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Abstract

The present study was designed to investigate the effects of hot water and ethanol extracts of Nelumbo nucifera
Gaertner flower on lipid accumulation and reactive oxygen species (ROS) production during adipogenesis in 3T3-L1
cells. 3T3-L1 preadipocytes were treated with both hot water and ethanol extracts for up to 8 days following standard
induction of differentiation. Regarding anti-adipogenic activity, compared with the control, the hot water and ethanol
extracts significantly inhibited lipid accumulation (37.4 and 66.6%, respectively) and ROS production (46.4 and
46.8%, respectively) during adipogenesis in 3T3-L1 cells. Treatment with hot water and ethanol extracts significantly
inhibited mRNA expression of peroxisome proliferator-activated receptor gamma (PPARY) and CCAAT/
enhancer-binding protein alpha (C/EBPa), thereby reducing the mRNA expression of adipocyte-specific fatty acid
binding protein (aP2). Moreover, both the extracts significantly inhibited mRNA expression of NADPH oxidase
(NOX4). Overall, our research suggests that N. nucifera Gaertner flower extracts might be a valuable source of
bioactive compounds that exhibit anti-adipogenic activity and could have applications in the field of medicine and
food industry.
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o, A, A3} T& 1A Fe dEE AT
A 3k(lotus flower) = A ZL(Nelumbo nucifera Gaertner) 2 (12). F2ol Rad ALZe] #A3F A= s} 2 o:]§]"‘l"4
Eaoa FJEH T Ze] o gidols] /24 E°lH East P E 2 FatstdAd3), g A A2 A9
Indian lotus & Chinese water lily2} 1% E2]*TH(1). AL u|vta) 3HAkst E7H4), 671 B0 R S5 A EEA

o] A Ske AR Nelumbinis Sermen)©2atH, A3e] e
= 9 (lotus root, Nelumbinis Rhizoma) 2.2 2 EAA =
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luteolin glucoside, kaepferol-3-diglucoside’s©] &4 St}
(8-10).

ATt AT g HstR ouR] B
ol gt AUl F/3Ae] 542 H]¥hobesity)= ©F718H H]
Tro = Qg Qe A, o] A EF T WA Se
e FE55 S7HE 2 lvh11,12). AW Ao 4
< AU AWA| 2 (adipocytes) 2] Y]l (hypertrophy)<} 2}
(hyperplasia) &= g = w Fsle A Z o] LA st
178 A3 (lipogenesis) 2H-8-0l] 2]ste] YA H 2wk
A0 oJste] f=HETh Bok XA AL A
A| X (preadipocytes)©] et F2]3} G4 stE A A
3t g o= Qlate] fEE7] wiel A WA x| 3}
(adipogenesis) = A|"A 32| 24 4] 4ERE o] 2} hypertrophy
capacity 2% ol $23F 2424 adipogenesisE Al 3=
AL HRk] oA E&2Q Bzlo 2 dFEa Jrt
(13-17). XA 2 B3ty ol A &g 4F4F(reactive oxygen
species, ROS)9| Zt=gt /g2 A2 4tsld ~E s
FEsHA Fw o] & Qlste] Tl WA, A A 2phksHE A
3, DNA ®lo|& d oA w3le} ohs A7 E o9
o] ¥7|% gh(18,19).

HT AAEES o] &3 A WA Z 31994 2 ROS A7
o thek A77F sl o] FolR 1 = Al A, st
et A= 2719 MEY Uk w2 dAFe
3T3-L1 HAPGAI ] A 23} 2ol 4] A4 Bl ROS
Aol mx= gt E4 H oetE FEEC 3E #F
skl stith At FEEo o g A A E-slekA o
el F8 Al A adipogenic transcription factors),
NADPH 4+8}& 4 4(NAPDH oxidase 4, ROS A4 472}
2 catalase(FF3tE ) T HJ=E A HL

o 4 i oftt rlo
W ooX

ML

ERET

8 dzhs 20141d0] 383 Hloz A5
| T ARG TFIrNA A g ol A
Stk AAGAIZGT3-LI) W 2 E3tell A2 Alof
© = vpenicillin-streptomycin(P/S), insulin, dexamethasone
(DEX), 3-isobutyl-1-methylxanthine(IBMX), nitroblue tetrazolium
(NBT), Oil Red O(ORO), isopropyl alcohol, N-Acetyl-L-
cysteine(NAC)-= Sigma(Sigma-Aldrich Co., St. Louis, MO,
USA)oll Al Fd3le] AF8-3199 T Dulbecco’s modified
Eagle’s medium(DMEM), fetal bovine serum(FBS), bovine
serum(BS), phosphate-buffered saline(PBS) 2 trypsin-EDTA
52 Gibco(Gaithersburg, MD, USA)ZF-F T 3o] A&
skt

a0
o
lo,
of
off
BN

=
T % eks F2ES Alxst] AAHE 3
B7HE AAISIATE AlF st ol B A AT A
1 Z(FD5508, Ilshinbiobase Co., Ltd., Gyeonggi,
Korea) ¢ ¢, Z&43t%] 20~30 mesh= #'43} 3H%
st A3} 50 gol oF 2081] SFF L 80% olEHES
212} 4 7Fetal 80~100T 8- 7ol A 3A3bE<t ghRzt
slAA] 33] WHE FE3I91) Z7e] 25552 Whatman
filter paper No. 3(Whatman Ltd., Maidstone, Kent, UK)E
ol-gste] o3t g § 4T W3 F, TY AAA R
A 2Fste] 50°Coll A 795 5(N-1200A, Tokyo Rikakikai
Co., Ltd., Tokyo, Japan) ¢+ & FA1x sto] At G
FE2E 9 80% s FEES AX3S

3T3-L1 M= vt 2 235}

3T3-L1 A3+ American Type Culture Collection(ATCC,
CL-173, Manassas, VA, USA) 2 2 FE] H-oF Wro}l A}1-8-3}5]
o} 3T3-L1 AXHA 2= A3 520l wel 1000, 24-well
2 96-well platecl] z+z} 1x10° cells/wellS seedingdt 5,
BS(10%) % P/S(1%)E a3t 115 %= X9 DMEM(89%)
oA 100% confluence 2 W7}A] w5l t) o] 2HE 24
Foll, APGA . F3H= E2(10 pg/mL insulin, 1 yM DEX,
0.5 mM IBMX)¥} FBS(10%) % P/S(10%)E 3+ DMEM
o7 HAAHA ZLE AWA LR FHE s Th A A Z
$-3}H(day 0)] DMEMell Al &5 27} 400 pg/mL=z % 2] 3}
Aar, FA tZ T (positive control)ol] & FHAFEIAQl NACS
A glste] vlwstit A A 2] B3l ke EEE
Ak &, 2dvieh 2] &2 0 2 10 pg/mL insulin, 1% P/S,
10% FBS7} & wiA]o] Z42ko] Al Aegk &, 8Y
Bt ESATIAA A WS4 9 ROSS] A S Bt
A

XTT assayE 0|88 MEz=SME7}

3T3-L1 A3l gt st d H dehE FE5E9 A=
=43 7= XTT{2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-
2H-tetrazolium-5-carboxanilide innersalt} assay kitE ©]-&3}
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Oil red O staining2 0|2¢ X|U=x2t 2tz

13} ol wh2 3T3-L1 Al E U AWEHFE S35}
1A} Zhzke] A2 E Aglsle] 24-wellolA] 82 EoF B3l
3T3-L1 Al22e] vt & A ASH £, 10% formalin €< 500
ILE H7bste] 523 A-ollA WA g 5 A AT 1
% =] formalin N2 ¥3}E 3T3-L1 A X 1A%t
o’ Ao Wxg F formaling A AL 60%
isopropyl alcohol &< 500 uL=Z A 23lo] M EZE 2713
AZANZAT &3] Axd A EELS g Ax8) £ oil
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red O working solution(Oil red O : DDW = 6 : 2.2 AL

W S48 AR ES TE9| 94 & & SRTE ol
sto] A|ZE 3~43] M A sl % 3] % ZE/\] Itk M Ul
A9 A Jw 233 o £ 100% isopropyl

alcohol S o] &35l 25 &= /\]Z_] ., microplate readerS
o] &3te] 490 nmellA FHFEE AT

NBT assayE 0|88 ROS &z &%

ety o] wE A A 2] ROS A FE S5
Asted WA 24-wellel] vl<F 9 3 3T3-L1 Al 29 v <F
HS A A T HFE PBS(pH 7.4)2 ©]-&3to] 23] A%
02% NBT €9 0.2 mLE A7}st] CO, incubator$tol A
907+ ¥H-3-A171 5] DMSO$} 1 N KOHE 7:3 £33 &
& o] &3} o]E dark blue formazans E'_—r &= A

microplate readerE ©]-&

total RNAE —%%Zﬂ' ':r*, AAA}SFHE Ax(reverse transcriptase)
£ AF2-3}9] complementary DNA(cDNA)E W&l €
cDNAS} primer® RT-PCRS o] &51c] §-A7e] W A w
£ =35k Ao AFe-3 5714+ GAPDH(Forward,
CAAGGTCATCCATGACAACTTTG, GGCCATCCACAG
TCTTCTGG), PPARy(Forward, CCAGAGTCTGCTGATC
TGCG, Reverse; GCCACCTCTTTGCTCTGATC), C/EBPa
(Forward; GCAGTGTGCACGTCTATGCT, Reverse; AGCC
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CACTTCATTTCATTGG), aP2(Forward, GACCTGGAAA
CTCGTCTCCA, Reverse;, CATGACACATTCCACCACCA),
NOX4(Forward, GAAGCCCATTTGAGGAGTCA, Reverse;
GGGTCCACAGCAGAAAACTC), catalase(Forward, TCTG
CAGATACCTGTGAACTG, Reverse;, TAGTCAGGGTGG
ACGTCAGTG) ©|9lt}. RT-PCR 4HEe 1.5% A
(agarose) ZAA H7]9E & AL A FAZIE o] &sto &
ZH DNA bandE #9135} t}. DNA band: Carestream
MI SE(Carestream Health Inc., Rochester, NY, USA) 2 =71
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Fig. 1. Effects of hot water and ethanol extracts of Nelumbo
nucifera Gaertner flower on cell viability.

Cell viability was measured by XTT assay. The exponentially growing cells were plated
into 96-well plates at a density of 1x10° cells/well in DMEM/BS medium and incubated
for 24 hr prior to treatment at 37°C in 5% CO,. Cells were divided into a control
group and a treatment groups. Each value is the meantstandard deviation (n=6) and
is representative of results from at least two different experiments. Statistical analysis
was performed using the one-way ANOVA (p<0.05).
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Relative ROS production(%o)

CON NAC DW
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(400 pg/mL)

Fig. 2. Hot water and ethanol extracts of Nelumbo nucifera Gaertner flower inhibit adipose conversion and ROS production during

differentiation of 3T3-L1 preadipocytes.

(A) Oil red O staining and NBT assay at day 8 with or without Ablumbo nucifera Gaertner flower extracts. (B) ROS production during differentiation of 3T3-L1 cells into
adipocytes. Each value is the meantstandard deviation (n=6) and is representative of results from at least two different experiments. Statistical analysis was performed using

the one-way ANOVA (p<0.05).



Effect of Nelumbo nucifera Gaertner flower extracts on lipid accumulation and ROS production in 3T3-L1 cells 747

#Z ©]-8-5to] band intensity = 3] 3}ste] LERA]T

TE 23 A 3= SAS(9.4, SAS Institute Inc., Cary, NC,
= Q
[¢]

USA)E °]&stq SARH sttt #olid 242
ANOVA %< A5k M Duncan®] T 9] A4 W

(Duncan’s multiple range test) -2 -2
A A% sk

p<0 05 —r'—v‘oﬂ

Ast 2 oﬂ & FEE2 100, 200 2 400 pg/mLe]
TrolM AE F4S UehliA] esken, dnd AdolA
2] morphology2] ﬂﬂu— HAE A EShThFg. 1). 3T3-L1
AZEE oA ZHE BN Sske] ZHANE Be
/\ﬂ oz o:lxﬂ-a].i—_ Oil red O oﬂ}\ﬂm.g Eg]] 3T3-L1 7(1 Aﬂﬁi‘
W AR SR FE 543 AdE Fg 24)9 2tk

ne
¥

g
r
filo
4
tlo
I
o
N

22 tjz2ofH] )
247} 400 pg/mL A 2] g
o7 7FAasle A Helo
= FEEAA AAE 3}
3 A3 Kwak 5(3)3
01?01]’\1 oﬂﬁ' A5 9 oeks FE250 &

%+ﬂﬂ®7%m@WW)§%§WLﬂEm4
~21.9 mg QEfg) &}3h&o] gitsledy T Al s
Hepdth= e‘aﬁéﬂr@r FrAe e BTt A A ]
3t 2 A AvE Fa AARIAE deix] PPAR
y, C/JEBPa & aP22] 3ol - = Fig. 30|49} o] HA3}
g5 9 dEE FE5 Aol vz HlaiA 2
ooz fadths A Yehdh ol fHAke
uls:]_q. ;qm—,q]gig] l‘i—i}%ﬂ = .2_75]?‘51- 2= 0]‘,:_ r,HliLzJoL]
AXNRIZFER A3t I D ek FEE-S Agex 1 &
gzt vlste] A3t d4 ¢ e F2ES 7
ug/mL Aelgk TelA oA or AT e AS & Jﬂ
T UAAJT. A x2 oA F= LEvh= PPARY, C/EBPa
9 aP2& IEo] F/HEFE A 2] AAA A A A

< #
-
N
—Z MR
e
2 owE
ot o
l‘lO rﬂ
o o
o
i
il
ttlo
3

= o U S ol

)
W o
i S
39

Netumbo nucifera Gaertn.
(400pg/mL)

DW EtOH

Relative gene expression (%)

coN NAC
(50% DMSO)

B) cox NAC Nelumbo nucifera Gaertn.
(MDI) (SmAD [4[I[Iggm‘mL}

EtOH

. — — —
300

)
S e
~ 250 a
=
=)
= S
A
=5
= b
g |
@ 150
@
<
=
) < T
S0 100
@
=
=]
= so
2]
==
L1} - .
CON NAC DW EtOH
(50% DAMSO) (5 mMD) Nelumbo nucifera Gaertner flower
{400 pg/mL)

(5 mM)

(C) coN NAC

DW EtOH

Nelumbo nucifera Gaertner flower

(400 pg/mL)

Nelumbo nucifera Gaertn.

[4[I[I!!gmL}
EtOH

Sl —— — = =
500
a

QDD (5mn

)
£
g 400
2 B
=
g ]
= 300
£ =
@
= c

200
2
n C
>
=
=
= or
>3
[~

° CcoN NAC DW EtOH

(50% DNISO) (5 m\) Nelumbo nucifera Gaertner flawer

(400 pg/mL)

Fig. 3. Effects of hot water and ethanol extracts of Nelumbo nucifera Gaertner flower on mRNA expression of adipogenic transcription

factors during adipogenesis in 3T3-L1 preadipocytes.

Total cellular RNA was extracted and subjected to RT-PCR. PPARY (A), C/EBPa (B) and aP2 (C) mRNA levels were quantified and normalized with to GAPDH. Each values
are the meantstandard deviation of the samples. Bars with different letters indicate statistically significant differences among groups at p<0.05 by one-way ANOVA.
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WA R F3E A ST E AR GEA et
3T3-L1 AlEe] #3HA] A3t I 2 oehe FE5E2] Az
o] w2 A o)A &3 PPARY, C/EBPa & aP29)
A A #de] vk AeE o] 2th21,22). Aol
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o £33} f& 245 Aglste] AMAER £3} ARl H
A3 ROS A &2 S43H7] 915te] NBT assay & ©]&
sto] 4%k A3b= Fg 2B)ok 2tk A3t I B oghy
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Fig. 4. Effects of hot water and ethanol extracts of Nelumbo nucifera Gaertner flower on mRNA expression of NOX4 (A) and catalase

(B) during adipogenesis in 3T3-L1 preadipocytes.

CON, control (MDI); NAC, N-acetyl cysteine. Total cellular RNA was extracted and subjected to RT-PCR. NOX4 and catalase mRNA levels were quantified and normalized
with to GAPDH. Each values are the meantstandard deviation of samples. Bars with different letters indicate statistically significant differences among groups at p<0.05 by

one-way ANOVA.
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