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Crude Extract and Solvent-Partitioned Fractions of the Halophyte
Atriplex gmelinii Inhibit Adipogenesis in 3T3-L1 Preadipocytes
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Received: October 19, 2023 Objectives: Atrjplex gmeliniiC. A. Meyer is a halophyte belonging to the Chenopodiaceae

Revised: November 22, 2023 family, and its young leaves and stems are used as fodder for livestock. The aim of the

Accepted: November 29, 2023 present study was to investigate the effects of A. gmeliniiextract and its solvent fractions
on lipid accumulation during adipogenesis of 3T3-L1 preadipocytes.
Methods: The samples of A. gmeliniiwere separately extracted using methylene chloride
and methanol. Subsequently, they were combined to formulate the initial extract, which
was then partitioned based on polarity to prepare solvent fractions. Oil Red O staining was
employed to measure lipid accumulation during the differentiation of 3T3-L1 preadipocytes.
To verify cytotoxicity in 3T3-L1 cells, MTT assays were conducted. The expression levels
of transcription factors in 3T3-L1 preadipocytes were measured through Western blot-
ting analysis.
Results: At 50 ug/mL, treatment of A. gmeliniiextract and its solvent fractions during the
differentiation of 3T3-L1 preadipocytes significantly diminished lipid accumulation with
no noteworthy cytotoxicity on cell viability. Additionally, when investigating the biochemical
pathways that underlie the prevention of lipid accumulation using solvent fractions, it was
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Tel: +82-51-410-4328 Conclusions: These findings indicate that A. gmelinii can effectively reduce the accumu-
Fax: +82-51-404-4750 lation of fat in 3T3-L1 adipocytes, making it a potentially valuable material for mitigating
E-mail: ywseo@kmou.ac.kr and preventing obesity.
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Q1 A7 R AL 20F
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Atriplex gmelinii

I I

Dichloromethane MTOH
Crude extract (157.7 g)
I
I
Dichloromethane H,0
n-Hexane 85% aqg.MeOH n-BuOH H,0

(12.4 ) 9.7 9 (13.1¢) (105.6 g)

Fig. 1. Preparation of crude extract and its solvent—partitioned
fractions from Atriplex gmelinii.
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2. X[UME BiY & 23t R

3T3-L1 Ag2d7A41 =
(ATCC; Manassas, VA, USA)°llA FU3tHR.2H, 10% fetal
bovine serum (FBS)©] ¥#% Dulbecco’s Modified Eagle’s
medium (DMEM)& A}8-3}] 37 °C, 5% CO, incubator®l|
Al HjeFsiith el 2-33] viAE wEstgon &
stE 98l AWAFHEZE 3.3x10° cell/em” YEZ 6-well
culture plate®] &3}k 29 & A27} 7152 in-
sulin (5 pg/mL), dexamethasone (0.25 puM), methyl iso-
butylxanthine (IBMX, 0.5 mM)°] 37} #j=]o] <F&E&
Al At A 235 8t Th ol $o insulinT
H A2 wAsk 8YzE v wiAE wEstHA]

e} =]
FESAT,

+ American Type Culture Collection

3. M ME=g =4

oFZo] 3T3-L1 AE A& X J&Fe A3y
f18te] MTT assays F33tATE U4 3T3-L1 A
A ZZ 96-well culture plate®l] 2x10° cell/mLZ 100 uL2
EF3F0] 37 °C2] 5% CO, incubatorol| A 2447t vjj oFa}
ATt 7+ welle] HIRE wAS SFE-S FE(10, 25, 50
pg/mL)E H7lste] 2443 Bk vige & 1 mg/mLY]
MTT A& A3kt
sulfoxideol] =<1

Austria GmbH, Austria)S ©]-83l] FHE=E ZAH3}H O

—

ololl A4H formazan< dimethyl

% 540 nm@ll 4] microplate reader (Tecan

Ol g @ 7H=4sH0I9 XYMEE= X =0t

H, Al YZES FRIFHTPEY, AE YEEL JERE
HE5HA] e blanke] FHES 100%2 1AL vl Aol
Hal o2 eI

4. Oil Red O EM
3T3-L1 A A| 0] APgA| 22 2] #3152 Oil Red
O AR ARgste] Flstinh ®A|, E3hd A
£ phosphate buffered saline (1x PBS)Z A| &3t & 3.7%
formaldehyde 888 9L 1AIZF 59 A-2A X8t
o 14" AlEE PBSE A1Z3kaL, Oil Red O G4 (0.5%
w/v, 60% isopropanol, 40% FFT)< *2lste] A0l A
1AIZE &< A8kt @A S A ASHAL PBSE 31 Al
2t & Al o A%W7(lipid droplet) A48 A =E F3td
n|H o g2 WA FEFA —E*ﬁ% 3t Aol &
)= Oil Red O Al2FE 100% isopropanol 2 2+
3] 83gt & 500 nmollA FFEE ST

5. HISt BRI QEKI| CHIE waiz £

M|EZE RIPA A >=-8-3
USA)C.Z 4 °Col| A 30%}
o F oo s=5 4
scientific, USA)SF & I3 L““?J_(ZS ug) S 12% SDS-pol-
yacrylamide geloll#] H7]19E0E &
fluoride membrane (Amersham Pharmacia Biotech, England,
UK)S o]838}o] o] 5AIZ . MembraneS 5% skim milk
of @7F 1A3F &<t HISo] ¥hg-& Aebatal, 1x TBST

tFH o8 3 A HEATE 1ARE FF A-2A 12 &
A(1:1,000 3)4)e} E43HeF F 1x TBST A0 39
A HstH T, ©]F horseradish peroxidase”t 2% 22} 3
A(1:1,000 3ADHE o] 34 ANA 1A <L vl
HE-&-A] 7131, chemiluminescence ECL assay kit (Amersham
Pharmacia Biotech)S AR5t ©hd wWi=E Davinch-
Chemi imager™ (CAS-400SM, A<, 3=HE ARg3lo] 7}
AT, YRR O Z B-actinS AHE-EFF o™,
Z} Y=+ B-actin HH] ¥ HEE image program > Z
Akst] Alg8E AeletA] Fa ALEstE 23 iz
T3 Blaste] g kst it

—II(Sigma-Aldrich St. Louis,
galstel B sy
BCA protein assay kit; Thermo

gﬁ

3193.01H, polyvinylidene

3 tH(mean)+3E 53 X}(standard de-
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viation, SD)Z YERJ O™ 7} |59 FEH Z}o]= Ducan’s
multiple range testS X%+
(SAS) v9.2 (SAS Institute Inc., NC, USA) S7) ==z 12
(analysis of variance)= ©]-83tc] A=k zfo]o] {2
42 P<0.05 ol A=A

3} Statistical Analysis System

1. 7I=4540| ZFE29| 3T3-L1 ME ME0| 0jxl=

!
fio

TMeRsAolE A HEREMEY HEEE
shal FAHA ZAE 2FEE] AR oA a3
7V8}7] A 2FEE0] 3T3-L1 A|E AE nx)= o
gRl1sl7] 18t MTT assayE 43t 1 23, 7k
AsA ol 2FEES 10, 25, 50 pg/mL 2 2]3+-S w) 2+
Z} 111.1£14.7, 105.4£10.0, 101.6£12.8%2] AE Y=L
Bom, weta TteAlsA ol 2FEE] AWEs)
Al A= 50 pg/mL ©l8ke] FEol A o] Fol HThFig. 2).
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2. 7I=ASHYO0| =529 XUME 210 0|X|= %
TFeA s Aol 2FEE] 3T3-L1 AWAE £31 9
W 22 A aRE glskr] 918k O0il Red O G4
AAEIAT O A, AEE F7VeHA & w3 E
A& o]-gstd XlHHiLiA 23HE =g iz v
Al 7heAs Aol 2FFES 10, 25, 50 pygmLe] TE=
Agstde w A Aol 120.248.4, 99.8+0.9, 79.9+

ﬁ

150
CE
~ 100
g
.’El
=
£ 50 4
O
ﬂ -
0 w25 50

Concentration {pg/mL)
Fig. 2. Cytotoxic effect of crude extract (CE) from Atrjplex

gmelinii on 3T3-L1 cells. The data represent the meanzSD of
three separate experiments. SD: standard deviation.
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1.4%=2 Yehgtom, £3], 50 pgmL = =
=tz BlEl 20.1% 7HFe] ATte] A oAt
= YAl 210](P<0.05)S X THFig. 3).

w
FE

7
o
A 23R S0 Gt ol Ba2

At =, n-FEE, 85% WEE 2
hva

AS™0| 2ES52| 3T3-L1 ME =0 0jx|=

0%

gRlsly] fst] 7 £EES TEE 10, 25, 50 pygmLE
Aegt & MTT assayS T35t 11 A3, S3olA=
101.422.8, 106.5+4.3, 107.245.0%2] A3 PELL B
o pHERSZo A= 109.9£2.7, 120.5+2.7, 124.0+5.4%,
85% M EFE-Zo A E 102.0+£7.8, 101.1£2.6, 96.8+2.3%, n-
FarZol| A= 97.742.1, 97.8+2.8, 97.5+3.0% 2 ZAHE A
ot kA 223 BE T4 Uz vlske] -9
A1 A E 545 JERA] 288 o B 2 (Fig. 4), 50 pg/mL

olste] FEoA REEESS AWES A4 EHE &<
3R
CE (pg/mlL) - 0 10 25 50

Differentiation - + + + +

150
d
g e c
- 100 A
£ b
5
=]
=
@ 30 4
=4
@ a
0 4
CE (ug/mL) - 0 10 23 30
Differentiation - + i GE +

Fig. 3. Effect of solvent fractions from the crude extract of
Atriplex gmelinii on the lipid accumulation of differentiated
3T3-L1 adipocytes depicted by Oil red O staining (200x
magnification). The data represent the meantSD of three separate
experiments. CE: crude extract, SD: standard deviation, ANOVA:
analysis of variance. Different letters above bars (a, b, ¢ and d)
mean those bars are significantly different (P{0.05) among each
other according to one way ANOVA followed by Duncan's
multiple range test.



150 200
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: 22 150 L e
z 100 z b
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£ £ 100 4
2 2
F 50 il
3 3 w0
] L]

0 10 15 50 0 10 25 50

Concentration (ng/mlL) Concentration (pug/mL)

018Y 2 7I=ASY0[ NYMEESH AN =t

g

Cell viability (%)
"
4

Cell siability (%)

25 50 o 10 25 50
Cnuenm:hn (pg/mlL) Concentration (pg/mL)

Fig. 4. Cytotoxic effect of solvent fractions from the crude extract from Atrplex gmelinii on 3T3-L1. The data represent the
meantSD of three separate experiments. SD: standard deviation, ANOVA: analysis of variance. Different letters above bars (a, b, and
c) mean those bars are significantly different (P<0.05) among each other according to one way ANOVA followed by Duncan's

multiple range test.
4. 71=45740| 2o 2= X|HME 23510 0|X= Fet
7HeRs Aol & || & gk 3T3-L1
AFAEZ 23 2 A" 2] A a3E Gl fst
o Oil Red O GM = AAISIAT 4T L& i Al
I Y AT 3 A s iz Blalste] s
2 YRS W, £3Ht% &3¢} 3 ZF 28E 10, 25,
50 pg/mL A 2F =l A 52 83.1+1.1, 68.5+0.2, 62.4+
3.9%, n-RE-EFL 94.8+6.4, 76.1£6.1, 75.0£6.0%, 85%
MeOHZ-E 99.3+10.0, 90.3+5.9, 76.5+4.8%, n-32kZ2
88.3£6.5, 86.9£6.6, 66.1x1.7%Z X|WAE U 2|9 A4
< AT webA TheAEAC] 9 E
AFA oA o] AT S A= A
thFig. 5).

Zz==X0

TEE

5ol &, p-REL, 85% WEL, p-o4k £
S8 747} 10, 25, 50 pg/mLE A WA Eol| X g]sled 2
&

QIAF1I PPARy (peroxisome proliferator-activator

o
E

=
[

gamma), C/EBPa (CCAAT/enhancer binding protein o),
SREBP-1c¢ (sterol regulatory elementbinding proteins-1c)2]
il 43S western blotoE EQlstT WA, B B
Y5 A A3, A8E AgskA il AEskE F
=3 thzFoll BI3l PPARy, C/EBPa, SREBP-1c2] 3 &
ZaHA ST p-HEE B3=0] A3 A3, PPARy
(60.3+3.1%<69.4+5.2%<93.4+5.3%), C/EBPa(54.140.8%<59.3+
0.8%<64.1+1.2%), SREBP-lc (27.745.9%<43.6+2.1%<64.8+
0.7%)2] ©E H-S T o|EZ(P<0.05) 22 A|5FA
ot 85% WEHE F8=2] A E= PPARyS] LS =

H:0 (pg/mL) - 0 10 n-BuOH (ughml) . [} 10 25 50

Differentiaton __-___+ + Differentiaton -+ ____+ + +

g
z
-]
g
°
2
2
H

0 0
HO@gml) - 0 10 25 50 »BuOH (ugiml) - 0 10 25 50
Differentiation - = =+ =+ Differentiation -+ + o+ =+

B
H
o
3
=
3

85%aqMeOH(ugml) . 0 10 2 50 rrHexane (ugml) 0 10 25 50

Differentiation Differentiation -
e

B
]
£
°
=
2
)

o 0
$5%aqMeOH (ugml) - 0 10 25 50 nHeane gml) - 0 10 25 50
Differentiation - Differentiation -+ + +

g
H
£
°
3
d
)

Fig. 5. Effect of solvent fractions from the crude extract of Atrplex
gmelinii on the lipid accumulation of differentiated 3T3-L1 adipocytes
depicted by Oil red O staining and the quantification of the
stain bound to lipid droplets (200x magnification). The data
represent the meantSD of three separate experiments. SD:
standard deviation, ANOVA: analysis of variance. Different letters
above bars (a, b, ¢, d and e) mean those bars are significantly
different (P{0.05) among each other according to one way
ANOVA followed by Duncan's multiple range test.

E2(30.7£5.1% <65.8+1.0% <99.5+0.0%) 22 A A|5FH
™, C/EBPo+= 25, 50 pg/mLe| & 5ol 242t 37.4+12.0%,
40.347.0% .2 thza3 HlwA] o4 xko)(P<0.05)3 X
Atk SREBP-lc= ZH2+e] ol A 52.5+6.1%, 52.0+3.8%,
65.2+6.4% 2.2 i Zrol| &) L& o] A=At n-34t
252 25, 50 ng/mLe] FEolA tjZell Hlsl] PPARy
(39.4£15.3%<62.3+4.0%), C/EBPa (22.6+8.9%<66.9+6.8%)
o] M-S 522 (P<0.05) 2% A5t 2™, SREBP-1c=
E FolA 36.242.2%, 33.1£10.6%, 40.4+7.6%C 2
e AASIH L 2T BwA] FZ(P<0.05) 2] &
At 1 A3, 450 BYEE T oa-REE EEE0] A

fr 2 (o
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H:0 0 25 50 n-BuOH 10 25 50
Differentiaion  _ N - N 4 Differentiation - + - - -
PPARy PPARy[ = e w— —

CEBPa| C/EBPa [ — e —— —
SREEPIe SREBPIc B ——
[ S
B-actin Fractin | e — ——— —
150 150
WPPARy BCEBPa OSREBPle
e E
k! €
T ; é ee
100 2 100 -
] [4
; g
- i c
: g
g il i Il
g %0 B 50 c h( -
H $ |k
+
s g
£ = . ,
0- 0
H:0 n-BuOH
Differentistion - - - - - Differentistion - + + + +
85%aqM=0H 0 25 50 r-Hexane 0 25 50
Differentiation - + + + + Differentiation - + + + +
?P,\R,-,-|' —!'—E!l'l PPARY | s G - e —
CEBP0 | e Gl CEBPa - e
SREEPle | s S S SREBPIc| e W e —
B-actin .—* B-actin — — |
150 = WPPARy BCEBPa OSREBPL
mPPARy @CEBPa OSREBPle minli = o
— ) b
] B £
; ‘ <
=9 ec '—rlm.
z 100 4 ¢ 32
£ : =
K3 e
b i g
g b 4
E - b g 30
g 0 b 2 H
. g
| 2
-
£ &
04 - 0 e
85%aqMeOH n-Hexane - 10 25 50
Differentiation = + + + + Differentizhon + 3 + ™

Fig. 6. Effect of solvent fractions from the crude extract of Atrjplex gmelinii on protein expression levels of key adipogenic differentiation
marker, PPARy, C/EBPa, and SREBPIc in 3T3-L1 adipocyte. #-Actin was used as an internal standard. The data represent the
meantSD of three separate experiments. PPARY: peroxisome proliferator-activated receptor v, C/EBPa: CCAAT/enhancer binding
protein @, SREBPIc: sterol regulatory element-binding protein—1c, SD: standard deviation, ANOVA: analysis of variance. Different letters
above bars (a, b, ¢, d and e) mean those bars are significantly different (P{0.05) among each other according to one way ANOVA
followed by Duncan's multiple range test.

WA ARRIAZIQD PPARYy, C/EBPa, SREBP-1c9] &g g3} &

Ao m At AL IAsAoH, A8E AT Ha

&5 10 pg/mLol M= PPARy, C/EBPo2] &S 50% ©1%d B Ao A& 3T3-L1 ARAT HEE o] g3l &
AAel= E3= BJthFig. 6). vzt Aafier g st g &

74 www.jkomor.org



WA, 3T3-L1 A A2z thg 7R ol 25
o] MEzSAE Rt AE AERe FaFs T4 &
© A8 FE=E 2435t 0il Red O F412 53l A
W AFA Y AA| 2] 73} A Foll A T(lipid
droplet) A843-S JAISH= Aol diste] FRASIHTE =
< AR ¥ tixTol Hlg)] 2FEES AT A
ToME T 2 AT 4 S FRUEHA
50 pg/mL F=o A AT FAdo] oF 80% AE A
+ 202 Yeh A JtEATA ] 2FEE0] AHA
iz Zslet A A o] Aol Bt e FIskA
THFig. 3). 3, A A4 oA a3E Hole 744
|

Uy B

59 I ARE ERIshy] st g4l met =
FZES B p-REs 85% MEE, p-dAF fujE 23

92 adipogenesisth= AWM EZZ
Bl oy AZFE, FaA w9
5o HEE JhH et AAER ] 13}
Z7|@A A PPAR-y, CEBP/a, SREBPIc
Z+& adipogenic transcription factor®] 2H-g-© 2 Ws}

7] AFsE AoE deld Qom, ofedt I vk

2 3T3-L1 AFHFA xS AP E Bt Foll A
= 3old 4= QIoP0. Adipogenesis 8-S 3T3-L1 A A
TAEZo) dexamethasone™ IBMXE *g]slHd z7] &3}

ZAFRIAFR] CCAT/enhancer-binding protein beta (C/EBPB)
7} #E=H, C/EBPRE A4 PPARyS] S F7HA
Z1HA AAE Esket AYFAES FESHA FoP.
PPAR-y9} CEBP/a= A|WZ2Z oA W@ st= HARIAR]
SREBP-1¢ 'Tdol| ojsf z=d=m Aol F719F 7]
Aol A SREBP-1c2] &A= <lall A% AJdol A%}
Han, ANE gart Sk SAAA L] AT 84

!
3} 402 APAE B5E SusA Db, oloh 2
H, =]

[e)

ET

PPARy, C/EBPa, SREBPlcE A2 A F2 U
of AAEZe] Ehot M W Ao FAgol FaF

HIRE AE 34 2dlAte]th
B2 AFolA TteAs Aol 2FFE Y /A £9&
5 n-FEE, 85% v, n-F4t EEEo] AYAE
o

131340l A PPARy, C/EBPq, SREBPIc THij 2l o] 13

Ol g @ 7H=4sH0I9 XYMEE= X =0t

AAlghs Ae dAstion, 1 FollA n-FeE E0]
7V T2 oA B3 o ATk ymA| syl = &
2 Oil red O FHAFANA AT FAJol 718 wol <
AR Aoz ASFHAAN AE3 dd e i
Al Eh= W2 A2 et dib o JM =
25T =EYES @S ol Bx dFska e
W = O9R AL 84 =48 dreka vk =3

[e=]

A

THYTP. @ WAl APAE Ralaig Fo B
487148 & i AT BRAZ0) wH o B

T8 EEC] AYAE iAo =, 710 THsh=

o] RETA | 27 WAE F2 oAl8}

BaHE Ao FEAP,
o)} o] FheAs Aol 8] BB APAE B
E

sloll A E3AL QIAFE 9] WA S Ao = A TA

ool AL ARt 2e HAT 5 gglon,
ol B Mol =g & 4 Stk wejth webA
QGO FAH FAAES BAUF 8 FERAL o
89 A W) 2P HAYE 2N 5 Tl TL W)
W 28 EESIA BTk GYHEL GRS Bol T
sha glo} ke ki ek Bastels et
natu BRe 1 oFEe 2L AL 48 o1
HIE g o] i g2 Wrha @) Nty okow
de) A Fo] L Pt G HE Holt TlEA
GYHER T Lol QTP Seketel A E3A B
ASE AeAsAolE £ A7dstel s neixt A
G Ol o] Eshaoly PAFE He Fulvk B
AQ2AZ ©)§E & 9 A0E AnFrh

1M
rhu

2 AF= 7FeAEA )Y 3T3-L1 AHFAH 2] A
AR HHANA AWEFE A aE sty s8] 7
Sy ATt 4 TheAE Aol AESA ofF

=4

7] 913l MTT assay S Al3iste] MEZ=Ao] A2

o

Qo
oo o
_O|£

1o

o

www.jkomor.org 75



SHfH|PISlS|X| X233 A2, 2023

gtol3lth 3T3-L1 AHATAEE BIA7IH 7H=A
152 AP, Oil red O FAS Faf 2HHA

zo) AEA B} fola BaHATE AL B2

stttk 3 AAE 2ol A TS Aol =5
=% 1 g =] AARIAR] PPARy, C/EBPa %

SREBP1c®] Tl &S fFojF o= oA grhs Zo]

B ATE sjjoralt AYos sfokatiadlr]ez15

3| okalo) e AZAA N L 48312 LAY (No. 20190096)
7} H37| A BREAR] Yo7 FZATLA T 7B
ATFAFI(No. 2022R1F1A1065328)2] A& Hhol =3 =
ATAIA Y

Conflict of Interest

No potential conflict of interest relevant to this article

was reported.

References

1. Park HK. A mechanism how obesity to attain a status
of disease. J Sci Technol Stud. 2014 ; 14(2) : 165-98.

2. Park YW. Clinical guidelines of treatment of obesity in
adults. J Korean Med Assoc. 2003 ; 46(4) : 345-56.

3. Wu TR, Lin CS, Chang CJ, Lin TL, Martel J, Ko YF,
et al. Gut commensal Parabacteroides goldsteinii plays
a predominant role in the anti-obesity effects of poly-
saccharides isolated from Hirsutella sinensis. Gut. 2019 ;
68(2) : 248-62.

4. Choi SJ, Park SM, Kwak YS. Comparison of the thigh
composition and its functional contractility in obese and
nonobese elderly patients. J Life Sci. 2014 ; 24(10) :
1125-31.

5. Han G. Evaluation of chronic disease and nutritional in-
take by obesity of Korean elderly-data from Korea
National Health and Nutrition Examination Survey
2016-2018. Korean J Food Nutr. 2020 ; 33(4) : 428-39.

6. Miller TD, Blither M, Tschop MH, DiMarchi RD.

76  www.jkomor.org

9.

10.

11.

13.

14.

15.

16.

Anti-obesity drug discovery: advances and challenges.
Nat Rev Drug Discov. 2022 ; 21(3) : 201-23.
Chakhtoura M, Haber R, Ghezzawi M, Rhayem C,
Tcheroyan R, Mantzoros CS. Pharmacotherapy of obe-
sity: an update on the available medications and drugs
under investigation. EClinicalMedicine. 2023 ; 58 :
101882.

Saxena AR, Frias JP, Brown LS, Gorman DN, Vasas S,
Tsamandouras N, et al. Efficacy and safety of oral small
molecule glucagon-like peptide 1 receptor agonist dan-
uglipron for glycemic control among patients with type
2 diabetes: a randomized clinical trial. JAMA Netw
Open. 2023 ; 6(5) : €2314493.

Conforti F, Pan MH. Natural products in anti-obesity
therapy. Molecules. 2016 ; 21(12) : 1750.

Li SZ, Zeng SL, Liu EH. Anti-obesity natural products
and gut microbiota. Food Res Int. 2022 ; 151 : 110819.
Shaik Mohamed Sayed UF, Moshawih S, Goh HP, Kifli
N, Gupta G, Singh SK, et al. Natural products as novel
anti-obesity agents: insights into mechanisms of action
and potential for therapeutic management. Front Pharmacol.
2023 ; 14 : 1182937.

. Ksouri R, Falleh H, Megdiche W, Trabelsi N, Mhamdi

B, Chaieb K, et al. Antioxidant and antimicrobial activ-
ities of the edible medicinal halophyte Tamarix gallica
L. and related polyphenolic constituents. Food Chem
Toxicol. 2009 ; 47(8) : 2083-91.

Ksouri R, Megdiche W, Falleh H, Trabelsi N, Boulaaba
M, Smaoui A, et al. Influence of biological, environ-
mental and technical factors on phenolic content and
antioxidant activities of Tunisian halophytes. Comptes
Rendus Biol. 2008 ; 331(11) : 865-73.

Ben Hamed K, Castagna A, Salem E, Ranieri A, Abdelly
C. Sea fennel (Crithmum maritimum L.) under salinity
conditions: a comparison of leaf and root antioxidant
responses. Plant Growth Regul. 2007 ; 53 : 185-94.
Jithesh MN, Prashanth SR, Sivaprakash KR, Parida
AK. Antioxidative response mechanisms in halophytes:
their role in stress defence. J Genet. 2006 ; 85(3) :
237-54.

Ali B, Musaddiq S, Igbal S, Rehman T, Shafiq N, Hussain
A. The therapeutic properties, ethnopharmacology and
phytochemistry of Atriplex species: a review. Pakistan



17.

18.

19.

20.

21.

22.

23.

24.

25.

J Biochem Biotechnol. 2021 ; 2(1) : 49-64.

Jeong H, Kim H, Ju E, Kong CS, Seo Y. Antioxidant
effect of the halophyte Atriplex gmelinii. KSBB J. 2016 ;
31(4) : 200-7.

Park MJ, Kim J, Kong CS, Seo Y. Inhibition of MMP-2
and -9 by crude extracts and their solvent-partitioned
fractions from the halophyte Atriplex gmelinii. Ocean
Polar Res. 2019 ; 41(2) : 79-88.

Jeon GY, Kim YC. Anti-wrinkle and skin-whitening ef-
ficacies of Atriplex gmelinii methanol extract in a cell-
free system. J Invest Cosmetol. 2022 ; 18(2) : 161-8.
Kong CS, Lee JI, Kwon MS, Seo Y. Inhibitory effect
of crude extracts from a brown alga Sargassum sili-
quanstrum on 3T3-L1 adipocyte differentiation. Ocean
Polar Res. 2015 ; 37(4) : 279-85.

Kim J, Kong CS, Moon KH, Seo Y. Inhibitory effects
of the halophyte Ligustrum japonicum on matrix metal-
loproteinases activity in PMA-stimulated HT-1080 cells.
KSBB J. 2020 ; 35(1) : 57-63.

Sun K, Kusminski CM, Scherer PE. Adipose tissue re-
modeling and obesity. J Clin Invest. 2011 ; 121(6) :
2094-101.

Lavie CJ, Milani RV, Ventura HO. Obesity and car-
diovascular disease: Risk factor, paradox, and impact of
weight loss. J] Am Coll Cardiol. 2009 ; 53(21) : 1925-32.
Park E, Song JH, Kim GN, Kim HO. Anti-oxidant and
anti-obese effects of mulberry (Morus alba L.) leaf ex-
tract in 3T3-L1 cells. Kor J Aesthet Cosmetol. 2015 ;
13(1) : 19-26.

Farmer SR. Transcriptional control of adipocyte formation.

26.

217.

28.

29.

30.

31.

32.

33.

Ol g @ 7H=4sH0I9 XYMEE= X =0t

Cell Metab. 2006 ; 4(4) : 263-73.

Lowe CE, O'Rahilly S, Rochford JJ. Adipogenesis at a
glance. J Cell Sci. 2011 ; 124(Pt 16) : 2681-6.
Hamm JK, Park BH, Farmer SR. A role for C/EBPbeta in
regulating peroxisome proliferator-activated receptor gam-
ma activity during adipogenesis in 3T3-L1 preadipocytes.
J Biol Chem. 2001 ; 276(21) : 18464-71.

Lee M, Sorn SR, Lee Y, Kang I. Salt induces adipo-
genesis/lipogenesis and inflammatory adipocytokines se-
cretion in adipocytes. Int J Mol Sci. 2019 ; 20(1) : 160.
Cui H, Yang S, Zheng M, Liu R, Zhao G, Wen J.
High-salt intake negatively regulates fat deposition in
mouse. Sci Rep. 2017 ; 7(1) : 2053.

Isa Y, Miyakawa Y, Yanagisawa M, Goto T, Kang MS,
Kawada T, et al. 6-Shogaol and 6-gingerol, the pungent
of ginger, inhibit TNF-alpha mediated downregulation
of adiponectin expression via different mechanisms in
3T3-L1 adipocytes. Biochem Biophys Res Commun.
2008 ; 373(3) : 429-34.

Regassa A, Kim WK. Effects of oleic acid and chicken
serum on the expression of adipogenic transcription fac-
tors and adipogenic differentiation in hen preadipocytes.
Cell Biol Int. 2013 ; 37(9) : 961-71.

Kim YA, Kong CS, Lee JI, Kim H, Park HY, Lee HS,
et al. Evaluation of novel antioxidant triterpenoid sap-
onins from the halophyte Salicornia herbacea. Bioorg
Med Chem Lett. 2012 ; 22(13) : 4318-22.

Lee HS. Meta-analysis on the effect of obesity and
blood lipid levels in Salicornia herbacea. J Korean Appl
Sci Technol. 2023 ; 40(1) : 123-34.

www.jkomor.org 77



