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We investigated the effects of fermented Sargassum thunbergii (FST) on platelet aggregation and serum
lipid levels in rats made obese by a high fat diet. Six-week-old male SD-rats were randomly assigned
to four groups as CON, HF-CON induced by high fat diet (HF), ST supplemented with HF (HF-
ST100), and the fermented ST supplemented with HF group (HF-FST100). After 6 weeks, the results
showed that the final weight and weight gain had decreased in the HF- FST100 group compared to
the HF-CON group. Also, the food efficiency ratio was significantly reduced in the HF-FST100 group
compared to HF-CON. The organ weights other than heart and spleen were significantly lower in the
HF-FST100 group than in the HF-CON group. The levels of serum GOT and GPT significantly de-
creased in the HF-FST100 group over the HF-CON group. In addition, the total cholesterol, trigly-
ceride and LDL-cholesterol levels were lower in the HF-FST100 group than in HF-CON, while the
HDL-cholesterol level was higher in the HF-FST100. The ability of platelet aggregation of groups sup-
plemented with FST was lower than the HF-CON group. These results suggest that FST may be bene-
ficial in improving lipid profile and platelet aggregation in obesity.
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7bE Wyol tiEEoItH13]. 2y o]dd FEFAROE
c xRl 2T LSS AR 0E FEHUA Kot
GAde 7D T Bl]. Toll Wl FEE HF £ FEAES
g os FENE F U 7IEeRA 7154 AF Az
o ARl b ot A 2 E 2 #d A=
© WA A BASE BAES o] 8F Hio]e oA B
A7 i Egoln, A g4 Ao 43 d7= nug 4
Aol

getA & dFelde 1A Aoz uAEFS FET
A dxFo 2aplde] Leie AFolE 2E F 45
S Fosto] 83 AAFE, 4% o vA s G o
st} AEsAH.

HE 2wy
&g XS0 48 mMxE
B A A AL 2 Z-o|(Sargassum thunbergii)T 20139

%g} AFAA FHste] AP A&stAnt. TE P
€ el AR =44 Fsde BFFE B4 F MRS
il I 4] (Difco, USA)ell ==ate] wf 7)ol M2 2t vj o5
ZEYE 4. 9ojA Z22Y9 Y, A 5 &
WA O Z WA A (Lactobacillus sp. SH-1)& A8 3G
o, MRS A ) A| (Difco, USA)ell Althuj Fate] wtg #5
gt & EE Ysto] AT 50 g =S AF
< 913} yeast extract 30 g, ©A2US glucoseE 1%9] F %
A7rska, B ILE AUbe it SR A RS EEE F
121C 9} 7hh 2AA 143 datdte] g 3 53] 52
2 A 24E AT FAFE AUteA g 2
FHSTT S8, ¢tA F3& &8 4k (Lactobacillus sp.
SH-) 1%E HES 7+ 2 ERE T 30T W
710l A 48A17F vkt ATh L& ¥ 3,000 rpm, 4T, 10 min
st A4 ZEstslon, 449 F5dE FAA2AA
(FD8518, Tishin BioBase, Korea)2 &4 #x35}a] dut 2| Fo
A AR 3 2 AFo 45

o 2
+ 2
EI

o m1ru o Ho & kI
2
)
-
0—1

P

F

HEESE & 40|
Aol 180~190 gl 67 % ] Sprague-Dawleysl 7 €]
T (F)LUAE Hlol QoA £ B2 F 7Y A7 A
AP APttt FEAPL A520 L 25 U220, F
E 50~55%% FASAL HFF71E 1243 7JZ‘|

:'1
x._l‘
o N
Ak

[¢}
o 243y 179 %@a
Q

Wajo] tf 2+ (HF- CON) A2 0] B Ak A Fo] A5
100 mg/kg% o (HF-ST100), A H2o] & g 2 F

o] 4% 100 mg/kg F o (HF-FST100) 2.2 7} 6vte] 4], 4
T2 ol WY 1ml 4 653 A5AS Ttk AY
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71t F Aol AAFH AFL e AT ARl ZA 6
gfor, AT dFdel & WY SAsNL, =3 s
AdaA & AHAAAS. AP AEe SR &3S
H, 27 &(CON, HF-CON)& ¢ 4% $F+E 74
AT AEE WAae] Baste Ao AEst

APT2 AT 019} NEE FA -‘?043}04 657t Wk

o
1.
2

< =8, Ao AHgH Aol $YF=(Central Lab.
Animal Inc. Korea)oﬂ A IAYAS pellet (Rodent Diet with
45%Kcal Faysh QMRS F3he] Agagon, B
o Agdstn FEdded A4 $<(SUACUC-
2014-007)3k2] #2 Aol uwhel 533k h(Table 1).

2o U 37| A3
AU WAL A% A UA DA F ethyl ether
g ol g3t} B P F ABatel Brh Aol At
N, A, A, g, A, 2, B8 A2 F ADNds
2 AHE he FEE AAR F PAS ZHAA0
28 13 24
AYEEAA 43 3 ¥ 4T,

A3 A2 AL 30%

3,000 rpmoll A 103 HAlEeste] dH & Bstitt. T4
A % (triglyceride), & =8l 22 H & (total cholesterol), LU E A
o 4 (HDL-cholesterol) #4-& 25 £4 £ slide kit (FUJI
FILM, japan)E ©]&3t% Dry Chemistry Analyzer 3500i
(FUJL, japan)E Ab-&3skd 2433t

g3 5 GPT % GOT 24

94 $ 24 84 3L 9dl glutamic pyruvic trans-
aminase (GPT)$} glutamic oxaloacetic transaminase (GOT)
=744 kit (FUJT DRI-CHEM SLIDE, Japan)& ©| 434 A&
A 3}8-E417] DRY CHEM 3500i (FUJL, Japan)E Ab-&3te] &
A9,

Platelet E2|

AYFEANAM AEF YL 32% sodium citrate &4 3%
199 W2 3T 5 1,100 rpmol A 1027+ 94 2] she]
3%2] PRP (platelet rich plasma)E ¥-& ¥, PRPE 3,000

Table 1. Experimental design of animals

Group (No)" Treatment

CON (6) Normal diet

HF-CON(6)  High fat diet

HF-ST100(6) High fat“dlet supplemented with Sargassum
thunbergii supernatant 100 mg/kg

HE-FST100(6) High fat diet supplemented with fermented

Sargassum thunbergii supernatant 100 mg/kg

No: number of rats.
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rpmol A 1027 o 94 Eeste] 459 4& AA AT
EDTAE *% sl washing buffer (138 mM NaCl, 2.7 mM
KCl, 12 mM NaHCO;, 0.36 mM NaH,PO,, 5.5 mM glucose,
1 mM EDTA, pH 6.5)% 7tsted E4%E& APEA AT of
A4S 3,000 rpmol A 1027 A £ & $ A sus-
pending buffer (138 mM Na(l, 2.7 mM KCl, 12 mM NaHCO;,
0.36 mM NaH,PO,, 5.5 mM glucose, 0.49 mM MgCl,, 0.25%
gelatin, pH 7.4)Z #E A A washed platelets 273}t
Washed platelet suspending buffer® 3]43to] 43 4

7} 5x10°/mlo] HEZ &%
AT 2F M
g AFol9 & A Whole blood lumi-

SHEH=
aggregometer (Chrono-log, USA)E AH-&3tef 37Tl A opti-
cal Yo dad & ST &4 Az =2
A A3 21, micro-magnetic barg ¥ cuvetted &
]2} 37C el A incubation X1 PRP 50 ul%t suspendmg buf-
fer, 10 mM CaClLE 21 B4 incubationdt & Fa}A 25 pl&
7bated 5E7F vk A AT wHk £E+ 1,100 rpm,o_i A &}
AL, PRPE 22 F 243t Qo] ZE Ads IAFAZT
4% 4 A&ste NEY ade S Asfer
slope, lag time, amplitude® JEE 5 91T}, Sloped 39
dojupr] Az oo £x& UrE}leﬁ lag time-> W3-
A7t amplitudes AW 3 Es Yetdth 382 5
Aoz ERe Yo FFLER YEhT

_,_
rlr

O

|

EAAzZ

A g 2E 439 2= meantSDE FE A6
1, TAH FIA4 A LSAS 9.1 version ZEITH S o] &3}
of dAstnt. Fgzte] 2olE dotiy] S8 dLdHFLEH
(one-way ANOVA)< ©]&3dt] E4st¢la, AFHSS
Duncan’s multiple range testo] 2|3 p<0.05 4% °ﬂ Az AR

Tite felde Skt

HHSEQ HEHE, FIIFY A MolgE £

aAE2 o] g g A Fo] AE5HY 677 Folo ©@E
Y] AFHS} 2o HFHF E 2ol T&E Table 29 2
o nA A o] 27l HE-CONT 3 it A Fo] F5d&
T3 HE-ST1007Y & A5 S7Hg< vastde o f
oAQl Aol Ao, HE A Fo| FFHE Fofd HF-
FST100*->HF-CONw ol Hl&| frojd o2 A Fo| 74353

3k < (HF-FST100)°] 2.4
o] & (HF-ST100) 2.t} 2|
Aol AHEF 34 23,
F-CON©| d{Ho]E & CON Bt
¥ A g, ol a0l oA FEs}
ol AelA 9 W& E NS AAANAA dEALE o
Hl A H o] webdlthE AT A6, W) FAE AFE 1
el it 22y A4 o] ol A HF-CON gﬁ %
o] 45 94& T3 HEFSTI00Z, ¥uk A %0] Ab 2
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Table 2. Final body weight, body weight gain, food intake and food efficiency ratio of rats supplemented with fermented Sargassum

thunbergii for 6 weeks

Group” CON HF-CON HEF-ST100 HE-FST100
Final body weight (g) 336.73+20.487Y 437.52+22.74° 418.13+32.38" 400.52+28.40°
Body weight gain (g/day) 2.76£0.15¢ 4.62+0.31° 4.08+0.63" 3.89+0.43"
Food intake (g/day) 28.88+5.28" 25.39+6.21° 24.05+6.01° 24.39+6.33°
Food efficiency ratio (FER)? 0.10+0.02° 0.22+0.02° 0.20+0.01° 0.16+0.00"

URefer the legend to Table 1. PAll values are mean+SD. (n=6). "FER: Body weight gain / Food intake.

4)a-c

The means in the same row that do not share a common superscript are significantly different between the groups (p<0.05).
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Table 3. Organ weight of rats supplemented with fermented Sargassum thunbergii for 6 weeks

Groupl) Liver Heart Lung Spleen Adrenal Kidney epididymis
CON 125740257 1.230. oe“g’3 1.90£0.36° 0.73£0.06" 0.17£0.06"° 318017 3.77£0.58°
HF-CON 14.83+0.40° 143£025"° 2.77+0.60° 1.03£0.15" 0.17£0.06"° 3.850.52° 8.98+0.19°
HF-ST100 12634193  1.30£030" 2.3320.12" 0.67+0.12° 0.17£0.06"° 3.8240.26" 9.45+0.13°
HF-FST100 1147£035°  1.33:012"° 2.10+0.20" 0.70+0.10" 0.13£0.06" 330£0.16™ 7.78+0.19"

URefer the legend to Table 1. All values are mean+SD. (n=6). *NS: Not significantly

4)a-c

218 A FFo] gadHYon, ol & ATARS §
A AREA FE AFo] A5 WAAY oA L3}
9e Aoz Ardd,

g8 5 GPT ¥ GOT &4
g o] ofrx7]Ho]&4Ql glutamic pyruvic trans-
aminase (GPT)& ALT & SGPTet1 8tH A 27} &4
HAS W) wEA Frtete, oy FH A& xAUAR
el 9ok 8, glutamic oxaloacetic transaminase (GOT)

= 3 ARl AeEE EASH, g J2ot vlu
FHgol £& ¥ oY & T frE T2 HloM
W7 WEksta, GOT A47E 09 34 4244, 44,
7AW, & 550l Uehdns]. o] F 7HA :f‘ii% LA
Holt 54849 4710 g0z WAL} 24slE B
o8 fEHo w27t F7HH 202, 3] €4 GOT ¥ GPT
g4 274 AsHE Table 45 2ok 1A Ao| g FoI 3 HE-

(@)
2
F—Ll d
o,
ne
e

AFRE EoJ3 CONT W3} GOT ¥ GPTY
719 GOTE4 > Ta A Fo| 4%
o33+ HF-FST100:0] 1A 320 & qufz
| o= ZHastinh 28y Yuk

]
oXx
o
:(o
lo

X,

(3

HF CON :rLoﬂ H 3

The means in the same row that do not share a common superscript are significantly different between the groups (p<0.05).

%—01 &% 100 mg/kge o ¢ HF-ST1007*& CONT 7

wags o fFAJA Aoy YEUA Fyth HF-
FST100+ # HF-ST1007* Ako] €] GOT &4 @& A Z0]
A5dS EodF HE-FSTI007 9 E40) Yol = AFS B
Ao, FAQ Aol YT GPT 84 34 2% 1A%
2folof osf &g o] F7taetsd o, HE-FST100+ ol A 2] 4
© 237t YEtE T meks WE A o]
A5 Boh GOT 2 GPT &4 7+

[eNe) T~ = ]
TAAR FFS nA Aol Az

83 £ & ZYAHE L SMXF &

84 & ¥ ZY2HE, HDL-ZY 2HE, LDL-Z8 2H &
g FAAA F Z4 AGE Table 59 2oh & FH 2HE
S ¥ Fo2 fY9 Fy2H 2o Ay AAUA AER
A WEd 28, 1A8F, Hink 5o Ao Q& Frhdt
5. 2438 589 83 F Zd28E FFE A9
Fo% HF-CONTo| &7 (CON)ol s F7}she= AL
et 2 E A Fo] F5AES FAGd 79 T 29 2H
£ g ol Ha Zask o, oAl

5

Table 4. Effects of fermented Sargassum thunbergii on serum GOT and GPT induced by high fat diet

Group” CON HF-CON HF-ST100 HF-FST100
GOT (unit/ml) 54.33+7.37°) 65.33+7.37° 64.33+1.53" 57.33+1.53™
GPT (unit/ml) 12.67+0.58° 23.00+2.31° 21.00+1.73° 16.00+2.00°

URefer the legend to Table 1. All values are mean+SD. (n=6).

¥The means in the same row that do not share a common superscript are significantly different between the groups (p<0.05).

Table 5. Contents of total cholesterol, triglyceride and HDL-cholesterol, LDL-cholesterol in serum of rats supplemented with fermented

Sargassum thunbergii

Group” T-CHO (mg/dl) TG (mg/dl) HDL-C (mg/dl) LDL-C (mg/dI)”
CON 57.0049.177N% 31.67+6.51% 59.67+17.79° 2447+6.58°
HF-CON 64.33+1.15™ 51.33+9.02° 32.33+3.79° 42.40+15.01°
HF-ST100 63.33+15.31"° 38.67+1.53 50.00+16.70° 27.53+1.27%°
HF-FST100 59.33+7.77°° 37.00+12.77% 57.33+2.52° 25.07+4.01°

URefer the legend to Table 1. LDL cholesterol={total cholesterol — (HDL-cholesterol — triglyceride/5)}.

JAIl values are meanSD. (n=6). NS: Not significantly
S)a-b

The means in the same row that do not share a common superscript are significantly different between the groups (p<0.05).
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o]& F3 F(HF-CON)olA Foz o=

kit Zl—a | 35 FAd o3 Faste S dET
Clarkson[7]-& A2 o] goi7t 89 5 FAAAL, &
FH2HE FFE ST Busten, o B A7
Aot A&t 5 HDL-%HV\Eﬂ% FEY e €
T WIAAEY 75BN E HASH,
(adhesion molecule)Z <1 AE F4& Z.}i/\]ﬂl’/}_ﬂ B
=] 9lth7, 35]. HDL-Z 8 ~H & o] 749, aA 4205
#% HF-CONT oA LHAES F8 F4 CON T
Haf fro Ao g Fasts A74E et &8 2E A
Zo] 459 & T3 F(HF-FST100)2 A0 &

57 M‘ﬁib}, iy

"ol
(HF-CON)Z-oll i8] froj o2 ¥% HDL-ZH 2HE 5%
7b FUhetE o, 1 FFel 4NtARE F9% CON ol

3 FAE HAT. o= Park §[27]9 ATFolA 453
A ZYFH FEES T TollA B4 Aol iy
HDL-Z8 28 E0] FoH o8 Z7td et FAG
Yetislth. LDL-2 8 2HE $59 F7he A8%
43 AT E T2 AT AR °LE%X% o, &
HE #1580 o $a% 434 A%

I UTh34, 22]. 5 LDL-ZH 2HE fé} AR
SHHF-CON) o] ¥HtaolE Fofg CON-ELOH H]
S8 ZbeAT A A Fol A5HE FA3
(HF-FST100)¢] 74 2A 40l & FI3 I (HF-CO
8% IDL-Z2E2HE 527 FoH o= aste B
B on, AR E F9
TAE Yeti it

o’d9] Afol A, 111 Hhao] & Fol 3 HF-CONT Rt} &
E AFo] A5NE F93 HEFSTI0TY % & 22y
g, AT ¢ LDL-%:H]&H]%«] =57l grastgon, b
H HDL-Zd 28 & $#& F7lste 2345 Yeddit. ¢
23 AdE HE2F FEE0l AEH B F8 I Y
S ZaNAYE AT 4] FAEE Aafolw, Yk 2| ZFo]
TH FAFEG #F A Fo] A5H BTN o Hojd
AAMNA A5 G AT mebA, TE A Fo] F5d
g4 H*ﬁ" A3 Bz 9 q AF 242 24T F

KN

o BN omL
=i

£ o
N mlo

ot X oox et My or
ofk
>

S| 0|xj= Fet

o] &4ES W AL collagen, thrombin, ADP
59 2% agonists®] A= ¥h-g-sto] A 3}E o] Ak
(adhesion), ¥ Z5H-& (secretion) 3 &3 ¥H-& (aggregation) =
do7|H, ofe] s o] &S Wop 2Ho] Yot &
godo] g3 E= 22 Yol A %3’—%9— # gxol *5”5“3}
8 30]. €4 Eue 1

AARAR 4TS A
olz Add 28 T

Table 6. Effect of fermented Sargassum thunbergii against colla-
gen induced platelet aggregation

Amplitude Slope Lag time
1 p p g
Group (%) (Q/ min)S) (sec)
CON 1213:450%  19.00:4.56°  0:40£0:01"
HF-CON 15.93+0.12° 41004515 0:22+0:03°
HF-ST100 13.93£0.12 31.00£0.85°  0:35+0:02°
HF-FST100  10.73+0.64° 25.00+1.32%  0:44+0:05°

URefer the legend to Table 1.

?All values are meantSD. (n=6).

IInitial slope is ohm change for the first on minute.

#The means in the same row that do not share a common
superscript are significantly different between the groups (p
<0.05).

Slope (Q/min)& &3 =
l’:l_

9] 7171 & &3y, Aol
platinum electrodes =

A

Aoz Tt A7 AT
(impedance:Q)¢] Z71& 4% SHAZ YERAT[35]. 4
3} 3@\:. Z@ @y,].h Table 6 4. 711;} 9 u /R]o]E 10:11?}
CONT | Hlg| A Aol & =4
71&717F S7bet %E Z]%Ol %%%‘% FoAE
HF-FST100 0] 24§40l & F3
7h e on, Ak AFo] F5AS
Hop 349 712717t oA o2 Zasgin. weba TE
AZol 5ol duk AFo] 45 Bt &4 (thrombus) 4
s AsAIIH, B4R $H S dAstE ﬁﬁi *}E%ﬁr.

o

2)
4= %Eroqf& -EL(HF-
5T100) Ho} ‘%E Z]T l < Fo % +(HF-FST100)9
SRAO] AGEE A4S dErlidn oo AN 1
Aol o2 Ay S0 FAHY oY, TE Zl 1
5 Efﬁi A adsF ol dAHA.
A Zo0] A = 3
A ol of
o] 2]
T 4 g
o oty A" HEL HA 7154 &4 2 AF Aol
Z

g

o ol

frsl“o}_] .,~

ATAEY AU A H &
AAges s34 %%éﬂr%‘(No. 2013H1B8A2032201).
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