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Antioxidant and Anti-adipogenic Effects of PineXol®
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Abstract Pine bark extract is made from the bark of Pinus densiflora which naturally contains occurring phytochemicals
such as phenolic compounds. PineXol® from products of pine bark extract is sold under the brand name. The aim of this
study was to evaluate the total phenol, total flavonoids contents and antioxidant activity of the PineXol® as well as to
assess the lipid accumulation during adipogenesis of 3T3-L1 cells. Our results demonstrate that the total phenolic and
flavonoids contents of the PineXol® were 717.40+6.86 GAE mg/mL and 54.44+0.01 RE mg/mL, respectively. The
antioxidative activities of the PineXol® were significantly increased in a dose dependent manner on DPPH (1,1-Diphenyl-
2-picryl hydrazyl) radical scavenging, ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt)
radical scavenging, FRAP (ferric reducing antioxidant power) activity, reducing power, nitrite radical scavenging activity
and ORAC (Oxygen radical absorbance capacity) value. In addition, the PineXol® inhibited the adipocyte differentiation
of 3T3-L1 preadipocytes. Exposure to 200 pg/mL, PineXol® significantly reduced lipid accumulation (~80%) in 3T3-L1

cells compared to control cells.
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A AFT900 sk XA Ed AAdE ROSE A|WAE
3}(adipogenesis)e} e A¥S zh=tial it} 3T3-L1 A
HAEE AAERE Eslsle A AZWRE f9=Ee
T3E A fste] A 9 AHEE dUAIAL A=
A5 Ert. 53], pentose phosphate pathway(PPP)= A%
el WE=A] H Qs cofactor?! NADPH(nicotinamide adenine
dinucleotide phosphate)& A& = 523 pathwayo|t}h. o2
A A% NADPHE NADPH Oxidase(NOX)el £]3le] NADP*
2 A3gn olw] AZW superoxideZ AAISHAl Fo] AlEuY
ROS7} ARTh AgAl 2o sl AdE ROSE A
Aze] E3tE FIANA FAG ARAZ TR 91X mac-
rophages A=3te] T T2 SAATS AN s A
A E vgke] Fa U Fol shekar B g ouk ATk).
upeba] APGAES] ROS A7 &7]0] desh=s NOX 3 &4t
stasdo] e S vA= IR DA gk A7vF »
& ZFoll ATh7-9).

AU 4 Z L polyphenolic monomer,
acid @ glycoside®} 7H& polymer FE|2] ZwlE AJEo| o)
T ol w2 Aitsl &3, FuR, FEA, d9T €4
9 Wy X 53 2L uge Agd 23E Adrio-
12). 3 =A & (pycnogenoly> Z&24t sl4 4 FE2EAM F
% EgE ol EFAZE monomer FENS FH=IFES

catechin, epicatechin % taxifolin®} Z2FR.=0]=2l procyanidins

oo

procyanidins, cinnamic

18]35 phydroxy benzoic, protocatechuic, gallic, vanillic, p-cou-
maric, caffeic, ferulic acids$} 722 thFst slEits &3t 9l
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o] kst a3} ulg- Holuth(13,14). SliellM e Falgte] A
F AARTE P @] Hold 715 2AERIYE,
PineXol"y5 7Hsted &3} 3 vl ATh(15). I A= 2%
o] vt AejgA Fatel tiF @ A7t o]Fofx whd

e Falet A% Ad FEEEPneXol®)d AF obd A7t
o] o] Fojx#] FIct.
Wb B Ao AE PineXol®S A7 52E A2 &8

Al 71ZAEE AFSLAL PineXole] & HlE 7-4 ZeiH o=
s S4sislen, thdet 343l 2H(DPPH radical scaveng-
ing, ABTS radical scavenging, FRAP activity, reducing power,
ORAC assay)S F3t] PineXol®®] &4tst &gzt ofdibd 4
Asg A T, 3T3-L1 AWAIZe] B3l F Pin-
eXol®ol o Al A =2 AL Hrlste] vt &
el vigt 712ARE AlFstalat ek

e X

ABTIE o A2k
= 4L X =

Aol AR-E b HE FEE(PineXol®)S AAE A Ho|
A 503 o] At Ho 2 RE AHFN S, Choi 5(13)9] W

Hell we} AZ3193L, FEZRE(Nutrapham Co., LTD, Gangneung,
Korea) 0 ZHE A|gdtol A&t w92 {2 3T3-L1 A=
T American Type Culture Collection(ATCC, CL-173, Manas-
sas, VA, USA)S 2 HE & wo} ALg39th. & Aol AR5
Al9FQl  3-isobutyl-1-methylxanthineIBMX), Oil Red O(ORO),
dexamethasone(DEX), isopropanol, quercetion, ascorbic acid, gal-
lic acid, 1,1-Diphenyl-2-picryl hydrazyl radical DPPH), N-acetyl-
L-cysteine(NAC), trichloroacetic acid(TCA), 2,2'-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt(ABTS), folin &
ciocalteu’s phenol reagent, potassium ferricyanide, sodium car-
bonate, 2.,4,6-tris(2-pyridyl)-s-triazine(TPTZ), potassium persulfate,
6-hydroxy-2,5,7,8-tetramethlychroman-2-carboxylic acid(trolox), insu-
lin, acetic acid, 2,2'-azobis(2-methylpropionamidine) dihychloride
(AAPH), sodium nitrite(NaNO,) - sigma(sigma-aldrich Co.,
St. Louis, MO, USA)ZFEl F+H3tA 3L, dulbecco’s modified
eagle’s medium(DMEM), bovine serum(BS), fetal bovine serum
(FBS), phosphate-buffered saline(PBS), penicillin-streptomycin(P/
S), ¥ trypsin-EDTA= Gibco(Gaithersburg, MD, USA)ZHE
A3+ 2™, fluorescein sodium salt= Junsei(Tokyo, Japan)Z-5-E

AHE-3ATt.

= Ol g sl_A-l

PineXol®?] % & o] =%-S Folin-Ciocalteau®] =S
st =4 omu}(lé). 0.1 mgmLe] FE2 #Z¥ PineXol”
1 mL, 2% sodium carbonate &< 1mL % 10% Folin-Ciocalteu’s
reagent 1 mLS &3t A7 WX & microplate reader(Molec-
ular Devices, Sunnyvale, CA, USA) & 750 nmoA] S3=E
Ak £ de FF B2 gallic acidE ©)& 0}04 2 &
F3X (y=12.391x-0.0526, R?=0.9943)°. & ¥ E] Ik T3t

1:1:1 JlN'

£ ELRL0|E & 24

PineXol®?] ¥ ZetR o= &5 =42 Moreno 52 WS
S-23to] AAEATH17). 0.1 mgmLe) F%=& %3 PineXol®
0.5mL, 95% ©l&2 1.5mL, 10% aluminum nitrate 0.1 mL, 1
M potassium acetate 0.1 mL 2 FF4 2.8mLE 2z}t 4o A2

microplate readerE ©]-8-3k3 415 nmell
Zaln o= gk BAL mting

=
01%6}04 ZW?‘& EETA(y=1.4144x-0.0393, R>=0.9940)0.2

DPPH ZlC|z 475 &%

DPPH assay: free radicaloll T3t A]5<] 3 g
3l7] 93k WMo g Kim 5(18)¢] ¥iE E"‘i@o@}"q e
Ethanol®ll 3§A1Z1 0.4 mM DPPH &<} 0.8mLTJr NEeE 77t
02mL #H7ksted vortex® 5%ZF FEtal gaox] 108 2t
W] $ microplate readerZ 517 nmollA 3 =E 243t A
Agelse o Ae 9l3te] DPPH free radical 4752 UE}
Hglon, 272 % 0.1 mg/mLe] ascorbic acid(AsA)YS ©]-&3}
ATt

A . -A
DPPH E]—E]%L iﬂ %(%)={1_|: Experiment Blank:| }XIOO

Control

ABTS Zic|g 415 &4
ABTS U2 27% 242 Roberta 5(19)] W o2 57}
3HAth 7.4 mM ABTSS} 2.6 mM potassium persulphateS A3}

o He F, diol F Bt WXEld ol FTZH(ABTSY)
< JIHA 7, 34nm°ﬂ1\1 B340 zko] 15 o3}t HEE
sAatoitt. 81X ® ABTSE9 1mLell FEEE AxE A&

1ru

20 uLE A7k H 30 F SE=e] WHskE S4sisnh kst
L AEE =2 &9l dimethyl sulfoxideDMSOYE TlZ
o7 ARl dizsrel Wit e arfes WEeE VERiIT

=

A
ABTS )z iﬂh=(1 _A_E.e_s‘_) x100

Control

FRAP &4 =X

Benzie®} Stranin®] *WH20)2 H3IF 3] PineXol®9] FRAP
activityS =3It Acetate buffer(pH 3.6, 300 mM):TPTZ
(10 mM):FeCl, - 6H,020 mM)E 10:1:19] H]&E 4lo] AFe} &
Fet 1087 Ad2olA ZAs H 590nmollA FBEE &
Eipvi=s
gy 55

o] 2742 Oyaizu®] WS WH3sI SAsIAT A
£ 1mLo] 200mM ?1%F b3 pH 6.6) B 1%2] potassium
ferricyanideE Z-ZF 1 mLA X[el2 718te] kel 3 50°Ce] &
& Aol A 2087 HESAIZL H, 10% TCA €4 1mL 718k
13,500xgellA 1587 faEe] sidleh 2 F 45 7T 2
ferric chloride® Z}ZF 1 mL¥ &35k 700 nmolA 3 =8 =
At BAEE A8 A7 gE2e] FEE HE %HS

2 s

Ot AHs

oFEAME 4752 Grayet Dugane] W (22)0l 2jste] =43}
gt 1mM NaNO, S 1mLe AlE ImLE 7}8t2Z 01N
HCI(pH 12)Z Wh-899] pHE 128 AT & AAFES 10
mLE WEQT o] LS 37°Co)A] 1A7F E<F HRSAIZT. Griess
A2¥(1% sulfanilic acid: 1% naphthylamine=1:1)2 2% Z4Fg-9l
5mL2} 30% acetic acid= Z=A|3FATE ZA|E Griess A2 ®F
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2 XZ1 7z wkgl I mle] 04mlA slete] & &gttt o)

stk obaate 27148 ABE W 9ok WA @
& A%s wRew yehin

A
MESia: iﬂ%(%)=(1 — 1=t x100

Control

ORAC assay

PineXol®S 75 mM phosphate bufferll =] peroxy radical®] AY
A g 93 fluorescent?] ZAES =43l ORAC value
£ A3t Fats)t o] A4S 918 AAPHE ARS-3HA
3, BEEEEE toloxE AHEEe] Ou 5(23) WS 8319
ORAC value H713F3th. Al§+& 75mM phosphate buffer(pH 7.4)
£ olgdle] TR A|Z3NOH, AAPH(IS mM)E 37°CollA]
1587 AASATE 2 & A& 25uLel fluorescein(40 nM)2-
150 uLA7 18k SA] AAPH 25 uLs Z718I99th 24 A shaking
S e F FHERREAR FFEAY] B FEE 37°CAA
9OE-ZH3ET 13]) 485 nmollA At o37]= 3 530 nmell A W&
HA 24-std SHsA ETEEE AMFE toloxe] TEE
0.625, 125,25, 5 2 10 yMZ 3lo] 232, Al52] A &
22 trolox equivalents® XA A|F.9] the area under the
curve(AUC)S FFA (y=1.6676x+0.4446)0 2l Az slgith.

XTT assayE 0|8¢h M=E =4 @it

3T3-L1 X9 o) th3l PineXol®?] AE ZAH7R= XTTR,3-
bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
innersalt) assay kitE ©]&-3t 433tk 3T3-L1 AlXZe A3
A 1x10° cell FE=Z 96-well plateel] seedingdlal 50, 100 2
200 pg/mL F%E9] PineXol®& 96-well medium F32] 1% =
&S A ste] 24 A7 St vt XTT ¥ PMS(N-Meth-
ylphenazonium methyl sulfate) reagentS 37°CollA $HA3] 3)FA]
21 3 1mLe] XTT reagent2} 20 uLe] PMS reagentS &3a}o]
working solution® ZA|3t] 96-well medium FI2] 20% ==
& R 7] wellell H7tske] £kt Plates CO, incu-
batorol|A] 4A17F E<t BiYFS & microplate readerS ©]-8-31¢] 450
nm FEE FolA 690nme] = FS W AR o= A%
=35 ALTEIATHS,24)

3T3-L1 M= Hi¥ & 25}

3T3-L1 AAGAEE P50 we}t 24-well plated] 7Hz}
1x10° seeding@ &, BS(10%) 2 P/S(1%)S ¥-73F DMEM(89%)
oA 100% confluence 2 wW7FA] wjFslAict 225 E 2o &
AWAE E3F5E Z2(10 pg/mL insulin, 1 uM DEX, 0.5mM
IBMX)Z FBS(10%) 2 P/S(1%)E 38t medium® =2 A WA
XE AAEE B 1Tk AIAIE HE3k(day 02 medium
o PineXol®& 50, 100 ¥ 200 pg/mLe] F== A28, ol
Age 35 FEs7] $35F] negative control(57d tHZEH)ol
£ ol RAL AR ko™, positive control(FA thETh)dll
= 320 NACI0mM 1.63 mg/mL)E A8l §%5S 1)
WEATE AA 2] Rl E3E B A ¥, 2dnt
ot X&H 02 10 ug/mL insulin, 1% P/S, 10% FBS7} SH+2 Y
Al Z}7ke] A2E Aelete] gt

Oil red O stainingE 0|88+ X4 FX o
B3} Aol W 3T3-L1 AE ) A=
mediume A 73 ¥, 10% formalin £ 5 5
7r AgoA] A g 5 AAST 2 & T formalin &Y
o= #3hE 3T3-L1 AlEE 1A7F o) ALoA LA &
AL 60% isopropanol &2 500 L= Al &ke] NEE kA
AZA AT hds] AxE AEXEL g Az &
working solution(Oil red O:DDW=6:4H)°22 MXE U ZHF A1

HRES BB 9N @ F, FRFE olgel] MEE 348

(8,24)

EA2A

Ly |

AH A= SAS(ver. 9.2, SAS Institute Inc., Cary, NC, USA)
©]&3lo] one-way ANOVA £42g 3lglod, Haghel 57
o3& p<0.05 FEANA AG 3T

B

=}

Zn o

=

& HE ¥ EetELolE &
AEY AFde B2 FYded EAEe] FREY ded

g Asd shekEe AdelA Fits), Fuitt 8 ddS 5
I 2 RS /A e ZeE dEA k. 2 F &
grrolte AEdA HEHe FHdsERY 7P & 7R/
&apn] o] ue} 7R BREH ZF FRERE o A A
23S VERITH25,26). PineXol®? % #lE 2 ZeiHlcol=
ke Zhzh 717.40+6.86 GAE mg/g 2 54.44+0.01 RE mg/g
2 UERTtH(Table 1). Ku@27)e] 72 ol] ©2H, pycnogenol]
HEE AR EOAE 3% A FEEY] AL 5 s #
F2 541 GAE mg/gZ 2 A3olMe] A #2717 GAE mg/
ghth ¥ 718 Yepdlth =2 sE IS 7IXE PineXol*
pycnogenol#t o] dtslso]l E AR 7|Erh

PineXol"2| &Hitst &4 =X (DPPH, ABTS, FRAP, reduc-
ing power, ORAC assay)

Aze] st A4S Wrkete AERS o2 ZETE EAI%
th 53] AFe FsEde] Ay, T & 729 FH=E
hydroxyl”1& 3l o} §Hrate] Fadds
th28). Fig 1= ¥kl 24 rdg T3l
0.05, 0.1 2 0.5 mg/mL)*1*] PineXol®2] a4k
Astoltt.

21 % DPPH assayx= T4 39AE 54 & F = ¥4
2 A=A S9E, BIE olRlR 9 ofAIAENE ol o
a) ARE ol #EdEo] HElo] gl El= flElE ol &
whHo R Pitst EAE BlE] s wel ol&=T HlwE 7+
@Al e AIZE el ksl @S SHE 4 3l dE] Ab

Table 1. Total polyphenolic and flavonoid contents of PineXol®

Total flavonoid contents
54.44+0.01 RE® mg/g

Total phenol contents
717.40+6.86 GAE" mg/g

PineXol®

All values are mean+SD of triplicate determination.
DGallic acid equivalent
JRutin equivalent
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Fig. 1. DPPH radical scavenging activity (A), ABTS radical scavenging activity (B), FRAP activity (C) and reducing power (D) of
PineXol® at various concentration. Each values are the means+SD of samples. Bars with different letters indicate statistically significant

differences among groups at p<0.05 by one-way ANOVA.

€53 e WHoltH29). PineXol®*2] DPPH radical 275
0.01, 005, 0.1 ¥ 0.5mg/mLolA 2tz 24.86+0.23, 46.27+1.30,
64.76£0.69 = 82.85+028%= RO, 7} FEHE §oF
© & DPPH radical &27%°] 71k 212& Uelth(Fig. 1A).
E3], 2 AgoA & PineXol®9 EHZ—TLEE’H o ksl &4
L IRE Aoz dER opAFEHIAS A1EEEY| PineXol®
o] AF L =01 mgmLylA o éf@i& Hot we
3} &49< JeEMAth(Fig. 1A).

ABTS assays= potassium persulfate®}2] W3- 2 A= perox-
ide radical A2 ABTS - *0] d2kabA Ao o)) A A= HA
FEA o] SlEoR = AL o]gste] st A S FA =
Wgolt}. Skellx1e] DPPH assay®] 749 fElgttiZo] &A=
AE AL ol83l= AU WA ABTS assaye %ol Zit|zo]
2AEOA = AL o]&sk= WHo|TH30,31). Fig. 1B= PineXol®
9] ABTS radical ﬁ'\_ﬂ'o—i Ueld Ao g 001, 0.05, 0.1 2 05
mg/mLollA Z+zh 2.78+1.30, 6.68+0.38, 12.72+0.73 & 53.17+1.52
%E JERIATE 53], 2o 2 AREHIZ] 0.1 mg/mL of&
2 AH4.83+2.53%) B T} PineXol® 0.05mg/mLolA o &S
ABTS radical 27%& veRdch

FRAP W2 H|wA FHZe| M=ozl sitst 84 279 W
HQ_O_E )\]g__o] ;qz]__._g;]lzg qu o}X] <2 A )‘\J—g} i) Q._] H}-_Q_
KX é_ 41:101-% [eR=% )d.g} E;do ]&_1\4 Q%L%o] Fe3+0 FeZ+o

2 S lE dEE olgsislen, ] @itshAlzr S

g5 7T ke HollA F<tste] wHEolxl W olth(32).
PineXol®9] FRAP activity= 0.01, 0.05, 0.1 ¥ 0.5mg/mLe] &
ol Z2E 0.08, 0.15, 024 2 0339 e 7AW FEEE F
oo ZFUlete ZOE UEITE FRAP assayoll A= o223l
EWAIE T} PineXol®®] Y F%(0.1 mgmL)lA o &S 34
S 7 Zez YeEhthFig 10).

YL A5} Fe''ol] A5 Tt BHZe FsAA
O2ZH Fer'Z2 YUEE AL o83 Wy oZ oAl FRAP assay
9} fAFSIEE PineXol®2] FRAP activity= 0.01, 0.05, 0.1 & 0.5
mg/mL F%¢] PineXol®A Z+Z} 0.08, 0.11, 0.17 ¥ 0472
fredo=m ghdeo] A5atithFig. 1D). 47HA19 itkst 4
2d(DPPH, ABTS, FRAP, reducing power)S 53141 PineXol®<]
ksl Fd8 =43 A7 PineXol®2 TYU EZoA AU
O 2 ARRH ofAFEHAIRCTE & 3itsl B34S JRE A
o2 AzteEint
ORAC assay= T4 AApgs #dste] APPHO ¢Jaf A4
peroxyl radicale] @telEA R <lste] P Hrrp 743t
AL 0] 3haksl 84S Hrlksk= HPHolth ORAC assay
2F Wl EAlsle &7 2 31543 4R 25l v
7] w2l S8 Woke AHS /R ATk33). A5
Fhrst 23 Aol Adel wet KM%EO] a8k decay
curveE YER}EH, Fig 28 A170 W2 PineXol*s} ®F&32
2 ARE3 troloxe] =] ZAAE UrFJrLH Zolt}h. B, trolox

rlr rlr et
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Fig. 2. Effect of PineXol® on fluorescein decay induced by
AAPH. The decay curve determined by fluorescein fluorescence
intensity (excitation at 493 nm, emission at 515 nm).
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Fig. 3. Nitrite scavenging ability of PineXol®. Values are shown as
mean=SD in triplicate. The nitrite scavenging ability determined by
absorbance at 520 nm.

2HE FFF4H(y=1.6676x+0.4446, R*=0.9944)S 24 5}
ORAC values YUERE 4= 3t} PineXol®®] ORAC values 7%
3 A7} 693.97+14.13 pM TE/gS. 2 LFERSIT) Park(34)8] A+4
ol w2 BFwl2]e] % ORAC valueZl 57.59£1.01 uM TE/
gl & 70| HU=, PmeXol“U 735 B R oF 124
o]’d ORAC value’l =& 702 4= AUt

NE2 SUHER] A 2 R aE fe AMEE

5 2 Eo| ook d 2R FeF To| EA
k= olIF9} HP%E%}O# HEZARS At EZARIS
AHE 7S WERIRFZINES 5 5
= %%@r:}(ss). ole} 7+e o]fE HT HAES ol
%’H@. EZ0] oldAg S Ao E AATHE
32 9t} PineXol® 0.1, 0.5 ¥ 1.0 mg/mLe] o}&4k
A Aa7%S Zh7) 3.59+0.85, 38.32+1.04 2 55.39+0.52%% e}
Hom FEdE foloR ol AT FUISIATHFg.
3). Park 5(36)°] AF+AFol wEH Y GHE THE Fe=E

3} oA &3} 101
180
> 160 4
=
140 4
2
3 11 b b
)
S 100 -
% 80 |
o
Qo 50 4
=
T @
[7)
X 20
0
CON 100

PineXol® (ng/mL)

Fig. 4. Effect of PineXol® on cell viability. Cell viability was
measured by XTT assay. Each value is the mean+SD of the results
from five different plates (»=5) and is representative of results from
at least two different experiments. Statistical analysis was performed
using the one-way ANOVA (p<0.05).
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Fig. 5. Effect of PineXol® on lipid accumulation during adipogenesis of 3T3-L1 preadipocytes. Lipid accumulation determined by
absorbance at 490 nm(Abbreviation: CON; Control, NAC; N-acetyl cysteine). Each values are the mean+SD of the samples. Bars with different
letters indicate statistically significant differences among groups at p<0.05 by one-way ANOVA.
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