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Inhibitory Effect of Rumex Crispus L. Fraction on Adipocyte
Differentiation in 3T3-L1 Cells

Sung-Jin Park, Jun-Hyeok Choi, Yeon-Seop Jung, and Mi Hee Yu*
Department of Food Science and Technology, Keimyung University

Abstract The anti-obesity effect of ethanol extract and their fractions from Rumex Crispus L. on the differentiation of
3T3-L1 pre-adipocytes to adipocytes was investigated by suppressing adipocyte differentiation and lipid accumulation with
Oil red O assay, western blot and real-time PCR analysis. Ethyl acetate fraction of Rumex crispus L. significantly inhibited
adipocyte differentiation when treated during the adipocyte differentiation process, as assessed by measuring fat
accumulation using Oil red O staining. In inducing differentiation of 3T3-L1 preadipocytes in the presence of an
adipogenic cocktail, isobutylmethylxanthine (IBMX), dexamethasone- and insulin- along with ethyl acetate fraction residue
processing treatment significantly decreased protein expression of obesity-related proteins, such as peroxisome-proliferators-
activated-receptor-y (PPARy) and CCAAT enhancer-binding-proteins oo (C/EBPa). These results indicate that ethyl acetate
fraction of Rumex crispus L. is the most effective candidate for preventing obesity. However further studies will be needed
to identify the active compounds that confer the anti-obesity activity of ethyl acetate fraction from Rumex crispus L.
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(7-9). A*A 2= mesenchymal precursordl|A] preadipocyteS 7%
AMER EskE, E3lg St FEA, st wskE
gl AW A SHsH, ARRFe 2719 S 2L
preadipocyteZF-E] H£-3}E TH10).

AA| ] E3be AW Z2AA R B dlEE
AAEe] 2-dR-$lo| Z-8-3l= transcription factorE©] R WA
2 E3lEe AHddA wdd). ede AW M #3
frEshe 2202 AWAE AL 284 #oste 8
Aol Th(11,12). XA EE &3t 2 C/EBP family, PPAR~y,
ADDI/SREBP1 52| AARIARE2] AL o] 7tk ol&
ARIAES BE HAE fEste] APAEE Eshste] AW
=3, ARHY, Aol #edste JAAES FHEAIA duA|
At BBkl o] 27 FhK(13,14).
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2ol (Rumex crispus L.y= P& (Polygonaceae)oll 3=
AERA fEvE H= R el AL o, £
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2 AFoAs 3T3-L1 AAFAE AGAERE F3)st
Aex LgAo] FEE 9 Y& E3Ael vA= 4
< dotry] fleiA AEAele] A4, HISA EE 70% ethanol
(Et), hexane(H), chloroform(Ch), ethyl acetate(Ea), butanol (Bu),
water(W) 22 31 9319t 2t F2F 9 2gE8 &
3le] 3T3-L1 AlZolA Oil red O A2 2 triglyceride &32
Ao, 28 B AR B 2% FAA Bl mAE
g Belsle] AA7HA o g7HI7t ol 2 AelE My
A AALAZ W] A5 712AE nRdel] E=Fo] F3L
A+E FYTt

H

o rir

2L rE o2

=133
oH

=

b}

FEE9 M= H HSH =5

Ao ALgE 2E|Aole Ax HH] Ag FYUste] ARE-St
Atk AlE FAIL] 10M1E] 70% ethanol (Ef) (WV)E 24X7+ &
QF A wiFete] F 33] FZBArE FEAL o] (Whatman
No. 3, Clifion, NY, USA)S AM&-3le] o7ty A5HE rotary
vacuum evaporator(UNI TRAP UT-1000, Eyela, Tokyo, Japan)=
SPCAA EHB] B4 F AT B4 R F2ES
208 (wv)e] S/l =<9 F p-haxane (H), chloroform (Ch),
ethyl acetate (Ea) 2 butanol (Bu)y2 =x2 o2 33] Wk F&3)

o] 7} guEE A% £ slg F 5784 2L F=ald
water 2o 2 71t FF314] speed vacuumS 2 W2 7] 4]

& 9wAA BAAzsIe] AT,

3T3-L1 XY™ PMZ i H 25 = H AIEXE
Aol AR 3T3-L1 AIEE ATCC(Manassas, VA, USA)°IA
£ ol ALg-3IgiTE wiF B E3} #iA = Dulbecco’s modified
Eagle’s medium high glucose(DMEM: Invitrogen, Carlsbad, CA,
USA) 10% calf serum, antibioticsE F7}8l] 5% CO,, 37°C
olFulolE oA wFste] ME7T confluent FEN7F EW trypsin/
EDTAE Alsl] AXE YAE2](L-70, Bekman Coulter, Fuller-

Table 1. The primer sequence used for real-time PCR

ton, CA, USA)SIH AEZE HolA 3x10° cells/welle] BEZ 6
welloll #F3F 5 100% confluency JEfollA] 48A17F WFX] %
DMEMel 10% BCS<} 23 mg/mL IBMX(Sigma-Aldrich, Chem.
Co, St. Louis, MO, USA), 5mgmL insulin(Sigma-Aldrich), 1 mM
dexamethasone(Sigma-Aldrich)°] 7} ¥iX][(MDDE A z|sle] #
SHE 48417 &< =k 2 % 29 Hivh 10% FBS DMEM
HiA] o] 5 mg/mLe] insulin®] F7FE ¥R E wAFNFACE AlEe]
Age BT WA "7F AERE o] A skt

MTT assay

Ao AESHH 545 S457] 98l Green T2 WH(22)
off w&} 3-(3,4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bro-
mide(MTT) assayS AAIEIITE MTT assay= PlESZ=gjole] &
T G o8t @] 84 71E MTTV/E E84
o] B formazanS E Y= Y25 o] &gt WhHoE AN
¥ formazan®] §FEE AR AT 43 M2 FEE
kgt AXEE 1x10* cells/well>Z 96 well plateol] #5-3}
2407 WiF T A2 miXE AZI A AEste] 2447k
MTT Al9S 5mg/mL FEZ 10 LS 7+ wellell 7Fetal 4417
S MFEATE MG T8 F AFAE AASAL 7 wellol
100 uLe] DMSOE #H7}ste] ABAJE formazan A S &3AIA
ELISA reader(Spectra MAX M2, Molecular Devices Inc, Sunny-
vale, CA, USA)Z 550 nmellA 53%=S FAsIlon, x5y
< AR FHEEE xR FE=C ek WEEE YeERiITH

o R4

Oil red O &M

3T3-L1 AFARAEE 99 5 E3pAZ & wiAE Al A8t
3L phosphate buffered saline(PBS)Z A& 33 10% formaldehyde
g0z NEE FZAHLE A PBSE AF ¥, Oil red O &
g FHrbste] 3027 Aol AStaL, Oil red O &AL Al
At & S/HTE AFste] A=A v 923 AnAEE ol
&3t] B3I 100% isopropyl alcoholZ FAE A|HTE &
afate] 510nmellA] SEEE S8 s

Target Primer sequences Accession No.
GAPDH aisme GGICTCGCTOCTGGAAGAGS NM_0020463
PRARY aisme TOCAGCAGGITGICTIGGATG NM_O111463
S e
wwe e oo
S GICTTTGCCACATCCGACCTATC
ACS Anti::lse TTAGTGCAAACCCAGITGIGCTTC NM_007581.3
S AGCACTGCCTTCGGITCAGIC
FAS Ant?-::lse AAGAGCTGTGGAGGCCACTTG NM_007588.3
S CAGACGGACGTGGCTGTGTA
FATPI Ant?-::lse GCCGAGCATAGGATGCAAGAA NM_011577.3
S TGGGAACCTGGAAGCTTGICTC
FABP4 Antf-::lse GAATTCCACGCCCAGITTGA NM_024406.2
Perilipin Sfense GATGAGAGCCATGACGACCAGA NM_ 1756402
Anti-sense TGTGTACCACACCACCCAGGA
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Cell lysisale] 4°CollA] 14,000xgo 2 108-7F 94l Ha)sle]
FedS Ht 0.02mL FAEAY EFEd ZAIT HESA
ke (F)olatAl e FAA W kit(AM 157S-K, Seoul, Korea
mLA F7pste] et 37°ColA 587 HEEAIA 550 nmoll A
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Western bloti

A WA 2 Bl oA @dsk= Q1A PPAR-y, C/EBP-o THY)
A Fol| mX= FFS ZARE] 915t western blotS AAISH
At Eslet MEA 7t S5E NEE 233 PBSE AlHe &
1mL9] lysis buffers® FH7h, 30&-1A17F 59k &A1 F
13,000xgell Al 1087+ A4 &8t Alxe AR 55 AASFA
o}, @l F== bovine serum albumin(BSA)E X8} St Bio-
Rad protein assay kit(Hercules, CA, USAYS AM&-3lo] A3 ch
S 4CoA 13,000xgo 2 1027 94 223 Aede eEs
=Fe & 10% running gel? 4.5% stacking gelS ©]-83}o)
125 VollA] SDS-polyacrylamide gel A71%9%2 AA| ekt

7195 o 2 FEst Tl E-S immobilon-P transfer membrane
3} transfer buffer(20% methanol, 25 mM Tris-HCI, 192mM gly-
cine)E AFESFY 350 mASA]l 12087 transferA| Fth @& o]
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Fig. 1. Effect of RC on cell viability in 3T3-L1 adipocytes. 3T3-
L1 preadipocytes were maintained with adipocyte-induction media
for 9 days and treated with extracts and their fractions from Rumex
crispus L. (50 pg/mL) every 2 days. Cell viability was calculated as
a percentage of MTT metabolism in controls. Results represent the
mean=SD of three independent experiments. Con (control), Et (70%
ethanol extract), H, (hexane fraction), Ch (chloroform fraction), Ea
(ethyl acetate fraction), Bu (butanol fraction), W (water fraction)
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Fig. 2. Inhibitory effect of RC on the lipid accumulation in 3T3-L1 adipocyte. Differentiating 3T3-L1 cells were treated with every 2 days
with extracts and their fractions from Rumex crispus L. (10 pg/mL) for 9 days in adipocyte-induction media. Intracellular lipids were stained
with Oil red O (A). To determine the accumulation of lipid content, Oil red O dye was dissolved in isopropanol and optical density detected at
510 nm (B). Results were presented as means£SD in triplicate. *p<0.05, **p<0.01 compared to MDI treated positive control cells. 1:
differentiated control, 2: 70% ethanol extracts of Rumex crispus L. (Et), 3: hexane fraction (H), 4: chloroform fraction (Ch), 5: ethyl acetate

fraction (Ea), 6: n-butanol fraction (Bu), 7: water fraction (W).
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o]%5%l membrane fast green solution®Z transfer®] 55 &
Qg ¥ 5% non-fat skim milk solution® = blockingd}ATh. Y=}
gAle] I HArE HES] 918k TBST(Tris-Buffered Saline
and Tween 20) S0o] 1:10002.2 3]4a0] 2447 HEGAIZ] %
TBST=Z 33] MAsIth Algste] o)X AE 2417 WA 7] 2L
Al TBSTZE 33] A3 SHF52 AlZ S membraneo]
ECL detection kite] WAAIok} & 112 4L Fo Ede =
Z32, Xeray filmol =Z3le] A4 3 filmde band =S
sttt

Realtime PCRH

A E B3P7F dEE AXAA wiRE AASEL PBSE F
W MEs & TRI reagentE A28t ©|AS 1.5mL tubed
I mL” 3 1-bromo-3-chloropropane= 200 uL 3 7}8ked 30%7¢
vortexate] AR (3,000xg, 155, 4°C)sta, A5HS FHal Al
2§ tubedl] ST 7190 9] isopropanolS F71sle] -20°C
of| A 2A1ZF o) WASFAL WAl AR (13,000xg, 15, 4°C)gh
AL AAsI T AAE] 75% ethanol F 718k A|A
+ & diethyl pyrocarbonate(DEPC) X2]® ZFH+E #H7}sle]
°C oA 107 WHAIA IHES S
FZH RNAZ ©| &3 cDNAE &4 F SYBER Green
(Takara, Ohtsu, Japan)?} 38} @& U} PPAR-gamma, C/EBP-
alpha, SREBP-15 ERIs}a, AW &3, 34, #l #HE ACS,
FAS, FATP1, FABP4 18] perilipin®] F-34F @3S dolrr]
238 real-time PCR(Takara)2 A A3t} Primer(Bioneer Co.,
Granville, NY, USA)2] 9714 <¥€L& Table 12} 7t} Real-time
PCRZ %7|H7d 95°C 30%, W42 95°C 5%, annealing> 60°C
15%, 217402 72°C 1022 3] 40 cycleS FPFT}. 830
AL 550 AJAEEe] 95°CE FLHORE 0.5°CH Al
w 80HS wkgsle Yate ¥ e HEIA

o
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Fig. 3. Effect of RC on triglyceride contents in 3T3-L1 adipocyte.
Differentiating 3T3-L1 cells were treated with every 2 days with
extracts and their fractions from Rumex crispus L. (10 pg/mL) for 9
days in adipocyte-induction media. Triglyceride content was
determined as described in Materials and Methods. Results were
presented as means+SD in triplicate. *p<0.05, **p<0.01 compared
to MDI treated positive control cells. Con (control), Et (70% ethanol
extract), H, (hexane fraction), Ch (chloroform fraction), Ea (ethyl
acetate fraction), Bu (butanol fraction), W (water fraction)

SPSS™ version 17.0(SPSS Inc., Chicago, IL, USA)S ©]&3}
one-way ANOVAZ 2A]&1$3, thz72l £3} Controlol TS A
5 AT FAF F942 Tukey’s multiple comparison
test(23) & HZ 3T p<0.05 o)dd Wit BAA fFefidel S
= Ao=E AT
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Fig. 4. Effect of RC on adipogenic transcription factors. Differentiating 3T3-L1 cells were treated with every 2 days with extracts and their
fractions from Rumex crispus L. (10 pg/mL) for 9 days in adipocyte-induction media. At day 9 adipocytes protein was isolated and protein
expressions of PPARy and C/EBPa were determined by Western blot analysis. Results were presented as means+SD in triplicate. Con (control),
Et (70% ethanol extract), H, (hexane fraction), Ch (chloroform fraction), Ea (ethyl acetate fraction), Bu (butanol fraction), W (water fraction)
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AgAo] 25 9 &9 3T3-L1 adipocytes®] AX A&
&5 48] 9 sopgmle] FEE 7t ARE AT F,
MTT assay® AA|sHAcHFig. 1. A A5 BE £8300
A 50 pg/mLellA 80% o] AEEE Uehlio] AlZ25/de] 3l

= oA S Al

HES0 0Ixl=

AZ|H0| F=E0| 3T3-L1 X[HMTMZ| lipid droplet A4

of o|Xl= A&

Aol FEEC] 3T3-L1 AFAGAI L] A+ F4g o
w3t G HXEA Do) 5t WA EE 6 welldl
3x10° cells/wellZ 57311 confluent Aejoll A 4877F A3 & &

SH= HiIRI(MDDeE 2R 8% 2 10 ug/mL"] e
A2]shiA adipocyte® 2] #3FE 2 SIATE ©] F 48717k F
712 3% 10% FBS DMEMHIAI] 5mg/mLe| insulin®] 37}
A2 SAlSPEA AR 10 pg/mLe A2]ste] oil red O= A%
TE FAEAL 200 ¥iEC] AnEoR AHTE HASITHFg. 2).

a A3, agAe] FE= B EYES YA ¥ B3E
A=A A, AIEE W lipid droplete] FAdo] EastA
HEE Zow AFE o, Aol & Al o8 A
T Aol A== Ag HEASTE B8] Ak B A&
I= ethyl acetate (Ea)9} hexane (H) E8EM 74 43t 2
= Bt} Lipid dropletS phospholipid monolayerel]l ]3] &2]
AR SAAALZ precursor ﬁbroblastﬂl/ﬂ—“rEi A ER O] B
sk ellA e, PPARySF 22 F8.8F adipogenic transcrip-
tion factorEol 93] A== A= d&A Arh24).

A2[2o| FEE0| XIUMZE LY triglyceride Mol D|Xl= &t
3T3-L1 APAFAI 20 2e|do] FE= 3 £92S AT
A3} triglyceride $3-S Fig. 33} 7o) E3alel WAL} v

PE o, e FYENA triglyceride T A a37F YERE
th 53] ethyl acetate ¥ E 10 ugmLe] XA triglyceride
A A 2T 2 Ao Yehg 28Rl ethyl acetate
g0 3T3-L1 AYAFA ] £35S Aoz vvt o
AL Zlew AzdEn
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Western blotofl 2/st CHHEE W5 A}

AdipogenesisE AW A Z (preadipocyte)’t 524 2315 =
H9E& AX st X]“J‘]—Ew—( ipocyte)= == 8-S W8t
o] AAAA A F2, a2 g ¥ Wb zE,
lipogenesis & lipolysis©l] J‘ﬂroi ste d#e] frHArdso] WelE
o} olE FAAES] WHHS FFHO=Z sterol-regulatory-element-
binding protein-1c(SREBP1c), peroxisome-proliferators-activated-
receptor-y(PPARy)$} CCAAT  enhancer-binding-proteins(C/EBPs)
family 5<] AAIIA}e) ols) ZHE T}t C/EBP family2t PPARy
= S2%of 93] adipogenesis’t FEEE FHoNA FasHA =
43l= ZAFCIAo|t}h. Nuclear receptor superfamily®l] 43l
PPARy:= adipogenesise FZHO 2 ZH3le= TS o9, adi-
pocyteZ #3}E AHIE %7(]3}':‘:‘3] HFAR AAfolt}, &S ¢/
EBPB= PPARyS| WS EZIA]A preadipocyte®] %71 H3}74

oA T3t 9&S 3= f&jj C/EBPo= PPARy2}] 733t 3
2h8-8 B3l preadipocyte] ©7] 3} HA g Fx1eTH25-27).
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Fig. 5. Effect of RC-Ea on mRNA levels of transcription factors.
Differentiating 3T3-L1 cells were treated with every 2 days with
ethyl acetate (Ea) fraction of Rumex crispus L. for 9 days in
adipocyte-induction media. At day 9 adipocytes RNA was isolated
and mRNA expressions of PPARy, SREBP-1c and C/EBPa were
determined by real-time PCR analysis. Ratio is calculated against
GAPDH represented as arbitrary units of integrated density value.
Results were presented as means=SD in triplicate. *p<0.05,
**p<0.01 compared to MDI treated positive control cells.
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factor®] W&ol oJw3lt FFg WA =A TE oA st
St} PreadipocytecllA 3} o} FAlol LgAo] EIES
10 pg/mLe] F== A 2]kl FBS9} Insulm HIX 2 Zo} & wjn}
o AIRE ol Agst] &3} T8 $ whild IS Ak A
= Flg 491 2tk A EE AeA &2 #3F fFEZM=
PPARy ¥ C/EBPae] Hdo| dA A Frtele A= Uiyt
© ™, ethyl acetate, butanol #2&2] *g]A]°] PPARy % C/
EBPao] Tl o] AAsH 7adhS st

A QA TG T, ANAIE AARIAL Tl o] AxjoA
ethyl acetate3-olA 7 £ T35 YERN O] mRNA leveld| 4]
ethyl acetate<] lipid synthesis, lipid transport, lipid storage®l]
FAoete FHAAESY T AT AR

weta] AgAe] FEE 2 E¥E0] adipogenic transcription
3 ol
A

Real-time PCRZ O|28F mRNA W&iZxAt
3T3-L1 AFAHAE] B34 axyt 718 $43 &
] ethyl acetate =& ©]§
92 A FHRE vA e 9

3o adipogenic transcription factor
S F215l7] 913 real-time PCR
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Fig. 6. Effect of RC-Ea on mRNA levels of proteins regulating synthesis, transport and storage of fatty acid. Differentiating 3T3-L1 cells
were treated with every 2 days with ethyl acetate (Ea) fraction of Rumex crispus L. for 9 days in adipocyte-induction media. At day 9 adipocytes
RNA was isolated and mRNA expressions of ACS, FAS, FATP1, FABP4 and Perilipin were determined by real-time PCR analysis. Ratio is
calculated against GAPDH represented as arbitrary units of integrated density value. Results were presented as means+SD in triplicate.

*p<0.05, **p<0.01 compared to MDI treated positive control cells.

< o]g3te Yeld AZE Fig S5, 63 2ok B3E 4x3
control° A= PPARy, C/EBPa. ¥ SREBPIc2] mRNA o]
7FEIl e, RC-Ea 10, 20 pg/mLe] FxollA 1 wdlo] {2
o2 P2ES RIS EG o5 MRS 319 9kl
acyl-CoA synthetase-1(ASC1), fatty acid synthesis(FAS), fatty
acid transport-1(FATP1), fatty acid binding protein-4(FABP4) %
perilipin®] AN L F3HfEo wEt ZF {472k mRNAS]
do] AASHA F7Fstd 2, RC-Ea Xg]ol 23] fejdoz
a%Hs ST

o el AxfollA] AglAole] ethyl acetate +FES 3T3-L1 A
WM oA adipogenic transcription factor?] PPARy, C/EBPa.
22]31 SREBPIc ¥ lipid synthesis, lipid transport, lipid storage
of #Ast= FAAESY LS JATFOEM lipid droplet
wiglyceride S FANA APAZZ BHE AL &
A= Aoz AZtET o3 ethyl acetate +HE] AWAE
3} A &= LEjdoldl e ok ARE T Ee9)
=4 Aol ethyl acetateZoll ol =] 37| wiZelzta A
ZbE ), Kim 5(28)9] Aol 2JshH AR o] ethyl acetated ]
ZaoE S 7039 £756 mg/glE RYE = 7P o ¥
TS HYS, TR O 2 butanolFollAl 303.4+28.1 mg/g, ethanol 5+
=5 1764+58 mg/g, waters 33.5+03 mg/ge 2 ZAE ST o]
25t A= Eazo] EE5lE g2 waters, ethanol &5 H

BRI

o Zbzb of 208, 7H] BE vty BRI HATh TS a-o-
diphenyl-B-picrylhydrazyl(DPPH) radical 27844 % RC, %kl
2.7+02 ngmLZ YER} AgAo] ethyl acetateZollA 7HY =2
gatsl gAS Bty st

FHRE B0 tigt tannin 5 FES
TEo] Hi(2930)=0] Joerz ojys ZEuE IFES
Aoz 2e|Aol9] ethyl acetate I E o] SAJA R thet
T7t F7HH e R o]Fo|ol & Ao},
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