaceutical),
HDL ZdYZ=HE 332 HDL ¥ 2HE =48 kit AI2HAM
203-K, Asan Pharmaceutical)©.2 =743t} €5 LDL 32
HE %%+ Friedewald20)8] AlMR o2 3T}, AlMkAl2 LDL
F2HE=(E Fu|2HE-HDL ZZ=EHE)-(FA3RA/5)elth

=) 7:133( A 4*(Atherogenic Index, Al)= Hablund®] AAHH(21)
ol AlI=(EZU2HE % HDLZE ZHE FyHDL S 2HE
) 21 ARgete] ekt A 8389 E A5 (Cardiac Risk Factor,
CRF):= Rosenfeld®] AAMHE(22) ulel SZd|2HE2] %= HDL
ZYZHE] FOE Fo] FI4

7+l A= Foleh 5(23)2] WS 4 Beste] AEsISich
Az 7+ F 7P & g ddste] EEstar 2 FA19 10l
3|33l & ull(chloroform : methanol=2:1)E 713} homogenizer
(Polytron PI-MR 3100)2 #&3}siit). o] 5 XA& ¥k =
ste] chloroform3-& &g ¥ &wlE ILAA LS AT

olgA 42 AAs ¥F Ak 244 sdg Hez 4o
At 1 ARE =Z3Th
83 HE s=

gl o] #:MEl FEE Mouse leptin quantikine ELISA kit

(R&D Systems, Minneapolis, MN, USA)E ©]-&3t gAHAI=A]
HHo 2 At

Pls g2 &3

&3 Aspartic acid transaminase (AST), Alanine transaminase
(ALD)9] =4 & Reitman-Frankel®] &A% (25)S $83F AST,
ALT =74 A]9(Asan pharmaceutical)}S AFE-3te] 2431t}
¥Z Gamma glutamyl transpeptidase (y-GTP)9] =48 5-Amino
salicylic acidH(26)S 583 =748 A](Asan pharmaceutical)S
ARt 635 nmellA FEEE S SITH

&Z= BUN ¥ Creatinine s 4
&% blood urea nitrogen (BUN)<2 urease-indophenol™ (27)<
—o*g-f_f} =78 Al (Asan Pharmaceutical)S A&-3le] =433t
Z Sl EAISK= ureased] 213 AATE= LEUOLE sodium
hypocholrltei chloramine3}s}te] nitroprusside natrium] Zvjj 2
o2 AHAMEFOR HEAA AA IS FE3te] 570 nm
oA FFE=E SHsIT
A creatinine TFe] =742 Folin-Wu H(28)% o83l =
Atk Aol Fo] = creatinine alkaline picric acid
9} 2Fg-5le] BFHANO] creatinine picrateE FAJS=Hl °]AL 520
nmol| A EF8N 3} v STt

vk g3} 201

EAEE 2A

ARAN= a3 FTEAE Y, Fod A4S 4
3|41 SPSS(version 18.0, SPSS Inc., Chicago, IL, USA)E °]-&-3}
o one-way ANOVA (analysis of variance)i-2]-2 A A|3}3L Dun-
can’s multiple range testoll 2J3l p<0.052] F=ollA AR A S}
Aok E V=71 AlF, Al SUHE, Aolagy foi)
5L Students t-tests A3t #A3F3 T

1 918t 457 Aol s I
o, 7t 29 AFZ7VE, *‘OVJHEk 2L
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= AFE 7 Fod Zolg Jehgler, X 1%@‘01%(HFD)
J2d2lolE(NDyell Hlsle] AlFo] FolskA Z7kso] IR
2oz %}0% H] ko] °EE1MU§ s = e s e
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Table 2. Changes in body weight gain and food intake in mice fed high fat diet for 4 weeks of obesity induction

Body weight (g) . : .
Groups Gained body weight (g)  Food intake (g/day) FER" (%)
Initial Final
ND? 17.56+1.68%8 23.19+1.65* 5.63+£0.03* 2.74+0.77% 7.84+2.21%*
HFD 17.33+£1.88 26.09+0.69 8.76+0.77 2.41+0.26 12.83+0.41

Values are mean+SD.

YFER, Food efficiency ratio=(body weight change (g)/food intake (g))x100.

IND, normal diet; HFD, high fat diet.
*Significant difference between group at p<0.05 by t-test.
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Table 3. Changes in body weight gain and food intake of mice fed high fat diet containing Ishige okamurae extract for 6 weeks

Bodyweight (g) . . .
Groups Gained body weight (g)  Food intake (g/day) FER(%)"
Initial Final
ND? 23.1941.65M8 24.99+1.18° 1.80+0.47° 3.08+0.34NS 1.15+0.44°
HFD 26.51+£1.96 33.61+2.20° 7.10+£0.24% 2.444+0.58 10.86+3.39°
HFDIO 25.86+£1.93 28.59+1.44% 2.73+0.49® 2.81+0.26 3.59+0.40°

Values are mean£SD of 7 mice per group.

YFER, Food efficiency ratio=(body weight change(g)/food intake(g))x100

IND, normal diet; HFD, high fat diet; HFDIO, high fat diet containing 5% Ishige okamurae extract.
*“Values not sharing a same letter within a column are significantly different among groups (p<0.05).

Table 4. Weights of liver, kidney and epididymal adipose tissue of
mice fed high fat diet containing Ishige okamurae extract for 6
weeks

Groups Liver weight  Kidney weight Epididymal AT
(2 (2 (2
ND" 1.06+0.12° 0.20£0.02"  0.58+0.09"
HFD 1.36+0.12* 0.23+0.01 2.14+0.95°
HFDIO 1.22+0.17* 0.19+0.04 0.92+0.19°

Values are meantSD of 7 mice per group.

UND, normal diet; HFD, high fat diet; HFDIO, high fat diet containing
5% Ishige okamurae extract; AT : adipose tissue.

**Values not sharing a same letter with in a column are significantly
different among groups (p<0.05).

A= Table 49 2ot 7F 239 FAl= HFDw(1.36+0.12 g)>
HFDIO (1.22+0.17g)>ND (1.06+0.12 g)2] =22 HFD-°] ND
ool Bt felsAl SrIslET], o] Ade IAWA o= <l
ato] 7k 2Fo FHEZEE 9 FEAAC] FHH 1 FEl
F7RIthE B¢t dXEitt. o =5 43 $ HFDIO
-2 HFDol| Blgte] 7 23] FA7F foshAl At A%
o] A= HFD(0.23+0.01 g)>ND(0.20+0.02 g)>HFDIOT(0.19
+0.04)9] o2 YEI O Folgh ztol= YEREA] ettt

H38 Az o] FAE HFDE(2.14+0.95 g)>HFDIOZ(0.92
+0.19 g)>ND(0.58+0.09 g)°] <=0 & Yepkon HFDIOZZ ND
o] Rk Atz o] FAE folg zolvt fisi et HFDY:

o] Bygl ulzF e ZAE &l Zrlsgnh dukdo s
Aol A= 7t ﬂﬂg‘r FJatel] A-E —-’-:Jdo 2 A
Al oS Zefste] s AL Aolet i st aAES &
S dod £ Ark3031). & AFlME 1070 ZALHolE
AF3 HFDwA 7+ Baisk Aike] FA17) NDoll vl
o Z7¥ekact 2y 9 2EE Ay aRwAe)|E AHst
ZeM= 7] FAIZE HFDE Brhs o3l 5L, Faige)
Al A HA T HFDwRET {28k 22 202 veht
A FE=o] WF A7d Aol FHHE AL JAs= &3
7b & Aelet AlgE
85 XF s=

gl Yo] A4 F= ¥4 2= Table 59 Uit 2%

=]
W SRS A elof og) b & S Wl 14
HhAoRkS: A3 HFDw(207.14+31.39 mg/dL)ell ¥]sl HFDIOW
(122.46i43.57mg/dL)°ﬂ/\1 H7 =AY w7t o3 @
< Felg & e NDEH HFDIOZS] SA4AY s
ogk ztol7t fAet. FHapA el ek WAAge] vrt %
AAR ol IS HIA B o] FHE ARelAIA
AR o] wrhal dEiA o (32) ¥ AT AN =

sz o) oy o do

Table 5. Lipid levels of plasma in mice fed high fat diet
containing Ishige okamurae extract for 6 weeks (mg/dL)

Group NDV HFD HFDIO

Triglyceride 116.90+37.16° 207.14+3139" 122.46+43.57°
Total cholesterol  143.28+36.42°  229.94+59.64*  146.40+33.57°
HDL cholesterol ~ 56.97+9.97% 38.60+8.71° 58.68+13.27*
LDL cholesterol ~ 62.93+19.02° 149.92+19.54*  63.23+23.27°
Al 1.48+0.20° 5.41+0.29* 1.49+0.01°
CRF 2.48+0.21° 6.41+0.29* 2.49+0.01°

Values are mean+SD of 7 mice per group.

UND, normal diet; HFD, high fat diet; HFDIO, high fat diet containing
5% Ishige okamurae extract; Al, atherogenic index; CREF, cardiac risk
factor.

**Values not sharing a same letter in a row are significantly different
among groups (p<0.05).

A $9E RS P AR FA7} HIDZRT
Selsbl 4318 HFDIOZAA F4A el felsi 48
2 % & ek

% 5 FU2ES FFS 7 gl B By U

Slolut Apdthale] o de] AZIthe A1E7} Ert. HFDIOW(146.40
£33.57mg/dL)e] 87 F FZEHES] o] HFDwH(229.94+
59.64 mg/dL)olA 9] & FH|=HE9 ﬂﬂkﬂ\:} frefaiA w2 %k
< YeRler, HFDIOZ NDZOIME 23k 2ozt gt
t}. LDL EY2HEL F2 59 d3 Hoj Eﬂ THAEsE o

O 7AY RS dgle] He AR ¥ =7} lno}z]*
5 21 $197d0] #AxIth €% LDL %aliﬂlEA %Et HFDIO
T(63.23+23.27 mg/dL)®] HFD-(149.92+19.54 mg/dL)ll  H) 3}
el aHA LU}OIII ND<(62.9319.02 mg/dL)?h= f-2l8h xpo]7}

AUt ol H FEE FHE AR F FyzHEY A
g AN A3 FAT ¢ Uk Sealdt Mathers (33)=
tAluke] g AR F G FE AANAS 9 E

Z A4 9 F FYUZHE gl %Jﬂoi stk
Huslgled, 2 Al 3 FE2E 85 XEAS 294
o FEE g-iE v, &714F fucoxanthin, fucose-contain-
ing polysaccharides (17)] F-E-2o2 7| 4 Y& FOoZ A}
g3t}

HDL Ed|2H &2 735 HFDIO—?(SS 68+13.27 mg/dL)Z} NDZ
(56.97+£9.97 mg/dL) 5 7k AlololE R2l8 Xfo|7) Sl WhHo
HFD<(38.60+8.71 mg/dL)2] HDL iaﬂ*Eﬂi &2 fofstA
Sttt HDL ZeEZHES g9 F9o FHHsE dov|= AR
2} FHZHES AASA HeE o]FAlT|E 98-S e 2
ZHZHER dHA o] ) FE2E 3V EF FuzHE T
T A =2 F F U Ao=E AlsH) HRkelY f304
goloz A AAe o] 7iAA & W lipoprotein®] LDL
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Table 6. Lipid levels of liver in mice fed high fat diet containing

Ishige okamurae extract for 6 weeks (mg/g)
Group NDV HFD HFDIO
Triglyceride 107.93£21.53"  265.25+87.81°  145.86+58.20™
Total cholesterol  128.92+65.06" 256.93+39.05*  133.91421.50°
HDL cholesterol ~ 54.87+1.90° 27.29+5.68° 42.75+5.04°
LDL cholesterol ~ 26.80+11.59"  183.19+25.79*  42.00+17.26"

Values are meantSD of 7 mice per group.

UND, normal diet; HFD, high fat diet; HFDIO, high fat diet containing
5% Ishige okamurae extract; Al, atherogenic index; CRF, cardiac risk
factor.

#*Values not sharing a same letter in a row are significantly different
among groups (p<0.05).
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Fig. 1. Effects of Ishige okamurae extract on plasma leptin levels
in mice fed high fat diet. Values are mean+SD of 7 mice per group.
ND, normal diet; HFD, high fat diet; HFDIO, high fat diet
containing 5% Ishige okamurae extract. “*Means not sharing a same
letter are significantly different among groups (p<0.05).
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Table 7. Activities of AST, ALT, y-GTP and BUN in mice fed high
fat diet containing Ishige okamurae extract for 6 weeks

Group NDV HFD HFDIO
AST (IU/L) 410£0.96°  6.99+0.95°  5.34:£0.49®
ALT (IU/L) 324£0.53% 349035 3.0240.97
y-GTP (mU/mL)  29.67+11.45" 55.04+15.58"  29.17+6.72"
BUN (mg/dL) 16.0143.52°  19.7842.02°  15.63+2.97"
Creatinine (mg/dL) ~ 0.75£0.325  1.08+0.31 0.91+0.30

Values are meantSD of 7 mice per group.

UND, normal diet; HFD, high fat diet; HFDIO, high fat diet containing
5% Ishige okamurae extract; AST, Aspartic acid transaminase; ALT,
Alanine transaminase; y-GTP, Gamma Glutamy! transpeptidase; BUN,
Blood urea nitrogen.

**Values not sharing a same letter in a row are significantly different
among groups (p<0.05).
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