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ABSTRACT

Effects of Spergularia marina Griseb Powder on

Adipocytes and High-Fat Diet—Induced Obese Rats

by. Park Yong Hyun
Advisor : Prof. Lee, Jae Joon, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

In this study, it was carried out to investigate the physiological activities,
lipid metabolism and anti-obesity effects of Spergularia marina Griseb, a kind
of the halophytes. In vitro, the anti-obesity effects of Spergularia marina
Griseb ethanol extracts were examined by inhibitory action on proliferation and
differentiation of 3T3-L1 preadipocytes and pig preadipocytes. In further, the
effects of Spergularia marina Griseb powder, on lipid metabolism and

anti-obesity in rats fed a high fat diet, were evaluated, in vivo.

Firstly, this research was to analyze proximate compositions and dietary
fiber of the Spergularia marina Griseb. The proximate compositions of
Spergularia marina Griseb, as a dry matter basis, were 4.10% of moisture,
3247% of crude protein, 4.53% of crude fat, 20.68% of crude ash and
38.2296 of carbohydrate. Total polyphenol content of Spergularia marina
Griseb ethanol extract were found 68.04 mg/g in 1,000 ppm. Total flavonoid
content of Spergularia marina Griseb ethanol extract were found 28.60 mg/g in

1,000 ppm.

Secondly, the study was carrid out to determine the effects of the Spergularia
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marina Griseb on proliferation and differentiation of 3T3-L1 preadipocytes and
pig preadipocytes. To measure the cell proliferation and differentiation, cells
were treated with 50, 100 and 200 ug/mL ethanol extracts of Spergularia
marina Griseb, for two days, and dimethyl sulfoxide(DMSQO) was used as the
control group. Fifty and 100 ng/mL of the Spergularia marina Griseb ethanol
extracts were not significantly different compared to the control group, but 200
ug/mL of the Spergularia marina Griseb ethanol extract significantly decreased
the proliferation of 3T3-L1 preadipocytes compared to the control. Spergularia
marina Griseb ethanol extracts proved the inhibitory effect on differentiation of
3T3-11 adipocytes in a dose—dependent manner. One hundred, 200 ng/mL of the
Spergularia  marina Griseb  ethanol extract significantly decreased the
triglyceride accumulation of 3T3-L1 adipocytes compared to the control. Two
hundred ng/mL of the Spergularia marina Griseb ethanol extracts significantly
decreased the proliferation of pig preadipocytes compared to the control.
Spergularia marina Griseb ethanol extracts proved the inhibitory effect on
differentiation of pig adipocytes in a dose-dependent manner. One hundred, 200
ug/mL of the Spergularia marina Griseb ethanol extract significantly decreased
the triglyceride accumulation of pig adipocytes compared to the control group.
These actions indicate that the ethanol extracts of Spergularia marina Griseb
may have potential to reduce the proliferation, differentiation and fat

accumulation of 3T3-L1 preadipocytes and pig preadipocytes.

Thirdly, the effects of Spergularia marina Griseb powder on lipid metabolism
and anti-obesity in rats fed a high fat diet were as follows; male
Sprague-Dawley rats were assigned to 4 groups : normal diet group(N), high
fat diet group(HF), high fat diet with 3% Spergularia marina Griseb(HF-SL),
high fat diet with 5% Spergularia marina Griseb(HF-SH). The body weight
gain and FER were increased due to a high fat diet, but that were decreased in
the HF-SL group compared with the HF group. There was no significant
differences in the weights of liver by Spergularia marina Griseb powder

administration. Epididymal adipose tissues of HF-SL. and HF-SH groups were
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significantly more decreased than in the HF group. Weights of mesenteric,
retroperitoneal, perinenal and total adipose tissues were decreased by the
Spergularia marina Griseb powder fed groups, especially HF-SH group was
almost decreased to the N group level. Serum ALT and AST activities were
signicantly decreased in the Spergularia marina Griseb fed groups compared
with the HF group, but serum ALP and LDH activities were no differences
with HF group. Level of serum HDL-cholesterol decreased in the HF group, but
this level increased significantly in the Spergularia marina Griseb powder fed
groups. On the contrary, levels of serum triglyceride, total cholesterol,
LDL-cholesterol, as well as atherogenic index and cardiac risk factor were
considerably reduced in the Spergularia marina Griseb powder fed groups
compared with the HF group. Levels of triglyceride in liver and mesenteric
adipose tissue significantly lowered in Spergularia marina Griseb. administered
groups than in the HF group. Levels of cholesterol in epididymal adipose tissue
and mesenteric adipose tissue significantly lowered in Spergularia marina
Griseb administered groups than in the HF group. High fat diet administration
were induced the marked accumulation of large lipid droplets and resulted in
typical histopathology, but Spergularia marina Griseb administered groups
attenuated lipid droplets accumulation in hepatocytes. Fat cell size of epididymal
adipose tissue was lower in Spergularia marina Griseb administered groups
compared with the HF group. The results suggest that Spergularia marina
Griseb powder could make better lipid metabolism of serum, liver and adipose

tissue and may decrease lipid storage.
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versene2 & plates A o] F31 1 thS 360 uLel versene®t 40 uL9 trypsing
Wy 253 4L 29 58 F9 incubation AAA M EE plate P A Eof

#H %o 15 mL eppendorl tubed] AEE FH5SE T 10 ule Cell suspension
&

3}l Hematocytometer(Wenk Labtec)E o] &38to] AEFE XAe At

t}. 3T3-L1 ARAX £ 54

3T3-L1 AWATAES] A=Ax 23 =5 8] falrs s Al
X 9] glycerol-3-phosphate dehydrogenase(GPDH) &4 %5 S48t 7240
21 Wise®t Green(38)¢] W& Ab&stel SA8FIvh T3-L1 ARy -A) E0) <
o] ¥ § 6-well plate®] WFHL 3] AL P thE phosphate buffer
saline(PBS)& o]&slo] Zbi vl & 7)5to] A AS ¢ 260 ul homogenizing
buffer(pH 7.4, 025 M sucrose, 5 mM Tris base, 1 mM EDTA, 1 mM
dithiothreitol) & AF&3te] 6-well plate®l HAXE  scrapping?d $o] 15 mL
eppendorf tubeoll FH BN 7FF A5 ol ZobFnh I vl 6 watte] A
2 10%7F MA¥E sonication(Sonics & Materials, Ins.,, Newtown, USA) A]#A]
2,080 xgo 2 4T LEoA 108 &<t A2 AAHY. AF d(supernant) 200 nlL
g #HslA AMEE eppendorf tubedl & vl assay buffer(100 mM
triethanolamine, 2.5 mM EDTA, 0.1 mM B-mercaptoethanol, 0.176 NADH) 800 u
L} 7122l 0.16 uM dihydroxyacetone phosphate lithium solution 100 pl. Z#]a

o 150 pLE FWe Yo] 5o £ 0& spectrophotometer(Shimadzu UV-Visible

}6]'

ofN
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8 et 3 = 2 §x%" 3T3-L1 AWA++AEE phosphate buffer
saline(PBS)E o] &3lo] 33 FAg+ v}, M-PER mammalian cell extraction
solution(Pierce Inc., Rockford, USA) 200 uLE Y2 % A5 33 2y e ol &
sto] Alx2E EAstArE e AEEHE 15 mL m

7F ks H R 308 Fob Dol WA Al A3 § 4T 2%
oA 1,792 xg= A4 e F AFoE FHolel Aol ARSIt Glycerol
standard(Sigma-Aldrich, Louis, USA)E& A}&3sle] == 34 $H(39.0625~2,500
pg/mL) oo, tERTe® AREsIATE 1 v, 96 well ELISA plateo] free

icrotubed] &3 $of, A3xE

glycerol reagent 160 uLE Y3l water(blank) 5 ulL, glycerol standard, sample2
7+7Fo] welld] ¥Rt Tappingsdlil plateE® EEoA ZF welle] &do] FaF 4]
ol 3 ¥ 37Ce 2xolA H& web Hke o 540 mol A initial
absorbance (IA)E ZA3IATE. ZF wellol triglyceride reagent 40 plLE Y il
tapping 3Fe] & 4lojE &, 37T 2EoA] 5 F F7HH R BEgAZ o
540 mmoll Al final absorbance (FA)E ZAstath. 12151 IA® FAE AR&3sle] A

)
gl = FARY e AEsh
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Lo

7h J A ARATAES] E

2] A RFA A E (preadipocytes) & A WA FAES] E2]7F £olgt AlAAEY
SAR Ao A EeaA wlkeATE A 1~

2 A= COz gass o]§ste] A2 A7 Fof 30% L= A#H3 o tf
Al 70% dae® Al¥etal, 5 £ A WA 2y R Sl SAW £4E 8~
10 g WeolWde}. o] 2428 MEE Fo collagenase®t $7 shaking water bath
of| Al 40+ &2F M| % nylon screen®® o]} A A3l A Fe AHk
A2 AAsEAT. o3 o] Fol 1500 xgo =z 1083 AR E 4 A2 AW
HAFAEZ Eo19E HAES A Kreb's ringer bicarbonate(KRB) buffere]l =
ol o 1,796 xgo & 10+ woF YAEZE 3 t}S9] 75 ul nylon screen®
o Bsle] ARATFAEE FHEAT

ot
ol
[\l
Q1
(]
=
o
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o A AT AR MF

A AWAFAES W5t AL Suryawan 5(39)9] W o] whEla A A ES
oh kA P R A7-ME FZ hematocytometer(Wenk Labtec)ZS o] &
stol £A4 39 U, 10% FBSE $+stal 3l DMEM/F-12 #jA & i <Fol o] &3}
Atk 6-well HIFHA O S22 ZA$ols 05 x 10°cell/well e, #342] 7%
1.0 x 10°%ell/welle 22+ FEaba 37°C %9 5% CO: incubatordl X Hl9Fa}9] o
o FAa 38 YaE 2% 2 welld 2 mLo HIAE ol &stdith HAET o
=g A7 22 ol=dE glofr] slalA FBSE kA &2 DMEM/F-12
WA & o] §sto] 23] AlF et Advbe FEEC] AWATAESY S0 o"

Gee VA= A dolny] AN AR 9 olFRH ALFE Zgeh

f
2
o

2

r

.

G774 10% FBSE ¥ 3HEE Hlx|o] mj<gstdirt. aela Aldvs FEEo] AR
TAES] fEstel] wAE e dolrT] EME AHTG ol HH #E3E F
AetE YA 10% FBS9 insulin(600 pg/mL), transferrin(l pg/ml) 12]al
hydrocortisone(500 ng/mlL)& ¥3stal 9l DMEM/F-128 o] &3] wjokstH e
o, w A= v 2dvich wA ST RS AguE s FEES 8435
$3le] o] &% dimethyl sulfoxide(DMSO)Z X3l o, AduE ofgg 5
AFEE AHFT & o] F5H 29 F¢ A2tk

flo

==
=y

o= AL FAHAHASAE F437] 8lA trypsine

]_
= AYF ge AT £5 2T 2 FAAd BHe e 2 w8

A TFAE S F277F B theol 6 well plated] A B S 2% g ¥ 1 mL
9] versenel Z plated 7|Fro] #Fo{F T, versene 360 uL9} trypsin 40 uLE

ol ZaF e Fo| 5¥7F incubation AAM A¥E plate vhekol A Wojmal

_13_

Collection @ chosun



% 1.5 mL eppendorf tubeel] AEE FHsFAT. 22]al 10 ul®] Cell suspension

2 o] &3} Hematocytometer(Wenk Labtec)® Al XG5 FAFSFA TR

o H A AYAE 3 54

Al AAFAE} AsAEre] s ARE dotir] AT Wisest

Green(38)2] HWFHE o] &3l =d w5l Al¥e GPDHO A=

(o)
il
[
2,
ol
]
fou

A T3t GPDHYE dehydroxyaceton phosphate©] glycerol-3—phosphate® B}
= FANA G&L2 dE TAholth glycerol-3-phosphate A4 A W2 $HAl 8}
= AR dvh aeal AN A At ARAEelA vbEoA7] oE
o] GPDH @455 SAozH AWAF A7 st AWAXERZ Eghshe 4

g SASAT. &AM 7Isd 3T3-L1 A¥Al¥£e GPDH &4 54 i 22

uh A AGATAHAE TAAY FF A

o &3sfod 33 FAF vhE, M
Inc., Rockford, USA) 200 uLE ¥ F, %S 93 ®wie o] &sto] Alxs &
Aetdrt EE AMEEAL 1.5 mL microtubed] &7 Fo, Al¥7} 43 &35
HESR 308 et dFdA ®HAsIAT AR A3 F, 4T =41 10,000 xg
Ado  AFEsARY Glycerol
standard(Sigma-Aldrich, Louis, USA)E& A}&3sle] == 34 $H(39.0625~2,500
pg/mL) oo, tERTe® AREsIATE 1 v, 96 well ELISA plateo] free

[
=

ER mammalian cell extraction solution(Pierce

o

i
j\g
>,
i
T,
o,
=
ne
flo
ox
ol
2
o
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glycerol reagent 160 uLE Y3l water(blank) 5 uL, glycerol standard, sample2
71 7F ol wello]l WAt Tappingshil plateE EZEA 7 well® §do] FaF 4
ol 3 ¥ 37Ce 2xolA H& web Hke o 540 mol A initial
absorbance (IA)E ZA3IATE. ZF wellol triglyceride reagent 40 plLE Y il
tapping el & 4olE F, 37CY 2=eA 6 &t FUHH LR dEAZ] v
540 mmellA] final absorbance (FA)E A3ttt L2]al JIA% FAE AR&slo] A

el 9 FAAYY FEE HEsdn.

3. SAAH

ol Aee EFajA ezl A SPSS(Statistical Package for Social Science)
E AFEEt A A4S AT AETd BHrsRT AR A, A
2 fodel Ot HALS A= dLu A EAHEA (one-way  analysis  of

]_

ofr

variance)2 ¢+ T p<0.05 FEol Al Tukey's testE Ab&ste] AFSHEA LS AA

T
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prague Dawley 7l e 55+% © 22 95 32 vi2l& AR&skth o]
5L g dER ()M FYsH 2w

7 aEhEAaE HEA17 e, W3 H(randomized block design)S ©]-&31o]
ute] ¥ 4o 2 v 5 A QlE A Al Ao 1k e e A

oA 45 FF AbFotATh AP S Table 164 He ZAAY Aol (N), a1

=
x&
oﬂ

A ol (A, High Fat diet), aAW4jolet 3% Atz #% H7k(High
Fat diet + 3% of Spergularia marina Griseb), LA W20l 5% AdvsE
7l (High Fat diet + 5% of Spergularia marina Griseb) 2.2 Fojx A& s}
Ack. Agel Abg®E Aol Aol AIN-93 HAHolE VFUNOSE b
Table 2¢F o] Wsto]l AUt B olLe] A-fel= Aol FA 2 10%¢]
el lardE AW FHo® ARG, LA A Ol TELS Aol FAle 20%¢°]

Aot lardd FHE HolF FIIAL

AHMA Ao AFoR Vo] FAISFA AL, 2 o] E & (feed efficiency ratio, FER)

ATT7tEe &2 7I3F sete] AHolfdFHFo® vol 8}

ATk ol Ao TEAPE 2AYT FEAdAFENLIY S0 AA B
A

-A0029)
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Table 1. Experimental design

Groups Diet composition
NY Normal diet
HEF? High fat diet

HF-SL? High fat diet + SL

HF-SHY High fat diet + SH

U2 Modified AIN-93 diet(40).
¥ Modified High fat diet + 3% of Spergularia marina Griseb

Y Modified High fat diet + 5% of Spergularia marina Griseb

_17_
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Table 2. Composition of experimental diet

(g/kg)
Groupsl)
Diet Normal diet High fat diet HF-SL HF-SH
Composition
Casein 200 200 200 200
L-cystine 3 3 3 3
Corn starch 399.986 299.986 269.986 249.986
dextrose 100 100 100 100
Sucrose 50 50 50 50
Cellulose 50 50 50 50
Lard 100 200 200 200
Soybean oil 50 50 50 50
Mineral mix” 35 35 35 35
Vitamin mix” 10 10 10 10
Choline chloride 2 2 2 2
Tert-butyl
hydroquinone 0.014 0.014 0.014 0.014
Spergularia marina 30 50

Griseb

VSee the legend of Table 1.

29 AIN-93-MX mineral mixture and AIN-93-VX vitamin mixture(40).

Collection @ chosun
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Ao o]g | FF A o ¥ FAAAWTR), F2d2HE(TC) 2 HDL-
YU 2HEY] e FHBE HeMe ANy HAF A4 7] (Fuji Dri-Che
m 3500, Fujifilm, Japan)Z o] &3 th 283l LDL-Zd2HE shak 317] 9 &)
A= Friedwaldd {FZd28E - (HDL-ZH2HE - SAAWL)IMADS AHE3s)
At 2 AdaAA A fdE ol AHEH = 97 349 (atherogenic index,
AD42)+= {((FZd 2FE - HDL-Zd9 48 2)/HDL-Z8 ~H E1e Aoz 4
A9 g x| (cardiac risk factor, CRF)(42)+= {F&u 26/ HDL-Fd| 2~H &} ALt

Hoz %47 Fagvh

01 g& #H%stal o7]o] CHCls:-MeOH (2 @ 1, v/v) 6 mL
£ AR vy 3 Sk WA H M AR > oAl IR0E H7ERE v 1,150
xgoll M 202 &t dAdEe A2 F AEFS seFE A FE2daEES S
AR e AT AbESIGlth S2UaHEY SEE 5467 fEMe

Zlatkis¢t Zake] W (44)2 AHEsERlaL, XIS @@ S48 flslM= Big
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Table 3. Proximate compositions of the Spergularia marina Griseb

(% dry basis)

Composition Contents
Moisture 410+0.28”
Crude protein 32.47+£3.51
Crude fat 453+0.92
Crude ash 20.68+1.95
Carbohydrate” 38.2242.15
Dietary fiber 4.45+0.27

1)Carbohydrate = 100-(moisture+crude protein+crude fat+crude ash)

YAll values are expressed as meantSE of triplicate determinations.
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Table 4. Contents of total polyphenol of 80% ethanol extracts

Spergularia marina Griseb

of

Total polyphenol (mg TAE/g )

Spergularia marina Griseb” 68.04+4.26”

YSpergularia marina Griseb 80% ethanol extract 1,000 ppm (I mg/mlL).

YAll values are expressed as meantSE of triplicate determinations.

_28_

Collection @ chosun



2. % flavonoid &% ¥4

Flavonoidi= =] ¢, 2], #5ol 2 o] slom, o2 F7Fs oH=
AFE F3 wBA FHE EAT o5 BYMATE ERHoE AT F
Q7] w0 FAEo] e Aow BuES A, Wt flavonoid® polyphenol#
WA R FEE, drteld s, FAERTE e Aew deEA AdrhB9).

2 AggAE ALUE des FEE9 F flavonoid S FH37] fdEA
7l =EHEE ruting ARESERA, 1 SA A= Table 59 o] 2860 mg
RE/g &% YEWT Heo 52602 Adv=Ee 52 57F 2,000 mg/L o o,

A

F FEE 110 mg/L &2
<

o FEEY T EYE
wol= S AFARGE B, AFAE AYUER 1053 mg/g, 5A7F A
U2 2153 mg/ge® VERY Axwde wE F9% Aols Brtal Hasks
= S SvE=E EE3s % F flavonoid

AH
Lee 5(60)°] #WHXx 70% g FEHEL
staks A3 A3E W ethyl acetate 1
3.1 mg/g L2831 hexane 1.7 mg/g <o 2 YElu i B 15t
, Lee 5482 AW x 70% &S F=2E9 F flavonoid $#ES +43 A7,
2 269 mg/ge® YEld Ax T3 wws] By B AP A B
X
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Sy
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Heg shal vk B AT A sty AEuUES e GAAES v &
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Table 5. Contents of total flavonoid of 809% ethanol extracts

Spergularia marina Griseb

of

Total flavonoid (mg RE/g )

Spergularia marina Griseb” 28.60+1.79”

YSpergularia marina Griseb 80% ethanol extract 1,000 ppm (I mg/mlL).

YAll values are expressed as meantSE of triplicate determinations.
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Fig. 1. Effects of Spergularia marina Griseb ethanol extracts on
proliferation of 3T3-L1 preadipocytes

Dimethyl sulfoxide(DMSQ) was used as control. Cell proliferation was determined
by counting cells by hematocytometer. Reported values are means+SE. *PValues
with different superscripts are significantly different at p<0.05 by Tukey’s test.

_33_

{“/Collection @ chosun



. 3T3-L1 ARAE Bato] uAi= o4 ws

Az g &A1= GPDH(glycerol-3-phosphate dehydrogenase)+ A RF 34
o 41 dihydroxyacetone phosphateE glycerol-3-phosphate® 71914 0.2 A=A
S}aL, fatty acyl-CoA$t ZAEs|A+ triglyceride® A4 3Hth66). GPDH 242
st 719 3T3-L1 AAZEANA 543 Frtstis ol ARAE #3het 5744
WS ARE dolE F e FHE=oH6T).

At s ek FEE0] 3T3-L1 AHAE E3le o
erotr 7] 98l 50, 100 ¥l 200 pg/mlLe] AUvE des FE=S 247 A
st GPDH &4 A %& 543 235 B9 Fig. 29 £t AldvE o e

_7;:
B9 TL7) =UFEe uwels] GPDH &4 AL7) v oEXoE AsE =24
e

e A= AE

3T3-L1 A A E7F 23t 2 dAets 235 Hehddo AduE o gs
F2EEL Yz wele] 50 ng/mLel FEOIAE 11.42%, 100 ng/mLe] %=

off 5= 20.53%, 200 ng/mLe] FEd A1+ 32.052%2] GPDH &7do] TFaxET Zo
= Rt 3] A9E mRoA 99 Aolm 3T3-L1 AAze] 2 o)
9= aas usich

Kim#} Nam(68)2 4 0|4l §0] & FHoln, wejoln} thalvfe} e gafiol

L A74e- AEA3E A7l polymannuronateS A #]dle] GPDH &4& =

o,
ot

>3]

A7} polymannuronated] ¥ %7} 71845 Fk o9& oz GPDH &4o] AF

Hol A WA ¥3 AAEZHS veplrtan Baste] B o4 Aol fAhgk Ax
Q.

=0 AAUAEE AHAER

-

=

i
T
2
=
:Oé
N
il
I
ofN
o,
i
4
e
(e
&
2
U

Collection @ chosun



o2 vepde] meE Azl AR Al MY

Collection @ chosun

_35_



120

a
100 - 3
C
80 - i
60 -
40
20
I] T T T 1
50 100 200

conirol

GPDH activity (%0 of control)

(pg/mD)

Fig. 2. Effects of Spergularia marina Griseb ethanol extracts on

differentiation of 3T3-L1 adipocytes

Dimethyl sulfoxide(DMSQO) was used as control. Cell differentiation was determined
by glycerol-3-phosphate dehydrogenase(GPDH) activity. Reported values are
means+SE. “Values with different superscripts are significantly different at p<0.05
by Tukey's test.
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Fig. 3. Effects of Spergularia marina Griseb ethanol extracts on
triglyceride contents of 3T3-L1 adipocytes

Dimethyl sulfoxide(DMSQ) was used as control. Reported values are meanstSE.
“Values with different superscripts are significantly different at p<0.05 by Tukey's
test.
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Fig. 4. Effects of Spergularia marina Griseb ethanol extracts on

proliferation of pig preadipocytes

Dimethyl sulfoxide(DMSQ) was used as control. Cell proliferation was determined
by counting cells by hematocytometer. Reported values are means+SE. “Pyalues

with different superscripts are significantly different at p<0.05 by Tukey’s test.
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Fig. 5. Effects of Spergularia marina Griseb ethanol extracts on

differentiation of pig adipocytes

Dimethyl sulfoxide(DMSQO) was used as control. Cell differentiation was determined
by glycerol-3-phosphate dehydrogenase(GPDH) activity. Reported values are
means+SE. ““Values with different superscripts are significantly different at p<0.05
by Tukey's test.

_43_

{“/Collection @ chosun



Foll v A= &3

9 FAAY &

A
s ol

. A AEA

A= A

ol
q_mo

i

9

N

of webA A[HA

7

HATH 50 ug/mL F%E

o] 570% Al et

o w7}

==
=y

Aol A

A4

glith. 100 ng/mLe 200 u

dlnlake] Z47F 19.74%, 41.76%<) S AW

e

94

v Hxay

Aol A

Ton

of et == A

7

=
5]

=9 &7}

o T

Foll Al H¥l 100 png/mL$ 200 ng/mL2

oo, kAl 3T3-L1 #[ A

]
sa

8

A

—_
"o

H

%9 A

2] A4 AA

-

R4

g Kim (70)2]

A

N

A7 9 2A et

8

A

177 A

e FE=2 3T3-L1 AH

A3}

A4

o] 4kl in vitro

A ol A

H

Aog AtmEn WebA in vivo ATl AdvE

0] =
AN

g o]

-
[

sA)wA e 7}

_44_

Collection @ chosun



40

a
a
30 - y
C
20 -
10 -
I] I T T T 1
50 100 200

conirol

TG content (mg/dL1)

(pg/ml)

Fig. 6. Effects of Spergularia marina Griseb ethanol extracts on
triglyceride contents of pig adipocytes

Dimethyl sulfoxide(DMSQ) was used as control. Reported values are meanstSE.
“Values with different superscripts are significantly different at p<0.05 by Tukey's
test.

_45_

{“/Collection @ chosun



s

EEEI

s

o]E

Al
-

ro] 1x]v

__QL

=

0

&
o

K™ Table 63}

s

(HF-SL, HF-SH)

7hE

=]
=g

juis
=

Ua 2

r
ol
olp
s

1A

bR

]

X
_]o

AV (HF-SH) € 344

=]
=g

juis
=

ol 9} 5% AlEutE #

s

o x| W7} o} o] A

A el

9

]

SR Aol

T
R

Aol (N)o] =7 vt em, o

AAde

T
R

obzth

1}
o~

7}a-&(HF-SL,

i=uil %
= 7@1

A

3

]o

A
o

iy

31|

B ATH(72,73).

o= =

o

).

o}
(HF-SL, HF-SH)¢] 2] o]

AO

(HF, HF-SL, HF-SH)®°]

—
TE

s

Wt

o]%

o

I

AR (N) R §9]

A

3l

s

2 o] (HF) 7 ]

ok

al

1l
IR

tol= =A vet

e

s

s

=]
=g

juis
=

o9} AluE

—

<

L
o

7hE(HEF-SH) 8] 7 -0l a4

=]
=g

juis
=

ol 9} 5% AlEutE #

fol 71 Zelr} £

S

- (HE)ol ]

Fol 2

S

N

_46_

Collection @ chosun



T

AFE7 S L Hel

i

i

FATHT4).

"o

™

=

I

P E AT

Aol =

s

kil
4

il

H sk oH64).

—

<
™

Ton

%

8] o] Fo]

ER

S

AT

Q

o Z}A

T

R

SEL

o] AehAtel

=
Eis

—

=4

2

o A4
_47_

[€)

-

flavonoid

)
=

, polyphenol

o
L= A ) R
A of & ot}

Sl
Collection @ chosun



Table 6. Changes in body weight gain, food intake and food efficiency

ratio of rats fed the experimental diets

Body weight gain Food intake

Groupsl) FER?
(g) (g/day)
N 6.16£0.18° 21.80%0.44% 0.28+0.00°
HF 8.22+0.46 20.17+0.81%° 0.41+0.13
HF-SL 7.48+0.24% 19.03+0.49° 0.39+0.01%°
HF-SH 6.81+0.36" 18.55+0.37" 0.37+0.01°

VSee the legend of Table 1.

?Values FER(food efficiency ratio) : total weight gain/total food intake.

PValues are mean+S.E. of 8 rats per each group.

YValues with different superscripts In  the same column are significantly

different(p<0.05) between groups by Tukey's test.
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Fig. 7. Liver weight of rats fed high fat diet containing Spergularia

Liverweight (g/100z body wt.)

marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Table 7. Weights of Epididymal, Mensenteric, Retroperitioneal and

perinenal adipose tissues in rats fed the experimental diets

(g/100g body wt.)

Epididymal Mensenteric Retroperitoneal
AT AT AT

Groupsl) Perinenal AT Total AT

N 1.23+0.05°  0.95+0.10° 1.71+0.15° 6.07+0.46°  4.35+0.21°
HF 247+0.04°  1.54+0.10° 2.47+0.09° 1141+1.14°  6.71+0.16"
HF-SL  1.62+0.08°  1.16+0.07° 2.04+0.12° 10.34+059°  5.79+0.32°

HF-SH 1.77£0.07°  1.09+0.05° 1.97+0.07° 8.28+040™  5.11+0.34>

VSee the legend of Table 8.

?The results are mean+S.E. for 8 rats in each group.

INS: not significantly different among groups.

YValues with different superscripts In  the same column are significantly

different(p<0.05) between groups by Tukey's test.
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Fig. 8. Total adipose tissue weight of rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per

each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 9. Serum activity of ALT in the rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 10. Serum activity of AST in the rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 11. Serum activity of ALP in the rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.

_57_

{“/Collection @ chosun



1000

a ah
800 - &
= 600 -
=
=]
=
= 400 -
200 -
I] .
N HF HF-SL HF-SH

Fig. 12. Serum activity of LDH in the rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 13. Contents of triglyceride in serum of rats fed high fat diet

Triglyceride(mg/dL)

containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per

each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.

_61_

{“/Collection @ chosun



120 -

100 -

40 -

Totalchoelesterol (mg/dL)
=
(=]

20 -

) HF HF-5L HF-5H

Fig. 14. Contents of total cholesterol in serum of rats fed high fat

diet containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 15. Contents of HDL-cholesterol in serum of rats fed high fat

diet containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 16. Contents of LDL-cholesterol in serum of rats fed high fat

diet containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.

_66_

{“ICollection @ chosun



15 -

be

05 -

N

) HF HF-5L HF-5H

Fig. 17. Atherogenic index of rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 18. Cardiac risk factor of rats fed high fat diet containing

Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 19. Contents of triglyceride in the liver of rats fed high fat diet

containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 20. Contents of total cholesterol in the liver of rats fed high fat

diet containing Spergularia marina Griseb powder for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 21. Contents of triglyceride in the epididymal adipose tissue of
rats fed high fat diet containing Spergularia marina Griseb powder for

4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 22. Contents of total cholesterol in the epididymal adipose tissue
of rats fed high fat diet containing Spergularia marina Griseb powder

for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 23. Contents of triglyceride in the mesenteric adipose tissue of
rats fed high fat diet containing Spergularia marina Griseb powder for

4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Fig. 24. Contents of total cholesterol in the mesenteric adipose tissue
of rats fed high fat diet containing Spergularia marina Griseb powder

for 4 weeks
Abbreviations: See the legend of Table 1. Values are mean = S. E. of 8 rats per
each group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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HF-SL HF-SH

Fig 25. Hitological analysis on liver tissue. N: Normal diet, HF : High fat
diet, HF-SL : High fat diet + 3% Spergularia marina Griseb, HF-SH : High fat

diet + 5% Spergularia marina Griseb
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Fig. 26. Histological analysis on epididymal adipose tissue. N: Normal diet,
HF : High fat diet, HF-SL : High fat diet + 3% Spergularia marina Griseb,
HF-SH : High fat diet + 5% Spergularia marina Griseb. oil-red-O sections of
adipose tissue (A). The cell area was measured by Image analyzer program (B).

The calues shown are mean £ S.E.
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