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a Component of Polygonati Rhizoma

Jae-Sik Jang, Ji-Cheon Jeong

Dept. of Internal Medicine, College of Korean Medicine, Dongguk University

Objective: It has been reported that Polygonati rhizoma (Pr) has anti-hyperglycemia, anti-triglycemia, anti-diabetic,
and anti-tumor activity. Total extract of Pr was tested to identify anti-adipogenic activity in 3T3-L1 differentiation

and molecular mechanism of Pr in 3T3-L1 differentiation.

Methods: Differentiation of 3T3-L1 pre-adipocyte was induced in the presence of Pr extract and kaempferol. The
level of lipid accumulation was measured by Oil Red O staining. The expression of genes associated with adipocyte

differentiation was measured by RT-PCR.

Results: Extract of Pr and its component kaempferol reduced lipid accumulation in 3T3-L1 during adipogenesis and
also reduced mRNA levels of genes associated with adipogenesis, such as adipsin, aP2, LPL, SERBP-1c and PPARYy.
Conclusions: In this study, we showed that the molecular mechanism of Pr and kaempferol activity is related to

regulation of PPARY expression and activation.
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IF SO A% ADchAre 28] A} AAL
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8%, 718G, 9= 59 2o Ui,
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&, 2BAL T 9908 |, % Ak S 2
'{fr?m ol fiiEe] dsEE, FE A8 = (b
B, T, FIK, R, B RN, TR 2 LB 59
il‘ﬁOl g8z o
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<& A7 LAEFES F58 79 8 |
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AAEL FHREF 1 A8 kaempferolo] A At
Abol] Fo3te Ao} 1 2R 717E wE3E] $
sel AgAze 2ol oAl ARE UEhE A
AEsD 23l #HE FHAY] dEE FAsHS
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o8 A%E Frle) B
Mz 2 ke
1. M=
1) o)

S A% LTI, BT, dEn)dA
FQain Aasel AL,

2) AleF

Kaempferol, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), Oil-red-O Dexamethasone,
3-isobutyl-1-methylxanthine (IBMX), insulin, Dime-
thysulfoxide (DMSO)&= Sigma (ST. Louis, MO, USA)
oA FYstHT). FBS (Fetal bovine serum), BS
(Bovine serum)= GIBCO (Grand Island, NY) A&

. FFEF} Kaempferole] AMIAE £31 oA a3 (333)

%H 300 g& ZA 2H3im 3 e 95%
methanol-& 7}8}e] 60CHA FEOZ 244714 3

3 w8 F5ed 2292 AT o) F29L A

£22 YAN7)D A2 4 e ol 23
DXEHIIE AMBEI Q2N FBE 11002 ¢
(58 36.71%)S Ao} ¥ Wad Tz 545

of AHE-sksie

2) A wid B £3 =

3T3-L1 A|Z+= heat inactivation3t 10% (v/v)
bovine serum, antibiotics/antimyotics (Invitrogen)E
Dulbecco’s modified Eagle’s medium (DMEM)ol]
Egete] 5% COy, 37T 2N A B &3t 3T3-
L1 Az 23 §5& 6 well plated| A 100%=Z =}
2 ATE 297 ¢ w3, 100 mM IBMX, 5
ug/ml insulin, 0.5 mM dexamethasone, heat inactivation
= 10% FBS7} 78 v A 297 v st &
pg/ml insulin 10% FBS7} ih}ﬂ A E 2%_1U}E‘r
wA et st 10~12¢ F ARl ARt
#5355, kaempferol, DMSO+ #3} %9} 3
A Ag)ste 2wttt wjA] WA Ale] A&HS= A
g a3k

3) MTT assay

3T3-L1 A|3EE 500 cells/welld] T=E 96 well
plated] £33 & HEFEES T 22 A3}
o] 72A17F St wlekska Tk PBSel =90 MIT (2
mg/ml) 50 xS Hz)etga, 447 & wiAE AA
&}a1, 150 mle] DMSOE welld] ¥ol&F & 540 nm
Ad EF=E SHso

4) Oil-Red-O staining

E37} 89 3T3-L1 A £5 PBSE 23] A| ¥ 3}
o, PBSe| £31% 10% formalin €8 2 mE AM%
sho] AeoM 587 1 A4s, £AS A A T
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A 1217 BoF 23 s formalin £-8S8 A)A
3l 60% isopropanolZ A|lHg & 2o ZAZ
AlZt} Oil Red O working solutionS 7}3te] 102
7+ BE&A1Z) & DWE o] &3t 53] A H3 ATt &
A A E= dr)E ARIS A3, 100% isopropanol
& 7bste] AE Wl 2HF lipidE £33k 500
ol EYEE ST

5) RNA extraction and Reverse-transcription and
PCR

RNA+ TRIzol reagent (Invitrogen, Carlsbad, CA)
< ARt EElEH4E, 1 mge] RNAE MMLV
reverse transcriptase®} random oligo (dT) primers
(Invitrogen)E o] &-3le I#AAl dH-g& sty
cDNAE FH|3l9 T PCRE cDNAE F3o = 3§
o o9 primersE o]t HPstct. LPL,
5’-ATCCATGGATGGACGGTAACG-3’ and 5’-CT-
GGATCCCAATACTTCGACCA-3’, aP2, 5-AAA-
GACAGCTCCTCCTCGAAGGTT-3’ and 5’-TGAC-
CAAATCCCCATTTACGC-3’, adipsin, 5’-CCTGA-
ACCCTACAAGCGATG-3’ and 5’-GGTTCCACTT-
CTTTGTCCTCG-3’, PPARg, 5-TTTTCAAGGGT-
GCCAGTTTCAATCC-3’ and 5’-AATCCTTGGCC-
CTCTGAGAT-3’, GAPDH, 5’-CTGCACCACCA-
ACTGCTTAGC-3" and 5’-GGGCCATCCACAGT-
CTTCTGG-3’. 53 PCR product= 1.5% agarose

gel A719F=
system (ChemiDoc XRS system, Bio-Rad Laboratories,
USA)Z o]&ste] AIS . 43ttt

Z18¥8}99 7, chemiluminescent detection

6) 5A A

A8 Az BA Ade 4 28 A7 7y
I} Hit 225 o] &3] EASHS L, student t-test
£ ool R4S AYHAT

M A
S =

1. BEEREE MEEY 53

22 E0] 3T3-L1 A2d =4< Uehle
=2 3olstma 0.1, 0.2, 0.5, 1, 10, 50, 100,
200, 500, 1000 gg/ml FZ oA MTT assayS ©]&
sled ZA3ATY. FHEFEEL 1000 pg/ml F=o
Az Az 548 JepiA gtk (Fig. 1)

2. 3T3-L1 M= 235l0f|lAM triglyceride (TG)2l

X of 27

3T3-L1 AlZE 83 §53 & =59 TG &
< SAY EREFESES 500 pymlE =2 AT

3 APAME 2HEHE TGY 4ol
At} KaempferolS 50 yM A2 & A A H+=
TGS %L 76.14%Z EFEFZEE b3 o 24

wuoys @- o

0 0.2 0.4

0.6 0.8 1 1.2

Conc. mg/ml

Fig. 1. Cytotoxicity of Polygonati rhizoma (Pr) extract on 3T3-L1 cells. Cells were exposed indicated concentration of Pr
extract for 72 h. Data displayed reflect the mean SEM of three independent experiments
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1.0 1.0

B DMSO B DMSO
m Pol—ext u Kaempferol
_ 08 _ o8
©
= 24.57% oz
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.8 -0
a5 a5
SE o4 S2 o4
S =1 9
é%)' \3/%{_ 76.14%
S 02 S 0.2
0.0 0.0
£0.05 £X0.001
A B

Fig. 2. Polygonati rhizoma (Pr} extract and its component kaempferol reduces triglyceride accumulation in 3T3-L1
differentiation. 3T3-L1 cells were differentiated and treated with DMSO, Pr extract (Pol-ext, 0.5 mg/ml) and
Kaempferol (Kae, 40 uM). 10 days following differentiation, lipid droplets in cells were stained with Gil Red O, eluted
and measured. Data displayed reflect the mean SEM of three independent experiments

Atk (Fig. 2) Ar AL o] &3l #&3 Az DMSO o] YL EHEFZET kaempferolS A2]g 28

thz 2ol B3] kaempferol S 223 4% 37} o B gAstgen #EFEFESERT kaempferol

ofid 3T3-L1 AX9| F7} i YL AT < At 4PN o ZAEJoKFig. 4). PPARY

F AUk (Fig. 3) ¢} SREBP-1¢2] mRNA &% DMSOE &3 tf
Zol| Hlste] A ckFig. 5).

3. XM 25t0l| 2 E FTXEL] mRNA

€ =3 o E
3T3-L1S) 23 $= & A48 AL 2 3 o \
AL= Z‘]X}ﬂ dlE e 21'013]‘93,14 Adipsin, adlpocyte ﬁ"%‘% L: 0] ?ﬁtﬂ w, T, %ﬁ"ﬂ ﬁ{;ﬁ]@:] i
FER, KW RRE BHOM, B5E BiE §

protein 2 (aP2), lipoprotein lipase (LPL) #AAS

OSWa

|oJajdwaey

Fig. 3. Kaempferol reduces lipid accumulation in differentiated 3T3-L1 adipocytes. 3T3-L1 cells were differentiated and
treated with DMSO, Kaempferol (40 uM). 10 days following differentiation, cells were stained with Oil Red O.
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Ehiint. QoA HEEHOZE A E83HA ZF 3MUEA 3L 3495, I FEo Bosta,

U NEEE Bk EF BEZ T 38 59 B SAZ9] apoptosisE fFEdte] FUzHEol| HAZ

2487 Jh?. AY A7 sl HEFEES o9t e g9l g, FUAs 3o 7,

ol Fdd FHA V] B{ARS o g7 8494487 ZEL% A A U3k X5 &

7z a #7t Jue FE 2P FEAA9 248 dHEo]
AgZo] F=d FolA 7] BEARS W AF  Rusd] o

H2H =, 0|83 E5L Ho|= kaempferol& -2 FHd

) A¥Zo] & A A EF e e B 7S 2 A

G ), 2ol @ol a5 X, =3} (Green tea) 2 T}

Flavonoide oFd, 39, ZE, 3}, L=F 5 F2 (Black tea)ell = frEo] Aok & 28A (AR

AEol AES o] &3 oM TAHE Z¥ %, Ginkgo biloba), £ (1% Pinus densiflora Sieb.

= IJTEZA I3, 9 dEF Zeo #Ad et Zucc), H}CIUE- (FibA, Angelicae decursivae

o' Kaempferol& Ztgdel| Al BAEE flavonoid radix), 5@ (¥HF, Polygonati Rhizoma) 52| §F

=

DMSO Pol—ext - 33.79% 5 16.68% 50 28.75%
L - oDMSO opDMSO apMSO
Adipsin  Se— C:? u Pol—ext mPol—exi =Pol—ext
<28
< 100 100 100
aP2 . e 3
o
g 50 50 50
LPL GO e— S
S
0 0 L ¢
GapDH D Adipsin a2 P
£40.01 £40.05 £40.01
A B
DMSO Kaemp
0 76.04% - 63.76% 0 43.06%
L o DMSO oDMSO o DMSO
Ad|psm - L ad c? = Kae mKae m Kae
2.
& ‘ ‘ ‘
P2 - = 100 100 100
o,
LPL o 50 50 50
G - - g
S
o——=-_| W]
GAPDH D Adiosin P2 ™
£40.01 £40.01 £40.01
C D

Fig. 4. Polygonati rhizoma (Pr) extract and kaempferol reduce the expression of genes associated with 3T3-L1 cell
differentiation. 3T3-L1 cells were differentiated and treated with DMSO, Pr extract (Pol-ext, 0.5 mg/ml) (A) and (B)
and Kaempferol (Kae, 40 uM) (C) and (D). 10 days following differentiation of 3T3-L1, the mRNA expression of
Adipsin, aP2, and LPL were monitored by RT-PCR (A) and (C). The expression of mRNA level was guantified
and normalized with GAPDH by chemiluminescent detection system (B} and (D).
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28 2 ET‘ETFQ] Olﬂ-lb’]- F5o AA AT
A& 24.57% ‘lﬁls}— Aoz et
. #E5 84EE 5 3] kaempferol
Hop o A %— {2 AAsk 76.14
B ATHFig. 2B).
TFAZA ALALE B35} o] Fo A H
Sol4Q fraAte] EHo] vehdth. Adipsin,
aP2, LPL §-3Al= A<l A9A| T A dAE=
#7724 PPARyS} SREBP-lcd] oj3] zdse
d ']7‘}01"4'1431). 052 AHAH I Eo]AQ] A
= A3 BA, & EH}\]- %A,
3k As A 59 7|5

l

Al HM] X

Eo

PADE
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PPARY

DMSO Kae

ppan, W ——

C

(joluod jo %) AususQ

(101300 J0 %) Ausus(

. FFEF Kaempferole] AMIAE £31 oA &3 (337)

A gt o9 & APAE B0l FHAE &
3174 ol 4] #-431= PPARY, C/EBP family, SREBP
family2] 37}#] ZARIA ] oja) ZHEt}h PPARY
= ABAE 2ol Bog FHAEY] FHE 2
s w4 AAQARA Agalnl, 2§97
= aP2¢} adipsin 5©] 137 PPARyel| oJ&) 1 g
o] F7HET Y. o] 1A FRAEL B 2
£} kaempferolg A 2|3 39l 2 THo| g
< IS FTHFig. 4).
PPARyS] iz BHE AMAE BaolA oS
2% FROZ =3, I® A AL, 27 9 F
E3 1 <ol AR flavonoidsel] oJ3) HE
ZAHAYE Byl 3l catechin, quercetin,

1 %F

s MIN' ofy

140 140

oDMSO © DMSO
120 | m pol—ext 120 m pol—ext
100 18.41% | 100 20.83%
80 80
60 60
40 40
20 20
0 0
PPAR SREBP-1c
£X0.05 £X0.05
B
140 140
120 oDMSO skae 120 oDMSO®kae
100 100
80 38.06% | 80
60 60
40 40 70.69%
20 20
0 0
PPAR SREBP-1c
£40.01 £40.01
D

Fig. 5. Polygonati rhizoma (Pr) extract and kaempferol reduce expression of PPARy and SREBP-1c in 3T3-L1 cell
differentiation. 3T3-L1 cells were differentiated and treated with DMSO, Pr extract (Pol-ext, 0.5 mg/ml) (A) and (B)
and kaempferol (Kae, 40 uMj (C) and (D). 10 days following differentiation, the mRNA expression of PPARy and

SREBP-1¢ were monitored by RT-PCR (A)

and (C). The expression of mRNA level was quantified and normalized

with GAPDH by chemiluminescent detection system (B) and (D).
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Tl o8 g wEEE
3l ]2 3t PPARyY] &3 & ZAaAZom, kaempferol
o ©§ PPARyS] Bd TAE RIS h(Fig. 5).
C/EBP family2} SREBP family= PPARyS] 2&
T 848 2Fsl= 7]5S $th. SREBP family=
AN Fa8 TS gt AL JIREA,
Akbarel A1 A A 2 Aot E3H
A2 = LPL, fatty acid synthase (FAS), stearoyl-
CoA desaturase (SCD1) So] 3, XAhAL A
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