J Korean Soc Food Sci Nutr
43(6), 814 ~821(2014)

SEREEDEREE
http://dx.doi.org/10.3746/jk{n.2014.43.6.814

M ZH|F 2el2 E£5F &= (Salicornia herbacea L.)
= FES9| S|t &1} EHA
20|y - MY - 2ANs|"
MESOIXIHSI T Rjodnpatoyst Al Eodorstny
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Water Extract on 3T3-L1 Adipocytes
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Dept. of Food and Nutrition, College of Natural Sciences, Seoul Women’s University, Seoul 139-774, Korea

ABSTRACT

As a natural plant ingredients, glasswort (Salicornia herbacea L.) contains various physiological activ-

ities, mainly anti-oxidative and anti-diabetic activities. However, only a few studies have been carried out on its anti-adi-
pogenic effect. This study investigated the anti-obesity effects of Salicornia herbacea L. on 3T3-L1 adipocytes. As
adipogenesis of preadipocytes to adipocytes involves proliferation and differentiation of cells, we treated three concen-
trations (125, 250, and 500 pg/mL) of Salicornia herbacea L. water extracts (SLW) in both pre-processing and post-proc-
essing stages. When 3T3-L1 adipocytes were differentiated and dyed with Oil Red O, adipocytes size and the value
of relative Oil Red O staining were reduced by all concentrations of SLW in post-processing stage. Following adipogenic
differentiation, the concentration of tumor necrosis factor-a (TNF-a) in the cell supernatant significantly increased
upon treatment with 125 pg/mL of SLW and further rose at concentrations of 250 and 500 pg/mL during post-processing
stage. There was no significant difference in glycerol production upon SLW treatment. Leptin production significantly
decreased at all SLW concentrations during post-processing stage, whereas peroxisome proliferator activated receptor-y
(PPAR-y) and adiponectin secretions were significantly enhanced. Overall results showed that SLW might have an
anti-adipogenic effect via enhancement of TNF-a production, which causes dedifferentiation and inhibits lipid accumu-
lations in adipocyte. Furthermore, SLW might prevent diabetes and cardiovascular disease, as it reduces leptin secretion
and enhances production of both PPAR-y and adiponectin. However, further research is needed to elucidate the exact

mechanism and bioactive compounds of glasswort.
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sl 2 B 2280 Aoy A4S 98 NEEA AT}
UERA] b H)E 8-S dolr i) 3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetraazolium bromide(MTT,
Sigma-Aldrich Co., St. Louis, MO, USA)E o]-&3}o] A
X541 AE AT 96 well platedl] 3T3-L1 adi-
pocytes A|EZ 1x10" cells, 200 pl/well2 @1 2447}
HjFe & wjR Ho| T2 F FEES A SA70AMNA
Hulsl &Fo 2 A8t £ 1,000 pg/mLE 7|02
500, 250, 125, 62.5, 31.25, 0 ug/mL =2 HA7}8F9 2
H, F B4 A A2 2413, 48411, 9641t 2 &

AYAE AEFYES dotR ok A AITE g2 &
offr= AE T T ol BANA T2 = FEE
o] A& A=A Gotr izt B AL} fri A
A3 F2 o] AdE AAfsiglsd], ol A7k &l
mE = AlRke] BhEY] wie] i mEAIZEY] 964137k

S

E

AE 545 dotruz el =4 A g5 5
MTT €94(5 mg/mL in PBS)S welld 20 pL® €1, 37°C
9] 5% COs incubatorMMODEL 5410, Napco Precision
Scientific Inc., Chicago, IL, USA)ol|A] 4A]ZF 5t vl 5}
Ak M FER F FT NS AASEL ZF welldll dimethyl
sulfoxide(DMSO, Sigma-Aldrich Co.) 150 uLE 7}38}¢]
AdE formazan A4S &3s|A7] * 540 nmoll 4] plate
reader(Spectra Max 250, Molecular Devices, Sunnyvale,
CA, USAZ FH4=E SA430t AL AEEL 2E & A
2shA] B welld] FFEE 7o 3 A &R
Alrkake] vreRiT

3T3—-L1 MZH Lt 25}

28lo] Alg% 3T3-L1 adipocytes® American Type
Culture Collection(ATCC, Manassas, VA, USA)S. & F-
H st ARgetal o, Alaaj el AFEE EE x| ek
Al ek Gibco Co.(Rockville, MD, USA)ZHE T34
t}. 6 well plate] 3T3-L1 adipocytes AE(1x<10° cells)
= Dulbecco's modified Eagle's medium(DMEM)®l| 10%
calf serum, 1% peniciling 7}k vj =] o] 4] 3 ml/well
2 93 5% COz incubator(MODEL 5410, Napco Preci-
sion Scientific Inc.)el A 541t ¥l 33tk DMEMel| 10%
A7k v Ao
MDI(3-isobutyl-1-methylxanthine, dexamethasone %
A sto] 2Lz vttt 1 ¥ FBS iAo
Sk 9 o AEske] 293 migEtSiaL, FBS #iA]

fetal bovine serum(FBS), 1% penicilinS
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Oil Red O &AM

AEst o] WstE Aury] 98| v s AA g
38 Mol Oil Red O A& A 4] 0}035}
phate buffered saline(PBS)2. 2 A% 3l & 10% formalin
|G 587 A sta tA] formaling O] ato] 1A17F A
= 13 223 70% isopropanol® A 2] dhe] =
Oil Red O working solution(1 mL/1 wel)& 1A%t
A A stal 3xF TFIE 43] washingste] Fed
o= AAE AWAEE BT

-2 phos-—

E Ofﬁ FE
o re —{01'

XLEste He £

Oil Red O 994 3% 3%} /<% washing?t plateE 24
AZE FF 2ol A AxAZ = ZF wellol DMSO | mLE
7hato] AA kS B =530tk Oil Red O ¥ AMAI S =
ol z+zte] DMSO &95 96 well plateo] 200 uLA® ¥ ir
plate reader(Spectra Max 250, Molecular Devices)Z &
g Z4s90,

Glycerol s &3

A ko] &3 7H 2l glycerol %+ AWE3 7
33 3T3-L1 xﬂ;A &5 N (media) S o83t 4
3} 2| glycerol cell-based assay kit(Cayman Chem-—
ical Co., Ann Arbor, MI, USA)E A}-£-3}9] plate read-
er(Spectra Max 250, Molecular Devices)Z 43} t}.

-10ﬂ

cytokines s &3

Az 2] of A ”e‘f'ﬁ_E]tﬂ, AFAIE ZEstol] IS vAE=
Ao 2 &4# 7 tumor necrosis factor(TNF)-a, resistin,
peroxisome proliferator activated receptor—-y(PPAR-y)
o Agd AP F AFAA H3F #A-Ho] 9= Aoz
4H A leptin¥} adiponectin %+ 3T3-L1 A|E A HHE
3t T8 5 YT e AE ol&sto] &4 8kt TNF-q,
resistin, PPAR-vy, leptin®} adiponectin %=+ 27 A4
4 kit[TNF-a: TNF-a mouse enzyme immunoassay

off,

ol

M)
o
lo

(EIA) kit(Invitrogen, Carlsbad, CA, USA), resistin: mouse
resistin enzyme-linked immunosorbent assay(ELISA)
kit(RayBio, Norcross, GA, USA), PPAR-y: mouse PPAR-
y ELISA kit(Cusabio Biotech Co., Ltd., Wilmington, DE,
USA), leptin: leptin mouse/rat EIA kit(SPI-Bio, Montig—
ny-le-Bretonneux, France), adiponectin: adiponectin
mouse EIA kit(Invitrogen) ]S AF8-8}%1 2™, ELISAH S
2 plate readerg ©|&3lo] ZA3F3T).

SAXM

7t Y& Bl ol § 84 Z o= Statistical Anal-
ysis System(SAS, version 9.1, SAS Inc., Cary, NC, USA)
< o]&3to] A At BE SAHA = H ) BT
A2 gl g2 B FEEY w2 9 A ]b.“‘:i
a¥e] ato] & dolr 7] 93| A (ANOVA)F Dun-
can's multiple range test& AAI3te] a=0.05 FEoll Al

99g AZsqh.

Znt 2 oE
X B FEE9| YHIME 2 D|2ME FEF 2N
E Ao AlgE % B FEE JUAELS T4
ZATA oA HAASY] Table 1o AAeQTr. 24 Ax
o2 G IR e B48HE(36.8 g/100 g)2] &3t 3

3}
W(52.2 g/100 g)o] &=Fo] - = okr}. Wi IS 182
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(19,20). Kim 521l ¢&td of &
#2491 inulin® fructo-oligo && #

Table 1. Nutrient composition and mineral contents of Salicor-
nia herbacea L. water extract

Salicornia herbacea L.
water extract

Calories (kcal/100 g) 182

Moisture (g/100 g) 35

. Fat (g/100 g) 0.9
Nutrient Protein (g/100 g) 6.6
Ash (g/100 g) 52.2
Carbohydrate (g/100 g) 36.8

Al (mg/kg) 23.0

Ca (mg/kg) 1,740

Fe (mg/kg) 108.2

. K (mg/kg) 37,650
Mineral 10" (me/ke) 10,530
Mn (mg/kg) 94.62

Na (mg/kg) 181,200

P (mg/kg) 5,624
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FEE AYsrs ZASY] ¢98l MTT colorimetric
assay WH & o] &3to] AWM x| AbE HEE A H ok
thH22). 32 & FEES 5=H(0, 31.25, 62.5, 125, 250,

500, 1,000 pg/mL)& 24X}, 48417}, 96117+ S-oF A 2la}
o] o} 3T3-L1 adipocytes?] AEE2 Fig. 1] YEH

At Fx B FEES AR g2 gz AEES
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24 A Azre] dojdel e Atz Angt) e
i%z E FEEY 15T 4841 A Al AEEC] A
7223k 1,000 pg/mL & % A efsta, BE A g A7l A
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100 |
- 95.4%
% 80 | 80.7%
2 69.8%
© —e 24h
g0 r = 48h
—&—96h
40 ‘ ‘ ‘ ‘ ‘
0 3125 625 125 250 500 1000 ug/mL

Fig. 1. Effects of 24, 48, 96 hours treatment of Salicornia herba-
cea L. water extract on cell viability of 3T3-L1 adipocytes. The
cells were incubated during differentiation with various concen-
trations of Salicornia herbacea L. water extract. The cell via-
bility was determined by MTT assay. The values were calculated
as a percentage of cell viability of the non-treated adipocyte
cells. Each value is expressed as the mean of four independent
experiments.
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Fig. 2. Effects of various concentration of Salicornia herbacea L. water extract on lipid accumulation during adipogenesis in 3T3-L1
adipocytes. BFN: normal group without Salicornia herbacea L. water extract (SLW) treatment during post-processing, B125W:
SLW 125 pg/mL treatment group during post-processing. A: pre-processing, B: post-processing. Values are mean+SD of four in-
dependent experiments and bars with the different letters (a-c) are significantly different among groups at P<0.05 by Duncan's

multiple range test.

Table 2. Effect of Salicornia herbacea L. water extract on leptin and adiponectin secretions of 3T3-L1 adipocytes"

Group Leptin (pg/dL) Adiponectin (ng/mL) Group Leptin (pg/dL) Adiponectin (ng/mL)
AFN 7,717.08+417.27" 3,799.20+1,157.88™ BFN 2,199.38+92.81° 1,185.70+1,531.63°
Al125W 5,144.69+689.13 4,115.90+1,388.87 B125W 990.00+290.92° 2,733.63+£317.46"
A250W 6,094.69+1,504.00 4,585.39£777.39 B250W 1,071.25+98.03° 3,017.81£72.62°
AS500W 6,040.00+3,125.93 4,032.74+1,034.46 B500W 1,443.13+337.33" 3,205.74+346.45"

AFN: normal group without Salicornia herbacea L. water extract (SLW) treatment during pre-processing. BFN: normal group without
SLW treatment during post-processing. A125W: SLW 125 pg/mL treatment group during pre-processing. A250W: SLW 250 pg/mL
treatment group during pre-processing. AS00W: SLW 500 pg/mL treatment group during pre-processing. B125W: SLW 125 pg/mL
treatment group during post-processing. B250W: SLW 250 pg/mL treatment group during post-processing. BSOOW: SLW 500 pg/mL

treatment group during post-processing.
"Values are meantSD of four independent experiments.

*Means with the different superscripts are significantly different among groups within same column at P<0.05 by Duncan's multiple

range test. NS: not significantly different.
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Table 3. Effect of Salicornia herbacea L water extract on glyc-
erol production of 3T3-L1 adipocytes"

Group Glycerol (ug/mL) Group Glycerol (ug/mL)

AFN 47.60£1537"  BFN 21.92+7.61"°
A125W  51.54+11.15 BI25W 28.27+6.80
A250W  56.86+11.63 B250W 29.52+9.70
ASO0W  41.44+19.93 B500W 31.88+10.71

Groups are the same as in Table 2.
YValues are meantSD of four independent experiments.
NS: not significantly different.
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Table 4. Effect of Salicornia herbacea L. water extract on TNF-a, resistin, and PPAR-y secretions of 3T3-L1 adipocytesl)

Group TNF-a Resistin PPAR-y Group TNF-a Resistin PPAR-y
(pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)

AFN 1.04+0.63" 5,739.00+80.14°  15,934.19+5,425.80™° BFN 0.59+0.00°  6,142.33£14.14"  5,372.90+54.74°

A125W 1344044  5,936.78+85.01"  16,418.06+5,442.88 BI25W  1.58+0.43" 5,997.89+136.23 10,160.001,094.88"

A250W  1.1940.28  5,985.67£141.37% 17,585.8144,362.30 B250W  1.04+0.34 5,981.50£168.66 10,947.10+1,192.97°

AS00W  1.68+0.77  6,022.33+170.90"  15,708.39+4,490.37 B500W  1.29+0.59" 5,999.00+88.02  11,495.48+515.00°

Groups are the same as in Table 2.
Values are meantSD of four independent experiments.

**Means with the different superscripts are significantly different among groups within same

range test. NS: not significantly different.

column at P<0.05 by Duncan's multiple
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