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Abstract - In the present study, we investigated the effect of 70% EtOH extract from Hippophae Rhamnoides L. leaves
(HRL) on the anti-obesity effect in 3T3-L1 cells. The effects of HRL on lipid accumulation in 3T3-L1 cells were examined
using Oil Red O staining. In addition, we examined the gene expression levels by using RT-PCR and western blot. The
results of this analysis showed that 100 #g/ml HRL significantly increased the inhibition of lipid accumulation by 82.25%;
significantly decreased the mRNA expression of sterol regulatory element binding protein-1c (SREBP-1c¢), peroxisome
proliferator-activated receptor v (PPARY), CCAAT/enhancer binding proteins a (C/EBPa), and fatty acid synthase (FAS)
in 3T3-L1 cells as well as the stimulated protein expression of AMP-activated protein kinase (AMPK); and suppressed the
expression level of PPARYy. These results suggest that HRL can prevent adipogenesis through activation of AMPKa and

inhibition of adipogenesis transcription factors.
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5 e HAES o83 Fulut Ao 7fro] gE= Aol
CHKim et al,, 2010; Jeon et al., 2014; Choi et al., 2013; Shon
et al,, 2013),

ARAE ] AH(lipid droplet)= A7) thatel 2
& A iAol S8 AehS shar, At SAE = A HE
SRR wolot TS 2k Ao ® A ik wet
A BIRE o 9l ol qlof AP Al 2 e ok A
Az B4 Aot A Woll EAsh= SAA] el =
o1t glycerol®] S&WAL 31 7| Ho|H(Frayn et al.,
2003), o] wj tRefet HARRIAS}E & =2 2o] Fhofditt, AMP-
activated protein kinase (AMPK)& Z|®AFS] 3HA T} el &
iAo =M AL ol | A] A 7419 Sadt ek gt
(Assifi et al, 2005), EAJ3}E AMPK+ sterol regulatory
element binding protein—ic (SREBP—Ic), peroxisome proliferator—
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activated receptor v (PPARy) 9 fatty acid synthase (FAS)Q}
o AMAIES] 0] S SO ZA A S o
Al7]aL acetyl—CoA carboxylase (ACC)2] HIZHJS}@} carnitine
palmitoyltransferase—1 (CPT—1) 2] ZAI3}E E3| Hel-Atst
£ SAAA nEZER ol XAt o5& 57X ItHHardie,
2003; Foretz et al , 1998; Park et al., 2015), 53} Zz7]o|=
CCAAT/enhancer—binding protein (3 (C/EBP), C/EBPSL}
SREBP-1c7} @l =] 11, o] ZARIAN= 37| HARRIAIQ] PPARY
o} C/EBPUS] WS Smslel AATAEY] HE1E E715)
o] A2/ o 4910 2 0] FAAe] TS F71510] A
I} 7+ Ao AASITHCao et al, 1991; Naowaboot et al.,
2012), T3t SREBP—lc= FAS, ACC ¥ acetyl—CoA synthase
(ACS) 9 WS 2dsto] Akl SAA e dHdS 24
31A| HthKolehmainen et a/,, 2001), wjebA 3|t 7|54
AN Ats A 2] BatabgS AAsEAL AR
X8l 2AF HM sl A7t R E ofof gt
Atol| A AR HIEMI U Hippophae rhamnoides L,)
24U K(Elaeagnaceae) O] YA 0.2 Fopalo}
o] YakAle]ar, AR, AufjE el SO ' B
™(Rousi, 1971), It} AndE, FA%, 3, AT A=,
Tz He wozd 9 9fH1s an 5ol dEA ot
(Chauhan et al., 2007; Zu et al,, 2006; Ganju et al., 2005;
Xing et al., 2002; Suleyman et al., 2001), 3} E-S Z]y|

=53, flavonoid, flavonoid B4, pomolic acid, vomifoliol,
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[-sitosterol, protocatechuic acid @ ursolic acid 50| &4
QJtH(Yang et al., 2013; Maheshwari et a/., 2011), HJEPHILE-
0] 25of £A5}= flavonoid= F& quercetin, kaempferol
9 isorhamnetin © &, o] AR5 AHA|E £33} 2 A 54
oA a3y} lckar A& A QIth(Yang et al, 2011; Jang and
Jeong, 2010; Bae et al., 2014), BJEFRILIE Qo] &lujul oL
2 YoA 529 1P A4 I 54> 84 (phosphatidate
phosphohydrolase (PAP), fatty acid [3—oxidation (3—oxidation),
CPT, malic enzyme 5)< 578t0] WAHTH] A a vk <t
It om (Lee et al,, 2011), ofehe 555 T O= PPARg,
OPT-1, ACCS| mRNA #H#3 Sals}o] Al 1512 213 8
|9t B VERe-E: in vivo AR ERISH{THPichiah ef
al , 2012), ESF B|EMIUEE 919] Z2ABL0] flavonoid, tannin
o= e R AEA AR A eelstglal(Yang et al,
2013), polymethoxylated flavonoid?] pentamethylquercetin
& tjAFO 2 aiponectin 'Y PPARY 5-9] mRNAQ} thl Al uha]

< 2Rlste kel a3kE 91814 THChen et al, 2011),
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8 1A 8-8-5 8} oF A=
Ao F4 Qo n FAF RS Aok AR}
U385} AlEEade] Hasigleh 2 Ado] ANEH
mouse embryo S22 3T3-L1 AYAFA| 2 S| EFS
SY(KCLB, Korea)oJA] HF ¥iQkar, A|azuforo]] ARt Dulbeco's
modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
bovine calf serum (BCS), penicilin/streptomycin solution
(PS), phosphate buffered saline (PBS), trypsin—EDTA=
HyCloneAHLogan, UT, USA)ZHE st} AT
Insulin, 3—isobutyl—1—-methylxanthine (IBMX), dexamethasone
(DEX) 2 Oil Red O, 3—(4, 5—dimethyl thiazol—2—y1)—2, 5—
diphenyhl tetrazolium bromide (MTT)= SigmaAKSt. Louis,
MO, USA)of|Al F-iste] ARE-SHITE.

NER EX
HJEILRE ©) 5 S(HRL)S Tl A 2o] 10914:0] 70%
e H713le] ARgol A 1241714 23] e Ste] 22319
o}, S21L filterslo] Be-Be A7T ThE, A 5510l
$2ES Aglon), ols 54 Axslel AMgldTt

3T3-L1 A3 ufjoF @ B3}(diferentiation) &

3T3—L1 AHFATA) = 109% BCS2} 1% PS7} 398 DMEM
A& o]g5}0] 37°C, 5% C02] Z70l|A] vt A2
Hl= 2 X 10" cells/ml 0] =2 6 well plated] A ZS H3238t
5. 100% confluentdt AFE}7} =% vfjokslct 24 & 10%
FBS, 1% PS 2 B3R8 =52 MDI (0,5 mM IBMX, 1 uM DEX,
10 g/l insulin)7} Z47Hl DMEM Hj 2|15 A 2|8}l 71 o]
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10% FBSE} 10 £g/ml insulin¥HS- 3518 DMEM B 2] 2 WA}
of WA EZ B3HE FEsth AlRe] A2l B3k v ]
HA7F ARRE o] A2lakeict.

PES

HRL®] H|3E=A1L Ishiyanma et al. (1996) 2] MTT assay =
At AEZE 1 X 10" cells/wellQ] HE 2 96 well plate
o]] 100 pg¥ 8231 5 37°C, 5% COy incubatorof| A 2441 7F vl
oFefo] o4 S SE FEEE B/ T ChAl 204 o)
ofalelr} wjok @kE T 5 pg/ml o] MTT AJ9FS 100 18X
F335E R 37C, 5% COp incubatorof| Al 447 wjkaict, wl
A5 AlABIAL DMSO 100 185 7Fte] AJAJH formazans 591
5 ELISA microplate reader (Model 680, Biorad Laboratories
Inc., Hercules, CA, USA)E 0]-83}0] 540 nmoj|A] &4 =5 =
Aok, AT AESS Thao] Ao] mhek A

Cell viability (%) = ABSsampie/ ABScontrot X 100

ABSqample- Absorbance of the experimental sample

ABScontrol: Absorbance of the control

Oil Red O A< |83 Al Z W 34T A

HRLO]| o138} 2A| 2 25} Al YEf= S8 A% 54 Aldl
2 Salsl] Sistol 37311 A HTAIES) HEIGE A 35
£ 5%49(0, 10, 25, 50, 100 g/ml) = A 2|3t viZ]E A
3+ & 10% formalin (Intron, Seongnam, Korea)-2- #|2|5}¢]
Aol A 1A 7 TAAFITE 1A T 25422} 60% isopropanol
Z A A3 & A EZES $3] AFA]7]3, Oil Red O working
solution & 2057} Hejsto] A olo] HHe AYTES A
Sk AL AREstol GAE AES BAR T, 100%
isopropancl-& o510 A W #sle] 9l Oil Red OF &
SAIA 510 mof|A] FFES S7sto] A 2412 2SI

X

RT-PCR< ©|-§-3 mRNA £4]

AHEA) 32 B5lr) b5 = M| EZE PBSE A|2151o] harvest 3F
2 Total RNA Extraction Kit (Intron)& ©|-83}¢] RNAS &
SH3itE FEH RNAE 0|85} cDNAE $H43t & template
Z ARESto] A 23} 3HE 91219l SREBP-1c, PPARY,
O/FBPuE BQIBHEL, A% 52, 34 2 Aol BRI FaSY
primer (Genotech, Daejeon, Korea)E ©]-83}o] RT-PCR&

AN, Primer 8714 E2 Table 13} 231, PCR 27 %
7|4 947C 58 ¥A]-2 94°C 30%, annealing2 56'C (PPARY),
58°C (SREBP-1c, FAS), 60°C (C/EBPa) 60%, A1AHHES-S- 72T
6022 3}o] 35cycle Ada9IT). Hlo|El= Uviband Software
(UVItec, Cambridge, UK) 2 H-4431%] 00 §-AR}o] W& ake
differentiation media¥h 2]t t 22 1,002 7FE31o] A

g9 ghe 2sieict

Western blotS £3F chilZl W& B4

E3}% 3T3-L1 A|EZE harvest 3}¢] lysis buffer (Cell
Signaling Technology, Danvers, MA, USA)E @11 3087 &
4120 513,000 X goll A 1082} LA Eef3to] 415 219)
o} Aekst thill 2.2 4-90% SDS—polyacrylamide gel (Biorad
Laboratories Inc,)& AR5t %17]%5 ¥ PVDF membrane
(Biorad Laboratories Inc, )] transfer 3}9It}, 5% Skim milk
(0.1% Tween 20 containing PBS, PBST) -2-2Hoj|A] 1A]7} 52t
nonspecific binding siteE blocking®t ¥ 12} &A|[anti—
PPARy, anti—AMPK, anti—[3—actin (1:1000), Cell Signaling
Technology] & 4Col|A] overnight3}al 22} 4| [anti—rabbit
IgG or anti—mouse IgG linked with horseradish peroxidase,
Santa Cruz Biotechnology, Inc, USA] & A}:20f|A] 1A]7}incubation
34t} ECL solution (YoungInFrontier Co,, Gasandong, Seoul,
Korea)2 ©]-8-3}4 antibody—bound proteine- detectiond}iT},

SAAE

£ Z3M=SAS (ver, 9.2, SAS Institute Inc,, NC, USA) &
AZEIS ol8310] BAGISIT BELLERAR TAH
on, AHE Bt o] Aol one—way ANOVAR o402 <
Asle, T72) 828k controle] Tk A1 A2l 0] BA
£-0J4J0 Tukey's multiple comparison test2 745191 p<0,05
ol wivt FAA Fode] e A oE Tl

2t

g
K
2

AZ5A

HRLO| 3T3-L1 All2of| u|R]= & Yot 7] $Jsto] MIT
assay = &l NEZ5AS S48 tHFig, 1), 3552 A5t
A] 02 TRt AR F-4H8-S100% 3192 o, 100 1g/ml 9] 55
oA 82,68 £1.35%= 80% o2 Al AYEE-S VR SITt

A% 5220) O AL QL] T ATE B HY 5
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Fig. 1. Effects of HRL (extract of Hippophae rhammnoides L.
leaves) on cell viability. 3T3-L1 cells were treated with different
concentrations (0~ 100 xg/ml) of HRL for 24 h. Cell viability
was measured by MTT assay. The viability of untreated control
cells was defined as 100%. Each bar represents the mean +
SEM (n=3). * p<0.05, ** p<0.01 compared to control cells.

£9] Z9-0lli= 100 pg/ml 5ol A 89,3%2] A& LERH S
Or(Lee et al., 2014), FHIF-5= 3252 100 pg/ml F oA
=& UERHA] 9hoHChoi and Kim, 2014a) HH|THA| 9 9=
ko] QoA iRt 289 7hs/dE HE )ik, kA 2
AT HlESA 3A FFE PIAIA = 100 g8/l o3¢
&% 10, 25, 50, 100 pg/ml =2 3T3-L1 Al 2£0f| & 2|a}o] 2| A
E 23 Als= Felskr.

Oil Red O A2k 5424, el ~H ST AAsHL,
A S2E 2re] SRS AAste] Al F2A
ArE 5ol 23t =g FRIS 4= QTHChoi et al., 2013), o
2hA] 3T3-L1 A2 £3} 3ol A HRLO| A /& A8t
7] 2RI5H7] $l3ll Oil Red O FAH-S ]33}, F3hA ]
HCon) 2] Z$-, A2 f AJte] o] shA| fesl=
2L 3113991, HRLS 10, 25, 50, 100 pg/ml 2 2]2|5}5-S
o 5 o2 0 2 FoMo] A7 TEEe] A A A o] 74
S ERIBHACHFIg. 2). o1& FF A% A, EakAE
(Con)of| B]3} HRL 25, 50, 100 ug/ml A2]xto] ZF2} 20,76,
45,29 9 82,25%= F/3AY 4 AAldh= A o2 el
(Fig. 2). ©|= Yoon et al. (2010)0] H gt BaF259] 75-
100 pg/mlofl A ©F 10% %2 AAE VR AT} H]ata}e]
S 1) HRLO| 931 A3k oA B3ks 3 4= gdet
o|2|gh Auh= H]ep LR ol 4] EA8k= quercetin, kaempferol
9 jsorhamnetin 5-2] flavonoid AJ&-9] GJ3Fo g AYZhe]m,

Yang e al, (2013)9] E.310] mEw wleblbRolq Helg)

)
(

Adipocytes

HRL (ug/mL)

Preadipocytes Control 10 25 50 100

cumulation {% of adipocytes)

Lipid
= 8 s 2

Fig. 2. Effect of the HRL (extract of Hippophae rhamnoides L.
leaves) on the lipid accumulation in 3T3-L1 cells. Differentiation
of confluent 3T3-L1 cells was initiated in DMEM containing
MDI (0.5 mM IBMX, 1 uM DEX and 10 pg/ml insulin).
Following 10-day differentiation, differentiated adipocytes
were fixed and stained with oil-red O in order visualize lipid
droplets. Pre, preadipocyte; Con, differentiated adipocyte.
Each bar represents the mean+ SEM (n=3). * p<0.05, ** p<
0.01 compared to differentiated adipocyte (Con).

quercetin, kamepferol ¥ isorhamnetin 59 Ad+&o] z}z+
45,6, 42,2 4 44.3% (30 uM) &] F/dAH 4 A ks e
U A2 SISk, o]2} e Ak HRL Hel7t Aol
e AsiAA A 45 Ak Bt )22 gelst

.

o

RT-PCR< ©]-§-3F mRNA 23 573

Adipogenesisi= AYAGA| 27F ARA| Z 2 Rote= 1Y
o olg AHA o e A 3 SR Ee)
okt At= Qlef & &EA 9]0 W(White and Stephens,
2010), SREBP—1c, C/EBP family, PPARy 5¢] 31t} SREBP—lc+=
APAto v Zd|2H1E FHoll D= HARIA ] L (Park, 2005),
AR 2ol A PPARY 9} C/EBPa®] WS friesto] A4
& 22|, AP Aol BoJShe A0 FASRHACD )
WS 2 A5 (Fajas et al, 1999). PPARy+= adipogenesis

Ao A aP2 promoter $]X]o] Z}5}¢ adipogenesisE 24
11, C/EBPai= PPARY}FO] 735t A28 E8l] A=A
9] B31%7) w-& 48 Hauser et al, 2000; Darlington
et al,, 1998), weta] & Aol A= HRLOY| &f7h A4 =
9] Balodx g5 &R1517] Ydlo] adipogenic transcription

A=)

of
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factor ¥ T §-42H52] d-& RT-PCRE: ©]-8-5}o] 2lls
AchFig. 3). 1 A% 235 =3 it T15(Con)ofl Al
SREBP—-1c, PPARy, C/EBPa @ FASS] mRNAYFH 0| 571519
o, #eelA HRLE Azjste] wats f=dh 4
SREBP-1c, PPARY, C/EBPa @ FAS®] mRNA o] B =
= oA 0w AastoleS SelsteitkFig. 3). 53], HRL
100 12g/ml 9] 3£ 0] 4] SREBP—1c, PPARy 2 C/EBPa= 5314
2]54(Con) ThH], ZF2+0,87, 0,91 @ 0,358 74519 0 1 (Fig,
3), o5 AARIZE2] 819] Q1RSI FASO] mRNA Hal = 0,49

o
-0,
o

= ZRI5ISITHFig. 3D). 09| A+t HIE]
FZ5°| PPARa W CPT-19] ' F7to] FoF
“ARLE SXAF o =M N aakE U
Epfchar 2% B} Q)31 (Pichiah et al,, 2012), G837} 255
Alo] 1550 A PAP, B-oxidation I CTPS] AL #|3A|A

AL R = e
EPdicka 2375 B Q) 01 (Lee et al., 2011), & ATLof| A= 1]
BRIV 9 of[ghE F=5=0] SREBP-1c, PPARY, C/EBPa 2l

fatty acid esterification pathwayS £3t gtk
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FRL {ug/al,
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(C) 11 ipocyts
12 A
= g
5z !
2% 08
7
58 0.6 -
7R 04 -
02 ~
D 4
HEL {ug/al
Adipocytes

FASS] WFE-S 7ha A7 2d 3Ho] oA s AL slolat 2
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Fig. 3. Effects of HRL (extract of Hippophae rhamnoides L. leaves) on adipogenic genes expression in 3T3-L1 cells. Differentiation
of confluent 3T3-L1 cells was initiated in DMEM containing MDI (0.5 mM IBMX, 1 uM DEX and 10 ¢g/m! insulin). Total RNA
was extracted and cDNA was prepared. Equivalent amounts of cDNA were amplified using primers specific for SREBP-1c (A),
PPAR-y (B), C/EBP-a (C), FAS (D), and GAPDH. Pre, preadipocyte; Con, differentiated adipocyte. Each bar represents the mean
+ SEM (n=3) * p <0.05, ** p <0.01 compared to differentiated adipocyte (Con).
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I}t Park et al (2013)0] &J5FH ] Hﬂ:TE BE3|= adipogenic Western blotS ©]£-3} thula vlg=fF =4
transcription factor®t A% 4 P&l Ao Joabg o 2 HRL2| 2| AJA] 4 Fafe} e o oA ke vho] Ayt/d

A %] 1l SREBP-1c, PPARy ¥ C/EBPa./] Hha of A2 R HA|E 2 3R15}7] 95l western blot= O] 835} AMPKa, PPARY9]
O] F3HE ARt Harg v glomn of fjof|e 2 A S S5 THFig. 4). AMPK= A2 Wi9] o[ | #] 3
+= adipogenic transcription factor®] W& A5 5 2HHA| A A S ok maaE A kel Fa%t AgE
X 23} A E AAEE Kim et al, (2014), Hwang et al, (2014) SiT}, AMPK= AMP7} S7FHE W QIALSHS: B3l S/ 3)s 1L 7]
9 Choi and Kim (2014b)9] X 1@} UX|gic) weba] HRLS HEAL AV Z27hA) 7|0 A]H) SHAJS A8t} AMPK: 34
3T3-11 AYATLA|Eo| A adipogenic transcription factor?] 3} ]o] SREBP—1c, PPARy 9 FAS®} Z+-8 2|HlA| 328} Q17}9]

SREBP—1c®] g oA A7 &2 SREBP-1c®| BFAI-A} TS Ao 2 AW e AAIA7]aL ACCY] Blghg st
ot x| /g 3ol =4 AR PPARYS} C/EBPa®] el €} CPT-19] B/dekE 5ol Het-leks S2AIA njEd=d]
ARl 2|4 9] §HAY 424, Ao Todh= FASS] HHaof o o2 WAk o)=L Z7}A) 71tk Hardie, 2003; Foretz et al.,
2 H|A AESHE S o] o Al W SR 4] 1998; Fryer, 2002). HRL& w2 A 2fqt A1}, AMPK %
o] HAE= AR AlRE PPARY Q] &o] 5014 Sl W3S UehiaL, A-AMPKE] W
2100 pg/ml o] sI=of| A 8,54 F7Hel= Ze Ejlakal o

Adipocytes
HRL (pg/mlL)
Pre  Con 10 25 50 100

[-Actin
4 1.4
(A) 38 B) 1.2
_ E3
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B2 3 =P
ES ~ 25 o8
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Fig. 4. Effects of HRL (extract of Hippophae rhammoides L. leaves) on adipogenic protein expression in 3T3-L1 cells.
Differentiation of confluent 3T3-L1 cells was initiated in DMEM containing MDI (0.5 mM IBMX, 1 uM DEX and 10 ¢g/m! insulin).
Western blot was performed using P-AMPKa (A), AMPKa (B), PPARY (C), and [3-actin. Pre, preadipocyte; Con, differentiated
adipocyte. Each bar represents the mean + SEM (n = 3). * p <0.05, ** p <0.01 compared to differentiated adipocyte (Con).

- 587 -



H#ZAHIEE Korean J, Plant Res, 28(5) : 582~590(2015)

PPARy 9] &2 0, 1] Zhansl= 22 SRlskgiet, ol2fet At
= H[EFRIVE Qlofl EA5k= quercetin®] GFFO2 A

Ahn et al. (2008)2] A-of W2 quercetin®] AMPKS ‘?:_"
€ Z7MAA adipogenesisE 2A|A]7|1, PPARy, C/EBPa,
SREBP-1 1! FASS] 41l 7} AT A| o)) A2
o] sas olAlxgicka gl v olch. whebd) HRLE 245}
£ AMPKS] S8 2717102 M, AHEA 7o) 2 o

A}l PPARY®] o] g % 0.2 AlZbeied, o] T3-L1
AMATAZAN APAEZY 8} A4S o]Zo] AL 1
FAAe) Fo] gau A0 Heked,

¥ Q

2 A= HRLY] 3T3-L1 AHA| 229 B3y o
HRLO| 2|19] ZAof| u]2|= Foks ER1st3irh MIT assay

£ o]&sto] Al S0 77 A 100 pg/ml 2 w0l A e
M|EZA ol ks vIAA] o= AS SRk, ook 22 2
2 B2 Oil Red O A& o] 6}01 X]HHﬂi 3} 94

A= A ‘QL%‘%% %X 5}7] H’O‘H RT—PCR‘:”ML western
blotH-2 A|83}9itt HRL-S SREBP-1c, PPARY%} C/EBPa2]
=] ﬁxﬂ/\]ﬁﬂ, x]a /\u/doﬂ Odol:_ u]x] aiol

[e]

;4\ 2 vpebgth E3h HRL Xiali

oL
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