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Anti—obesity and Anti—inflammatory Effects of Polygonum Cuspidatum
Root Extract in Differentiated OP9 Adipocytes

Ji—Su Mo, Jun Sang Bae*

Department of Pathology, College of Korean Medicine, Wonkwang University

Obesity is associated with adipose tissue expansion and chronic low-grade inflammation, contributing to insulin

resistance and metabolic disorders.

Polygonum cuspidatum root contains bioactive compounds with reported

anti-inflammatory and metabolic regulatory effects, but its impact on adipocyte differentiation remains unclear. This
study evaluated the effects of P. cuspidatum root extract (PCE) on adipogenesis and inflammation in OP9 cells. OP9
cells were differentiated into adipocytes and treated with PCE at non-cytotoxic concentrations. Lipid accumulation was
assessed by Oil Red O staining. Expression of adipogenic markers (PPARy, C/EBPa), lipogenic enzyme (ACC), and
phosphorylated AMPK was measured by gqRT-PCR and Western blot. NF-xB phosphorylation and pro-inflammatory
cytokines (TNF-a, IL-6) were also analyzed. PCE significantly reduced lipid accumulation and decreased expression of
PPARy, C/EBPa, and ACC, while increasing AMPK phosphorylation. PCE also inhibited NF-xB activation and reduced
TNF-o and IL-6 expression and secretion, indicating concurrent anti-adipogenic and anti-inflammatory effects. PCE
may be associated with decreased adipocyte differentiation and lipid accumulation through the PPARy-C/EBPa.-ACC
pathway and may reduce inflammation through NF-xB-TNF-o/IL-6-related signaling. These dual actions suggest PCE
as a promising functional food ingredient or therapeutic adjuvant for obesity and related metabolic disorders,

warranting further in vivo study.
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Polygonum cuspidatume $t=, &, 5= 5 SOt
da] 23stE thdX AlE2, o] AlE9 Hal: dEAoz 47
o4, st 84%, tE, 8544 2E, 58 o ¢ vy 72

E

ol

chFet Agto] xgo] AgEo] Y. E3] WaloN FEEE
ZzQ A& EAR9 resveratrol, lignan sulfate, piceid,
emodin 52 ¥AE, T4et E diAr 7iA aater HYE ez
Hugn Qo gz Bstn, P cuspidatumo] A|9HA|
29| ZA} #3HE 2A-ste FoA oud MSHIH 20T
oJ5t=Alo] tiohAl= P3| WA uprt gl Aol

olo] & AFo|N= P. cuspidatum 2] ZFEE0] Mouse T
ANz A GE "iotE7] A=l OP9 MRS A|YAx2 #5t
AA Fd5 L JuT auE JrRdezH 71sd AF A &

£ MY A2 Ao RN h5ye Halstuat shgick

A ERER

1. P. cuspidatum %2 &2 A%

P. cuspidatum®| 2] 20239 49 BEAB(AE, gl
A Aokt S, P cuspidatum 2|(1 kg)S 35| A
2§ 3 A20A 48Xt 5 70% oHER FEF o ofulst
Ach(Whatman oj#x] No. 2). oj#d ZFZE2 rotary
evaporatorg °]83] &UiE ZAY HAAL FFH UF=E2

ad
2 Axsto 22 FH 2T FE2(110 g} A%len, o

o

2. A= Hig 2 A 23 4

Macrophage colony-stimulating factor (M-CSF) ZA
mouse?| Z4 IH(stroma)oflA {E Hjol £7] A9 OP9
N|ZE= American Type Culture Collection(ATCC; Rockville,
MD, USA)IA st MZZ = MEM-a HjX](Gibco BRL,
Gaithersburg, MD, USA)o 20% fetal bovine serum (FBS:
Gibco)?} penicillin ¥ streptomycin(100 U/ml) (Gibco)o] &&
€ wjRo|Aq 37°Ce}t 5% CO, 7oA wigstAct. AL 2ats
Sxst7] s OP9 M=o 10% FBS, 175 nM insulin, 0.25 uM
dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 2 mM
L-glutamine (Sigma-Aldrich, St. Louis, MO, USA), penicillin
2 streptomycin(100 U/ml)S 83t MEM-a HiX|2 #AsE &
39 ot viokstoitt. Alzo] Aale st SEIg ol W A
2Jstaict.

Ol

3. Az BEE ZA

P. cuspidatum ®3] 2&2(PCE)] AZ 42 H7lat7] 9|
8], water soluble tetrazolium salt (WST)-1 ZAKITSBio,
Seoul, Korea)2 Arsto] A3ttt OP9 A Z(2 X 10Y/wel)S
96 well Sfo|Eo] BF35t1L 24X|7F &, PCE (25, 50, 100, 200,
500 pg/ml)E 24A)17F =9t X 2]3tal microplate reader (Tecan
Trading AG, Switzerland)E ©0]83}0] 450 nmoA] &3S &

Aot AERESS ket Zo| Aol MEG%)Z Lreh)
oick.

Cell viability (%) = (OD450 of treated cells/OD450 of control
cells) X 100

4. Oil Red O EM

PCEY] A%} 28} AAl52 F716t7] 9l Oil Red O EMZ
AlRgstict. e, AlY 28ka= 59 Mo PCEE =&d
2 F2jst OP9 AlZ9] vjX]S A|A3$t & 1X phosphate buffered
saline (PBS)2 23 AAst £ 4% formaldehyde
(Sigma-Aldrich)2 207 20 FAgE & 1AF 5t A 2A]
st A2 E 1At 1 3, 60% isopropanold Argsto] 18
7t 23] MJASEL Oil Red O solution (Sigma-Aldrich)2 #]2]5}
o 1027t A5kt A B71E Yoll, isopropanolZ A2]5t
o] FAM= A]oFS 8FX|H microplate readerE A}235}o] 520
nmold FLE e 545t

5. RNA £% 9 Quantitative Real-Time PCR(qQRT-PCR) &4

712FsHA|, TRIzol A|2K(Invitrogen, Carlsbad, CA, USA)E
AMgsto] total RNAE F&5IUCE &9 RNA (1 pgle= AEA
o] dHhHo| w2t PrimeScript™ RT A]9F J]E(TaKaRa Bio,
Shiga, Japan)g ©|8&3dte] FRALE 4885t¢iTt. SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA, USA)
2 ABI Prism 7900 Sequence Detection System (Applied
Biosystems)Z At&sto] qRT-PCRo| £3¥stqict. 2t {AXRY] 4
A mRNA @ d2 AACt ¥pAlo g2 BAM3iglon, GAPDHE U
230z A5ttt qRT-PCRO| A% primer sequence:
Table 1] A|A|5tgct.

Table 1. Primer sequences used for qRT-PCR
Gene Primer sequences

Pparg Forward: 5'-CCGCTGATGCACTGCCTATG-3'
(PPARy)  Reverse: 5'-GAGAGGTCCACAGAGCTGATT-3'

Cebpa  Forward: 5'-GCAAAGCCAAGAAGTCGGTGGA-3'

Accession no.

NM_011146.4

NM_001287514.1

(C/EBPa)  Reverse: 5'-CCTTCTGTTGCGTCTCCACGTT-3'
Acaca Forward: 5'-GTTCTGTTGGACAACGCCTTCAC-3' NM 1333603
(ACQ) Reverse: 5'-GGAGTCACAGAAGCAGCCCATT-3' - ’
Tnf Forward: 5'-CCCTCACACTCAGATCATCTTCT-3' NM 0136933
(TNF-a) Reverse: 5'-GCTACGACGTGGGCTACAG-3' - ’
16 Forward: 5'-ACAGTGGCCACCTACAAAGG-3' NM 0311682
(IL-6) Reverse: 5'-CCGAGATGGGGTTGATAATG-3' - ’
GAPDH Forward: 5'-TGTGTCCGTCGTGGATCTGA-3' NM 0080844

Reverse: 5'-TTGCTGTTGAAGTCGCAGGAG-3'

6. Western blot

g¥ikle  protease & phosphatase inhibitor cocktail
(Millipore, Darstadt, Germany)o] E3§tel RIPA lysis buffer2 F
F5i9ich. ¥ UWAe Bradford AAPEE AHgstel BYSIA
t}. ol% 20-30 pge WHAS SDS-PAGEE Halstn PVDF
membrane© 2 X o]X|Zt}. Membrane 5% skim milk ¥ 5%
BSAZ} &gt TBS-T (20 mM Tris-HCl, pH 7.6, 150 mM NaCl,
0.05% Tween-20) H{H 2 IA]ZF ot AIHA|Z] &, 1A} FAIE 2
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3A]7it}. Western bloto] AF2El 1x} 3H¥= t}e3} Zth PPARy
(Cell Signaling Technology, Beverly, MA, USA), C/EBPa (Cell
Signaling), ACC (Acetyl-CoA carboxylase; Cell Signaling),
AMPK (Cell Signaling), p-AMPK (Cell Signaling), TNF-o.
(Abcam, Cambridge, UK), IL-6 (Abcam), NF-xB (Abcam),
p-NF-xB (Abcam) % B-actin (Sigma-Aldrich). A& 32,
HRP-conjugated 2X} A2 A0]4 1A]7t F¢ ¥9ESAI H,
ECL kit (Millipore)?} C-Digit western scanner (LI-COR,
Lincoln, NE, USA)E AMg-sto] GRS ZA&sta o]u]x|gtstgict.

7. Enzyme-Linked Immunosorbent (ELISA) ZAA}

A54 AolEtel BAe 93, oM MR Rw SU
4¥ =74 AR 0PY ALY vh} HEAS 2Rk &
Ast wWig 4359 Y TNF-a9} IL-69] == TNF-a9} IL-6
ELISA kit (Invitrogen)2 Al2sto] AlxAI] TR EZO| wat &
steict.

]

8. SASA

e A A}2 EA|S}L Student’s
t-test (Excel, Microsoft, USA)S Al&3sto] BAstYct Aatr 7+
2 3% 9 32 Vi sYHd 489 BFL Uehayck p <
£A%0R go3t Hoz ARt

-

(iTh)
i)

1. OP9 M= &g L XYM Z Es}o] it P. cuspidatum B
2] £&2(PCE)9 9A] &nt

OP9 AN|ZojJA] PCEQ] AZ=AS
200, 500 pg/mL =2 X2t & WST-1 ZAALS 238519t
3 A3t PCE X279 NMERESE 242 25 png/mLojA 99.2 +
1.4%, 50 pg/mLolA] 99.1 + 1.9%, 100 ug/mLojlA] 98.2 +
0.7%, 200 pg/mLoflA] 83.6 + 1.8%, 500 pg/mLojA 74.4 +
1.3%2 UEeldtHFig. 1A). olg|¢t ZutE vigtoz2, PCE: 100 p
g/mL Oo|5lA = NZEAo] Q= Aoz 7txslgon, 4 A
oM Fi s== 100 pg/mLE HASPT. thZez OP9
AZE AMHZ2 PSA7|D PCES Chdt 352 Mgt &
Oil Red O gM 238519t 1 Al PCE: & oFEXo=2
A FAZ fost Zarzied, 100 pg/mL A2]o= o
27 oy A2 FAo] oF 31% F4stAcHFig. 1B). o|Z$ ZAx}
& PCE7l OP9 M=o AYAZ &35 AdAlsh= a7t U=
AJARRCL.

m71s17] 9af 25, 50, 100,

o
=

2. AIAZ ¥t B mRNA U G walo] ot PCES] aw

Fig. 1BoA] Boj& ZX™, PCE7} OP9 AN|Zo] A|gA|x H3}
o} W0l gtk AL Felsteith mapy Qalt OP9 HlZo] A
SN 23 o9 BRSS9 2dE gRT-PCRi} Western blot ¥
Moz BAstelth. 1 2w AMAZ BekRolA Beh7IA ghe
it HwstdS o, APAE F3F @ {FAQl PPARy, C/EBP

ujr

Ml

oot AWd oA QAR ACCO mRNA o] A3 =&
A %1, PCE (100 pg/ml) X2] Fo|A PPARy, C/EBPa
o} ACC9] mRNA Igo] XY Z RalX(tx+)2} vl 2oty o
SOt ZHAotgcHFig 2A). 5, mRNA Wdat SALSH] PPAR
v, C/EBPa, ACC THA o] ZFASHYI, p-AMPK THAl b
@o| F7tshe Ag EUstichFig 2B). ol2|gt Zib= PCE7} %]
UAE Fotet RS AREE AAHE

a

A B

ON NN

120 120
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Cell viability (%)
Oil Red O intensity

0
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Fig. 1. Effect of PCE on cell viability in OP9 cells and lipid
accumulation in OP9 adipocytes. (A) Cell viability was measured using
the WST-1 assay after 24 hours of treatment with varying concentrations
of PCE (*P<0.05; **P<0.01). (B) The adipogenic differentiation of OP9 cells
was stained with Oil Red O. The stained reagent was eluted and
quantitatively evaluated at 520 nm using a microplate reader (*P<0.05,
**P<0.01 vs. control (Diff. Adi.) group).

A B
mPre. Adi. Diff. Adi. - + o+

3 @ Diff. Adi. -
WECE (100 pgil) PCE (100 pg/mL) -+

S (" cesrs (DI
‘ ===
—

Relative expression

PPARy C/EBPu ACC AMPK
Actin

Fig. 2. PCE is associated with the expression of signaling molecules
associated with adipogenic differentiation and lipid accumulation in
OP9 adipocytes. (A) Quantitative reverse-transcription polymerase chain
reaction was performed for PPARy, C/EBPo, and ACC after PCE treatment
in OP9 adipocytes (***P<0.005, vs. Pre. Adi. group; **P<0.01, vs. Diff. Adi.
group) (B) Western blotting was performed for PPARy, C/EBPa, ACC, and
p-AMPK after PCE treatment in OP9 adipocytes.

3. 4% ¥¥ mRNA % O Wof ojgt PCES] &

28l ol A7olx OPY AZON 95 P ulw B £xt
0] Wy & qRT-PCRI} Western bloto g2 BAstyct 1 Al
CE (100 pg/ml) A2 Zo]A TNF-o. ¥ IL-62] mRNA 3o
a2a wwsige W R9l AAdidcFig 3A). €,
NF-a, IL-69} p-NF-xB TRl wrdo| tjxZo] v]|& ZtAs=
22 HASHACHFig 3B). o AT PCEZE AYAE 2ot o
ohet A5UA UYL £AACRHN Julg AWUES HolFS
AA 53t
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Fig. 3. PCE is associated with the expression of signaling molecules
associated with inflammatory cytokines and mediator in OP9
adipocytes. (A) Quantitative reverse-transcription polymerase chain
reaction was performed for TNF-a and IL-6 after PCE treatment in OP9
adipocytes (***P<0.005, vs. Pre. Adi. group; **P<0.01, vs. Diff. Adi. group)
(B) Western blotting was performed for TNF-o, IL-6 and p-NF-kB after
PCE treatment in OP9 adipocytes.

4. OP9 M|Zo]A TNF-a ¥ IL-6 2H]o] tist PCEQ] &}t

OP9 NZZ X|9tNlZz =2 H3}A|7]3L PCE7} TNF-af} IL-6 &
Hlo] 0]R]= gFZ ELISA ZFALE &35 &elstgitt. PCE A2+
o] " ArEMoA] TNF-a9t IL-6 $X|= ZtZF 843 + 5.1
pg/mLe} 6.8 + 0.4 pg/mLZ thxa(Z+2t 127.7 £
10.5 + 0.5 pg/mL)ol ulsl QolsbAl Zasto] el aart 42
Hog o|foFZZ IstgIHFig 4A, B). o|g§ ZHate PCE
7} AAIZOIH TNF-ast IL-6 o)/} 4% §lgg @zpgoz o
AgS Bolzgct.
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Fig. 4. The effect of PCE on cytokine levels in OP9 adipocytes. The
collected media was analyzed for (A) TNF-a and (B) IL-6 levels using
ELISA kits (***P<0.005, vs. Pre. Adi. group; **P<0.01, vs. Diff. Adi. group).

oz

ol A Lo|A &= Polygonum cuspidatum 2] F&2(PCE)
o] OP9 MZolAq AFAZ 73t X AF Y30 U= TS 3
Wigch 2 s, PCEE MESHE UedA gt 8y
OP9 AZo| AW FHS WA Asiglon], AYHE Hs}
(adipogenesis)e} A& & (lipogenesis)o] ANAQ HARIAIQ
PPARy, C/EBPa, 12|11 A|¥shd oA 849 Acetyl-CoA
Carboxylase (ACC)?] mRNA ¥ TlAl 2@ g n& [olsHA 7
2AFY. £, PCEx= ¥% oY AARIAII NF-xBo] Ql4ts}e}

Ao E7HQIQl TNF-o, IL-69] W& U Rul2 AAFo=A AW

AZ g3 47 Wsol ansoz 3

Aste PCEZL AIAZ Rato o

9 ans SN 29 2 9 ANt
AAE $ot oF SWo|A, PPARYS} C/EBPat AIYNIE

wolo] MY xRN 27, §7] Bo} W) BEo] BRAQ o

we A

S 2334 PCE ®|2] A] PPARy9} C/EBPa9] mRNAS}
1}

Y wdlo] WE ZAgh ATt PCEZL ANMAZY Ruel 2
3 2332 AL Zo NS PPARYE AYAIE A

%4 x74x}o|n], C/EBPa= PPARYS} A5 xtg3}

2 E&sts Y AUl ol AFolA,

C/EBPai= PPARYQ| TS fEsty, & TR Tl FRoA
1!

AR &3 Wk Bae ok

&02, ACCe AYA &/d(lipogenesis) 279 &&= A|g
A A(rate-limiting enzyme)2, H]9F Z& mdlo]u} A|9hA| oA
ACCY &4 dAlE= XY £5 ZF4o Awgol Yot 2 Aq
oA &l ACC ¥ Za+ PCEZF XA 4= AMTozH
A FA8% 20 & O 71A4S UsdY. ¢ Yyopt,
PCE Aj2jiolA #3E AMPK Ql4t8Hp-AMPK)9] 57h= ACC
gxIet AAEY dunF A} H2olmng, & AN WwIH
p-AMPK %71 @42 PCE’l AMPK-ACC & 33l AP £A2
AAIote 71s/dE2 AAISHAT. ol2|g Aat= PCEZF AWA|
S5 AAlst= FRE Bl Ax £F04 A £8E 5o
RFEe Zog Holy, ol JHW 7|54 AMEAY JM5EE
ANt

AR
ghe AR Ho) L AR ohet gy A

M

H] 52 95
(low-grade chronic inflammation)2 £7xoz 3ttt E3] H|9
HelolX NF-xB 327 BAsed TNF-a, [L-63 22 FE5
A AolEstelo] BHIET ok A& NaAHT TAEES 9
st £ g0 IA Ao 2 A7t PCEY I35 &

uf

e PEs] BojFQlrt. PCEL NF-xB QXtH(p-NF-kB)9|
Za9 WA TNF-a 9 169 @ 9 Rulg st
L J1&0] ¥ 1% P cuspidatum ®= P. cuspidatum® 32|
A ERXZ LA resveratrol?] NF-xB 243 £5t 45 &4
g QxS AUE wolFYUTh S3 OP9 AZE AYAE
w3t golA NF-kB A27F 4ste]= Aoz 43X UM,
PCE HMz] Al Bsjot 45 A7 SA0] JA=9ict e PCE
7t AEAIRO] 7158 da A AFAor dFe UAS AlAL
shirt.

ol A7l F3 A PCEF AMAE B3} A9} U5
A% ARE Aol Bgcke Aot vl AYARES] |,
wol 7loh 4% W AL Az YR Azsl god,
NF-kB-TNF-o/IL-6 &2 AYAL 235 FRst= FAl9 QA=
A AFYS FepA7lE ez gA AP, maky PCEZL
5 A2 SA0] X AL Hg P fAEY A axEAe
7€ ANE 4 Aok EFF P cuspidatum®] FQ 4EQ

m
2 e

1T

O
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resveratrol, emodin, piceid 52 AMPK 243}, NF-xB <A,
Akt atgo] LA 9lojt) B oitoA] lE AHgr|Mnt
T g#/AYE ¥t ol2jgt Aub= PCEZl & H2E FAl AE
oy Futhat FFF aurs FPste EF 7154 22N
9] A=A AAHo] A2 BoFAt
2 J5td-E Adot. A, OP9 A

T 0t A QI HjolEIINE J|N AYAE 2@P2, A A
A W AGEARE Aozt EXE 4 Aok GEbA Feoe
3T3-L1 AlZ E: A7 83 AYATAZINE $Y Fab} A
ASILA) g West ok ¢, PCE: B £380/92 of
L g¥o] A Polot 45U NeMY J22 AYHoE 57
sherl #shAl fstch £2 9@ ol oiF 2, $3
718 g4l £4 A4 Basit oNZoe, oW A7 in
vitro @72 Ageo] ol & 3
Fds an, MY, HF &F S
eX X8 ALozAo] AR JHsAS elsty] 9t 37t
7t " st

Fusie, 2 A7: PCE/b AMAIE 23 2 943 HeAg
2 oM Pulw P4 2NE Yepde voizot 59
PPARY-C/EBPa-ACC 729 ZZA3} NF-xB-TNF-o/IL-6 &09]
AAE BolFozH AYAZ Zotet dF ¥H3E SAlol AASH
A= A2 PCEZL 7157 AE &A1 B UAEES Alg BXA]
2 &8e £ A 2% TAHE AFcA

2

B A9 Polygonum cuspidatum 2] ZFEE(PCE)2 A
YAE2 F3HE OP9 Ao AFAE 28} A, AE &4 &
&, 322 NF-xB 1% AAE & E5 €8 av5 Ao &
olFAct. ol2jgt ZAu= Ay 28 2 7J2(PPARy-C/EBPa-
ACC)%} @2 =74 7 2(NF-kB-TNF-0/IL-6)3 £3] Loju: A
= oottt waba] PCEZF A|UAZE 23tet dF W32 34l
o gst & £ e FAA 71548 AF M Ex AE BEA=E
AHE & A AXSIEAL, ol AEs] Adl FF FEAUE

7

1A @77t Baskt,

o 2L 202481 % AYThtno Wu|AA oJ5) 4B
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