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Rudbeckia laciniata var. hortensis Bailey is used in home remedy for colic and gastritis in South Korea.
Although Rudbeckia laciniata var. hortensis Bailey is used extensively for home remedies, no single
study on its efficacy exists. In this study, we investigated the anti-obesity effects of Rudbeckia laciniata
var. hortensis Bailey. The anti-obesity effect of a 70% ethanol extract from Rudbeckia laciniata var. horten-
sis Bailey on the differentiation of 3T3-L1 pre-adipocytes to adipocytes was investigated with an Oil
Red O assay, western blot analysis, and mRNA analysis. Compared to the control (only treated with
DM), the 70% ethanol extract of Rudbeckia laciniata var. hortensis Bailey significantly inhibited adipocyte
differentiation and intracellular triglyceride (TG) levels at a concentration of 100 pg/ml. To determine
how the TG content was reduced, we measured the level of protein and mRNA expression of obesity-
related agents, such as peroxisome proliferators - activated receptor y (PPARy), CCAAT/enhancer- bind-
ing protein a (C/EBPa), AMP-activated protein kinase (AMPK) phosphorylation, LPL, and FAS. As
a result, the 70% ethanol extract of Rudbeckia laciniata var. hortensis Bailey significantly increased the
expression of AMPK and decreased the expression of genes related to adipogenesis and fat storage,

such as PPARy, C/EBPaq, LPL, and FAS.
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proliferator activated receptor y (PPARy)®} CCAAT-en-
hancer-binding protein a (C/EBPa)7t $ITHe6]. o] && &3
7)o 2E o adipose-specific T2 HEH & &g
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AT &, A 24 A FFFES AT
Holzl 70% ethanol &S pore size 6 um paper filter
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3T3-L1 MZ i & 23t R

Ao AHEE 3T3-L1 Al £+ ATCC (Manassas, VA, USA)
oAA Eefrkol Ao A3 3T3-L1 Ml E:= 10% bovine
calf serum, 1% ¥ Y4 &-2E 3] Erjo] 2 g 4H2 A (penycillin-
streptomycine antibiotics, Gibco BRL, Grand Island, NY,
USA)= % & Dulbecco’s modified Eagle’s medium high glu-
cose (DMEM: Gibco BRL) HJ A of| 4| 5% o] At} &4 (CO,), 37
C zxos WFsAt.

Mz B8 6-well FHOIES well B 1x10° AEE &
Fatel AE7} 100% LHEAA W Fstsit 29 F 10% sEfot
8 A (fetal bovine serum)9t MDI &%4(0.5 mM 3-isobuty-1-
methylxanthine, 0.5 tM dexamethasone, 10 ug/ml insulin)&
F A3 DMEM A S 3% 5 A2 sk3lal 1A 10% 2o}
A3} 10 pg/ml J&HE £33 DMEME 3% ¢ 23
F 6 Tt Wt A= W AT A4S 2 s A
HAEE E3AZH. 257 129 T4 £3& Tl 80% o)
o A7 BEEHAES AT AR APE L3 E
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ANEe HE S43 545 S487] 98] Green 52 W
[10]el w2} 3-(3 4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazo-
lium bromide (MTT) assayE 4 A3t th. MTT assay+ " &
Zegole] g5a Ba% G| o3t} mekile] £84 714
QA MTT7F B84 9 HebA formazanC & $HYE & A&
o] &3 o g AN formazan®] FFEE Aot of
AZE A AEe FEE WETT. 24 well culture cell
plateo] 1x10° Cells/well 2 3T3-L1 A £ & B33} 2447t
¢ R AN FASE TEER AYsto UAT T
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atsith As A2 & MIT solution 5 mg/ml (sigma
M2128)& 20 ¥ o} 2~3A17F ¢k Wk A7 % 505 nmel| A
FEEE S48,

o

Oil Red O HMi(staining)0fl 2/t X|&k X2 53

3T3-L1 preadipocyted] AMAE =2 &3+ Chu (2]l
AR S o] 83koith #3H8 wiA = 10% FBS, 1 pg/ml
insulin, 0.1pM dexamethasone (Dex), 0.5 pM isobutyl-1-
methylxanthine (IBM)7} 3% DMEM A& A&-34th.

24-well plateo] well & 1x10° 3T3-L1 A ZE BF35e] A E
7k 100% BHEA W F= A =, MD(1 pg/ml insulin, 0.1
UM dexamethasone (Dex), 0.5 1M isobutyl-1-methylxanthine
BM)7F € WA Z wAEM AEE s B2 Asit
29 %o 10% FBS, insulin 1 pg/ml insulin®|] %% DMEM
A} A 8E Aeetal 29 A0 2 WA E wdstHA 8
¢ 3 A 23 A AR A3 Ao @
Z, #9353 Oil-Red-O stainings 53 £A3HA T A% Al
X B3/} £ A EE phosphate buffered saline (PBS: Gibco
BRL)S ¥ 35 A& & 10% formalino. 2 1433, Oil-
Red-O staining solution®.Z 10&3F G438t H Tt FA 5
% 100% isopropanol& A-&-ate] A W& FZ3k1 500 nmell
A FREE A&

MZOH(intracellular) SAMX|gt stz
AZ A Z4A ke AdipoRedTM £41 A SHLONZA,
Walkersville, MD, USA)oll A A& o] & A#Fo] e} 3
9=, o] WL Nile Red AW o 2A Eglol g Aet
o] E(triglyceride)ll So]d0] & AL= &HA AnH12]. Al
T FAAY e 242 6well S o] E welld 1x10°
AZE BF3te AE7F100% DHEA gt 2% &t
of BelfulA e FEES 3 A
g % 29 with 10% FBS7F
Qb kst Ath. H et
2ol Attt £37F 459 3T3-
L1& WA 2 AA% 5, PBSE 23 Al H3 &, AdipoRedTM
AFE well T 1 ml Agste 37CAA 1027 wjFst &
g4 A EE excitation 485 nm, emission 572 nmdl| A =43}

A

YAEHER (Western blot)

AZY g Ao Bd- & SDS-PAGES AH&3a] &35t
oH20J. A do] =¥ AZE PBS 902 A H3 I, RIPA
lysis buffer (Life technologies, Seoul, Korea)& 31 4C ol Al
A3 & A AT A ZE T3k 16,600xg, 4Tl A 2083t
AAEY & & A5 HE 3431 BSA @9 A (Amersham,
Waltham, MA, USA)E At&ste] Tl d & AeFstich. o
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4 30 ug= 4-10% A (Life technologies, Seoul, Korea)s A}-&-
3t A7l (running)@ ¥ PVDF membrane (Life technologies,
Seoul, Korea)ol transfer A|ZTth. transfer® membrane
blocking &(TBS, 01% tween 20, 5% BSA)dll HH &2l A
A Fk wibsta, TBS-T §Ho2 Al H3gn. 1 &
PPARy &4, C/EBPa &, AMPK &4, 12| 1 B-actin 4]
(Cell Signaling Technology, Beverly, MA, USA)E 1:1000 |
&2 3435t 4TAA 1647 5 WA ZT A2 £, an-
ti-Rabbit IgG (Cell Signaling Technology, Beverly, MA, USA)
& 22 FAZ BHFAAT. I F Amersham ECL prime west-
ern blotting detection reagent (Piscataway, NJ, USA)E A €]
a2 o] A Y (Supernova 1800, Lugen Sci Co. Ltd.,
Bucheon, Korea)Z #4138} 4t}

Real-time PCRY
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e WA SFF F 1AL T g o] F H;‘]%

A A -ﬂ Trizol (Inv1tr0gen, Carlsbad, CA, USA)E ©]&-3}9

RNAE 3% I % NanoDrop ND-1000(NanoDrop
Technolog1es Inc., Wilmington, DE, USA)<& ©] §-3}¢] A &3}
11, A %% RNAT reverse transcribed using Superscript II
reverse transcriptase (Invitrogen)E ©| &3t 9 A AL & th
cDNAZE A3ttt 55017l (DNAT thermal cycler BioRad
CFX-96 real time system (BioRad, Hercules, CA, USA)< ©]
43te} Z7h9) primerst c(DNAS 8 H& 3 ZZ31o uhdl
" FHAE £4389 . House keeping 422 185 rRNA
& AH&3FA 1, fatty acid synthase (FAS), peroxisome pro-
liferator-activated receptor gamma (PPARy), CCAAT en-
hancer binding protein-alpha (C/EBPa), lipolpotein lipase
(LPL) #4729 TS EAstAtH1e]. #34 $E5& AT
primer= FAS forward GCTTTGCTGCCGTGTCCTTCT,
backward TCTAGCCCTCCCGTACACTCA, PPARy forward
TTTTCAAGGGTGCCAGTTTCG, backward AATCCTTGGC
CCTGTGAGAT, C/EBPa forward TAGGTTTCTGGGCTTT
GTGG, backward TGGTTTAGCATAGACGTGCAC, LPL
forward AGTAGACTGGTTGTATCGGG, backward AGCGT
CATCAGGAGAAAGGE A&ste] dgsigint. edas o
Ao 24L& 95T 3% T 27] A ol 95T 10
%, PPARyx 61°C 35%, C/EBPq, LPL, FASE 54T 30% HH§
T, 720 30% ®H-&-& 403 WSl

EAEN

AgAA i 4 BAZERA SPSS (20.0, SPSS,
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APATo A BT3-LINEES APAZRE B34 7= #F
A A &3t 9 2415 AT ST oil red O S B3 T4A
Lo FAFE AN48FozN ARALLE ATE B
Ao, & Addxe ZAA =3l 70% ethanol FE &
ol 3T3 L1 Ax9 %3 9 AL54 A& drpy A
& YA FAs7] 93k Oil Red O A& AAFHA
7‘]Bo“ﬂJ-Z‘ﬂ?'%ﬁ(preadlpocyte)‘)ﬂ M ARAEZZ B3 o
59 control IFH AWM E AU FE2ES AE
=40l UetA g B9 oldlolA sRER A 43
(Fig. 2), 100, 200, 300, 400 pg/mle] T =2 A3 AL o
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Fig. 1. Effect of 70% ethanol extract of Rudbeckia laciniata var.
hortensis Bailey on cell viability in 3T3-L1 adipocytes.
3T3-L1 preadipocytes were maintained with adipo-
cyte-induction media for 9 days and treated with ex-
tracts from Rudbeckia laciniata var. hortensis Bailey every
2 days. Cell viability was calculated as a percentage of
MTT metabolism in controls. Results represent the mean
+ SD of three independent experiments. The statistical
analysis of the data was carried out by use of a t-test.
N.S. means Not Significant. *p<0.05, **p<0.01, and ***p<
0.001 compared to Negative control. The error bars rep-
resent the standard error.
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3T3-Ll, Rudbeckia Im:mmm var. Imrlelms (pg/ml)

Rudbeckia laciniata var. hortensis

Preadipocyte

Differentiation

Fig. 2. Inhibitory effects of extracts from 70% ethanol extract of Rudbeckia laciniata var. hortensis Bailey on the lipid accumulation
in 3T3-L1. The lipid accumulation was quantified by Oil Red O staining and calculated as relative values versus untreated
control cells. (A) lipid levels were measured colorimetrically using a spectrophotometer. (B) Cells were observed using micro-
scope (BX41-PH; Olympus Co., Tokyo, Japan). The statistical analysis of the data was carried out by use of a t-test. N.S.
means Not Significant. *p<0.05, **p<0.01, and ***p<0.001 compared to DM. The error bars represent the standard error.

o2 AUAEY 237} JAHE AL FAT 4 AT 9
3 A5 T tdAo] FHH HAUTS FEE] AXE
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ZaQIZsl FEE0| XIHME LY triglyceride AAM0)| O]
A= Hsk

Agdel 2, AP L 245t FHA TS 3T3-
L1 AAS AZoA ARAZE B3HE GA A T
FA ol o) A5 AAZ AZTHE FlHE 2=T
o A 44, EAE A E3) &4 (lipoprotein lipase)©ll
o) BalEo feld ANty eI E, 283 A XY
de novo A4 T HA FOoE QA FHHOE AEY
T4 A ol A HFE3 GANA ALHOE A
£ FASHA Ha Aol AgrE AT7E At 1
377 - S/ sHA 2913]. B dFdA = ANd =3
70% ethanol FE&9| AWTF ZAAEFHE F2ls7] 434
A AE ol 49 F4AT FFS s £ A
(Fig. 3), A =3 F2E5& AT 79 4AT FFo
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35 AT o BN HT ol aFAd AoE AzHET
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HAARJAE (per-

None

3T3—Ll, Rudbeckia laciniata var. hortensis (pg/ml)

Inhibitory effects of extracts from 70% ethanol extract
of Rudbeckia laciniata var. hortensis Bailey on the intra-
cellular triglyceride in 3T3-L1. Each value was expressed
as the mean +SD of three independent experiments.
Different letters show a significantly difference at p<0.05
as determined by Duncan’s multiple range test. The stat-
istical analysis of the data was carried out by use of
a t-test. N.S. means Not Significant. *p<0.05, **p<0.01,
and **p<0.001 compared to DM. The error bars repre-
sent the standard error.
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oxisome proliferator-activated receptor gamma (PPARy
CCAAT/enhancer binding protein alpha (C/EBPa)9] &3
AAlste Az £3 g AAY FAo ddE aa
o BHolt BAL 4A HE AT FHL AT
ATt HuEloH18]. =3 AMPKs PPARyY] 43 &

3k3L FASSH 22 A P4 Fa0) BdS O*Xﬂﬂoi A
A RS AN = AeR dHA it £ A
= AU =3 70% ethanol -}é o] adipogenic transcrlptlon
factor®] @ o] oJH FFL A E=AE U FEA A
gelsl & A (Fig. 4), A4 g%ﬁ} 70% ethanol F+Z &l <]
A o4 A oA 24 A #<] PPARy, C/EBPa®] %o] &
T YEH O R AadH p-AMPKY L S A
& AdY. B APEAE Tk HAd=d FE29
AMPKS] F8 5 S7INA A ATAEE APA 229
3= %;ﬂ@]'% AAFRIZFR] PPARy, C/EBPad] &8 -& A Al
e FAAT FFE HFeHE 9T
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O ofFAA AW 24 T Az d ALE A
& 3t 244 lipolpotein lipase (LPL)%F o} ® CoA%}t T
Y CoAZFE Aiks §Aste 985 3+ fatty acid syn-
thase (FAS)E AT 2N APHEY FAdE 88 o
&S Ik LA ATH1]. olo PPARyS] ¥ o] ZHaEH
Az 2o Ao FAAY FAo] Hastd EF FAHAAY )
Ao a3tx 719t C/EBPa: PPARyS &43 & &3
A A A A ARAE LS 1T insulin 743
o a3 9% doh. Wang 5[22]¢ S 29 AgA

BARE BAlse] ATARY APg 24
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e L
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P | —————

Fig. 4. Effects of extracts from 70% ethanol extract of Rudbeckia
laciniata var. hortensis Bailey on PPARy, C/EBPa, and
pP-AMPK protein expressions in 3T3-L1. Each value was
expressed as the mean + SD. Different letters show a sig-
nificantly difference at p<0.05 as determined by Dun-
can’s multiple range test.
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Fig. 5. Effect of extracts from 70% ethanol extract of Rudbeckia laciniata var. hortensis Bailey on C/EBPa, PPARy, LPL, anf FAS
gene expression in 3T3-L1 preadipocyte. Differentiating 3T3-L1 cells were treated every 2 days with Aster scaber Thunb
for 9 days in adipocyteinduction media. At day 9, adipocytes RNA was isolated and mRNA expressions were determined
by real-time PCR analysis. Results were presented as means + SD in triplicate. The statistical analysis of the data was carried
out by use of a t-test. N.S. means Not Significant. *p<0.05, **p<0.01, and **p<0.001 compared to DM. The error bars represent

=

the standard error.

References

. Ali, A. T.,, Hochfeld, W. E., Myburgh, R. and Pepper, M.

S. 2013. Adipocyte and adipogenesis. Eur. |. Cell. Biol. 92,
229-236.

. Chuy, C. S, Rhim, T. J., Kim, D. H. and Kwon, K. R. 2008.

The effects of hot pepper extract and capsaicin on adipocyte
metabolism. |. Pharmacopuncture 11, 149-162.

. Flier, J. S. and Maratos-Flier, E. 1998. Obesity and the hypo-

thalamus: novel peptides for new pathways. Cell 92, 437-
440.

. Friedman, J. M. 2000. Obesity in the new millennium. Nafure

404, 632.

. Gesta, S, Tseng, Y. H. and Kahn, C. R. 2007. Developmental

origin of fat: tracking obesity to its source. Cell 131, 242-256.

. Goodwin, P. ]. and Stambolic, V. 2015. Impact of the obesity

epidemic on cancer. Annu. Rev. Med. 66, 281-296.

. Gregoire F. M., Smas C. M. and Sul H. S. Under standing

adipocyte differentiation. Physiol. Rev. 78, 783-809.

. Green, H. and Kehinde, O. 1976. Spontaneous heritable

changes leading to increased adipose conversion in 3T3

10.

11.

12.

13.

14.

15.

cells. Cell 7, 105-113.

. Grulke, N. E., Neufeld, H. S., Davison, A. W., Roberts, M.

and Chappelka, A. H. 2007. Stomatal behavior of ozone
sensitive and insensitive coneflowers (Rudbeckia laciniata
var. digitata) in Great Smoky Mountains National Park.
New. Phytol. 173, 100-109.

Green, L. M., Reade, ]. L. and Ware, C. F. 1984. Rapid color-
metric assay for cell viability: application to the quantitation
of cytotoxic and growth inhibitory lymphokines. J. Iimmunol.
Methods 70, 257-268.

Jang, M. ], Yang, J. H. and Kim, E. ]. 2018. Protein Arginine
Methyltransferase 5 (PRMT5) Regulates Adipogenesis of
3T3L-1 Cells. J. Life Sci. 28, 765-771.

Kim, J.,, Park, J. and Jun, W. 2014. Anti-obesity effect of ethyl
acetate fraction from 50% ethanol extract of fermented
Curcuma longa L. in 3T3-L1 cells. Prev. Nutr. Food. Sci. 43,
1681-1687.

Kim, J. B. and Park, J. Y. 2002. Molecular insights into fat
cell differentiation and functional roles of adipocytokines.
Endocrinol. Metab. 17, 1-9.

Ko, J. H.,, Kwon, H. S,, Yoon, J. M,, Yoo, J. S, Jang, H. S.,
Kim, J. Y. and Kang, J. H. 2015. Effects of Polygonatum sibir-
icum rhizome ethanol extract in high-fat diet-fed mice.
Pharm. Biol. 53, 563-570.

Kwon, D. H,, Choi, Y. H,, Kim, B. W. and Hwang, H. J.



1158

2019. Effects of Ethanol Extract of Sargassum horneri on 19. Rosen, E. D., Hsu, C. H,, Wang, X., Sakai, S., Freeman, M.
W., Gonzalez, F. ]. and Spiegelman, B. M. 2002. C/EBPa
induces adipogenesis through PPARy: a unified pathway.

Adipocyte Differentiation and Adipogenesis in 3T3-L1
Preadipocytes. |. Life Sci. 29, 209-214.

BB UK 2019, Vol. 29. No. 10

16. Liy, F, Kim, J. K, Li, Y., Liu, X. Q,, Li, J. and Chen, X. 2001. Genes. Dev. 16, 22-26.
An extract of Lagerstroemia speciosa L. has insulin-like glu- 20. Rosen, E. D. and MacDougald, O. A. 2006. Adipocyte differ-
cose uptake - stimulatory and adipocyte differentiation - in- entiation from the inside out. Nat. Rev. Mol. Cell. Biol. 7,
hibitory activities in 3T3-L1 cells. J. Clin. Nutr. Food. Sci. 131, 885.
2242-2247. 21. Song, M. Y., Bose, S. and Kim, H. J. 2013. Effect of pro-
17. Livak, K. ]. and Schmittgen, T. D. 2001. Analysis of relative biotics-fermented Samjunghwan on differentiation in 3T3-
gene expression data using real-time quantitative PCR and L1 preadipocytes. Prev. Nutr. Food. Sci. 42, 1-7.
the 2— AACT method. Methods 25, 402-408. 22. Wang, N. D,, Finegold, M. ], Bradley, A., Ou, C. N., Abdel-

18. Park, S. ], Lee, I S, Lee, S. P. and Yu, M. H. 2013. Inhibition
of adipocyte differentiation and adipogenesis by super-

critical fluid extracts and marc from Cinnamomum verum. mice. Science 269, 1108-1112.
J. Life Sci. 23, 510-517.

P
Ju
N
>
0

t AaI=El e FES0 UM E 28 2N 3t
A . 0|x|§3k2 . 7IAI-5022 . uHx|oi3 . Zlodo) T

shefs, 2kt st A AT R, 2(F) i)

=
=19
=
1ok
El
o
oL
i
158
1o
o
of,
>
[~
o

WeyoR AgHE ok2n FAT AW, AAdTHE UL

L A9 oA A Fyth B AJ A= AAY st o8 A
%— ? Bt 70% dg-E= o] & A= FE29 F v 53
J2& AH8stglon, A TA 27} XWWIiE Aadte
3471

Ho
i
)

folr

e Hoa
>
od, OkO
i

Ryorle

r

|

=2

>

A

oft

o

of

é

ooy
|o
o
29
12

oft
Q1
X
2 0
=Oé
O~
=
rd
TN
hu

olN

=
R
ok
re
-
fo
:oé
=
(o
o
)
ol
=

A,
2
&
@)
<
o

=2
R
i,
L
=
N
=
Z
>
Mo
s
o

A 98l Oil Red O EAHH A28 £, PCR
7\4310}04 AATAZY 5 FEF F 75“0]
Zol M Az 23 A asteh AE Eﬂzﬂ/‘ﬂa (TG)e
glstaint. =3, ALz :[LHI:—/] sl #ojste o rhA g 59 O]X}
A3} oet& +EEF 93] PPARy, C/EBPq, LPL, FASSH 22 AW A2 9] 4
on, cetyl -CoA carboxylase, AMP-activated protein kinase (AMPK) &3} % L—S— e
R T‘f”ﬂo}ﬁi‘ﬂr AgA oz, Aidas das F2E2 AYATAZY &
Az o5& friste AA 3 @ide) Td e dddoz xdste] g nl
HAd.

Wy £O o
éOW

oo
o 5

_l-‘.J
o 2

36
o
d
o

HN
o
ofr
o
X
N
Y
B

N =)

N
b

=~ o
o
—_
o
o
=
S
ANy
i

b gt

_I:, mlo rﬂ& L
F o o Ry
X o | Mo
ofr
FLE‘—'_'
off it rr
Bis
N
R
32 g
i

R
T
2w

o o

=2
oy
)
>

O Mr & opy oo L 4y O

o 2L 32 ﬂ?

b s
ot
2

Mo i o

ml
L)
)
po)
lo

_‘EL_l_.>i

sayed, S. V., Wilde, M. D. and Darlington, G. J. 199.
Impaired energy homeostasis in C/EBP alpha knockout



