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[Abstract]

In this study, we examined the effects of Rubus crataegifolius leaf on the inhibition of differentiation
and adipogenesis of 3T3-L1 preadipocytes to confirm their potential for use as an anti-obesity functional
material. Rubus crataegifolius leaves water extracted using hot water were then concentrated for use, with
an extract yield of 4.76%. The result of measuring the rate of 3T3-L1 cell survival of Rubus
crataegifolius leaf extract (RCLE) showed growth inhibition of 13% at a concentration of 1,000 pg/mL.
Thus, in this study, experiments were performed using RCLE treatment concentrations up to 500 pg/mL.
Production of triglycedie in 3T3-L1 cells showed a dose-dependent decrease, and the rate of reduction
was 28.7, 40.8, and 51.6% at concentrations of 100, 300, and 500 pg/mL, respectively, compared to the
control group. In addition, the results confirmed that suppression of lipogenesis was achieved by
suppressing the expression of peroxisome proliferator-activated receptor y (PPAR Yy), CCAAT/
enhancer-binding protein a (C/EBP a), sterol regulatory element-binding protein-lc (SREBP-1c¢), fatty acid
synthase (FAS), acetyl-CoA carboxylase (ACC), and increasing the expression of p-activated protein
kinase (p-AMPK). Based on these results, it is believed that Rubus crataegifolius leaf extract can be used

in the effort to manage obesity by regulating factors related to adipocyte differentiation and adipogenesis.
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I. Introduction
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II. Methods

1. Sample preparation
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2. 3T3-L1 cell culture and differentiation induction
3T3-L1 (mouse embryonic fibroblast cellline)= A

BFR LA AL ATCC  (American Type

Collection, USA)ojjA] &oF vtolx] A}8-5}¢iC

oro.
O uw

Culture

Mz s
100 U/mL  penicillin/streptomycin  (P/S,
Thermo, USA)Y}t 10% fetal bovine serum (FBS,
HyClone, USA)2 E3l5t= Dulbecco's modified
Eagle's medium (DMEM, Gibco BRL, USA) HjX]Z Hjj
FAHOoZ stof 5% CO,, 37°C ZAdsollA vigsttt &
3te S wo7| Yoto] 3T3-L1 A|YA LA ZE 6-wellof
1x10° cells/well 223t & confluent 2 T7HK] st
S, MDI solution (0.5 mM IBMX, 1 pM
dexamethasone, 10 pg/mL insulin)i} 10% FBSE #
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7Fet DMEM Hix]of] Al RCLEZ === g A2|st
of 297 vigstRt:. 29k 7= 29 £of RCLE, 10 p

g/mL insuliny} 10% FBSES Z3HsH DMEM BiA|Z A

sto] 3Y%E vigstgien 1 2o RCLE, 1% P/Sit
10% FBS7} m3tel DMEM &2 290jch mAs]zo]
NEZES oA F 87t idsiith21].

3. Cell toxicity

N =42 CellTiter 96® AQueous One Solution
Cell Proliferation Assay (Promega, Medison, WIS
AF2ste] EA5H T 96-well plateo] 3T3-L1 A9
AZE 5x10* cells/well 2 255+ 5 5% CO,, 37°C &4
StoflAl 24A17F Blist ©f& RCLES &=9(5, 10, 50,
100, 300, 500, 1000 pg/mL)= X 2|5t 24A17t vloFs}
gt 2 3 CellTiter 96® AQueous One Solution &
M3 20 pLg 7} wello] 255t 1AIXF 8E3A1A 490nm
oM SF=5 5745t t22].

4. Measurement of fat content

3T3-L1 AYHLAZE 8Y 5O oA 7] & viX] &
AA oh_ PBSZ A|ASH th2 10% formaldehydegs A&
st} AlRoj|A] 6087 143 S 60% isopropanolS O]

23} AmoJ ChS Oil Red O 8983 x{2]5to] A-20]A]

GHIsEA. SA 2ol 100% isopropanol& AHsHA Al
25 8oiAR = 490 nmof A FFE=S Fsto] st
ACH23].

5. Measurement of adipogenesis-related
protein expression

RCLE9Q] A2jo] w2 AYA| L 7o 3 #AQ1 PPAR
vy, C/EBPa, SREBP-1c, FAS ¥ ACC (Cell signaling,
USA)Q] TR dbsivt AMPK, MAPKs, NF-kB (Cell
signaling, USA)9] QlAlgt2 =015}7] ¢J5te] western
blot analysisS AA|5t9ct. RCLES A2]sto] 847t &
Skt 3T3-L1 AP A 2= UiA S At 7| PBSZ Al
Asto] lysis buffer (10 mM pH 7.4 Tris-HCl, 5 mM
NaF, 1 mM Na3VO4, 1 mM EDTA, 1 mM EGTA)E o]&
Sho] THRALS ZEslict. THlAl =2 bovine serum
albumin (BSA)S RE#3}3t Bio-Rad protein assay kitS
ARESIRIT). TS YRRt F 10% SDS-PAGEO|A A
7195510, membrane® 2 transfersto] 1A]7F =9F 5%
skim milkof] blocking 5t%9tt. Blocking 2.0f 1A} SIS
IAIZE 9EgAT712 HRPZF A 24 PR= 8RSAIRI o

2., chemiluminescence substrate kit (Amershrm,
UK)Z Zu5 &Rlstlti{24].

6. Data Analysis
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III. Research Results

1. Confirmation of cell cytotoxicity

N 54 Bk Qwsoz AEo FuT 4SS
ot = 710 2 A MTT tetrazoliumo] Eoaeh g4 X8

of oJsll formazanoz U= Frg sk MTIT
—Er*—*.‘ﬂ*ﬂi F2 ARGRITH25]. oo & Ao E AhE
| ZZ(RCLE)Y] =x¥ X|2]of ot& 3T3-L1 A|¥}
of txle A= =4 o8-S Lotr] §Ji MTT
MNZ HEES 2As19ct 1 Ayl Fig. 1
tet Zo] RCLEE 5~1,000 pg/mL ==& A
, 1,000 pg/mL =04 13%°] d7% ~slE
AL 4 AU olof] &AM Az XY =S
500 pg/mL7Hx] &2lste] Al S RIsHatArY.
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Fig. 1. Effect of RCLE on 3T3-L1 cell viability. Cell

viability was determined using the proliferation Kkit.
Cell was treated with RCLE at various concentrations (5,
10, 50, 100, 300, 500, 1000 pg/mL) for 24 h. Values
are expressed as a mean =* standard error of three
independent experiments. ***p<0.001 as compared with
differentiated control.
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2. Inhibitory effect on triglyceride production
RS2 U S R|9H(triglyceride)?] AMAS IAX|A
AAYUE AAHERA (very low
density lipoprotein, VLDL) S 9J5f S¥&|11[26], &
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3. Expression of transcription factors

AR Bobe AR AT Bete AR
d&st AEMzg El= 1Pgo]u CCAAT/enhancer
(C/EBPs) family, peroxidome
proliferator-activitated receptor (PPAR)y,
response element binding protein (SREBP)-1c 9]
Lo sl ARt AlsgE o M2Y S4RYS &
Aott}{27],[32]. ol &l C/EBPat PPARY+= A|®A|
3}= xASH= shAl XARRIAFO]T terminal marker©]
s fkske 7oz HuEol QITH33]  Et
SREBP-lce AIWAIZ 2ot S5l AYTiAL e JAAL
of WHe FNA A e Edsks QIxteA
AMPKO] QIAteHS ol 28R A4 &gl Holshe
acetyl CoA carboxylas (ACC), A|®Ab 4 & 4(FAS)
59 Hels 27ERMTH34],[35].
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Fig. 2. Effect of RCLE on the lipid accumulation in
3T3-L1 cell.
Intracellular lipid content was stained with Oil Red O dye, and
the stained oil droplets were dissolved with isopropanol and
quantified by spectrophotometer analysis at 490nm. The
values are expressed the same as in Fig. 1. *x*p < 0.001
as compared with MDI-treated control.

Tefa] & Ao RCLEZF Al FA| 2] Zato
URle 4= Zoter] 9sto C/EBPa, PPARy %
SREBP-1c9] THBAl ¥51-S western blot2 0] 835t &+
QI5tICt 1 At Fig. 30] Ltehdt ulet o] Bat 989l
ArQl MDIgE A2feh deoM= C/EBPa, PPARy %
SREBP-1co] Tzl gigdo] dxfsHA| Z7tehe o= 1
EPon, RCLES ==¥(100, 300, 500 pg/mL)=2 A2
3t A90IME SE oEF 02 Zasts S Uen
Qitt E3|, =% 1000 pg/mLofA] C/EBPa, PPARy ¥
SREBP-1c0] Tl wale Ralxjalg ojulsto] Qo)A
02 7ha8e HSIGCE, o) SR Y oA it
OF SAFSH A3FS B4, Jung et al. [17]9] AFE7] of&t
2 522 A2A| C/EBPast PPARY?] Tl wlo] 71
AF s A} AR|SRS & 4 9loict. o] oz A
ol 9] (36) 2 ASGEt 48 3200] AIPAE Htet
st AARRIAIC] dhao] AXEH A|HA|Z Belrt o

AEcke de et Axjsigt ool A ojsiw
RCLE= A|HAELA|RES] B3 RASH= 2% HARRIAL

Q1 C/EBPa, PPARy ¥ SREBP-1co| Tl 2tel g 744
AA ATBAIR W A[A8g0] dakls Jlos HHen.
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Fig. 3. Effect of RCLE on the expression of
transcription factors related to adipocyte differentiation.
3T3-L1 cells were stimulated to differentiate in the
presence of RCLE (100, 300 and 500 pg/mL). Cell
lysates were prepared and subjected to western blotting
to detect PPARy, C/EBPa, and SREBP-1c. The B-actin
probe served as protein—-loading control.

4. Inhibitory effect on enzymes related to
lipogenesis

OtN|E-CoA 7t2EA2A|(acetyl CoA carboxylase,
ACC)et R|kAb shd g A(fatty acid synthase, FAS)=
Aol Bolshe BARA AIMAIZ o} T A}
ARl ofsl 2FHH71[371,[38]. ACC= Al dat
S 2HE 80l dolste aa2A ACCY Qlitet &
712 22srE A% YRS AAIRIH39. FASE
acetyl-coenzyme A%} maloyl-coenzyme A2 Y E A4k
2 YL AE ol A APS FRsHs asolct
[40]. WRHA £ ATO|ME RCLEZE Alahy o3 24
of o] DAL S Lotwy] Slote] ARE S
2 A2gt H Western bolt analysisS £8ff ACCeF FAS
o] Wl &lolstgict 1 At Fig, 404 LER le} 2t
o] ACCQ} FAS9] ¥tg] oAl =rwolRX 0 g 7hASH=
%S LRyl ojAfe] Ak RCLEZE ApHE £
812 SEsl AAQIAISY] WRS R BatEl A
YAEIE BAEDE Qs ARl Bofsh ACCe)
FAS7F gabRlog ox|d 7oz Atgect

0 0 100 300 500 (pg/ml)
- + . + + MDI
FAS — e W
ACC e -
B-actin — — — —

Fig. 4. Effect of RCLE on FAS and ACC expression in
3T3-L1 cells.
3T3-L1 cells were stimulated to differentiate in the
presence of RCLE (100, 300 and 500 pg/mL). Cell
lysates were prepared and subjected to western blotting
to detect FAS and ACC.

5. AMPK regulation related to lipogenesis and

decompose
AMPK(AMP-activated protein kinase)=
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0 0 100 300 500 (ngml)
= + + + + MDI
AMPK
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P-actin | o— e— — — —

Fig. 5. Effect of RCLE on phosphorylation of AMPK in
3T3-L1 cell.
3T3-L1 cells were stimulated to differentiate in the
presence of RCLE (100, 300 and 500 pg/mL). Cell
lysates were prepared and subjected to western blotting
to detect AMPK and p—AMPK.

IV. Conclusions
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