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ABSTRACT

Objectives : The purpose of this study was to investigate inhibitory effects of steamed Polygonatum odoratum
extract (POE) on differentiation and adipogenesis in 3T3—L1 adipocytes.

Methods : Polygonatum odoratum (P. odoratum) extract was extracted with ethyl acetate., Total phenolic and
flavonoid contents in POE were measured for antioxidant activity, The spectrophotometric method was used to
determine the DPPH and ABTS radical scavenging activity and ferric—reducing antioxidant potential (FRAP).
MTT assay was examined for cell toxicity, oil red O staining was performed for intracelluar adipogenesis in
differentiated 3T3—L1 adipocytes. Western blot analysis for measurement of CCAAT/enhancer—binding protein a
(C/EBPa), peroxisome proliferator—activated receptory (PPARy) and AMP-activated protein kinase (AMPK)
expressions were performed,

Results : The results revealed that POE has antioxidant activities, Contents of total polyphenolics and
flavonoids were 50.83+1.52 GAE mg/100g dry weight of POE and 17.05+2.47 RE mg/100g dry weight of POE,
respectively, DPPH radical scavenging activity, and FRAP in 10 mg/ml concentration were 92.1+0,.6%,
244.8+9.0 uM Fe(Il) and ABTS inhibition in 5 mg/ml concentration was 84.8+4 1%, Treatment of POE in
adipocytes inhibited the differentiation and adipogenesis of 3T3—L1 adipocytes compared to those of vehicle
control, Additionally, protein expressions of C/EBPa and PPARy, major transcription factor for the adipogenic
genes, were significantly decreased compared to those of vehicle control (p<0.05). Futhermore, phosphorylation
of AMPK was increased in 3T3—L1 adipocytes treated with POE compared to that of vehicle control (p<0.05).
Conclusions : we demonstrate that steamed P odoratum extract (POE) has potentiating antioxidant activities,
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inhibits differentiation and lipid accumulation and also induces energy expenditure in adipocytes, which may

contribute to antiobesity property.

Key words . Polygonatum odoratum extract, antioxidant activity, C/EBPa, PPARy, 3T3—L1 cells
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Fig. 1. Contents of polyphenol compounds and antioxidant activities
in ethyl acetate extracts of A odoratum on the condition for
steaming. (A) Total flavonoids and phenolics contents were
measured by folin—ciocalteu method and Davis method. (B) DPPH
radical scavenging activity, ABTS inhibition and FRAP were measured
using the Lambda 35 UV visible spectrophotometer, respectively.
Date are presented as mean * SD. (n=3) from three independent
experiments,
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Fig. 2. Effect of POE on cell viabilities in 3T3—L1 cells. The data
were expressed as the mean = SD. (n=3) from three independent
experiments. NS, no significance.
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Fig. 3. Effect of POE on lipid accumulation in 3T3-L1 cells.
3T3-L1 cells were treated with 0.2 mg/ml POE. At 10" day after
differentiation, cells were fixed and stained with oil red O dye.
Images of representative cells captured with a microscope, scanned,
and quantified by the lipid accumulation using spectrophotometer.
The extent of lipid accumulation was expressed as the percentage
of control. The data were expressed as the mean * SD. (n=3)
from three independent experiments. X0.05, significant between
the vehicle control and POE treated cells
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Fig. 4. Effects of POE on C/EBPa, PPARy and phosphorylation of
AMPK protein expressions in 3T3—L1 cells treated with/without 0.2
mg/ml of POE. After 5 days, the protein expression levels of
C/EBPa, PPARy and AMPK phosphorylation were measured using
western blot analysis. Total proteins were isolated and subjected
to SDS—polyacrylamide gels, followed by Western blotting using
the indicated antibodies and an ECL detection system. p—actin,
AMPK was used as an internal control. Densitometry was performed
using L Process and Multi Gauge software (Version 2.01, Fuijifilm),
and represent the average densitometric analyses as compared
with f—actin. The data were expressed as the mean =+ SD. (n=3)
from three independent experiments. ©£0.05, significant between
the vehicle control and POE treated cells

AR A2d Faa WEs wlo] i Mg
g71Hel AEoh LS ATFHE ¢

YA Fdat Avle] EFFeR AR ] HHo2 AF
Z7ket @&Aupeko] Zybetm mEY, A28 @i, H)
AFZEA YA, thFd dASEE, 1XES E A
T ARAs e 7 Agho] vy 3y = A
o7 BuE: gy,

HlgEe StolahAQl oA I YdS F2 7|F(FE),
GE0ER), H(2R) S22 Hy ol FE A9 A%
£ 93T 959 S4B IYELY olF 7|5y A=z
2 Q% 50k oY FEEE) S F40E g HHT
I Eo FoRftAdEe mivie] £9E wEAY|H, HF
e FUIE I AR Y77 243 HekA] EalA A7)
1% 83, go] 9glo] Ho} W nw SArk”, uiwt
o] Yo R FF(EHS 7I@F), BA(HE), Au¢E
A7, ASEERS ASGER), SHUb%), IGEM),
ol5(Fk) BH= WS 2 Bgatgnt”,

ZA 5299 ethyl acetate £E FE&EE= ZT¥ &y
ZgtEroltrt ERel= A2 et Gallic acidet
ruting 2tz REEAE ALE g SEjuEy SR
o|E AEo| 2 9l AYTHEYE Jilks TS =F
ke ThFgE 7152 UEbdth 5= ethyl acetate 8 #
£89] %= £& DPPH &zt 4753 ABTS izt
ofole AALS Uehiom FRAP 84 X377 23413}t
Y 9A 52 #XE HAth mebi 52 ethyl acetate
B3 2250 shso] Y T2 FE2E0] AYNEES}
9 2952 A Gaks vEr d Zo=E AidE e 3T3-L1 A
UAE] NEAEEI AEo| FFE uXA gE= 0.2
mg/ml FEoA F2Y FEE(POE)E Hzste] ALAE
o] Estywol AWEZHYEE AP E Ao AR
g 0.2 mg/ml HEsEe JAAE & Z5AF AFIA
BAHor AHeets =2 A 579 =2 Iusiich
A3} 3T3-L1 AAZA A2 H]g] F2H AT A
WA A XY 2 AHEFo] A= SR H
G, B gost 328 (FRIZE oL, Juy=d,
ZF7125)9 A= o3 AYAZ We] HSL (hormone
sensitive lipase)o] E4stElo] itz ZENEE E3)5
o] BHjEEg] ojnf Bu|ElE Ailolu FEAEL £FE2
2 APAZYe] AR =S o 5 oY A ZE
3}o| #oidl= C/EBPa, PPARy W& AWA|Z RS} Fa
gt A she 27| HARIAL chilFo|R WAzl Hig)
(hypertrophy)®} & Al (hyperplasis)e SE3y?, Z=2
A2 TEEE PPARy= glucose AR AE A3}
T oA TS d&d F=E Z7HNGY. PPARy9}
C/EBPax ¢led Alsdgy A" 473 Syt A<
g AN ZAA 2edat AAgANE 2Este] 231E oS
2474 Bge S0 webA 0.2 mg/ml POE

WA

o
2

= vl

Aggt 3T3-L1 EIALAZAA o]F Thud HEHo| 59
A 4 Al F2Y FEEO] AYANZA HEE A
st A=z 9 APEIE JASks AR HAth old
9] SloFS o] 838t AFE oA C/EBPa, PPARy W& JA7}
AFAZES S TAAA HEdA|] Exdo|ztn HuE
ul glo] B dAqels Axehs Azbo|ch™ mEal AMPKE
AZY ouz] FAEE 427 A7) 09 B4 2w
T ool & = AHFAR AKSL FUkel THA e A A E 2=



20 KgAK EO2 f 5E— Vol 29 No, 2, 2014

T AR a3 FFA e & BHE ™= T4
& itz 24Y s

2 AFo)A POE A7t AE4S Al ®ak ofye},
AW oA 4 2del it FFS FRls] Aste A
HEA|EQ] 3T3—-L1 A|EoA western blot E3 AWAZ
9] B3} 27|AARRIZC] C/EBPa, PPARy 9 &3 RIS &
st RS JAE HofFitir Bzt AMPK Ql4Hs}
U JeE 53T A1, A2 vlste POE A A&
oAl AMPK <Ak gz Wrdo] Frlste AL RISk
ot ol g Fst EW, POE A7t 3T3-L1 A
Ao A AT Y 2 F3E 9AA7]L, AMPK ¢l
AL 2EE IR EA AZY qUyA S 54 Al
71282 N | 2= o]§9 F7HE B @t bt
P2 ERIFOEN POEE HIT ¥ T ofyal A28 T
He anpFoa oAistAd AAAE = S AR &ed
F U AR AEEg, Iy $o=E ¢ AREFH 71A
AT ¥ F=A4FE 59 FrA7 g Eojof & o=

A=

= =

&2 AFolM SA T2 FEE9 3T3-L1 AYA|ZA
oAl 9 A avE wEst oy 22 2Ee
A

1. 34 529 FE2EPOE)E % ZEvEd ZatHlcol
T o] 50.83+1.52 GAE mg, 17.05+2.47 RE
mgs Z47b EFEkal QUlch. DPPHSE ABTS ettjz
2A%L 92.1+0.6%, 84.8+4.1%% ZtZt UeERfS
ot H=3RbEY & ke 244.8+9.0 UM
Fe(ID& Yetfo] POES] gh4lstEle T3yt

2. 34 29 #&E+ 0.05 mg/ml~0.5 mg/ml Az
E=TojA] 3T3-L1 A|lZo| E4L vehlx] bt

3. POE®] Oil-red O ¥AZ23 0.2 mg/mle FEojA
A& A Fmrt giZAZ] H|sle] ooz
A& oA avE ZH

4. POE #2|7} 3T3-L1M|ZfA vlRkdd A&l 7]
SPAARIAL C/EBPa , PPARy 'E@o] #93<l
(p€0.05) 22 AAEGAL, AZW ouA] A =%
A1 AMPK QI4bsL 222 POE A2] AlZoflA ti=A]
Zof| Bt Fo#Ql +E(p0.05) 22 F7I5HT

N A

q>

2
e

olFe] Aipold A T FE=(POE) 3t it
S HF g ANES B oyt AYAIE 3T3-L1 9
A z27] AYAE 23 BEAAA PPARy ¥ C/EBPa 9
TEAA H AMPKE] Qlitel S71= APEAIES] 23} oA
2 3T3-L1 A=W A oA J3aprh wE=o] Fuiqt
oA R AR50 g FH FE2 B8 5 s A= A
ZHerh,

AR 2

A7e dH-AEAETA7INR 2 BEAY Hel
2 A& AR 7R AAA Y] AbdE] Ao ofst
of o]FojF o oo ZA=HYL,

Referenses

1. World Health Organization (WHO), Obesity and
overweight in Media centre, 2011,

2. Korea Centers for Disease Control and Prevention,
2009 Korea national health and nutrition and examination
survey. Ministry of Health and Welfare, 2010,

3. Korean Diabetes Association, Diabetes factsheet
2013, [9 Available from : URL
http://www. diabetes.or kr/temp/diabetes_factsheet
2013111, pdf

4. Rosen ED, Spiegelman BM. Molecular regulation of
adipogenesis, Annu Rev Cell Dev Biol, 2001 ; 16 :
145-71,

5. Morrison RF, Farmer SR, Hormonal signaling and

screens),

transcriptional control of adipocyte differentiation,
J Nutr, 2000 ; 130(12) : 3116—21,

6. Park YW, Clinical guidelines of treatment of obesity
in adults, J Korean Med Assoc. 2003 : 46(4)
345-6,

7. Lee CB, Daehan plant handbook, Seoul : Hyangmoonsa,
2985: 2134,

8. Rural development administration national crop
experiment station, Classification of Korean medicinal
plant resources, Korea, 1990 : 243—4,

9. Ahn DG, Restorative of Korea, Yeollin Chakdle,
Seoul @ Korea, 1993 : 307-21,

10. Lee JH, Lee SR. Analysis of phenolic substance
content in Korean plant foods, Korean J Food
Sci, 1994 ; 26(3) : 310-6.

11, Kim KT, Kim JO, Lee GD, Kwon JH. Antioxidative
and nitrite scavenging activities of polygonatum
odoratum root extracts with different steaming
and roasting conditions, Korean J Food Preserv,
2005 ; 12(2) : 166-2,

12, Shu XS, Lv JH, Tao J, Li GM, Li HD, Ma,
Antihyperglycemic effects of total flavonoids from
Polygonatum odoratum in STZ and alloxan—induced
diabetic rats. J Ethnopharmacol, 2009 :; 124(3) :
539-54,

13. Lan G, Chen H, Chen S, Tian J. Chemical composition
and physicochemical properties of dietary fiber
from Polygonatum odoratum as affected by different
processing methods, Food Res Int, 2012 ; 49(1) :
406-10,

14, Singleton VL, Rossi JA Jr., Colorimetry of total



15.

16,

17,

18,

19,

20,

21,

22,

23.

24,

25,

26.

27,

28.

29.

4 T2 FE=9 3T3-L1 ALAZAA 23194 9 A@3st &z 21

phenollics with phosphomolybdic—phosphotungstic acid
reagents, Am J Enol Vitic., 1965 : 16(1) : 144-8,
Zhishen J, Mengecheng T, Jianming W, The determination
of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals, Food
Chem, 1994 ; 64(12) : 555—-9.

Blois MS, Antioxidant determination by the use of

a stable free radical, Nature, 1958 : 25(2)
1199-200.

Beckman KB, Ames BN, The free radical theory of
aging matures, Physiol Rev., 1998 ; 78(2)

547-81,

Benzie IF, Strain JJ, The ferric reducing ability of
pasma (FRAP) as a measure of "Antioxidant Power':
The FRAP Assay. Anal Biochem, 1996 ; 239(1) :
70—-6.

Cha JY, Kim SY, Jeoung SJ, Cho YS. Effects of
hesperetin and naringenin on lipid concentration
in oratic acid treated mice, J Life Sci, 1999 ;
9(4): 389-94,

Korean Society For The Study of Obestity Fact
Sheet, 2010, [5 screens] Available from : URL :
http ://www.kosso.or.kr/general/

Devlin MJ, Yanovski SZ, Wilson GT, Obesity:
what mental health professionals need to know,
Am J Psychiatry, 2000 ; 157(6) : 854—66.,
Barness LA, Opitz JM, Barness EG, Obesity: genetic,
molecular, and environmental aspects., Am J Med
Genet A, 2007 ; 143A(24) : 3016-34,

Heo J. Donguibogam, Seoul
2005 : 119, 334, 1145,

Jo HG, Kim BT, Causes and treatment of obesity

Bubin publishers,

and literature review on stage. Korea Inst Sci Technol
Inform, 1992 ; 1 © 61-71,

Jeon SY, Park JY, Kim SO, Lee EL, Koo JS, Kim
MR, Water extract of fermented new korean medicinal
mixture (F—-MAPC) controls intracellula adipogenesis
and Glut—4 dependent glucose uptake in 3T3-L1
adipocytes and L6 myoblasts,
2014 ; 29(1) : 45-52,

Slavin BG, Ong JM, Kern PA, Hormonal regulation

Kor J Herbology.

of hormone—sensitive lipase activity and mRNA
levels in isolated rat adipocytes, J Lipid Res,
1994 ; 35(9) : 1535-41,

Otto TC, Lane MD. Adipose development:
stem cell to adipocyte. Crit Rev Biochem Mol Biol,
2005 ; 40(4) : 229-42,

Rangwala SM,

from

MA.,
proliferator—activated receptor gamma in diabetes
2004 ;

Lazar Peroxisome
and metabolism, Trends Pharmacol Sci,
25(6) : 331-6.

Kwak DH, Lee JH, Kim DG, Kim T, Lee KJ, Ma
JY. Inhibitory Effects of Hwangryunhaedok—Tang

30.

31.

32.

33.

in 3T3-L1 Adipogenesis by Regulation of
Raf/MEK1/ERK1/2 PDK1/Akt
Phosphorylation, Evid Based Complement Alternat
Med, 2013 ; 2013 : 413906,

Ikarashi N, Tajima M, Suzuki K, Toda T, Ito K,
Ochiai W, Sugiyama K. Inhibition of preadipocyte

Pathway and

differentiation and lipid accumulation by Orengedokuto
treatment of 3T3—L1 cultures. Phytother Res,
2012 ; 26(1) : 91-100,

Ntambi JM, Kim YC, Adipocyte differentiation and
gene expression, Korean J Nutr, 2000 ; 130(12) :
31226,

Guo H, Zhao H, Kanno Y, Li W, Mu Y, Kuang X,
Inouye Y, Koike K, Jiang H, Bai H, A dihydrochalcone
and several homoisoflavonoids from Folygonatum
adenosine

odoratum are activators of

monophosphate—activated protein kinase, Bioorg
Med Chem Lett, 2013 ; 23 (11): 3137-9,

Zhang BB, Zhou G, Li C, AMPK: an emerging
drug target for diabetes and the metabolic

syndrome, Cell Metab, 2009 ; 9(5) : 407-16.





