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SUMMARY

This study focused on estimating pine bark extracts as a useful material
for skin biology and searching a higher value-added application of pine bark,

a great deal of by-product in wood industry.

The outer barks prepared from the 11 Pinus species, which are being used
in wood industry or/and autogenus or experimentally planted in Korea, were
estimated to search extractable and polyphenol-rich pine bark. Pinus radiata
bark was the most suitable for extraction of biologically active material due
to high polyphenol content and potent antioxidant activity. Temperature was
considered as a significant factor to prepare water extract (WE) from Pinus
radiata bark, and quality of the WE was estimated by polyphenol content,
molecular weight distribution and antioxidant activity. These determinants for
quality of the WE were calibrated by a sigmodial (Boltzman equation) mode
at R® = 0.99. Proanthocyanidin (PA) content in the WE at each temperature
reached to extraction saturation at 80C. The extraction at above 100T
caused a polymerization reaction in the bark slurry during extraction process,
confining molecular weight (Mw) of extractable PA and leading relatively to
increasing extraction of monomeric polyphenols. The WE obtained at 80T
showed the highest antioxidant activity. Extraction temperature suitable for
preparation of WE from pine bark was considered as 100C due to
significance of Mw of PA in biological activity. PA, a major component of
Pinus radiata bark, was characterized using various instruments. PA in hot
water extract (HWE) from Pinus radiata bark comprised procyanidin (PC,
94%) and prodelphinidin (PD, 6%) and the higher trans configuration rather
than the cisconfiguration of C2-C3. The average molecular weight (Mw, Mn),
polydispersity (Mw/Mn) and degree of polymerization (DP) of the PA were
3,800 (Mw), 1,200 (Mn), 3.2 and 13, respectively. Low molecular weight
polyphenols in the HWE were mainly composed of protocatechuic acid,

trans—taxifolin and quercetin. Small amounts of the polyphenols identified



were p-hyroxybenzoic acid, vanillic acid, cis- and trans—ferulic acids,
p-coumaric acid, trans-caffeic acid, (-)-epicatechin, (+)-catechin and
(+)—gallocatechin. The presence of astringenin, astringenin glycoside, trans—
and cis-leucodelphinidin was strongly assumed from characteristic mass
fragment ions due to their conjugated structures induced from retro
Diels—Alder reaction. Polyphenolic fractions in the HWE could be fractionated
into monomeric polyphenol (MPP), oligomeric proanthocyanidin (OPA) and
polymeric proanthocyanidin (PPA) by their characteristic elution pattern via
Sephadex LH 20 column. MPP was composed of 3 phenolic acids and 6
flavonoids. Taxifolin (456 wg/mg), catechins (240 pg/mg) and protocatechuic acid
(46 pg/mg) were major compounds of MPP. OPA ranged from dimer to
hexamer. Structural characterization of PPA was already mentioned above. All
the polyphenolic fractions showed potent antioxidant activity against differenct
radical species (DPPH, ABTS ', O;° and H:0), strong reducing power and
inhibitory activity of lipid peroxidation. OPA significantly (p < 0.05)
scavenged hydrogen peroxide and PPA delayed the lipid peroxidation in
oil-in—-water emulsion via a quenching pathway of reactive oxygen radicals to
participate in the formation of peroxides. Absorption capacity of PA onto
collagen (major componentof skin dermal layer) was determined by employing
Lagergren, Pseudo-second order and Langmuir models. The maximum
adsorption capacity of PA on collagen was found to be 217 mg/g. Comparison
among these fractions (MPP, OPA and PPA) clearly exhibited Mw-dependent
tendency in stabilizing collagen against collagenase and, particularly, PPA
played a key role in stabilizing the extracelluar matrix (ECM, collagen and
elastin) in dose-dependent manner. Adsorption of PPA onto the ECM is a
significant mechanism for its protection against enzymatic degradation and
reactive oxygen species. All the fractions stimulated cell proliferation of
NIH/3T3 fibroblast. The cell proliferation may be due to potent hydrogen
peroxide scavenging capacity and structural self-stabilization (transformation
of B-type to A-type PA) in relation to low level of prooxidant state.

Noticeable retraction of melanoma cell dendrite was found, leading to



morphological transformation. In this study, this finding was first recognized
as a novel mechanism that PA-rich extracts can exert whitening effect in
skin by retracting the melanoma cell dendrite. In particular, OPA significantly
adhered on surface of the melanoma cell. The inhibition kinetics of PPA
analyzed by a Lineweaver—-Burk plot indicated that PPA is a non—competitive
inhibitor for L-DOPA oxidation by mushroom tyrosinase.

Formulation containing pine bark extract for use in cosmetic fields was
optimized, and it was applicable for skin essence, cream and serum. Synergic
effect and functional improvement of the formulation could be expected by
mixing it with other additional components. The formulation was used for
skin test of twenty volunteers. Superior whitening and anti-wrinkle effects
were observed for most of the volunteers. In particular, it was noticeable that
a few volunteers having a hyperpigmented skin showed an improved effect of
melasma. These effects may be associated with in vitro biological activities of

pine bark extract.
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H 2 & =el 7[sHd &

Ofor

A1 A = -9 ddr]ese] A% SA4

Bie U A& uhsh 2ol F8% AUoEA vk BBLT ]
B2 47l gom, A L £l §714 Mg olge ArAe st 299
A7kg BAZ DFAA 2t A Sof $7 BAlel UF #Ao] mopxw

gohele AT/t T Mo AAH] s el F
el Bde A} 539 AnsA AHA AmEA FE ebd, o
A, exEddeel, wWolzes B4 TA ddHer AwHAd

(Bisanda et al., 2003). ¥ LA Ro= g Fu= 2204 EHL H9

gakel BE 4R (4 3RB)S 4L 5 donw i PRA (R dE
FA) Az A ALHE AEe AR AT 5 Aok D, 205 599 o5
g B3l QoA AT FYF A

.

A, ZYde 5o daw A8 £ o A FdAEe & Sl 93
o] Fitof tig A7t EtelA HaAE e AAHotH(Mun et al, 2001,
2002a, 2002b; Mun & Hassan, 2002). =3 H3} AFro|x = Ast=S 2A
LA A A8 B9 F3EES FHAse okt AAE Sk v HT
= AUS 3 FEE 3 2o AR A dG7t 1] v eA 2EC
GArstAl kel v FaE o] 3k AlFol Y SA A EAIH dAA A
AA G o= 32 JATHLiu et al., 2004). A 3o gk A3 AT el A

o A P mEA A Adel @ gol F/h Ha gor ¥ T

2

4 4 4 e EESD 9
WAl AL A5 9E AR Awsel B A9 Asel ols
1A Sk E3 hriobet fulE Aoty s FH e AR 7

g FF 9RE 983 9om, FF AR AL
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1 A&

T HAEd 2 #EdgedA HAHE AuF Hays A3 FAREE
ojZ2m(ZHA, 1998), olE F UNF-vto] EUFEA e EY IAARE o]&
Har gtk yw A g e Heus 274 EAY jgEoe] 3 eAs VAT
3 JtH(Hassan & Mun, 2002). £3] 2Zbo] W} o]itdletsiol wjES FAE
H Ad=s FAoz A4 A7 Azt o] feuete] Aol Stow
ol 2AVt=E FAE WA kA olE FI ] ity HIE
A Y olgAEY ols 3y fFEol& 9 1 o8&V Jido] AT o

a1 e AA el

d45%E(HWE: Hot Water Extract)
ool s A RN B FES W 9low, HWES olzlgh itst aite
flavan-3-ol ©9lE°] C4-C8 ZFd FH9 =4 3stEgES  proanthocya-
nidin(PA)ell ¢ Zlo® d&A ArhKu & Mun, 2004). wehr] AuhF o455

2 o]§3 PAS 3% %L 1 FHBY o]§S 49T w¥HA el B F

Ade AoF Az

A o] A9 wid Fulel A 2l EE A 90%0] S 9ol ofFEstar
AHEHZ 5, 1998). 53] 2UFAE AFEAZA, BZ AR TGN 5=
B : FATE o]

Az P Fol AHgE oy, O v LA E=I
[e]
H

% o 50%% A%

ol
=
30,
o
1
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AzAe Arz Agsndt .

al
U5 A% (Pinus densiflora), 3% (Pinus thunbergii), W32~
2H(Pinus contorta), @71t Pinus rigida), ¥t (Pinus
taeda), ©71EItH(Pinus rigidaxtaeda), =28 Y (Pinus serotina), +t]o}Ee}

(Pinus radiata), 2r“W5-(Pinus koraiensis), 4 3tUS(Pinus parviflora)® % 11

i

(Pinus banksiana), =

A A stet 54 34}, ), TP At

(Yakuri pure chemicals Co., LTD., Japan) “12|al &Aat(E A2 234}, &)

o AReE BF Aok 15& ARgsslen, Wime] AHAl glo] oz 4¥
[e=]

Table 1. Locality, age and collection date of pine bark used in this study
Leaf

No Pinus species Locality Age  Date
P. densiflora A& AFA ZE% 422 Pan Asia Paper Korea  25-30 2004/3

9 P. thunbergii AL AAA =4 T4k 20 2004/3
P. banksiana A5 A& YAS T AHIAATE AlFEE 12 2004/4

P. contorta AE Jad dAg T8 AdSaAAF4E AEd 6 2004/4

P. rigida AE AFA 93 dE5gga d59 10 2004/4

P. taeda AE IAAHATAE: 24 ATE 28  2004/3

P. rigidaxtaeda A5 F73AT4 2% A 41 2004/3

3 P. serotina AE JAT dAS 738 A4 AF42 AEd 20 2004/4
P. radiata A& FAA Aed 258 AA4 (F)TIEA 25-30 2004/12

P. radiata gggmziﬁf‘égn%o_@ﬁrtﬁmh“mhi A Stoneyhurst 95-30  2002/5

5 P. koraiensis A& ¢4Fa 1k oty 20 2004/3
P. parviflora A5 AFA 9T AE5dgw sdAEAsEg 25 2004/3
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D 5=
9](20-80 mesh) °F 2 g¥ o] W 100 mE 300 me AzHESAA g
1 mAEele] frEfs A ANA 3ARE FESIST FEAS

F3(20-80 mesh) ¢ 6 g& YFAHAA o Y EXHOR YFE 53]
soxhlet F&7]e] Y AT} Soxhlet FF71¢] 7o W2bas F2eba, s+
b H8(95% ol eh-e) 3 WAl Egrel(1:2, v/v) 200 m7k Eo0lglE EHgaaE o
AsATE %S soxhlet =& 33 ZAaZ 85:2C &4z o] A3
o] 6A17F &3t ATt 1 & Fetxa o] dRs-dAe At sF7E A
&kl A AT Fekaas 10641TFE Ax7]olA k=i Fb A2

4) 1% NaOH

4=31(20-80 mesh) oF 2 g3} 1% NaOH =& 100 mlS 300 m¢ AztZets=
of Y3 1 m faAS FFF F veFEFA 1A B FEFAL FF
Ne 1G3 e et on FAb= A4 300 Mz FEs] AA ST
FA FARE 10621C FF A7) AA 2w 5 AZAZ F 9 Sy RS
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1051 Coll A 35 Axsa 2 THORRE FE55
1

Aol A= v 2

O 43 4A A7) mE FF(Eul: =, &% 100T, A8l 10, AIZH 60+E)
20 mesh ©]3}, 20-40 mesh, 40-80 mesh, 80-200 mesh

O FF 25(&v: &, ¥A=27]: 20-80 mesh(2 g), HH]: 10, A1k 60%)
25, 40, 60, 80, 100, 120C(120°C2] 7 $-9l+= autoclave AF-&)

O FZ Au|(Lvl: &, 4A=27]: 20-80 mesh(2 g), =%=: 100T, AlZF 60)

O F& AIZHEW: & Yx=7]: 20-80 mesh(2 g), =%=: 100T, 4H]: 10)
30, 60, 120, 180, 240%

2) FEFEE(HWE)S &4

471 2 27AAH dojxd HWEE < 65Tl A, 53 5T w210=23%
th ol AxH 3 HWEE 33 st 113 dxste] #2& &3] AAzg
S Agd ApgtAt

7h & = e

Folin—Ciocalteud ol &3} (Takahata et al, 2001) AU 43 HWE =
A= shehEol gk S ek =, 08 mg/100 mE = 3| g Alm
o 1 mE PTFE screw capped Hto]&e] i 10% Folin A1 ¢F 1 mE H7bskad
th o] §d& A e F 37 wF Ao WAsA. o7l 10% NaxCOs 2

g BAekn o EFN AeolA 247 B WA o)F 750 mol A

of

&

FBEE S4sgon F A=y BEE FFS (D-catechindl W T F
o= Attt Blanks 59 Aok 45FEE §9 BA B2 R AL

1) Proanthocyanidin(PA)¢] 3 #(Sun et al.,, 1998)
(1) =8 Az
(+)-Catechin 4, 2, 1 2 05 mg2 #H3}e] HPLCH HE&E-= 10 mlol] E3iAA

HWE ¢ PAR® A, A& A48 2T 8doz AHEssi
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(2) PAS] A

HWES9 (3 mg/10 m¢ methanol) H=& A7) DollA Ax3 #7589 1 mE
10 m¢ wpo) o] W of7]e 1% wvanillin 405 g vanillin/50 m¢ methanol)
25 mbeF 25% (v/v) HoSOs & (250 ml 95% HzS04/250 ml methanol) 2.5 mlE
HA7beksdeh 1§ wpold2 25C® A A¥ shaking water bath(JEIO TECH
SWB-10 Shacking Water Bath, Korea)oll #ztsle] 158 F<F wkA| A HHS
E2 UV/Vis diode array spectrophotometer(HP 8452A, USA)S A}-&3Fe] 500
mol A o] FFE st o, o5 E Z} HWE S PAE A #stith

(3) 34r3t&A (Erasto et al., 2004)
1% HWE 20 mgs F38te] wleb&e solil 50 m= &3kt ©
FHshol 7tz 259} 125 pg/mel FE7F HEE A3 o 34
m HAF F APl ¥ 0.1 mM DPPH 2 miE z+zhe] Alg 3
T 8 AolA 30 &< J&akal 518 molA F3%
&3 E 23S 98 UV/Vis diode array spectrophotometerZ Ab
&tk Blanke "gS2 3% 2m control> ™EHE 1 m¢2k 0.1 mM DPPH 2
mee] T3t oz ek ES control> A= T oA A2l et

o
qT
ol

_I

o
Y

i

op

DPPH A-fretdZ 2A%(%) =
((Control &3 % - A8 &3%)/Control &3%) x 100

gh, A4 & oA HWES & Az o1 54
1) %9 HWE®] dl&@A =

gltjolel AUF FHE v‘iﬂﬂé‘}oi A2 20-80 mesh T 2F 600 glo.d)= 6
¢ olzugrrt |3 2Elg s glel AL IAgE gk shdElth o] FF
TS oye & 1 XJ’\PE 16 ¢ 9 ]%T’L%‘r—’?i AARsan. FE2E Adas
B 3tete] HWEZ 89 o o] FE552 3 m ZHZ AAZs & g8 5=
7I(EYELA, N-12, Japan)& AF&3le] 65ColA 73 53t s5q4 54
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2) HWE-/4 A&9] &8, AA 2 &4
7F Proanthocyanidin(PA)¢] #&] 2 A A

AU 9 HWER 59 PAE welste #42 Fig. 13 2tk HWE 5 g&
70% oFAlEd] 9l F BEREL 045 ym ZEZ sl of Pl ofA =
= A7st7l 918 40TAAA A - w58t on olF F ZH7E &7]al A
ARES AAG7] Yl -3 100 ME 23] FE3ATE. F2dd Fopde =

ol= kA 2 flavan-3-ol ©ZFA S A 787 94 ]%OHﬂEﬂ olE

)
ot
51m
e
)
s
I
o
Iy
Y

22} flavan-3-ol @r%%a A AR
Sephadex LH 20 A ol &2t5ojd= PAE @8] -?4-611 50% oFAlE 2.1

o] AskA F2dE F

r-lu:
_\L
ol
o
N
B
D

5.0 g HWE

Dissolution in 50 ml 70% acetone

Filtration

Filtrates Residues 161.9 mg
‘ Evaporation at 40°C

Liquid-liquid extraction
‘ n-Hexane (100 ml x 2 times)
Aqueous layer n-Hexane layer (0.9 mg)
‘ EtOAc (100 ml x 5 times)
Aqueous layer (4.06 g) EtOAc layer (753.4 mg)
Sephadex LH-20

Sephadex LH-20

50% Acetone
50% MeOH © 1 1 1] 11 [\ v vi

Proanthocyanidin (1.76 g) GC/MS, NMR, FTIR, UV...

Fig. 1. Schematic flow diagram for purification and fractionantion of HWE

from Pinus radiata bark.
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h PA°] 543}

(1) Bate-Smith ¢3& FaljvH-g
Bate-Smith®H & ferricd &A1 stoll Al @Ab-FghEo] o3k PAS #3ukg o

2 ool PFAEE= A Aol YEE ZHARAA o] Ho Fd el w

2} PAS & whelol oigh A2 FA o] 7he g W o] th(Hagerman, 2002).

1 mge] HWEE PTFE screw capped Hlo] ol H7bslal 1 ml 50% WE&= =

ATk 7)ol 6 mb FA-FEE A FCEEAF 50 ml + n-F-E-E 950 mO)F 0.2 m

IS5

A9 A19H05 g FeNHi(SO)2 - H20S 2N 944k 25 mlell =<1 §4)S 37t &
heating blockel A 95-100C, 1AI1ZF &<t 7148t s T3 F wlojde o
o & oA ¥AAH o PAS wHg E3 =<l anthocyanidin A2~ 7HA] %
A =AM ERS 400-800 nm Gl 2=7hske] ATt oW 550 nmi-Ee] H o
F4wol el PAS 83722 248 4 Utk Blank:s 50% wE-E, da-%

UV EZ 2 UV/Vis diode array spectrophotometerS =432, FT-IR
248 Shimadzu FTIR-8201PC(Japan)& ©]&3}o] KBr pellet# o2 =433
o, 4,000-400 cn o] WS el 2AsA PC NMR ~#lE7e de]d PAS
acetone-ds/D:0 &7 2 <l ¥ JEOL JNM-EX 400 spectrometer(Japan)® =
Attt PAE GPCZAH AstA FFdow AAy HFoz oiAdestsete
Zo] by O]‘:}(Kennedy & Taylor, 2003). ¢}A €3+ PA 100 mgS Iy 3
W= FHoli of7]e] 3 ml FFEAE HUMe  dA A Y omﬂﬁ 29 Bt
SAA AAIEFTE obMEESE PA 1 mgs THF 1 méol 59 % 045 ym ZE
o] }&} 3, Spectra-PhysicsAte] SPSS00 HPLC(USA)Z o] &3l g X =
=4339t Ade AM GEL GPC Z# (15 mm, linear, American Polymer
Standards)¥} Shodex GPC KB-8025 Z#(8 x 300 mm)< AZA3ste 2Habsit).
f2 A= THF, +<% 1.0 ml/min, 7% Spectra 100 UV detector(280 nm(A| &),
254 mm(polystyrene X%TTAEF AlZ)e] oA EAH X E SAsAY. &
F EA¥ A& polystyrene series(tMw 1,028,500, 158,180, 28,720, 3,275),
phenol(Mw 94)& Ab&3lgdow 254 molA AEsATE olAE 33 PAL oAl
27l ExF 3k Al afAlFE e F3d =+ procyanidin 7] GHIAE 7]
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Fo® stsith. MALDI-TOF MSEAS 98 okdEstdt PAE  THF,
DHB(2,5-dihydroxy benzoic acid) "lE 3 A% NaCle 70% olAlEd] z}z} o]
A EYZAIF:NaClE 10:1:1(v/v/v)E Efste] &4 AI8E ZAlI8ATE o
Ng g9 = 1-2 wE Hs) MALDI BAo "olrglxm 7173 pulsed
No-laser (337 mm)7} F=&3  Applied BiosystemsAte] Voyager-DE-STR
MALDI-TOF MS& #2133t MALDI-TOF %7 laser 2= 2178, 74 #
ok 20 kv, grid A% 68%, "lE¥~ DHB, &8 ZE reflector, % ¢17] A7t
350 ns, =4 positive, 7tol= AA 0% (P At 715), £ 9 100-7,000
Da.

3) Aez ZelvEFe 28 2 54

7h) &u) &g 5l Zde og #¥(Fig. 1 FaL
HWE 5 g& 70% ofAlEo] 9 & E&%

of ol o oA ES AAET] AEl 40TelA

2 &7 AEAEES AASY] & n-Fak 100 M2 23] FE3A T 5ol

HGolols Zelr wol= whekd] 2 flavan-3-ol G A S A A7 Yl o ©olA
Hlo]ERZ 53] Wty FZE33TE o HolMEolE F2 50TolA 29 55 §

53 o

ATHT53 mg). 600 mge] clEolAlH | E 7HE -5 FHato] Ao o g
of &9 ¥ Sephadex LH 202 %<9 AdkFo] T3t o] F o&k2 26 7,
b M Ero ' (15:85, v/v) 820 ml, oFAME:io §FE-(40:60, v/v) 640 ml= o & olA|
HolE 7855 SAHoem Z7te] £  fraction collector(EYELA,
DC-1200, Japan)©.= 10 me# sttt 8 Zgdls A2 gkl o3
SdHRnen UV A&7 25 Z47e 295 A2 Q254 m) &  AATH
oets 8 VIS 45 F dAen ol&d ds] UV/Vis diode array

spectrophotometer® Z}z}2o] ~#EH S 321351t}

W) 338 1-39 54
313 % 1(protocatechuic acid)

'H-NMR(400 MHz, methanol-ds) & 6.79(1H, d, J/=7.8 Hz, H-5), 7.41(1H, dd,
J=19 & 77 Hz, H-6), 7431H, d, J=19 Hz, H-2). “"C-NMRI00 MHz,
methanol-dy) & 115.7(C-5), 117.7(C-2), 123.1(C-6), 123.8(C-1), 146.0(C-3),
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151.4(C-4), 170.1(C-7). GC-MS(TMS-derivative), m/z: 73, 193(base peak), 311,
355, 370(M").

3482 2(trans-taxifolin)

UV Amae O 290, 326 mm(sh); (+2N NaOH) 290—326 nm; (+AlICl3) 310, 376 mm
(sh); (+NaOAc) 290—326 mm IR(KBr. cm') vima 3437, 3186, 1616, 1477, 1086.
'H-NMR(400 MHz, methanol-dy) & 4.49(1H, d, J=115 Hz, H-2), 490(1H, d,
J=119 Hz, H-3), 587(1H, d, J=2.0 Hz, H-6), 591(1H, d, J=2.0 Hz, H-8),
6.79(1H, d, J=79 Hz, H-5), 6.83(1H, dd, J=19 & 9.8 Hz, H-6), 6.35(1H, d,
J=14 Hz, H-2). "C-NMR00 MHz, methanol-d)) & 73.7(C-3), 85.1(C-2),
96.2(C-8), 97.3(C-6), 101.8(C-10), 1158(C-2), 116.0(C-5), 120.8(C-6),
129.8(C-1), 146.2(C-4), 147.0(C-3), 164.4(C-5), 1652(C-9), 168.6(C-7),
198.2(C-4). GC-MS(TMS-derivative), m/z: 75, 147, 179, 267, 363(base peak),
665(M).

3}gtE 3(quercetin)

UV A O 258, 374 mn. IR(KBr. cn') vmax 3412, 1665, 1612, 1524, 1450,
1016. '"H-NMR(400 MHz, methanol-ds) §: 6.18(1H, d, J=1.9 Hz, H-6), 6.38(1H,
d, J=2.0 Hz, H-8), 6.88(1H, d, J=8.1 Hz, H-5), 7.63(1H, dd, J=2.0 & 84 Hz,
H-6), 7.73H, d, J=19 Hz, H-2). "C-NMR(100 MHz, methanol-d,) §:
94.4(C-8), 99.2(C-6), 1045(C-10), 1159(C-2), 1162(C-5), 121.6(C-6),
124.1(C-1), 137.2(C-3), 146.1(C-3), 147.9(C-2), 1487(C-4), 158.1(C-9),
162.4(C-5), 1655(C-7), 177.2(C-4). GC-MS (TMS-derivative), m/z: 207, 559,
575, 647(base peak), 661(M").

) 71eF ZEHE{F A

8 VI %2 x%E EYRELol=F  ((-)-epicatechin, (+)-catechin,
(+)-gallocatechin,  (-)-epigallocatechin, trans—taxifolin % quercetin) &
acetonitrile -2 92| 3HF acetonitrileo] =<1 & TMS3}AIQl BSTFAE #H 7}
star 70°Coll A 1587 WA Z . ¥hE A &S GC-MSeF GCiA ol AH&-= 2
o},
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1 AN B5EHS FID7F &3 Shimadzu GC 17A(Japan)dll 3ttt 9=
%42 Shimadzu GC-MS QP5050(Japan)S AF&3lgom AES SPB 530 m
x 0.25 mm, i.d, 0.25 gm film thickness)® Zgatth 8 &%= 200-300°C 7}4
5C/min® 2 St om o] % 300ToNA 203 FAAT FW7A= A5
S AgE g o §4& 1.0 md/min, split ratio 10, MS¥ EI 2R=2 7F&d9 70

eVol A 3EES FAHASA L. QAdEHo) A 2= 230CE AAsAY. 33

1S

@83 ZgdERe UVAHEZS UV/Vis diode array spectrophotometers
o]-&3te] 200-400 nmH A 2=Aste] SA ST thFeh shift Al 2F(NaOH,

AICl;, NaOAc)S AFg35te] ZE| sl =72 44 o] 5 (bathochromic shift)g =3}t

Ath FT-IR#41& Shimadzu FTIR-8201PCE ©]-€3le] KBr pellet o2 574
ahelem 4000-400 cm ‘o] WA 2k 'C NMR ~HEHLS weld
Z9 ¥ E5FZ methanol-dsZ %<2 ¥ JEOL JNM-EX 400 spectrometer® =7
st
4 F 3 IExA

50 mge] HWES®F 3% SAH(d @5 44 4 ml 2 o] 2u g (freld &4
A 4 meE ZHZE Alg el H7bekal 120TC autoclaved| Al 1A1ZF & <F 7FbA 2] gt

T Az FAS 3% Fil-imidazole (Sun et al., 1998)2. 2 alditol-acetate
LAZE § o] GCE BAste d 9 fuld B 2¥dLFS S5k
A 272 Shimadzu GC 17A, SP-2380 silica fused capillary column(30
x 0.32 mm, film thickness 0.20 tm), L& %+ 180-250C7+A] 4C/mino &
250Co A 83 4, F97 2% 240C, FID A&7 2% 260C, &
WA AE, 5 2.6 ml/min, split ratio 10, A8 FHHEF 1 W= 3tk
HWE®] 3j&#x4& AR +#3ted HWERFH 3is A=xsti, s
SEM-EDS(Scanning Electron Microscopy(JSM-6400, Jeol, Japan)-Energy
Dispensive X-ray Spectrometer(link ISIS 3.0, Oxford))® 3704 X3 & Ao
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Table 2. Contents of phenolic components and water extracts of various pine
bark varieties

ABE-R NaOH-R

Leaf ) HWE* 1% CWE ABE Ash (%)P (%)° cTLY PP*
N Species ©0) () 6 (%) (%) ©6) (%)
o o G )0 0 ASL KL ASL ° 0

P. densiflora 82 419 21 50 15 615 13 512 05 300 296

P. thunbergii 37 37 05 47 31 560 09 482 06 314 228
2
P. banksiana 70 568 17 189 21 601 11 465 07 204 292
P. contorta 102 647 23 112 14 385 19 397 05 142 394
P. rigida 151 5.1 54 44 18 675 23 528 04 234 434
P. taeda 43 458 03 40 14 646 07 545 04 298 329
P. rigidaxtaeda 48 453 09 39 10 609 06 487 04 269 322
3
P. serotina 56 598 01 25 11 696 15 528 04 214 479
P. radiatd' 234 648 106 105 04 704 96 465 06 166 550
P. radiatd® 317 653 213 135 108 675 201 427 01 148 547
P. koraiensis 7 413 06 67 14 505 1.2 408 05 218 265
5

P. parviflora 9.4 62.6 27 211 46 476 14 39.5 05 150 237

HWE, hot water extract; CWE, cold water extract; ABE, alcohol-benzene extract; ABE-R,
residue after alcohol-benzene extraction; NaOH-R, residue after 1% NaOH extraction; KL,
Klason lignin; ASL, acid soluble lignin; CTL, compensated total lignin; PP, polyphenol

* HWE was experimented at a liquor ratio of 1:50

b Lignin content calculated from the residue after ethanol-benzene (1:2, v/v) extraction

¢ Lignin content calculated from the residue after 1% NaOH extraction

4 Values are compensated total lignin content (Klason lignin + acid-soluble lignin) of the
residues after 1% NaOH extraction based on amount of bark

¢ Values are calculated by the following equation: polyphenol (%) = [total lignin (g) in the
residues after ethanol-benzene extraction — compensated total lignin (g)l/bark (g) x 100

f Bark obtained from Stoneyhurst Sawmilling Co. Ltd., Christchurch, New Zealand

¢ Bark obtained from HanYoung Sawmilling Co. Ltd., Gunsan, Korea
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Table 3. Yield, total phenolic content, proanthocyanidin content and antioxidant

activity of HWEs from various pine bark varieties

DPPH scavenging

Leaf Species HWE T PA PA/TP activity (%)
No. (%) (mg/g)  (mg/g)
25.0 pg/mb 125 pg/mé
P. densiflora 5.1 411° 384° 0.93 91.5 54.8
9 P. thunbergii 2.5 o41 103 0.19 445 20.6
P. banksiana 4.1 o201 27 0.05 25.2 12.4
P. contorta 6.9 403 102 0.25 36.8 17.8
P. rigida 14.4 558 489 0.88 93.1 64.6
P. taeda 24 338 51 0.15 26.0 139
3 P. rigida x taeda 2.7 111 41 0.37 29.7 15.3
P. serotina 29 184 37 0.20 30.0 16.7
P. radiata’ 23.2 629 404 0.64 925 67.9
, P. koraiensis 3.8 862 49 0.06 19.3 12.1
P. parviflora 45 226 21 0.09 38 48

TP, total phenolic; PA, proanthocyanidin; DPPH, 1,1-diphenyl-2-picrylhydrazyl

? Values determined at a liquor ratio of 1:10.

> Values determined by Folin-Ciocalteu assay, in units of milligrams (+)-catechin

equivalent per gram HWE.

¢ Values determined by vanillin-H>SOs assay, in units of milligrams (+)-catechin per
gram HWE.

¢ Bark obtained from HanYoung Sawmilling Co. Ltd., Gunsan, Korea.
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Bate-Smith'}& A< EA] sloll Al butanol-HCIol <] PA°] C4-C8 &4 Z
gro] Aol s F24 MA FE< cyanidind} delphiniding &/ stA H 2
2 o5 7|QlstE H FF bandel sFele FOEFH PAS A W
AZ golsle AL Vet EE 3t (Hagerman et al, 1997; Dalzell & Kerven,
1998; Porter et al., 1986). o] WA o] F& o] H2M Ao FH4=
E Z7M 7= 982 & Porter et al. (1986)S Fe’ 7} butanol-HCI ¥Hg-oll 9l
of H2 s FAdsted b m&Aoldta Bausgh 1y EE 2 AT
ME Fe''2 Z38tE butanol-HCIE ©E] st PAS] T22 gy oz Hrists
d ALg3S F2o 2 RE FAY cyaniding B AFoA HE3 A
A 546 nmol A AW TF=Z YElN L delphinidin® 558 mmoll A ] T3 ==
ERY © Z(Samejima & Yoshimoto, 1981) o] & 7te] Aolo] o Al &
AH S FF oz =43 4 i (Hussein et al, 1990). PAS 33 Fx+=
% B ring® #sA FA719 gr A E PEACH Y BAEY At 53
Al 4= (extinction coefficient)o] G &S v k= AR A FAHE 4 ),
£-3], PA+ butanol-HCI ¥F-3-9l 2]3)] (epi)catechin-based % gallo(epi)catechin-
based PACSZ¥E Z}Zt cyanidin® delphinidin®] <¢tEAJolUW S A 6]'1’4'
(Samejima & Yoshimoto, 1981). Hussein et al. (1990)2 butanol-HCl ¥F&-of ¢
oAl 540-550 mmAtelellA el F& FHuoje] wWsh= QFEA]olY H(delphinidin to
cyanidin ratio)®] A1 ol 7]Qlghrhar Altst .

Figure 13& gtjolel AuUH 43 PAEZ Bate-Smithg o ® &3 & 4k
AAAE] AAABA ~HERS 2AFS Aot} Butanol-HCl W3 3 546
A HY FHEE UERY gdelel AR SR 5E g s PAE iR
delphinidin Bt} 238 cyanidin 222 o]Fox s AL & F A

2oy
o
rt[',
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Fig. 13. Visible spectrum of PAs from Pinus radiata bark after alcoholysis

under an acidic condition.

th) PAS] FT-IR £33 ¥4
Figure 14% @tjolel AUy 43 PAS FT-IR 23 EHS el Aol
3384.8, 1612.4, 1066.6 cm ‘o] 73t &4 Ag A1 A} polyflavonoid®] =
4 #5715 JeEbAtH(Yazaki & Hillis, 1977; Kim et al, 1996). Foo (1981)°ll
w1534, 1520, 732 cm "¢l F<FulE prodelphinidin(PD)e] EAjel] 7]l
B procyanidin(PC)oll 488t FFtlE 1524, 782 om ‘ol A tEhdt) ol &
B Figure 14914 & 4 3l | Zrjotel Auy 39 PAE F2 4

=
T
g AAF procyanidin #A4& dtal u& FHL F AT

=
e

o

jur}
=
©
My

o
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Fig. 14. FT-IR spectrum of PAs from Pinus radiata bark.

2) PA9 “C NMR 4]

C NMR =#E32 PAS] 7]& ¢x, 44 vlgl, PCPDY &4 5& 7%
sted f83% Sdo g2 Alg5ojx ghti(Czohcanska et al, 1980; Newman et
al., 1987, Foo et al., 2003; Ayres et al., 1997; Hemingway, 1989). Figure 15+
grjolel 2 3 PAS C NMR 29 E#S el Aol PC PD 7%
& EFete= A AR PAS signals HoFi s &+ stk 4
(Czohcanska et al., 1980; Newman et al., 1987; Ayres et al., 1997)& Zi13}¢]
7k 7k e] signalsS &8 th 1156(C27, C5'), 120.2(C6'), 144.8 ppm(C3’, C4')
oA HolFE= signalgEe PC @94, & (+)-catechin®} (-)-epicatechin®] <A
of 7]¢lsly 1455 ppme ZF& signal2 PD @9 A|, = (+)-gallocatechin®}
(-)-epigallocatechin®] EAjol| 23 Aot} AL 374 A= 144.8 ppm(PCT
Z9] C3', C4")3} 1455 ppm(PDTZ2] C3', C5') signalge] ¥3 WHoZHH
PC:PDe] EAHIE & 4 Stk L2y PC ©91A7F PD @9 A Hvh dds] ol
ZA38l= A$ PDY signale] PC9 signaloll 93] 7lg]o]jdom EAuE A4
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[

| =&atrh ol FAHES Hekstr] 98 Kraus 5(2003)2 PC:PD
TAME Frskedl 116/107 ppme] A FolE o] &t o5 AFAE
116/107 ppme] ¥ = H]&o] 330174421 4-F PC S A7F 100%2HaL B a1kt
T3k o]Eo] AAIS 116/107 ppme] I AH| &3 PC:PD EAlvlo] tist A=5E
ARk grjolel AuF 423 PAE PCe PD ©@9A7F 247 94:6 vl &=
Qe o 4 ATt ol¥ e A}E Czochanska 5(1979)¢] C NMR ##
el A YR PC:PD 90:109 A< dX]etth E3§F Bate-Smith alcoholysis
S B FT-IR 239t fFARSHA vEbsith

30-90 ppm% Hol| A el signalES flavan-3-ol2] C2, C3 2 C4oll 7]213}
H 76.3% 826 ppme F signal® 23-trans® 2.3-cis MY E ALFGT. o=
HE gtjotel AuF 3 PAE trans 2 cis OB EA FES trans w19
7V cis Txel BlE] iAo m Fo] At AEs & AT 67.73 723

pomel signal& We L HF TE GAA C30R 217 ALstch

Ry

&=

c2', C5' (PC)

C2' (PD), C6' (PD), C4a (trans), C8 (m, t)

Acetone-d

=C8.CY (PD) C3',C4' (PC)

C5,C7, C8a
c4' (PD), C1'
C6' (PC)

C6, C8 (u)

T T T T
180 160 140 120 100 80 60 40 20
ppm

Fig. 15. BC FT NMR (100 MHz) spectrum of PAs from Pinus radiata bark
in acetone-d¢/D20O; ¢, terminal unit; m, middle unit; u, upper unit; PC,

procyanidin; PD, prodelphinidin.
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n}) PA©] MALDI-TOF MS¥#-4]

MALDI-TOF MS+= aliAp -39 Wb abe], 5= gt 24 F(Mn), 3heb4 9l
A B3 AHE A F3H(Pasch & Schrepp, 2003). 18] & g dk PAY]
stet g xo BHu A ARE 27] 918 MALDI-TOF MS #4& A3
t}. Flamini (2003)¥} Behrens et al. (2003)2 DHB "WlE# =& A&3led TOF
MS9] reflectron modeE # &3 &
noise®} 71 H2 Wl EAHS A2

P
T
9} 22 electronegative ¥AE ExF % o] EgsleE uE }‘“ Li" & Na+

al

ol S F e FolH FHAHES zterh B ATdAE okAE
PAS] MALDI-TOF MS 245 fl8) A¢e Foles 2adsr] 9l vt
T4 o2& AMEEY oy Na W] MS ~HEd 49l signale] ol 93-S
MAE S d oAtk 2y deld PA AAl= DHB Wl EE 49 Na'ol
EAEE 2AA EAS stY ke signals HEE F AT o] A7+ DHB
W] E 2 2~ 9] proton-donating 7% 3 pulsed No-laser(337 nm)<]
o] Bbgd o 7dste Adeta Az =3 ol gk dlls et
7] $J8] PAZ pyridine-acetic anhydride®} diazomethane A]¢Fo. = Z+z} ofA €
st & wEstste] MALDI-TOF MS 415 AAlet oy @A) oA &gt PA

| signals AEE 5 AT wepA PA HEA FA7E ofAE S s E A
& 2 Aol H43 MALDI-TOF MS £4 Z3told 4343l flights
ol Tag AR AL o AREHII

Figure 162 #t]ole} 2y 53] PAE ol Eslet = A& A& DHB HWE
gl 9 NaCl& &@ste] 543 MALDI-TOF MS 2=#HES et 3ot
Table 4= TOF MS =¥ EF o] Aas AAACE §A g dateltt. TOF
MS Z=#EgA & 5 U= wks o] 498 DaztA o= Earo]l F7hstal 9l
= AL el g F g}t of7]el A 498 Dad o} A€ 3}3t catechin/epicatechin
kA o] Awkol] 3= A Z(Nonier et al, 2004) gtjolel AuUXF <=3 PA
= PC @9 A7 i At Ades & 5 ARen Zpzke] DPel & dst
= A% 939 Ao 58 Da =, -OAc#Hs7]dll didsts Aol Tt A
o 23E B ringol F4717F 170 ©] A3 PD @A/ FEHoZ A &
s o ATk TOF MSell ¢ & ofAldstst PAC DP+ & A (octamer) =
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S AT oledt A= aFAFe] sFehs PATE MIEHARSE 52 4
2 FEyE B Bxte] dHsrt oA (Perret et al., 2003) A&
B2 PAVE HAEHE AL wasly] o

o
RLAE A _]
m
=4
57 54D
. OAc =S u
‘=
ra
¥
&
=
i3
.
: :
) 3
= E
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Fig. 16. MALDI-TOF MS of PAs (acetylated form) from Pinus radiata bark

in the presence of sodium ion.

PAvE B FAVIE 2EstEE Aoa Al g FRdde] dAsHA Hoh
WA 37] 98] olAlE3tE sk Aol WA o]l (Kennedy

<
& Taylor, 2003) <+ B EAHEF 2 T AT EAFS AESHA o5 Axlst
=3

S ol g7 sldele v EAEES ATl Th Figure 172 olAE 8}t
ghtjolel AuF =y PAS EAE E¥E yEld Aolw Table 55 %+ 24+
Zo] polystyrened} HES TFOo R3] AESH o A4 Zhzhe] bz 9
23w AFZ A s Aot o= AWZEE ol AU Fu PAE
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off

B EAFMw) 3800, 4 BHEEAFMn) 1,200, tHE4H3 (Mw/Mn) 3.2,
[e)

Y

Z = (DP: degree of polymerization) 132 7Fdth= RS & 4 e A
o ARvtETHe] Ho A st THEE THEAT

= T MM

Table 4. Masses and unit type of PAs (acetylated form) from Pinus
radiata bark by MALDI-TOF MS

Unit type

Polymer  M+Na' (positive reflectron) - .
Cyanidin (n) Delphinidin (n')

Dimer 1020.3 2 0
1078.3 1 1

1136.3 0 2

Trimer 1518.3 3 0
1576.2 2 1

1635.2 1 2

Tetramer 2017.1 4 0
2075.1 3 1

2133.1 2 2

2190.1 1 3

Pentamer 2515.0 5 0
2573.0 4 1

2630.9 3 2

2688.8 2 3

Hexamer 3012.9 6 0
3070.8 5 1

3128.7 4 2

3186.8 3 3

Heptamer 3511.7 7 0
3569.6 6 1

36275 5 2

3685.4 4 3

Octamer 4009.4 8 0
4067.3 7 1

Note: Calculated M+Na'=M'+(n+n'-1)(M’' -2H)+58n"'+23: M’, 500 Da; H, 1
Da; Na' adduct, 23 Da; -OAc group, 58 Da.
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Fig. 17. Molar mass distribution of PAs (acetylated form) from Pinus radiata
bark.

Table 5. DP and Mw of PA isolated from Pinus radiata bark

Mn Mw Mw/Mn DP

1,200 3,800 3.2 13
Acetylated PA is used for determination of molecular weight
(Mw) distribution and the molar mass of the substituted acetyl
group based on procyanidin(PC) units is excluded in this
calculation.

Ab) PA9] giksl &4

Table 6 @ttjolel 4~y 43 HWE, HWEZ %€ &2 AA 3 PA 2 A%
TE& FASAQ HlER Co] dbst #4S s Hlasidth 43 HWES]
B kst FdS wERRD CHRUE oFgE vtokot, HWES FA &< PAE HE
Cot A9 FAIAY =k =, ehvlotel Avy Fulof ek atst &

=
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Table 6. Antioxidant activity of HWE and PA from Pinus radiata bark

DPPH free radical scavenging activity, ICso

Antioxidant (4g/ml)
HWE 12.3
PA 9.0
Vitamin C 9.3

HWE: Hot Water Extract, PA: Proanthocyanidin.

R=H; Procyanidin
R=0H; Prodelphinidin HO.

Fig. 18. Chemical structure of PA isolated from Pinus radiata bark.
PC:PD=94:6, PC: procyanidin, PD: prodelphinidin.

3) A®A ZYHesRe B8 € O F2 4
gttjolel AU 3 HWE 5 o|€olAMHo|E 7}8 55 Sephadex LH 20Z
H oA dEERE SEAZLY &£&F AR UV #E7]9 #HAgs &z

M TLC /& Sl 29 I-VIZ €& 5+ AJ(Fig. 19). o5 29

¢

&



&& Table 79 YERUSIT. o5 8L F2 75474 flavonoid aglycone
F&3st HWE ol of 518%& AAedrh. €32 I3 I AW 3de, ¢
= deF % TAHIE dFEs AXFer 8 M-VIel s UV, GC,
GC-MSE 2% tdd 717184 S A8t
5.0 g HWE
Dissolution in 50 ml 70% acetone
Filtr ation (residues 161.9 mg)
Evaporation at 40°C
Liquid-liquid extraction
n-Hexane (100 ml % 2 times)
I I
Aqueous layer n-Hexane layer (0.9 mg)
EtOAc (100 ml x 5 times)
I I
Aqueous layer EtOAc layer (753.4 mg)

Sephadex LH-20

Frac. I Frac.II Frac.IIl Frac. IV Frac.V Frac. VI

Fig. 19. Schematic flow diagram for fractionation of monomeric polyphenols of

HWE from radiata pine bark.
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Arbitrary UV at 254 nin

N

Fig. 20. Elution chromatogram of monomeric polyphenols of ethyl acetate

soluble fraction on a Sephadex LH 20 column using ethanol as an eluent.

Table 7. Yields of ethyl acetate-soluble fractions (600 mg) in
HWE from Pinus radiata bark

Fraction Yield (mg)
I 13
II 5
111 10
v 9
\% 158
VI 29

Figure 20& #tjolEl 2% 43 HWE % oldolAlHolE 743e] ojag
$% 29 AZVMEIDS dehd ol 27 2o fa) UV AHELS

rlo

1 AE Figure 229 Table 8ol YeRfidch 3 II010 mg
p-hydroxybenzoic acid(1), vanillic acid(2), protocatechuic acid(3), cis—ferulic
acid(4), p-coumaric acid(5) 2 trans-ferulic acid(6)e] T3t FA=4F=2 4
Hol gt} ol #HEAitRE 25 dAsAE &3 (Owen et al, 2003; Zhang &

Zuo, 2004)& #Fardtel A3}tk p-Hydroxybenzoic acid®] A% A& Ao &
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ol
i

AsHE kel ARE W Aol A ehr]ote} At

E'L
Rt 21t} Ferulic acid®] 7% o)A AAE= GCY HFA 7] WE o]z i

e
i

3 R AT 9 IV mg)e] UV ~HEFS Fd(Duenas et
al, 2004)1A ¥ 1% protocatechuic acid®] ~HEFHI} Aol FAlsF om 262
9} 292 9] ¥ &4 band®= para position¥} ortho 28 meta position= dt}9]
Hs717 EATE GERIAT. £8 IV GC 2 GC-MS#4] A¥ RT 443%
ol 90%°]dS A= Fo IAE HEher MS 23 M7 370 m/zE
YERN S THFig. 24). 3HEHE 1€ £33 Ve FaArolnz 44 glo] 'H}
“C NMR #4& AAsgth 'H NMR ~9Ede ABX Al~ge] w3
signal2 6.79(d, /=7.8 Hz), 7.41(dd, J=19 & 7.7 Hz), 7.43(d, J=1.9 Hz) ppm®l
A meFQon 77t H-5 H-6, H-22 7A%s gt E3 °C NMR == 272
151.4¢} 146.0 ppmell A F70 2] oxygen-bearing W< 1g]o] 433} signals
HolFlom 170.1 ppmoll Al Al=7]el sj@ et signals YEFHATH o5 A
2 £33ty 31dE 1S protocatechuic acid® FA4 3t Figure 22014 &3
IVe] RT 805&°] A&=H ¥aE 396(M)e 73(base peak) m/ze] EAZ ¢l =
FuAE VA SR A 393 s OoRRE trans-caffeic acid® &4

o A~
EIIEIca=

ol ™M
=
Of

E]

l
I

o 2

o

S|

o2

12 Fraction IV

- -
] in

Absorbance

=
in

e
=]

00 50 300 3s0 400 “200 !5'0 30'0 S;U 400
Wavalen gth (nm}) Wavelength (nm)

[
i
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pdili] 250 ann 350 400 00 250 ann asn 400
Wavelength (nm}) Wavelength {nm)

Fig. 21. UV spectra of fractions III-VI obtained from ethyl acetate soluble
fraction of HWE from radiata pine bark.

_58_



B3 V(158 mg)el UV 2FEHL 290 melA AFZ<Q flavanoned}
dihydroflavonolel] @ st= 5H A 55 bandE YWERNATE Aol Aol
8 ViA Hdeow st xR AAAs A e 28 dEsdl
o sheE 2014 m)o] 33 s 2FEF ATt o5 A 5 Al 3t
SHE 29] UV &< bandi: 2903 326(sh) mmollA ##E 2™ dihydroflavonol
¢l taxifolin®] UV &% band¢t A&t tH(Le Nest et al, 2004; Dellus et al.,
1997, Mabry et al., 1970). AICIsE #H 7}t @ band [} band 117} Z+2F 503
20 nm Al MolEdE9d o v E 5-hydroxy-4-keto7]e] EAZ ged 4 glth(Mabry
et al, 1970; Harborne & Mabry, 1982; Bergeron et al., 1998). 3 NaOAcE
HA7stdls W 36 m AMelsstdornz C-7o FA77E EAEA Ee AS
& 4 AN Mabry et al, 1970; Li et al, 1997). 83%& 2°] “C NMR ~HE
F (Fig. 25)9lA yEld 85.1(C-2), 73.7(C-3), 198.2(non-conjugated keto”], C-4
ppm S Z5-H dihydroflavonol# 2 ¢1< &eld 4 it 'H NMR 23 E o 1
HolE 4499 490 ppm? signal H-23 H-39] methylene proton®l] Z}z+ A%
39tk =2 H-2/H-3 coupling constant(J=115 Hz)+= C ringe] YA H o=
trans MY E st JASS YERRAT 5877 591 ppmolA A = 79
doublet signal> A ring® Y& coupling constant(J=2 Hz) 2% ¥ meta-coupled
aromatic proton®. 2 %3t 6.79(d, J=7.9 Hz), 6.83(dd, /=19 & 9.8 Hz) ¥
6.85(d, J=1.4 Hz) ppm< 1, 2, 4-trisubstituted benzene ringell 7|13} signal
ojth 7ol BE B4 AFARFH I3HE 2% trans-taxifolin® ® A3
t}.

st 25 9Ed F DA TMSEEE F GC 3L GC-MS® E4 8t AthH( 1|
16). RT 19.33% 7} 19.85%° #A&¥ F 33E2 650(M )<} 368(base peak) m/z
of Fo AF JAE Uetdo] MR o] dHA #Ad ASFS Gl & AATH
ol FES ETFIHE RT ¥ ZF s sde=yy 44
(-)-epicatechin(9)¥} (+)-catechin(11) 2.2 FA3t9th. RT 20.13% 3 21.13%9)

7 st =9 AR ojddA wA e SHEds FAT AN
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o°
2 VI(29 mg)e 370 muoll A flavonol®] 574 4?1 UV &5 bandE HEFHA
5 Mol AAo] AAoT WA on oeten AAA
R 2~ EZL 3412 om ol A]
S HoF9low 1665 1612, 1016 cm oA
conjugated carbonyl”] ¢} W= o] A3 H aryl etherol| 53t S5UE U
et oieh. shekE 3] 374 muell A vERd band I flavonol®] B ringol $1ef 37,
4’=dihydroxyl7]l 7]<lsk= Hdl F3=E HolFglen AL et al, 1997;
Lewis et al, 1998; Peng et al, 2003)¥} ®]1L3}o] quercetin®} FA+ES &
= Atk 661(M) 3 647(base peak) m/zol A UElY EAZC A vae B
¥ quercetin® A7 FA3FATHOwen et al, 2003; Zhang & Zuo, 2004;
Stevens et al, 1996). 'C NMR = E=(Fig. 26)& 147.9(C-2), 137.2(C-3) &
177.2(conjugated keto?], C-4) ppmolA] flavonolZZA ] &) @at= EA A EbA
signal& YERATE 'TH NMR ~#lEgo23E 6187 633 ppmels @z
signal Y2 coupling constantE WEF ] meta-coupled aromatic protonol| 7]
A3t Ao= FAsdv. 3 6.88(d, /=8.1 Hz), 7.63(dd, /=2.0 & 84 Hz) %
7.73(d, J=1.4 Hz) ppmelA WEME signal® 1,24-trisubstituted benzene ring 2
= A&ssdrh 2719 ARENE gFE 32 quercetlnoi A F A
35HE 38 dEd & Aozl FAE TMSEE & GC 2 GC-MSE #4319
tHFig. 22). GC-MSZAAZHFH 3 VIE (+)-catechin(1l), cis-taxifolin(12),
(+)7gallocatechin(13), trans—taxifolin(14) % quercetin(17)& ¥3%3sl= HAE &
T AT =3I conjugated ©l T AT retro Diels-Alder WS, AuF 43 9]
Aty AR, A% 99Hs g Yoz XRE astringenin(8),  astringenin
glycoside(10), trans— % cis-leucodelphinidin(15, 16)8] €4S FAT = A
=3
Figure 272 %743
capacity(TEAC)S UYEdY. Zg dHAEFe F2-d434 &4 34
(structure—antioxidant activity relationship)= + 3 E(Rice-Evans et al., 1996;
Luximon-Ramma et al., 2005; van den Berg et al., 1999; Re et al., 1999)c] A
FHYEA B Ho] gt} Trolox equivalent® * 533t TEAC assays= 2+
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Fig. 22. GC chromatogram of fractions III-VI obtained from ethyl acetate

soluble fraction of HWE from radiata pine bark.

Table 8. GC-MS result for monomeric polyphenols in HWE from Pinus

radiata bark

RT M’, Base peak, Main fragment ions, .
(min) Compound m/z m/z m/= Fraction
3.24 p-Hydroxybenzoic acid, 1 282 73 282, 267, 193, 73 I
413  Vanillic acid, 2 312 297 7212’ 29T, 282, 267, 203, 223, 126, I
4.62  Protocatechuic acid, 3 370 193 370, 355, 311, 193, 73 oI 1Iv
563 cis-Ferulic acid, 4 338 338 338, 323, 308, 293, 249, 219, 73 I
5.83 p-Coumaric acid, 5 308 73 308, 293, 249, 219, 179, 73 I
7.68  trans—Ferulic acid, 6 338 338 338, 323, 308, 293, 249, 219, 73 I
8.05 trans—Caffeic acid, 7 396 73 396, 381, 219, 73 III, IV
14.31 Astringenin (?), 8 532 532 532 VI
19.33  (-)-Epicatechin, 9 650 368 650, 368, 355 v
19.43 Astringenin glycoside(?), 10 ? 532 532 VI
19.85 (+)-Catechin, 11 650 368 650, 368, 355 V, VI
20.13  cis—Taxifolin, 12 665 368 665, 368, 267, 179, 147, 75 V, VI
20.53 (+)-Gallocatechin, 13 738 456 738, 648, 456, 355, 281, 267 VI
21.13  trans—Taxifolin, 14 665 368 665, 368, 267, 179, 147, 75 V, VI
21.28 cis-Leucodelphinidin(?), 15  826(?) 456 753, 739, 456, 369, 267 VI
21.79  trans-Leucodelphindin(?), 16 826(?) 456 752, 737, 456, 369, 267 VI
25.12  Quercetin, 17 661 647 661, 647, 575, 559, 207 VI
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Fig. 23. Retro Diels-Alder fission of flavonoid structure.

Fig. 24. BC NMR spectrum, coupling constant, and structural assignment of

protocatechuic acid.
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+ A ring 115814786:2"
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\ ‘101 K trans configuration
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Fig. 25. BC NMR spectrum, coupling constant, and structural assignment of

trans—taxifolin

* B ring

oH N [

Sy
J=8.1H
= ’

~ o J=2.0 Hz, 8.4 Hz

Fig. 26. BC NMR spectrum, coupling constant, and structural assignment of

quercetin.
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p-Hydroxybenzoic acid  Protocatechuic acid Vanillic acid p-Coumaric acid Caffeic acid Ferulic acid
.08+ 001) * 119+ 0.08) * (1434 005 * (2004 0.07) " (126 & 0.01) * 150+ 002 *
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y = ‘ (Unavailable)
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HOL oy 0.t - HO. _on -On J\,§
- ,J‘_ )l Taxifolin [l\ JJ\_ Jl Quercetin
S~ o e xT, ~ " oH wm 010
on o o ©

Fig. 27. TEAC (mM) of monomeric polyphenols in HWE from radiata pine
bark. a Rice-Evans et al. (1996), b Luximon-Ramma et al. (2005), ¢ van den
Berg et al. (1999), d Re et al. (1999).

Table 9. Sugar composition of HWE from Pinus radiata bark
Sugars (%)  Free sugars (%) Combined sugars( %) Total sugars(%)

Glucose 5.3 1.2 6.5
Arabinose 1.1 6.1 72
Galactose - - -
Mannose - 0.1 0.1
Xylose 0.1 0.3 04
Total 6.4 7.8 14.2

Combined sugars (%) = Total sugars (%) - Free sugars (%)

Table 10. Inorganic elements of HWE from Pinus radiata bark

Elements Mg Al Si S K Ca Mn Fe Cu Zn Total

% in HWE 0.07 016 014 003 0.04 026 0.01 003 002 002 0.77
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ohe3 25k

i

PAS ®El ¥ ARA IFES AED Az

- HWE9] 3% ¥ sfF+= p-hydroxybenzoic acid, vanillic acid, protocate—
chuic acid, cis—ferulic acid, p—coumaric acid, trans—ferulic acid, trans—
caffeic acid®] AEA} dHEAFI oW, 71 FAHEL protocatechuic acid$
t}.

- ZYR O EFEME frans® 9 taxifolin®] FAEES o]F 1 YUt v
o7 e AR o Z:= quercetino] At Ao HEA AEE GC, GC-MS
So ¢]3}e] (+)-catechin, (-)-epicatechin, cis—taxifolin, (+)-gallocatechin,

(-)-epigallocatechin, trans- % cis-leucodelphinidin, astrigenin, astrigenin

glycoside 53 72 33tEo] HAEHALH
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butanol-HCl & (butanol 95 m¢{ + & HCI 5 ml) 6 m&} 2% ferric ammonium
sulfate €4 02 mE H73 T 100TolA 1A17F T bk A AT Hkgd e

UV/Vis diode array spectrophotometer(HP 8452A, USA)Z Al-&3le] A3

L. gakst g4
1) DPPH &HZ &A%

0.ImM DPPH(1,1-diphenyl-2-picrylhydrazyl) &g A x3l7] s W5 B
Fold DPPH(CisHi2NsOg, FW 394.3) 4.20 mgS 43 FUZ nlo]Ad] Wi &
of Wlgh&2 =t o|F DPPHE Yol gk gaFS wjAlstz] #18) 100 m¢ 2
A GFEeaad Yol &3t Ane 474 5 mes FHske 10 mb &FE
23] Ya vesE Gt on, o]lF stock solution®® AF&3FATE Al
Sl 30u0(16.7 pg/mb)et 1008) 31X (5 pg/ml)sFA . DPPH AA S HESH]
A8 A= 4*40“ 1 me9} 0.1mM DPPHE9 2 mE Yil 25C F&F0|A 30%

71 % 518 mollA F3EE FA43ATHASs). ControlZ2+ Als &9 o
A g AREE Ao SFtH(Ac). UV blanks MlehS=2 3kt

DPPH A&tz 2A% (%) = ((Ac - As)/Ac) x 100

2) ABTS" 27%
1% ABTS (2,2"-azinobis(3-ethylbenzothiazoline-6-sulfonate) &% 100 mM
ZE QA 4F&ApH 452 AxsA o™ 05% HAitsteis 28% dods
|43k 240 mmeld FFE 0400 HE= vl Horseradish
peroxidase(HRP, 1,280 units/mg) 80 xg< 100 ml 100 mM <IAFd €58 (pH
70002 =9 g4 §95 Ax3Ah ABTS' Jol2 #uze A7 ¢
3 1% ABTS(700 ¢), HRP(1.4 m¢), 100 mM ¢12+d 58N (pH 7.0, 39.2 ml)
2 0.5% FHAbstF (700 w)E EFEHAL 124 7E e of T 3tell WASTh A
Z3 ABTS' &2 A& ol g48te] 734 mell A F3 =7 057 1
MpH 7.000.2 3435t t A& stock solutione 5 mgh 5
100 mM 14t $kF& A (pH 7.0) 5 m& o] AzRsgon Fd SFEAoR
thAl B4 ste] 503 100 pg/mbel s=7F HE=E SSith ABTS &7%5S HE

mM St S5 &

_69_



i
>
[S—
()
(e}
8

=
-0,
2

371 98 A= 50 wdABTS™ €9 2 mE controlS Al 2
9 &=8d(pH 7.0) 50 e ABTS €9 2 M= Z+7 &3t o5 &9
2 25T FE oA 50 EF W AIH oH 734 mell A Hold= ABTS 9 &
FEE FAs ofgel o] ABTS' el #uzd AA%S ALketadth

ABTS" 27%(%) = ((Ac - As)/Ac) x 100

Ac:t 100 mM <14t $HE8H(pH 7.0, 50 ©0) + ABTS" €4 (2 mb)
Ast A&7 BH(B0 pl) + BTS'+ &4 (2 me)

3) Superoxide anion A # s

A2 22 100 mg® # 3t DMSO(dimethyl sulfoxide)ol] = 10 M= A
&3t 01% 84S AxArh ol F 01% Aa&AS 108 84 38ke] 0.01% Al
289 AzxsAT AlE &9 T=E DMSO 500 £, 10 mM L-methionine 500
W 2 440 pM NBT 1 mE ¢80z Algdddo] @tk o7 200 uM
riboflavin 200 wE %ol T F A=w Aol JHAAHT. o] F
ultra-violet/condensation weathering device®l UCON(ATLASAH| €3 UV #
Z(UVA(320-400 nm) 941 356 nm, 40W)ell 5&3F ZARSESTH 2 & UV 20
0~800 nmn M NA =7g F 560 molA FF=E 433t Control> A&
& B4 DMSOE #7738k Zlow stglom, AlgaAle 3% J&FS wiAst
7] 918k blank= L-methionine 4l buffers ol d7let FdstAl A &

560 nmoﬂ’ﬂ %%E% %‘ oe’]'/v\q

l

Superoxide anion #HZ 275 (%) = [(Ac - (As - Ab))/Ac] x 100

Ac: DMSO + L-methionine + NBT + riboflavin
As: Sample + L-methionine + NBT + riboflavin
Ab: Sample + buffer + NBT + riboflavin

= 10 mg= Fs8ke] 10 meo] & F&Eek2=e ¥ 100 mM QI
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AZ 4N pH 70022 A&kl 01% &Nq& Azs3h ol 5 thAl 108 843}
o] 0.01%° Alm A& AxsArh ARl g Astrs 275 85 9
3 100 mM 14+d k58 (27 ml, pH 7.0), A Z100 wx0)t Jflr)\}-@}*ri@() b,
N 25T FEEA 1087 A7 F o7 DW
guaiacol(50 w0)3 HRP (100 g, 1 unit/ml)S ¥ A7]o wbS-ZAdA 30&
U2 Al A Control A& thAl bufferE ¥%oH, A& blankel = guaiacol

Aol 2wk E kst WhES AR F 436 mollA F3EE SAHS] it

Hrkstr A 275 (%) = [(Ac - (As - Ab))/Ac] x 100

Act 100 mM Q14+t 58 A (pH 7.0, 28 ml) + F4Fs4(50 w) + HRP(100
wl) + guaiacol(50 ul)

As: 100 mM 4k &F8A(pH 7.0, 2.7 ml) + AJ=E(100 u) + FAFsE2(50
w0) + HRP(100 nf) + guaiacol (50 wf)
Ab: 100 mM 4k &F &N (pH 7.0, 2.7 mb) + AFE100 w) + HAst4
wl) + HRP(100 ) + o] 3+4=(50 ul)

<
B>

(50

5) Linoleic acid®] #4tst %4
Linoleic acid®] Z}4ta} W= Aglo] ALgH AR
= Azt
WS (25.0 mg/25 ml 90% ethanol + 10% water),
ES (24.9 mg/25 mé 90% ethanol + 109 water),
Vitamin E (2491 mg/25 m¢ 99.5% ethanol),
BHT (Butylated Hydroxy Toluene, 25.1 mg/25 m¢ 99.5% ethanol),
HWE (10.2 mg/10 m¢ 99.5% ethanol),
MPP (10.0 mg/10 m¢ 99.5% ethanol),
OPA (10.1 mg/10 m¢ 99.5% ethanol),
PA  (10.1 mg/10 m¢ 99.5% ethanol)
ol 9ol linoleic acid Ao AtstE FA37] gk controlZA = AlE Al

ethanolS AF&3lth A8 €9 T ethanol 10 ml, linoleic acid(25% v/v in

s

Uk o] B4ste] AR



99.5% ethanol) 10 m¢, 50 mM <14t $F&<4 (pH 7.0) 20 m¢, o]=ul ks 10
T

¢S 50 me-8Fel wpojdol EFI F 40T FHEoA IABAA

7}) 2-Thiobarburic acid reactive substances (TBARS) assay
A Azke]l A#g & 7)ol wrg&d 2 mE 7ol 20% trichloroacetic
acid(TCA)/0.75% thiobarbituric acid(TBA)& < 2 mE ¥ 100C #= & Wl
A 303E WA AT 1 F Ao R A3|al n-FEE 4 mE H7Fshal vortex
&

5000 rpm, 4CeolA 1083t 94 2. F=

mixerE o]&3sle] FE3 F

WA s FAA AL R E S FEael 1 FAES SAaar

Linoleic acid 4t3} A8 &4 (%)

Control(Asz un=As0 nm)

1) Ferric thiocyanate method
7] 2250014 AxT Alm fAI T S A X F

40C FEZANA GA AT o]F ¥hg8&d 500 wE 75% ol &E(3 ml), 30%

ammonium thiocyanate(500 )3 &3t o] &N &

WA gk & 35% AAkEH oz 591 ferrous sulfate(10

ferric thiocyanate® =3} th o] HFg2 5A|7HS

mol A FHEE FsAT

off

o
0,

>,
o~
=2
2

m =
r—r‘ O
i
>
oft
o
2 T
o
)
N
g
N
Jo
Ny
(@)
(@)

Linoleic acid 4t3} A8 &4 (%)

COHtTOl(AAM nm7A700 nm)*[Sample<A474 nm7A700 nm)*Sample blank(A474 nm7A700 nm)]

Control(Ags am=A70 )

NgE o] 2ufFR 5o 100 pg/m FE7F HE2 itk AR S 1 mE
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200 mM S48 N (pH 66, 25 ml) 2 1% potassium ferricyanide(2.5 mé)
of EFeAct Axst EFAS 50T FEHFAA 208 T WA H oM o] %
10% trichloroacetic acid(2.5 m0)E L EF o] H7Fetsdtt. o] &He) 2 ml o] &

o 0.1% ferric chloride(0.5 ml)& EFatlon 1 FFEE 700 molA
ZA s AT

7) Ferrous o] w3t Aol A
A& £9(30 ug/m(% 50 mM ¢4k e84 pH 7.003 80 uM FeSO,= 1:1
(v/vEl &= &33 & 220-400 nmH 9] ol A

= RS L el
1) Mushroom tyrosinase*] &l 24
A5 F&o ME tyrosinase A& S #AE HESZ] Aste] 10 mge] A=
Zk7kel 50 ml &% ek~ ¥ § DMSO 10 mE =o]al o] § ¢
2T E o] &l 50 M= FEeArt AxF &HS stock solution(200 pg/

ml) &2 ate] 100, 50, 25, 12.5 ﬂg/mM st Tmo AREHS Az
h:
[¢}

O
SuFS o gt 50 ME FE&IFPen olu AR FEE 500 pg/mlo] ATt
Mushroom tyrosinase A3&ddS FAHs7] #dl 05 mM L-DOPA
(3,4-dihydroxy-L-phenylalaine) &< 1 m¢, 1/15 M 249 &+=8 M (pH 6.8) 0.5
met AlEEN 1 mE AFH PYa F s T of7]d 114 units/md

mushroom tyrosinase& & 1 ml H7F8Fth o] % 25C & ¥ 1083+

mol A FF 5w A8t Control A &8 Al o] 2ustF5 H7be A

©o® #1om blank: 1/15 M 2149 €589 (pH 68)7 tyrosinase & &

grdom apolvh R, AlR7F 500 pg/ml FRollA 476 mol FHE dEhdo®

ol& wiAlst”] 9l A&k L-DOPA 2 1/15 M 1t ¢58H(pH 68)& ¥
_g‘

I tyrosinaset Al o] 3L E HIlste] Al B AHA 9
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(+)-Catechin®} arbutin® 4% DOPA WAl o] 2w3t=E ALL3FR o of 7]
tyrosinase$} 1/15 M <1 Ak T2 A(pH 6.8)S Wi 7ot LA A3t

ol
(+)-catechin® arbutin®] &3 == =A3sgc}

o2
o o

Tyrosinase A8]&(%) = [(Ac - (As - Ab))/Ac] x 100

Ac: L-DOPA 1 m¢ + 1/15M 1A+ 58 05 ml + water 1 ml + tyrosinase
1 md

As: L-DOPA 1 m¢ + 1/156M 212t 589 05 ml + A& 1 ml + tyrosinase
1 md

Ab: L-DOPA 1 m¢ + 1/15M <14t 58 05 ml + Al 1 ml + tyrosinase
1 m(WESF ES9] 74-%)

1/15M 14t =89 15m + A8 1ml + tyrosinase 1ml(catechin, gallic acid,

arbutin® %)

2) Tyrosinase# & kinetic? &

A71 TPl A A %3 114 units/ml tyrosinaseS 28] 3]418}o] 57 units/mle]
g2 zAste] ARgstth Control®] A5 AfAl tfal o] w4 1 mlE 0.5
mM L-DOPA &< 1 ml, 1/156M <14t 589 (pH 6.8) 05 m¢ 2 57 units/ml
tyrosinase§ < 1 mE 2 T3 ¥ 30x o2 10% F9<F 476 molA &%
WMelE F433 . Tyrosinase AsAE H7Fs 4 $-ol+= 05 mM L-DOPA
£ 1 m, 1/15M <14t =g (pH 6.8) 05 ml, AE(B00 wg/ml), tyrosinase

S M(57 units/ml) 1 mE & 3359 2 dopachromed] A A=ZE 30x% 7+74
o2 108 F<t 476 moll Al SA3A T KineticE Al AU2EF 20C=2 114
ST

)
b

o
nkt’

3) Lineweaver-Burk plotoll 2|3} tyrosinase® 3l 7|2t

L-DOPA 157.76 mg< #3te] 1/156 M A4t 58 d(pH 6.8)9 =9 4.0
mM L-DOPA &< 200 mE A=At o]=5FH 20, 1.0, 0.5 mM L-DOPA
LNS A=z3GTE 05 1.0, 20, 40 mM L-DOPA &4
Hai 1/15 M 4k @58 d(pH 6.8) 05 ml, o]=ugF 1 mb =2 200, 500,
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1,000 wg/m %9 A 1 mE Z7e] Al
tyrosinaseE X 7}sta 25ColA] 10&3F vHS

.

Toll €Y. olF 57 units/ml

476 oA EFEE =AY

ot ook

4) FElole] AYolE &}

CuSO4(CuSOy - H:0, Mw 249.69)& 5 g #dto] o] 2n&F2 5% CuSOs &4
100 mE AxSFATG 3 FE=9 dx S PAE 100 mg H3H9 10
n JE FepaAe ¥ F ol2uds . 0.1%9] AAE PA =
&

T

Aol EH Cu” °]&(%) = [((Acsio-Acsz)-(Assio-Assn))/(Acsio-Acs)] x 100
Act o] 2 F(2 m) + 5% CuSO4(2 me)

As: 0.1% A A proanthocyanidin(2 mé) + 5% CuSO4(2 ml)

UV blank: o] 8k

5) PA¢} B16 melanoma A3 7Fe] 5 28
Zy7rel AgE 50% (v/v) 34 butylene glycoldl ¢ 29 stock solution=
A Z3FA . Stock solutionS 50% (v/v) ¥ butylene glycol® 2u] 3]243}o]
1%=2 3 F 1% A& 34 100 wet 50% (v/v) §<4 butylene glycol 900 w0
£ #3gsle] oAl g4tk B16 melanoma Al Dulbecco’s modified
eagle’s medium(DMEM, 89%), fetal bovine serum(FBS)¢} penicillin-stre-
Dtomyoin 1%E =3 WA 2 5% CO., 37Tstell A s dFatAtt. A frotAl £
= hemocytometer® =439 21 6 well plated] 1 x 10°4 Z/wellS 233}
FEHE 52t 5% COy 37Tl Al wjFste] ME7E wello] F2EEE 519
welloll Folsls= A S AAs L oAl Z-2he] welldl wiA] 2,625 uls}
Al 375 pbE H7¥etal 39 FoF wigstith Almet A E dojdl F
& 2 mE 23] AAN FATH o]F AE FHRIIE 94

ol

i

.ﬂ

=

/)
Oﬁ. o) r-?L ‘{01' o

o
e &L lob

d

2 >
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¢ 5 Mdasd
1) NIH/3T3 Adrobrlaze] Al =74

Z+Zbol A 2EE 50% (v/v) 84 butylene glycolel o] 2% stock solution
A Z3FA T Stock solution 50 WE 96 well plate2 =71 & 50% (v/v)
butylene glycol® 3] 3}e] 0.001, 0.01, 0.1, 1%= T=5 %
A Al MY F 25 wWE FASt sY AR F 3w Ayt 1 At
S AMESAS ke

NIH3T3 d{rolAl ¥+ Dulbecco’s modified eagle’s medium(DMEM, 89%),
fetal bovine serum(FBS)¢} penicillin-streptomycin 1%E &3 vixE 5%

COy, 37TC3Fll A vjkat Atk A f-olAlE e 4= hemocytometer® =43} o1

well & 1 x 10"XE2 BFaa sh3&0 59k 5% COy, 37ColA wjeFste] A
7b welldll 2525 stk o] % welll doldE wiAE AAsL thA] 247}
o wellel WA 175 wZS AL F A3 AR YETE 50% (vv) T

butylene glycolS 25 WA Z+zo] wellol ¥ 2 o5t Al82 83k 96
well plate 5% CO,, 37C3llA st&¥F EQF wjdst & wjxE A Asta
DMEM WjA WS 100 w3kl Zh2be] wellel ¥al 10 ub MTTE A4S H7tet
T AN ZE A ZIT Welle] B gFHSs A7 & DMSO 100 us ¥ol MEZ
=glol P aie 93] FAH formazane 5 T T EEojFo] HALh A

A formazan? SFE=E 570 moll A S8Fe] A frobal o W3 AL FAS

2) PAS bl FA A

7}) pH
thekst pH H91(2.0-10.0)914 PAS TEE 100 mg/ ¢ = ZH3Fom
F¥= 50 me2 agetsith PA Sl 40 mg FEHAlE Wi 37C FEEA
H

_4
o2

B
ofN

A7 et FHRAZY 2 F Fe PA €9 15 mME FHsle] violar R
w7131 12,000 rpmell A 1027F A sttt G 1 mE Al ¥
50% (v/v) 84 butylene glycolZ 3]AslAt}. o] F sl No] FFEE 280 mm
oA FA3 7] % PA 100 mg/ 2 Ll FF=ote] o] oz HY F2H
PAG= AlRtsta.
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(100, 200, 300, 400 mg/ 2 )< 50 mM U4t &5 A (pH 7.0)0.2 A
xatporn old HZ = 50 me= sk thekd kel PA &9l 40
mg FepAS 9 37C "F*‘lioﬂ/‘i SAIZE &b FFAIATH Febalel ek
eFal HoldE PAY FEE AZE Aol mEt A7) 98] 158 tHos
B vlolmE HFHE &7% 12000 pmol A 1087 94 Eelaic. g 1
= Alg ] ¥ 50% (v/v) &< butylene glycol® 34t} o] F 34
°of F3 nmoﬂ’\i ZAste] 27] ¥% PA 100 mg/ ¢ & W FF=oke] A

=
o] groz i FH PAYS AxtsAdth

2]
(PVPP); 5, 10, 25, 50, 100 mg)E #H7}sk & 37C FL& x4 547 B F3A]
Atk 5217 F ol e PA £ 12 mE FHElo] wlolmg FH X7|n
12,000 rpmoll A 1087 H44 & mWE #Hsle 50% (v/v) ¥
butylene glycol® 3]A 3ttt o] F A dle] F3wE 280 mollA 574 o}o%

7] &% PA 100 mg/ 2 du] FFE=ele] o] grozRE FHH PA A2k
et

—|—’ l‘N'

AE G BARNAN 37 D3 59

vl
g e s PAS F3: WsE FAsd ©, pHE 7022 uAson

uh) Zepallel] §2E PAPA-ZFe2)9] &3=

ez PA $598 A7) 2)9 Aol Fahof Langmuir g4 senow
BH AAe A3 F23EH(Qp) o] 217 mg/goldth °] Quats —AZE ke PA 50
oﬂ 200 mgel ZEAE

ngs 50 mM QIAF & (pH 70007 ol of
7} T o] EFAEG 37T FEFAA 5AF T

% PA-ZAS 3437] $8] Nylon 66 membrane(0.45 um) o2 o 24819t}
of 3} & ZARE 200 ml ol = ulFkFE AASEL QAFSEQl EA] atolA 2wt

7]
& wgARoW W TR

R
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3 AxstArh. o€ A Axd PA-ZHAS Fepld FREUE PAY
AZEE SA87] 8 Abgston ol & 98 dAd ol 50% (v/v)
o ghE, 70% (v/v) T obAlE, o] 2uld, 2N & 2N FASUEE, 5%
AU ESES ARE St PA-Z2HA 10 mg(156 pg PA/mg Zeba)s 2H2H o
|l 10 meell 2L 37TColA 24435 WHEAIAT. o] & FEE 1 wE
FH3slo] Al ol Wi 50% (v/v) <4 butylene glycol 1 mée} &3 A THA))
ol gk PAS] & s St S8 o4 10 mgoll F2¥ PAYS 1.56
mgS 50% (v/v) T butylene glycol 10 mlE =2 ¥ o] PAgN = 1 mE 2z
Zhol g 1 mest EF3FATHAY. 70% (v/v) 3 oHES &2 AMES 35
obAlESl UV o7l 280 mnoll 93-S Fo2 o] &ujo] FEH PAE 47]
el 65CelA 2 - Ao AR o] F Ao oetEE ¥al =<l F 280 nmell A
FHEE SAHAL. kA S23E PAY &= F S s HHHow
AT Adaes ve 2ol Axtsith
Zeple] 52E PAS] €31%(%) = ((A0 - A1)/A0) x 100
vl FT-IR #33+4
FT-IRZ=#®E® L transmission modeo| 4] Shimadzu 8201PC FT-IR (Japan)
3712 ZAsgoer ARE KBr #dE& Axske] 4,000-400 cm Sl A 4
!t TR AMEgh
3) Zepllel 52hE PAS] dAtkst g
7}) PA-Z2719] DPPH A 2oz 2%
PA-Z=-41(0.1, 0.25, 05, 1, 2, 4, 8, 16, 25 mg)S 0.1 mM DPPH 5 ml<} &3¢
g 5 2BC FExAAM 30 T HSART. o] FESH= DPPH A 2hy
Zrol EF=E 570 mollAd =439 tHAs). Control< 0.1 mM DPPH (5 ml)°] %]
oW (Ac) UV blanke ®gh& s 33tk PA-Zek4l9] DPPH 2 oz 47
& v ol Attt
DPPH 7+ &tz 2715(%) = ((Ac - As)/Ac) x 100
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) PA-Z o] ABTS &A%

ABTS & 7] “2-u'eh dg Wyoz diksteser HRP &4 &
ABTSE 2tsiA gl o 24 sl ABTS T €92 10
(pH 7002 3Aste] 734 molA FE= °
(0.1, 0.25, 05, 1, 2, 4 mg)% ABTS™ €9 3 mee} £33 3 25T F=8ZF0A 50
T Eeh WA olwf FESI= ABTS o &
(As). Control(Ac)2 ABTS" &3 m)olRem UV blankE 100 mM 14k
4F&A(pH 70002 3t}

ABTS" 27%(%) = ((Ac - As)/Ac) x 100

Zebl kg3t aE HES] Y8 Z2A1(20-80 mesh) 15 mg¥ 0.36 mM
AstdEE E2FstE 50 mM TES €F8H4(15 me, pH 7.0), Al= (500 gg/ml
DMSO:TES &5&9(pH 7.0, 2080 (v/v)) % ZEHAGAA00  pwl,
clostridiopeptidase A from Chlostridium histolyticum Type IV, 24 &5%: 100
pg/mt TES 458 A(pH 7005 & F 37T 543 St v-gAAT =

B mac o8 RaE e *e 24e7) 9 Ed 1 wE )
15 m mlo]l3 2 FEE 7|3 12,000 rpmol A 1083 A EY3A Y. Ao

200 WE FH3&to] mpolmE HHo| £7|il ninhydrin-citrate® < 1 mS %o}
o]F TS FE Zol 5 FF WhEAAL FHEe Yol WES TR
A =2 12,000 rpmell A 1023 FAlEg st 1 A H(T700 w)S 50%
propanol 700 we} &3t o] A4S FH3t 96-well plated] %713 600 nm
AN FFEE FASAT FepadAd dig Ase ZFeal kA st ad= v

20 kst E3(%) = [(Ac - (As - Ab))/Ac] x 100
Act 22115 mg) + 50 mM TES %89 (pH 7.0, 1.5 m¢) + DMSO-TES £

81 me) + FEHAAI(100 u0)
As: Z2e71(15 mg) + 50 mM TES €589 (pH 7.0, 15 m) + Al Z-&H(1 me) +
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A YA (100 10)
Ab: 50 mM TES 94589 (pH 7.0, 15 ml) + Al58A(1 m) + ZAvA(100
«0)

5) dlgtxwl oA 3l F i)
detxwl oly3s g3E HES] Y8 dEs Z A ¢l (elastin—orcein, 2

mg), 200 mM Tris-HCI(200 ¢, pH 8.8), A& &40 ul, T5: 250 pg/ml ©o]
), AT 2EFAI(B0 b, 0.6 units/ml, Type IV elastase from Porcine
pancrease, 6.0 units/mg)< 15 ml vlo]Z 2 FEHo| Y &3t} o] Hks-&

3}
H
A=A HIFG oA JRAESler Wee 37T FE A 17ARY

st
AAsATh S TR F o] EFAL 12000 rpmell A 18 T A 2
stlom 1 A4l 200 ptE FS 96-well plateo] &21 F 570 mmoll Al 1 53
=2 S48

detaw b3t 23H%) = [(Ac - (As - Ab))/Ac] x 100

Ac: AF~E1-2 2 A1¢1(2 mg) + 200 mM Tris =89 (pH 8.8, 200 ) + o]
W40 ) + AeFERA|(80 ul)
As: A ~E-90 2 A1¢1(2 mg) + 200 mM Tris =89 (pH 8.8, 200 w) + A5
(40 pt) + ASF=ERAI(80 pl)
Ab: deF2~®-2 2 A2 mg) + 200 mM Tris ¢+E-8& 4 (pH 8.8, 280 ul) + A&

&40 o)

WetepAle] ols) LaHA @ Folgl detag-e=Ade F& EYs

7] g4 o] £ABAZ 12,000 rpmol A 5% ek 38 w2 AR AT o F 44
Ag AT AABE ekl B4 shelA 2447 B WF Az 2

e
K
>
uu
r O
ol
S
o

#(%, w/w) = (WO - W1)/W0) x 100

_80_



=
=)
iz
oo
)
e
L
[>
nu
|
to
[
>
r o
Lo
o2
=
=
rII.
oo
o
o
i
ol
rlr
12
AL
[>
mu
|
to
i
>

uh 71sA BgE Az #Ed Anay

A EE 50% (v/v) &< butylene glycol® =9 250-0.97 pg/mé WY 7HA] 34
stdeh Bl 28-S 9)al PASOL-MCX (UV BatekA]) 9l PASOL-1789 (UV A
AgANE AHEsdn. & gME A RS9 UV B(230-320 )¢t UV
A(320-400 nm)AeE S zhz 3003 360 moll A AT Aol A (E”
e AE 1% =4 FAZH 1 em UV celle S38 wo] o229 TH4==
Al 4kat ok,

&
=

=,

9 g 3 59 2EEe) AAA W7

ANRE 40 pg/mi7t AES Weew s4ake] 10 Mz 4Eadon o F A7
2 w7 2 wolate] Yo Aed RS AR s AL AR
7] 9 A3 Azkel wE AR 1 mE Aste 0.1 mM

T 25T 8z 3087 vk A7 F 518 mol A SHEE

-

3. 4% 9 n%
7b AUE SRR 1% % PA FEE A%

grjotet v F9 9] A4 dF FEVORE v =& FE9 PAE ¢
S 5 AT, o5 AFFERS Fel Tl Ba4 AARIL EAs] Aee
o] =& PAE tFo® e FEES Axsted olHsel Atk waby
AEFEE T B8 WARED Fe HAF A7sE Zlo] 1R PAE A
Zated FostER 2 AfdAs B 282 RS FY oAste] AAD
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U HWE®] EAto] me £33 1 +x
ghrjobet &b 3] HWE Soll 23]

o L
yo
0 ﬁ
ik
AC)
é

Foll tis] Fig. 28¢l

et Al 14e] ARERY ol AE F PAZE FAEW 7E AA
FetE o=/ 2 taxifoline] wWEF  dfEl  ddem  HEsbR Folle
protocatechuic acid7} T4 EolAt. o5 dEE59 o877 & BT} FA7]7]
AT FHow FAF wE SRS A, Har R AIZAR FEE
AAsAh Figure 28] Uebd AA 7 A2 &2 g3 dsibiet S0

wolEFE AT, 28y (DP 2-59 nEA FE2 PASl 53 %=(degree
of polymerization, DP)ell uwh2} #2]ste] Ao 2183

ﬁd
22
+

COOH COOH COOH

COOH COOH COOH Z & 7~
i i OH OCH3
OH OH
p-Hydroxybenzoic acid Protocatechuic acid Vanillic acid p-Coumaric acid Caffeic acid Ferulic acid

OH

OH
i OH
\@ - o
(+)-Catechin Ho o
-)-Epicatechil
OH (-)-Epicatechin -
OH

OH
(+)-Gallocatechin

Procyanidin

Fig. 28. Main components of hot water extracts from Pinus radiata bark.

ghrjotel aub F¥ R A2 HWEZREH A& ARz RF2S TMS
FEAS & F GC BAS AANste dUd FdEe 4TS & YA o
Aol sl Table 1191 YERHA ST taxifolin® $4F &z slxe oF

60%E A3t FL& AwEolNew (-)-epicatechin, (+)-catechin, (+)-gallo—
cateching ¥ 3} catechinfFv & 31%E AA|edh. 7| AR oz= it
ol Ao dldst 43 ZE dHmeo oF 7%E AA AL 53], W=

protocatechuic acid’} ¢F 8% % WH-ES AA|sitte= AMAS &
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T AR o9k e ALA Ee dAEie AdAANN e FE=EFH A
AL 7 A AEER ddd s4ES T 52 Ve AFoRRE 4
Aoz @ol AHAHL lomz o &= A A& A Gl T A
o= S mE A#d = gy

qeoAEolE FEERTE I &2jav PAE ARA EY dHud Ee
at7] 9lal] Sephadex LH20& Ab&3dto]l o&t&= &2 Atk Sephadex LH200I

2-69 aFst= =
stATh o] MS 4
A2 stal DP 2-69]
B OH%M AF-&

L

A==

Table 11. Concentration

21517] 918 ohA € 5}
A% Fig. 2991 YJERI ST cyanidin

S S

filo
o
o
)
0,
32
o
B
w
@
e
5
Q
a.
@
b
=
s
&0
S
=

22 gYAA AL B3 g ddHow
%35 (degree of polymerization, DP) = ¢

% MALDI-TOF MS

CIPEN-N

r_{

PAR T4 5o = AMLS

@ %2 Jgomvy Ay

ax

3
2
5
E.
@
=
5
[i)e]
il

of phenolic acids and flavonoids in MPP from Pinus

radiata bark expressed in pg/mg MPP

Compound Concentration (ug/ mg)
Protocatechuic acid 46.2 *
trans—Ferulic acid 59 £ O
trans—Caffeic acid 26 £ 0.1
(-)-Epicatechin 216 + 1.7
(+)-Catechin 1985 + 6.4
cis—Taxifolin 736 = 2.7
(+)-Gallocatechin 20.1 £ 1.3
trans—taxifolin 3825 + 12.1
Quercetin 152 £ 1.0
Total 766.3 = 22.6
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Dimer “oyager Spec #1==B C==NR[200][BF=10214,3154]
10214228

0
B
n .
Trimer
5 1519266
z
]
E
¥ Tetramer
“@ 018 o7
an
u Pentamer
25157688
107,255 Hexamer
" ara) ‘55] m S 522 2799 terdosia 2037636 WIASTE
e 16341735 5 2 13; 4
Cel T O O GGl PO PO VO e o A ]
diis 1375.8 EL 4454 2980.2
Man mizi

Fig. 29. MALDI-TOF mass spectrum of OPA (acetylated form) in HWE from

Pinus radiata bark in the presence of sodium ion.

o] 710l A a1} PA(polymeric proanthocyanidin, PPA)E= #| 1 HolA a3t
PA9l U3 A o2 PAS PPAE Z 83 A&3siEdd =z o]Fd ol &9

A el A AlAZF(reactive oxygen species, ROS)& x4l HFALA

6]—1?1—%’ q]/\} 1].%3_% sH xgzago{ DNA Hz4 ;<]7J J,]_}\}ﬁ} an;é]g %%Lxé‘

hl h
52 oprlatn] o= A3 o, Buy, MEF, By A, A-F@ A, AR,
WA 5 PN A9 ge YA 992 AFHT w3E WA E A

1) DPPH &t # &A%
DPPH(1,1-diphenyl-2-picrylhydrazyD) &= AF&tlZ A7 EE  hydrogen

donor %5 s Ftwel ddS FAh=H AHEHE HU#ER oW 54
GarspAlel deiMwr deelx edom HAdze] AWkl FisteHE =4
st A8d o v EAAE 7}111 91 DPPH:= 518 moll Al #H el &3
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5 JHAH RS vepdth ey kst o8] DPPHZE #HeE o]
DPPH-H7} HW =&AL 97 50 518 me F3Es 2 i ddE
o] gatsl AL olejd DPPH Wel <& whz A ZAE F stk

Figure 30°] gttjole} AuF 39 FEE EH
& JeEdT AlE s=7F 60 pg/md W ARE-S
%< DPPH #AfFattlZ 27AsS et 38, A5 EE 20 pg/m= 34
3 7% OPA(48.7%)%}t (+)-catechin(47.7%)°] 7}% & DPPH A&tz 4
AeS YeEplen, vERl Co A9 333%=E M we 3
HIEIY C&= #3274 catechol 4% 3tal = 3 F55E B} =
S Holx Aol dwrdolxnk E Ao A e &S el RS HEY
A Abstzb AE BA A wEA AP A7
AlmES oF 36-39% W= =5 {4 DPP
}.
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[ 2.0 pg/mL, £22216.0 pg/mL

Fig. 30. DPPH free radical scavenging activity of the polyphenolic fractions in
HWE from Pinus radiata bark; MPP, monomeric polyphenol; OPA, oligomeric
proanthocyanidin; PA, proanthocyanidin;, WS, water soluble; ES, ethanol
soluble; CA, (+)-catechin; Vit C, vitamin C. Empty bars, 2 pg/ml; slashed
bars, 6 pg/ml. Each value is expressed as mean SD (n = 3). Different letters

indicate significant differences at p < 0.05.
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2) ABTS &A%

Horseradish peroxidase(HRP)&= ABTS, guaiacol, pyrogallol, scopoletin,
ascorbate®} 2 thgdt 71AE ASAA S v SES AT 59
kg ABTS 2 HRP9} #itsta &4 s}oﬂﬁ ABTSE 4FshAl
wAE 4 Qlth(Fig. 31). o)A H EAE o] &3] fFE3 ABTS & AsiAlE o] &

b AR 2 S U }M_@r%ﬂﬂl 94?'& ABTS" %ol

HWE, PA, WE, ES¢} nlusle] o 20% %S ABTS 274%<S e
CA 2 GASt A9 A48T w7 £ gz 245 S BT o
= ABTS ¥ 132} PAZEe] whg-o] gloja]l A&l ofol] ost o=
HAch F, 4719 DPPH Atttz 24 %3 wuste] izt PAS 74

|4 A F27F A= A Ade star JAT Eol =20 A9 random

colldt FElS FAgoz A3 ABTS % %A PA B ring®] F4H7] 7he] whg

Ay
oL
Y,

@
.

2H,0, HO + G

\_/

%5 sG _peroidase 2P | e~y s sE
e SO

~+
ABTS(no cobr) & ABTS' (bluecolor)

Fig. 31. Induction of ABTS cation radical in the presence of hydrogen
peroxide and HRP.
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Fig. 32. 2,2"-azinobis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) cation
radical scavenging activity of the polyphenolic fractions in HWE from Pinus
radiata bark; MPP, monomeric polyphenol; OPA, oligomeric proanthocyanidin;
PA, proanthocyanidin, WS, water soluble; ES, ethanol soluble; CA,
(+)-catechin; GA, gallic acid. Empty bars, 1.0 pg/ml; slashed bars, 2.0 pg/ml.
FEach value is expressed as mean SD (n = 3). Different letters indicate

significant differences at p < 0.05.

3) Superoxide &°]2 o 2A%

freldtae deEA de SdaE A R e A TaaCo)rt @
AEEA A o072 superoxide 2ol FUZS TAHAZ|IA ¥ superoxide
dismutase(SOD)¢} 2& & o o9& A3t 47F "}, Superoxide So]=2
gz A5 AE oA ALEAE olfstde 7] AstHAdA T
guzdes olgo dd 7S FAsr] s el WsA H&ete
riboflaving ©]&3t vl =, riboflavine A4 ¢ A=} FoJ3t8E-2] methionine
EA 5N =] FAEA HW superoxide anion(Q:” o] AAE W o] 2ty
Z-2 TRA] nitroblue tetrazolium(NBT)< 3¢A#A A2 <] formazan(560 nm)<

JAeoZ formazand FEE Z435}o] superoxide o)< o LAAFTES A
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8 4 qt}l olgldk B}AS =& superoxide o] Uz AAFE AE

A= Fig. 33 YRR A T

B ¥E 227 pg/mol A BE A RRAE

e wEY F AT Y FEE FE 23 we/mlelA OPA7E thA

superoxide &°]& Oz AAGTES HAF oy GA9F vluste] <F 20%
S YEdT 28y GASF #Zo] pyrogallol 4S5 3 3gHES H o

ROS 47155 HolAW 7ls4d st du5= A8 49 21 95

Al Baste Zlo] oyt wgh g g dFNkgSs Fdd el

st

o

=

B 743 superoxide S °]
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[ 123 ug/mL, 220 227 pg/mL

Fig. 33. Superoxide anion scavenging activity of the polyphenolic fractions in
HWE from Pinus radiata bark; MPP, monomeric polyphenol; OPA, oligomeric
proanthocyanidin, PA, proanthocyanidin, WS, water soluble; ES, ethanol
soluble; CA, (+)-catechin, GA, gallic acid. Each value is expressed as mean

SD (n = 3). Different letters indicate significant differences at p < 0.05.

_88_



HRPE #HAatAE o] &3] guaiacolS AF3tAlA 33 -dimethoxy-4,4"-
dihydroxybiphenylS #A 3™ v]2 AH3l7) 289 A =5H A3 =38 18EAA=
W3tk Al ®vh(Fig. 34). HRPoll olal] 4tstel Jejo] spEE5S 436 mollA 53

5 Yeyoz wtslea 2A%S 54T F Ak

HRP9} #akstss A8t A 7| A 24 guaiacole o] &3 3 F&E9 3
A st 27 AR BE 33, 83, 1677 333 pg/mlelA EAedon o1 A
#}E Figs. 353 3600 UrEhH?iD}. olu HnE 9 AAA G FHEA =

A= PAS o] AA F4 = procyanidin(PC) 2 prodelphinidin(PD)3} B ring
o] FAMTEZRE 1 Y= Z¥Ak(gallic acid, GA)} 7}E 7] (catechin, CA)S At
3tk Ao R o5 £y FEELS 167 pg/mlo]de] FRolA oF 90% o
el w2 st A AAeS JEd e 53], OPAS GA+ 83 pg/mol
AFeol e oF 90% ol A3 HAkstrh Ares BAFAT oldF
AN EHE 2F dgrjotet AU 1 FEES AXE W HiksteaE Qe

&G A AAAF 2 95 Aol diE)

OH / °
O\(;H3 Peroxidase
\= e Q O o

H0;
Guaiacol 3,3-Dimethoxy-4,4'-dihydroxybipheny!
o
o]
HO.
H An oxidized polymer

)

(+)-Catechin An oxidized polymer

Fig. 34. Hydrogen peroxide scavenging mechanism of (+)-catechin in the

presence of guaiacol and HRP.
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Fig. 35. Hydrogen peroxide scavenging activity of extracts from Pinus radiata

bark. Each value is expressed as mean * standard deviation (n = 3).
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Fig. 36. Hydrogen peroxide scavenging activity of the polyphenolic fractions
in HWE from Pinus radiata bark; MPP, monomeric polyphenol; OPA,
oligomeric proanthocyanidin, PA, proanthocyanidin, WS, water soluble; ES,
ethanol soluble; CA, (+)-catechin; GA, gallic acid. Each value is expressed
as mean SD (n = 3). Different letters indicate significant differences at p <
0.05.
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5) Linoleic acid®] 2}2Fs}A &l
£33} linoleic acid®] #AFshuk-g-© & H-H malondialdehyde”} FAb== 4143
#t}. Thiobarbituric acid®} malondialdehyde7} ¥+&-&tA =& 532 moll A &%
B8 e Boa A 5FES #AsA @vh 218 22 linoleic acide] 4+srt
5

32 mol A EF=7 S7FsHAl Hh WY linoleic acid9b &4k3t g v}

7} 9= AlEE o] HIFEFE wW Fig. 379 %ol AP H = linoleic acide] 4t
st&EE7F AAdHJAGA AJ=57F A gist kst a3t de=A F 5 Ak
T3 Fe o] kg ol s 3}

=2 linoleic acid®] olFZAd o] Abx vz H
213t 2 s ©9¥ linoleic acid-OOHSE ®Hg-&to] Fe' @ ez Alslsm
Fe’ = thiocyanate ©]&(SCN)Z  WHgste]  Fe(SCN)”  #Ele]  brick-red
complexE @A gt o] ZFE A Ao dHist=el g 4sixlE JrE wHdd
T o822 linoleic acid®] #4tst A& &S H7kstr] 9@l 2-thiobarburic
acid reactive substances(TBARS) assay$} ferric thiocyanate(FTC) methodZ&
g & 5t k.

e 7y FEE0 AdE s A A4S vlasty] 98 HlEw E¢F A
& dEA F FAsAQ BHTE ARS8kl en 1 235 Fig. 38 YEI
t}. Fig. 389 Yt upel o] ALg3 mE AJE & linoleic acid A AH3r}
A& E i = controlell HlE| v AbsE S yEhlo] A del oigh bt &t
7 A5 & F Atk Fig. 398 HW BHTE 9%6%% #& A4 kst a3

g HolFlon WSek ESO] A9-% oF 90%= BHTO -83t= %2 linoleic acid
Wikt Al S 7HIvE /\P‘a‘% 13 4 ARk HER E°] A§ 78%= th

WATE 40CZ&7eA 190A17Hs<t linoleic acid
TBARS@r FTC W& ol&sto] A4 ¢Hgst axs HES A3iE

il
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9-(E,E)-HPODE OOH 13-(E,E)-HPODE
11-(Z,2)-HPODE

Fig. 37. Reaction pathways of the peroxidation of Ilinoleate;, HOPDE,

hydroperoxy octadecadienoate.
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Fig. 38. Inhibitory activity of time-dependent lipid peroxidation of extracts
from Pinus radiata bark;MPP, monomeric polyphenol; OPA, oligomeric
proanthocyanidin, PA, proanthocyanidin, WS, water soluble; ES, ethanol
soluble; Vit E, vitamin E; BHT, butylated hydroxytoluene. Each value is

expressed as mean t standard deviation (n=3).
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Fig. 39. Inhibitory activity of linoleic acid oxidation of extracts (1 mg/ml¢) from
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Fig. 40. Reducing power of extracts (100 pg/ml) from Pinus radiata bark.
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7) Ferrouso]<ol 3l A olE &3
A7) AF3sE miel o] At AE 2313 FEH ] ROSe| & dskA wt

Fe” (ferrous) o< ZA3lolA 293 4318 Aoz deAd 9= HO- Zuz

& F4AF- s &) DNA, @, A do] &4s A Ao 2¥EE 5y

59| ferrouso| S ZYolEstE s /IR FAAstEs LA T 9

Ay

HO - #oze AA gA¥ut olyd ferrousel2S AAs] Zo2ZAE
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Fig. 42. Inhibitory activity of tyrosinase by ES from Pinus radiata bark.
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Fig. 44. Inhibitory Kkinetics of tyrosinase by extracts from Pinus radiata bark.
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Fig. 45. Lineweaver-Burk plot between L-DOPA and either ES or PA at 5

units/m¢ of tyrosinase concentration.
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Fig. 47. FT-IR spectra of PA and PA after chelation time.
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ES

Fig. 49. Photograph of B16 melanoma cells cultured with polyphenolic fractions
from Pinus radiata bark. The cells cultured with 125 pg/mé of HWE, OPA,

PPA, WS, and ES, respectively. Magnification 400x.
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Fig. 50. Proposed mechanism of pine bark extracts on skin-whitening effect
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Fig. 52. Chemical structure of collagen type 1L
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Fig. 53. Effect of pH in adsorption of PA onto collagen: Adsorbent dose 40 mg
/50 ml; PA concentration 100 mg/ ¢ ; Agitation time 5 h.
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Fig. 55. Proposed dissociation states for the carboxylic acid and amine groups

of the side-chain amino acid residues in the collagen macromolecule.
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Fig. 56. Interaction reaction between side chain of protein and quinone form
of o-dihydroxybenzene leading to polymerization, complex formation (Rawel et
al., 2001).
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Fig. 58. Lagergren plots for adsorption of PA onto collagen.
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Fig. 59. Pseudo-second order plots for adsorption of PA onto collagen.
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Table 12. Kinetic constants for PA adsorption

PA First order kinetic model Second order kinetic model
concentration qe (exp) K ge (cal) ke ge (cal)
(mg/ 2) (ng/g)  (£/min)x107* (mg/g) (g - mg/min)x107°  (ng/g)
100 111 1.3 108 0.10 112
200 176 2.5 173 0.01 198
300 194 2.2 188 0.01 216
400 206 1.7 199 0.01 236
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i
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Table 13. Equilibrium parameter, Ry for PA removal

PA concentration (mg/ ¢ ) RL
100 0.1129
200 0.0598
300 0.0407
400 0.0308
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Fig. 61. Chemical structure of PVPP.
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Fig. 62. Comparison of adsorptivity between collagen and PVPP according to
increasing adsorbent dosage: PA concentration 100 mg/ ¢ pH 7.0; Temperature
37C.
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[e=]

TFx2 W3 (deformation)® o] o
Mg Zepae 94 kg 2L #Ho e

2003). Fgae] FxA<A

hydroxyproline Z+7]ell 7]1¢lé}= F4aZAsto] sfAg oz &) Jeld 5 Ut
Z A ¥ ] proline® hydroxylation¥}74 © 2 K€

A 5= hydroxyprolineo] & d2 oz ¢kA3E Zepbdl x| o] Ao

2 a% 98S 5] "ol

o] A& prolyhydroxylase°l 2|3l
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Fig. 63. Effect of temperature for adsorption of PA onto collagen: PA
concentration 100 mg/ ¢, adsorbent dosage 40 mg/50 ml¢, pH 7.0.

A #eAlel F3E PAY §alE

ool FHE PAS B 4= dgHom Z4ss] As PAY wd £
o Auiel Qe Ao I delA st g % A, ddel §oe WA
a1 §lEE HESTHTable 14). Table 14014 & 5 A& uvie} #Zo] 2N

NaOHell A 43k Zetd sjz]ddo] #EF o) Zeted 39 PAE o
o] fufo] s e AIAHS JERNAT Al 1 H ool AauF 49
HWE® digt 543 Ax2HE PA7F 9F & cateching 7|2 @9 AZ Qlth
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AHEE 4 dlem Cren-Olivé et al. (2002)2] 7ol A catechin®] F4H7]
9.02-9.58 H 19| pKa #<S ztal il B askel 7] wistel o] W&ol <7
PAZ} &2Zre] Al ola] &olstAl @< 43H(deprotonation)d Zoleh= AS
T ARl T3 HlEmA FAE Sy Al i SdAeR AFAds
= phenolateE AT 4 Ut ¥ 22 2N NaOH &9 Fo A phenolate &
2 FAsts PAE ZeHllow SR Hue o8 G4 &
e} 5% NaHCOszo tist PAC] &3dl=& <F 30%= %/\}:5}'03‘:]'. Ao ¢3E,
B, 2N HoSOs9 4% PAS] &3 oF 7%0lstz 4ds] Wtk o7 73l
Sl AFAE LS WIS nEre] FsAEa 4 Al 71

Abole] gk Hste & 9] Langmuir 54 ZA3elA Aw
FAENE ATGE olE Atol9 complexi=

3
FHL T A2 N IA4T + AUtk EF FIHOL o

o L B o2 & ff
T

p‘L
i
<
>
S
iy
kW
o

12
>
oft
o
38
o
v
o
N

Table 14. Solubility of PA adsorbed onto collagen in various solvents

Solvent Solubility (%)
50% (v/v) aqueous ethanol 334
Absolute ethanol 3.3
70% (v/v) aqueous acetone 30.7
Water 6.6
2N HS0O4 7.1
2N NaOH 100.0%
5% NaHCOs 30.1

? Complete collagen dissociation.
PA-collagen: 10 mg (containing 1.56 mg of PA), solvent: 10 ml, agitation: 3
7C, 24 h.

o} FT-IR

PA, Z2}4, PA-Zg49 FT-IR ~#EHS Fig. 640 vehfATE PAS]
16129} 1067 cm '¥19] 73 F5E PAS 542 #5712 ey 1521
em 9] FHUlE WEE 189 breathing modeo| 7] sh ZEhAle] 16517
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1543 cn & o= I3 [9] 5AAQ Fdleln ofm= [ F5dls wwld o}
n = C=0 stretching W&o ZHE FodAA doAUA T opn= I FFd&
oln]= N-H #3(bending) ¥E(60%)2F C-N stretching #-5(40%)el 7]<1%kc}
(Sionkowska et al., 2004). bl @A g A Fx224 5435d F 9
o 5, Al Ad #4 P27 A W rRE @ Ae o= 13 19

Fo e 16407 1550 em ‘el WERARE random coil FEE E A 16559
1540 cn 'l Al o] ¥ F5ul7F YERFG O 2 (Tsuboi et al, 2001) £ Ao A&
bovine Achilles tendom collagen type I 4WF4 o 2 random coil +%E 3t
Ak e & ATk PA-Zepale] A4 15437 1456 e 29 T
ZepAa farsl ARt ol = o] 7191EtE Fule S 1651 on ol A 1641 cm

ol ettt olHF A2 o5 54 FFUvE e d9ow oled A
el z I

ox B g glonmg PAS Fohal 3Ho FAaAT ] o3 Fz gl 71dE A
° w2 Azt et

FT-IR &3S &4 W A2 25 Z2& 439 s 52 34 oyA 9
Z7}2 op7)dtE EF4 oY A (absorption energy)E =AT £ gl7] wjEd =

AFoM = AESHA AdEAES] ¥4 F2(ZFA)2 conformationo] 3t

ARE A=d AFR HAvH(Takata et al., 2004). ®=3F FT-IR E34HE& &£3&

o] Aol B3 ARE A3t ZFebAl polypeptideo] 71¢13tE 54 F4d
|

94 71&7] Wsts %‘1 W 9 FAA S PAZF EAsTE AS 44

dolrte AL & w}.
1745 en 'l A UYERG EFdE A0S A3 IAF 27 Fo EAEE A

gake) FhE R 7o 7]dsks Ao AZE A (Tsuboi et al., 2001).
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Fig. 64. FT-IR spectra of (a) PA, (b) collagen and (c) PA-collagen (PA

concentration, 200 mg/ ¢ )

4 Fehal Bl dAle] He A T dhvbE o] PAYE
i Low AT 5 el FFEW ROS Wik AAeS T3 =kl
= B3d g JdAevked #3 HEE &3ith DPPHE A E=719 Abste] 24 4
ol 943g A= superoxide(Or )¢ hydroxyl 2FH]ZHHO - )ol t3k A ¥
E S8 AR & e b8 E gt Zoln w3k AFadZd AAAY A

A gEe @+ U 8RB BYS PES] 99 Asd + vk DPPH

gt zte] Fxo] EA3= 4 A odd electron)”} A2z

aAE 2
ASAZEE F22 pairshll Hlo] DPPH-H Fe12 AskAl 5w A7 404

@A o AZe] Walgth DPPH Af etz AAle 54 518 molA
S ANE yeow oed A7 WszrE dUd dd :
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dgstal wEA Jrrg 4 glvh @H, ABTSE #ibstsa A stell Al HRP
o olsf ABTS @zt ¢fol& dAdsA = 54 37l 734 nmoll A 9
AN AR FE s 248 Hrtske o ARSETh

Figure 65 PA-Z#4 complex’} DPPH A+ #tt]z3 ABTS #}t]Z <Fol
ol dial zte 27 EAE dERd Aotk EebAlel FH3 PAS &

o] PA-Z2HilS DPPHSH ABTS &tz Fol &fol H7bsislom {3 PA
ol ZtZel W3k Arlwol Flste AE #EF T

A A chH(Fig. 65). PAQ‘r Zepal complexitol W #e7|(FFF ek #A17))

o A5 Agow Bt o] PA-F&4 complex? 43t &4 A

PA9] B ring =, catechole] A2 o2 FHo| =FHojgttE AL 7143

4% = AAJrh o] catechol Tx= U 275 AIA7I=H T

1= Aoz Hia %o ghth(Rice-Evans, 1996).

']']T A9 (epidermal) Wol &A= UVAE S8 4 g g
(trans—urocanic acid)2 #A} WAH(photon radiation)e] & | Jx| F=$7} 7]
Ho] AbAh9b whSd o7 213 superoxide anion¥} singlet oxygens ¥3%H5F=
ROSE 24 A 71tk (Scharffetter-Kochanek, 2000). ROS®  7+=Z g} 4l (interstitial
collagen) & AHFHo=z u7star  ECM(extracellular matrix)S #3]st=
metalloprotease®] 3 &Adstet A== ZFebl diAbdl Qo] a3 o
goh aelag Zehded ¥ PAS @dAbst @48 ROSO &~AE AFfste
Zle] Z&AQ HAstel VAd £ s Fem AdHY HAIgHow 4

A
of <3 FgA EIHE HHoR = FAA HdH 7 Z(gene expression

i
tlo
o

Al Eaf7t APHA Ay S Eal= ~‘?'4°l TE 4% 2T Aol

e AoR FeA Atk B A Afel QolA FaF GBS T, &
dE el Febael $AE FWAA BAE AL FH glol A=A
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Fig. 65. Antioxidant activity of PA adsorbed on collagen.
FepA Al o Feple 28 7Y 1 2R E SAS Yol o
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Collagen degn‘asﬁm products
P

= 204

o

_)‘:gsit:}n fibril formerly accupied

UV

by collagen monomer
Collagenase molecule

1. Schematic illustration of proposed mechanism of action of collagenase on collagen fibrils.

T rrrrT m
SRR AR

1 Collagen digestion by collagenase

Disassociated collagen products as amino acids

!

Amino acids + Ninhydrin — Ruhemann’s purple (A,,,,, 570 nm; €=22,000)

0]

o o o o i o
Gl - oo — | Oy vl b
oH N oH R

o ] o]
Ninhydrin Hydrinantin

o o ﬂ o i
o ol o o]
Ruhemann's purple (570 nm)

2. Mechanismof reaction of amino acids with ninhydrin to form Ruhemann’s purple.

Fig. 66. Collagen digestion by collagenase and colormetric determination of

the degraded amino acid.
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Figure 72% PA FXxd w& o] S2hd PA 4o WstE derdth o
A3} plotS sigmoidal RE2 fitstH o FebAld F2E PAS HO =S o] fit
ZHE ol EAZ AL A3 217 mg/g(PA/ZeRA)eIATh ZebAlel W PA
A &S Langmuird &2 o] 2o 3] 211 mg/g(PA/ZEHA)o =z AA T
AT o] Aol A= 7] PAS] Febalde] §32 9SS W7He chapter®
FE & 5 Ak ey olE2Xe Fa ZFeAld PAE Edste] Alxg ZeAl
-PA complex: AdAH o7 187 mg/g(PA/ZFeHA)S T3 o o]k
A= PAS Zople]l did F&H JEAE =AY Fehe Eddd g9l

2 PA7} complex 34% & FAS Red = 3
vkl i Zaa kA s FuE FAEEY] YE ARSI EdE o
complex?] #3afo] e A= F ZFeba kA s 427 70 mg/g(PA/ZeHA)o
A Z47E 507 90% % ow olf e AnENE HlE F2E PAS wxvt FhAl
Aol g PACl F22(217 mg/g)Eth 3-fold WS Aete Zehded g
E2 S et AE 4§ Atk Fahalel F2e PPAY FEhau

Aol ek Febal kA st a9E AES Y] Fig. 730 WeERSATE PA/ZEA 5
= 78 mg/gol ol A ZebdlvtAlel ti Zebadl 2 A mdbe 90%ol e =
A UEbd e g F A o5 AyE PAVE FE WAUSES ARt
o PAE ¥ 2y ANEEHE FEFH matrix metalloproteinase(=zFA LA )l
g bl Ralm 5 ofrlE= AWl o Zlod & dte S FAlA
AT AP ZEAe dA gAY 20-25% 2 TS o (Kjaer et al.,
2005) 3<% (tendon), -J%r(skm) & (blood vessel), ™ (bone) 52 & o FE

o] o4 AthOlsen et al, 2003). ol A Febale AA elx WAL & g
zolv thebel AWHE ABAS melth = Zeblo o3 AW

2
ko
O_u

L

A4 A (rheumatoid arthritis), 241

ol

A (rheumatic fever), FHE &4

O

=
wbA F 3 ~(systemic lupus erythematosus), polyarteritis nodosa, dermato—
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myositis(polymyositis) 2} Al IHF 7 8} 3 (systemic scleroderma)o] 9101 9]
5 AW mesenchymal Z2 oA dojus= 284 e FHgst d7sa =
oko] W4 (widespread fibrinoid degeneration)ol] <AE Fr}. 2o b4 4

[e]

W2 40 oA AWE xshete Al ArHA Aoll(systemic  autoimmune

disorder)d] E-#3+ v d(complex array)®EA WolEo] X1 gith. PAE o5

gl A ddEE Afdd AMEE 5 dS ZoR ddEy oot e A
m

B &g Hoplde]l BRI FEo] Absae AR
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Fig. 67. Collagen stabilization of Pinus radiata bark extracts with different
Mw distribution (collagen 15 mg, sample 192 pg/m¢). HWE, hot water extract;
MPP, monomeric polyphenol; OPA, oligomeric proanthocyanidin, PPA,

polymeric proanthocyanidin.
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Fig. 68. Collagen stabilization of PPA in HWE from Pinus radiata bark as a
function of dose (collagen 15 mg). HWE, hot water extract; PPA, polymeric

proanthocyanidin. Values were calibrated according to sigmoidal mode (R? =

0.999).

Collagen

X

Fig. 69. Intermolecular interaction between polyphenols and proline-rich

proteins.
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Fig. 70. Collagen-stabilizing mechanism of PA via formation of PA-collagen
complex.
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Fig. 71. Collagen stabilization of PA against collagenase according to

increasing amount of collagen.
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Fig. 72. Absorption capacity of PPA onto collagen (collagen 15 mg). PPA,
polymeric proanthocyanidin. Values were calibrated according to sigmoidal
mode (R® = 0.996).
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Fig. 73. Collagen stabilization of PPA-collagen complex as a function of dose.
PPA, polymeric proanthocyanidin. Values were calibrated according to
sigmoidal mode (R* = 0.999).
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Fig. 74. Effect on elastin-orcein stabilization of various extracts from Pinus

radiata bark against elastase (elastin orcein 2 mg, sample 6.25 pg/ml). Each

value is expressed as mean * standard deviation (n=3).
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Fig. 75. Stabilization of elastin by PA against elastase.
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Fig. 76. Photograph of stability and disassociation of elastin—-orcein against

elastase relative to PPA concentration.
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Fig. 77. Concentration-dependent UV B absorption properties of MPP, WS,
ES and PASOL-MCX.
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Table 15. UV A/B absorption properties of various extracts
from Pinus radiata bark

T,

Sample E an

300 nm 360 nm
HWE 58.9 125
MPP 279.6 35.3
OPA 49.1 134
PA 444 11.7
WS 435 99
ES 477 11.3
PASOL-MCX (UV B) 1290.3 -
PASOL-1789 (UV A) - 1243.4

The coefficient of extinction, Eoecm, is the theoretical
absorbance of a 1% solution over an optic path of 1 cm.

A FA 8 F g 2B 444 Bt
90901 4+e] PAS g3 BSSl wlammal WENY CE Algste] 247he] Al <
44 DPPH A o2 27% o2 H7beke] Fig. 78] Yehuoich. BS) 7

Fo] =2 atst A4S 1B b HlERY
CEe 724 7F A A 32138 S8 ok 70%2 AAstgon 194 A7F o]% At
3 TES HEHTE o)A ESY A =4 vl FTollAxE FAIZE AFs) OA
Aes AYERR o= 7| stgFoR /MUd AF AFY g9s BRAgNs

NS Aoz FAohE Tt

100

-
y\ o—e
o—eo—— @ o
80+
S
2
g 604 5 —e— ES
s —O0— VitC
g
£ 404
i=]
& 0
20 \
le)
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0 100 200 300 400 500

Time (h)

Fig. 78. Oxidative stability of ES and vitamin C according to time.
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el 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0 100.0
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4) AT 2 BG &% &9A

i 199 AAGeF BGY &3 v&S JeEAdh WS 49, 30%°]38He] BG
H & (45 — 4ol A BF FalEdAnt, & S4d 2 4337 go] &%
7 wrelAlH H o] AyEk k. BG vl & o] 50% o]/l 48 - 5lelAlE vk &
Lo WA= o] A FAurh FHEE ARAS de&o] - 90
Aol e FroME AR §=rt BEsd o BGe A$ols ol#d &
Aol YElA gkgtth ESe 4§ BGE Hl&o] 20%°]8H(52 ~ 53)dlA F gk
oy 5ColA 1579 FAe An o] HAsAL AAH 2 BG W& 30 -
70%<1 54 - 56°] 7} & g=E eI

s R g2E A BG 30%°010 s vAEe] AR g9 & = 919l
b ek AR 58 18 sk BG HlE 50%<0 48, 55 Aol b s
Ao FerE ).

frAbet A 38 propylene glycolPG)oll = A&ttt 1 A3 PG 4§ &
3 BGY Ay fAtedoy FFuy F94 5 wash-off 2% 5ol AF&317)
Fou A AL Al FH AT T Ao JomE o]Fe] A F oA

£ AbgEA sk

R

X
)

S

ol

olate] AYATE HEAS ALEEA %
4 A4 g4 AU BGE 1 AE F
%:E‘E‘ 50%7]. 7]-101— Z_"]%L% Z‘l_q_i %‘%Q?i‘:}

3E19. AT 2 BG €% A v &

214 No. 45 46 47 48 49 50 51
A A 5 89.0 79.0 69.0 49.0 29.0 9.0 -
BG 10.0 20.0 30.0 50.0 70.0 90.0 99.0
WS 1.0 1.0 1.0 1.0 1.0 1.0 1.0
ES - - - - - - -
Rl 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0
14 No. 52 53 54 55 56 57 58
R 89.0 79.0 69.0 49.0 29.0 9.0 -
BG 10.0 20.0 30.0 50.0 70.0 90.0 99.0
WS - - - - - - -
ES 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rl 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
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Fdel mpgo R wdE s O/W Aol AHE S W owlg Wtk o] o
fr AGA 371 T 24 kA wrgete] 559 1 AeE
2 AREHAT w2 Fo] WAlS Al dasE S Eolv] fsiA e
te dAkstAleL £80] 28T Ao AAEUTH
oy 7hA o] FAtstAlE s A¥, vEZ=gol el EAsts Aegd =
FAAAQ10(Coenzyme Q10, it 1 Fx)3} dWrd oz AF 9 34F F
ZHAE Bo]l 4# R Aatba A el vl EFYl E(Tocopherol)o] SW-1¢] W A& 2] A
g abstE S FAAZIGE AP S s sgE Al 88 A
E 7IdE 5 doget dFHA webd WS-139] &3 AR A
AU A Z3E ZIdste] APt AT, Ve SHFE HEE agal AAE Alx

Al ol gk rkstAl s 2§skaal sl

E 21 27, dAs F g JHY A" Fol WS-19 H7MA] A= 2 A
g e
271 | Az~ A Ay O/WaH | W/Oo=d | W/S=d
WS-1, 5% =g 5 5 5 5 5 5
e 19 5 5 5 5 5 5
A= | 45T, 1€ 3 4 4 3 5 5
5C, 171€ 4 5 5 5 5 5
A2 e 58 5 5 4 3 1 2
A= | A 2 A |1 3 2 1 3 3
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: 19, BG 5002 Ho]gl AW 619 otxet Aal.
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1: A=Y Q10(Coenzyme Q10)
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glomn IHo= EId E}%*P_i A gt

57d v @ ’\?_’J\]«] Frederick Crane HhAloll ol&] Hx =2 wAF o]z, ‘ojtjdyt
ol 9wl 9] ‘f-H]F =(ubiquinone)’ ol B} W EHTE 19700 B ol = LENA o] E
of A& & Je AEY dF At }\—]J_o}')% Slupe} 1972d Az o A4 A3
Az Q100] AP Ho] UthE Aol FHEOEA, AA QA AL F UE

g Azerlo ol 23

O

]

e
off 2 o2 1l 5

N
—_-— =

- 151 -



EREEI S Apstel gl 7hsy
ZAXY QIO =3tk W7 24F ArI%h AF B A48 % J 212 7
vk mtebA] westel ofd Fe EY N 2 ZAXY QIOY FE Aol UjF A7
0% Bu olE mFH F7] da mARY Q0L HEF 4F ALAF % E ol
ECER S

2AAY QIOe AT MEZEollA UAE BT 0 Belds T8 BAL
) W EF] Eool HWA B2 AARFE 4TS B
Co QIOE $2 Al el BE AZolA BAHE A5 dFBow A4AR wshis
(500 WS Faw @ vl ole@ Co QIOE TFEASE WEHE 9 fAbs
QAU P ot Af Hvze BFL Palse FAS G J1He we
wo et BeloA gk,

Aol oshE AW, Agvhy], A etsl Ten FHGLk 5 TEF &9 w2

5o g A Wl mAAd Q109 #a=m wAdviy ¥R 19819 FH -~
AF2:9] Emile Bliznakov BFAtol] o]stH o A3oA Zlztd Q05 AHE3s # S
A 30 - 40%9 Ave 2EA Fe Ho| HlFle] ¢ o7 AW Y7130 - 15047HA

A AL WElaL g o

iy
ofN
fo
ok
i
i
ftl
= 2
ol
o p
hns)
0
)

o Iz QI0EF

1) A=A FEe w32 a3
2) Ad gl g3 g3

3) dd¢ds =3

4) X uj o2} ¥ 7) 5

5 1¥YY HEFAE &7

A4Sl Q100 20tiE FHoz Fasty] AZste] 400 EHol= 200 <
Q102 zFL e o3l WdAste] 3
S = wrd, ZY A o8 7+

webA spgEl A= olEd FObwstE fFEdts JAAES AAY FHo= s

2 s AF F ES RO ASHT vk AlE G8AY HRON ©,
FE A A W oohe AA W -39 g

D4 E ol Qe Wehd 44 %
AL oA BEE WA N gEE AgHE AL F7bE .
E9 24E A W G ANS B BB 2PAYE JERE deld o
weba Al g AEH R .

T = 221 B4, oAz, olrEWUA
E 5 FAAGANAE AFEE] oldlE dAVE ok 2 FIFA (F)R
e =z 7% R Uke EA A2 o]&dte] Z:alxe Q103 HEY] E=

s |
FgoAY T Fdue EAA 31 mz F48, dRstabn AFa of

- 152 -



Ao uni it HO.
'/'_- e /- Isssprremadil wnit

! 1

y-Taeopheral {Vitamin E)

Coenzyme Q10 I Tocopherol
—' Nano Technology

Nano 3l

(H& 30nm)

19 80. Nano3} Coenzyme Q10.

27 A AzE 209 S s J5e B@e ] s wE Aol

o mEA £AolA 2u FUdd 229 A 223 s A5 B

G-t A A Fouk Rgel UF AEe el EAT 14802 4
B Al A SE-3, SE-7Ee] $4# made Uehlleh Lo o714 ALg
AFA9 Carbomer’t 3 B Aol AL Feha vinee gol B9 IR F
oA pAel Bel A 7 L 249 24 A9 ANAT. B AR

g =4S ® 239 e

A A3}, Carbopole] dTHS 5%E YF 11 sodium hyaluronate,
xyloglucans  #7tstel =4 Addsd oyt auA] ARgze]l FA4 Xekidth
CM-celluloses # 73k 2l wjEA 2= o] vtk Xanthan
gums $HF3F SE-11, SE-127F f-sti o 3o & v g3k 1

T YAR =40 Sl

rlr
o
rlo
oifl
o

- 153 -



% 22 BEA 244 Y

=] v}
e SE-1| SE-2 | SE-3 | SE-4 | SE-5 | SE-6 | SE-7
¥ =57
Water 81.0 | 76,0 | 71.0 | 760 | 71.0 | 71.0 | 66.0
Glycerine - 5.0 10.0 - - 5.0 5.0
1 Butylene Glycol - - - 5.0 10.0 5.0 10.0
Nano-coenzyme Q10 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Polysorbate 80 1.0 1.0 1.0 1.0 1.0 1.0 1.0
WS-1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 | 1% Carbopol 941 10.0 | 100 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
3 | 4% Sodum hydroxide 6.0 6.0 6.0 6.0 6.0 6.0 6.0
4 | Preservatives a.s a.s a.s a.s a.s a.s a.s
E 23 AsA =AHAY
A
o9 g SE-8|SE-9|SE-10|SE-11|SE-12|SE-13|SE-14
Water 66.0 | 61.0 | 61.0 | 56.0 | 46.0 | 51.0 | 41.0
Glycerine 50 | 5.0 5.0 5.0 5.0 5.0 5.0
1 BG 10.0 | 10.0 | 10.0 | 10.0 | 10.0 5.0 10.0
Nano—-coenzyme Q10 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0
Polysorbate 80 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0
WS-1 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0
1% Carbopol 941 50 | 5.0 5.0 5.0 5.0 - -
196 CM-cellulose - 5.0 - - - - -
2 | 1% Xanthan gum - - 5.0 10.0 | 20.0 | 20.0 | 30.0
1% Sodium hyaluronate | 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0
196 Xyloglucan 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0
3 | 4% Sodum hydroxide 3.0 | 3.0 3.0 3.0 3.0 - -
4 | Preservatives a.s | a.s a.s a.s a.s a.s a.s

w2} A Carbopols A Hloll A A 2]6lx Xanthan gums FA
" SE-13, 149] 1% Xanthan gum ¥#°] 30% =7} 493 Ao=
t}. Carbopols A8k A3} Fxoz FaAz FASUMEFS AHEsHA] %ot
= He Aol A

WS-1 AFE2S 1%l A 2% 583 v ass =o|7] fs AlYA a3
Zltistel 5% arbutinGiE 2)S AAstn o FF 2ALITS HESATH

WS-19] 43¢ AHE=Fs 2%E T o o] S7IA7IWM &5 &de FobAAA

RE ASFe] AAFe] U ol F9A AlForAe] Azrt "eold 5 ) wit

bt
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o
o
ih3

o
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AoAES Aol A ARE FA e AR 2%7F 23 oAl A ] A
etk dekE v

Arbutin 1989'd Lo AlAlo] ol A AREE oA 7] AlFbsto] Al Al AL
SHa glon oM @A mYsAE 1A d8RAM O B 2 A4S
HojA B2 7lsA sl AFSE A dnh ¥ mudEes HERICAHH
ojn]  AAHowd Wed A

W2E FAAN7IE FAES de
tyrosinase®l 23 2t-&3to] depd Aol S A= ol

pu =1

il
o]

¥ 24. Arbutin 2 Rose water d7F =4 23

Z H
Ao SE-15|SE-16|SE-17|SE-18|SE-19|SE-20 | SE-21
¥ =57
Water 485 | 480 | 475 | 470 | 44.0 | 39.0 | 34.0
Glycerine 5.0 5.0 5.0 5.0 5.0 5.0 5.0
1 BG 10.0 | 10.0 | 10.0 | 10.0 3.0 8.0 8.0
Nano-coenzyme Q10 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Polysorbate 80 1.0 1.0 1.0 1.0 1.0 1.0 1.0
WS-1 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Arbutin 0.5 1.0 1.5 2.0 2.0 2.0 2.0
1% Xanthan gum 30.0 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0
211% Sodium hyaluronate 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1% Xyloglucan 1.0 1.0 1.0 1.0 1.0 1.0 1.0
3|Rose water - - - - 5.0 10.0 | 150
4| Preservatives a.s a.s a.s a.s a.s a.s a.s

it 2 Arbutin: Wlojule] FE B EAlse BAZ wve wehd 442 AT )
]_

W, F2 Be) AYE o

OH  OH ® Arbutin®] &%
"o D 9% 23 4
o 2) 9% 33} A7
HO

3) 71w, F7
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%25 3NET 2 S 2349
=] w8}
13 SE-22 | SE-23 | SE-24 | SE-25 | SE-26 | SE-27
9 5 v
Water 37.0
Ethanol 1.0 5.0 10.0 8.0 8.0 8.0
Glycerine 5.0 5.0 5.0 5.0 5.0 5.0
1| BG 8.0 8.0 8.0 8.0 8.0 8.0
Nano-coenzyme Q10 1.0 1.0 1.0 1.0 1.0 1.0
Polysorbate 80 1.0 1.0 1.0 0.7 0.5 -
WS-1 2.0 2.0 2.0 2.0 2.0 2.0
Arbutin 2.0 2.0 2.0 2.0 2.0 2.0
1% Xanthan gum 30.0 30.0 30.0 30.0 30.0 30.0
2 | 1% Sodium hyaluronate 1.0 1.0 1.0 1.0 1.0 1.0
196 Xyloglucan 1.0 1.0 1.0 1.0 1.0 1.0
3 | Rose water 10.0 10.0 10.0 10.0 10.0 10.0
4 | Preservatives a.s q.s a.s q.s q.s a.s
% 26, FHAY
A A SE-14 SE-18 SE-20 SE-27 B7H
5C (@) © © @)
ek .
20C O @) © @)
%)
S| ssC © A © ©
Cycling (@) O @) @) - 45 O
224, 4 A A © o |¥*©°
A B o A o o |®¥ 4
£49] x A 0 © Fha e
=%3) O O 0 @)
=] - 7% SE-27>SE-20>SE-14>SE-18
o] £4 TaGth CM-49 ASE BHH, AL BF 58 Aot A
Z Al FA ddAdol A ool A dE Al Alke]l Aol uwhep FgFe A oF
B HHE =ge FAh CM-59 e /12 WOou W/STE 1A 2@
E4e AL Uk &, 9ol A A W/STH WA Fiol gEuel AUs)
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CM-1 @ CM-2
Steareth—-2 3.0 Cyclomethicone 4.0
Steareth-21 2.0 PPG-15 Stearyl Ether 5.0
PPG-15 Stearyl Ether 3.0 1 Stearic Acid 20
1 | Isohexadecan 4.0
Cetostearyl Alcohol 2.0 Sunflower ol 150
Stearic Acid 2.0 Water to 100
Dimethicone 1.0 Sorbitan Stearate 2.0
Water to 100 || 2 Stearyl Cocoate 2.0
2 2?;:;;66 Glycol ;18 Butylene Glycol 4.0
Pinux WS-1% 10.0 Pinux WS-1% 10.0
3 | Preservatives a.s. 3 | Preservatives Q.s.
Perfume q.s. Perfume a.s.
©) CM-3 @ CM-4
Polyglyceryl-2 30 Steareth—21 2.0
isostearate ' Steareth-2 3.0
Polyglyceryl-2 20 PEG-30 dihydroxy 05
diisostearate stearate )
Cetostearyl alcohol 1.0 PPG-15 stearyl ether 5.0
1 Isopropyl isostearate 6.0 1 Isohexadecan 4.0
Triethyl hexanoin 5.0 Vitamin E 1.0
Isopropyl myristate 6.0 Cetostearyl alcohol 1.0
Cyclomethicone 5.0 Stearic acid 15
Magnesium stearate 0.5 Dimethicone 1.0
Water to 100 Water to 100
2 | BGI 4.0 2 | BG 4.0
Glycerine 2.0 Glycerine 2.0
WS-1% 10.0 WS-1% 10.0
3 | Preservatives q.s. 3 | Preservatives a.s.
Perfume a.s. Perfume Q.s.
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® CM-5
Cyclomethicone 4.0
PPG-15 stearyl ether 2.0
) PEG-10 Dimethicone 1.0
Dimethicone/Vinyl dimethicone crosspolymer(54) 2.0
Dimethicone 4.0
Vitamin E 1.0
Water to 100
5 BG 4.0
WS-1% 10.0
Preservatives a.s.
E 27 AFEE odds g A A3 A
CM-1 CM-2 CM-3 CM-4 CM-5
A& O/W O/W W/0O W/O/W W/S
Fole | A7 |, .. WEE | golE
o ga | o | FE] gqua | g9
e dga 17% 26% 28.5% 19.0% 15.0%%
A3 5% & © O A O O
GHE [ 247 & A A O O O
28 oAE A AY
CM-|CM-|CM-|CM-|CM |CM |[CM-|CM |CM
6 7 8 9 |-10|-11| 12 |-13|-14
Cyclomethicone 40 | 40 | 40 | 40| 40| 40| 40 | 40 | 4.0
PPG-15 stearyl Ether 201 20 | 20 | 20]20(20] 20120120
PEG-10 dimethicone 10|10 | 050530 - |05]05]05
Dimethicone/Vinyl
1} dimethicone 20130120 (30| - |[30(100]50]1.0
crosspolymer
Dimethicone 40 | 40 | 40 | 40 40|40 |40 |40 40
Nano-coenzyme Q10 10 (10 |10 |10 (10|10 10|10 1.0
to
Water 100
2| BG 40 | 40 | 40 | 40 40| 40| 40 |40 40
WS-1% 10.0 | 10.0 | 10.0 |10.0 |10.0|/10.0|10.0 {10.0|10.0
Preservatives a.s. | a.s. | g.s. | as. |as.|as. | as. |as. |as.

2 xuto]l 4] PEG-10 dimethicone¥ dimethicone/vinyl dimethicone cross—

polymer®] HiFF Bl oJs AE, ARGl AW FFES AL U F

wiek ml&o) gho] 6ol FE 27bA] Wi W]

[eliye]

' X

o=
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(3 28)PEG-10 dimethicone©] 05%7F 7bd 33 Aoz vepylth wig v&
o] Fo] AW MAHAEE FolAY AREFHAA 3 H A o] F-3 3 water leaking
AlZrol A om wign] & jto] oW fshg o] vrof MAH LT Wolx|= A
F& B @d5o= AREg CM-102 3 FHE7F i F%ort ARE A
T3 Aol =a IR FeEnE =dev HE7F gy CM-119] F9=
371 HA4 g E8FH A, Wb PEG-10 dimethicone® dimethicone/vinyl
dimethicone crosspolymer®] ®]3 H]&o] 114 - 1:69 H|E&o] =gtoew CM-8,
CM-99] Aol 7} FL Aoz yeuth. tael dimethicone/vinyl dime-
thicone crosspolymer(il: 3)¢] W3} Agst Ay}, o] WSS A3} H =
T omout ko] ofzh miws) A= o] 9lo] CM-12 Buk= CM-131 A%
o] 7hd bAStHA = AREZe] 2 Ao R Yyt v B AUE A
of wAIZE AAe=d F, Ax Al 2= wuky|e &£k 9 Al 7ko| uwpe} wpx|ut
T3 AAZE g FEbAE dAe Zta gk meEbd 2 Al PEG-10

dimethicone¥} dimethicone/vinyl dimethicone crosspolymerE W] &% A}-83}%

BN

tjo

& 7] #3490l A= dimethicone/vinyl dimethicone crosspolymer®] poly—
ehter& F7MA171 BEAZ Ags7|2 319t}

#¥ 3: Dimethicone/vinyl dimethicone crosspolymer

Silicone crosspolymer

Dimethicone/vinyl dimethicone crosspolymer< W& Zu] 3}oA dimethicone™} vinyl
dimethiconeg 7} AgA 7] Aolt} o]7]o] dimethicones H7}3Fe] EAMAIZL A|F o=
] T Rou A A FEHE Holglow 553 AMES Fogit)

=

-
il
o
ighd
)
mio
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o] AL vy} HA aea HAEA AP st Aol 7t

A
Hol vt 2ol AYS W & EHY Ax WS v 2k

off
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Dimethicone/vinyl dimethicone crosspolymerdl polyehterZS W& Zuj &loj] wk-2-
AA AdE EZE cyclomethicoedl FARAIZTH AP o] 54 & 344 9
Z7F ¢le]X polyether’]7F 1o & B3 & Aol 7Festdti(ad &3 =), Al
28 JtaEdS #H7ek Ad A3}, Dimethicone/ vinyl dimethicone (and) P

ether crosspolymer’} 7 - 10% %78 CM-18, CM-192] AHwWo] 714 43}
om Ao F 7H4 d8E W&ot AFESAY AW R water leaking ¥
of R 53ttt 7%olstE Alx T 45T A B AES YERST
CM-20 - 234" WS-1%°] A& Msts HAER ot oudoss

3 - 5%7F Agsta mARoY B oL AELS v J5gow Aues A

=

ol AMARUE 58 THS T Jdorz FEI ngy
drtslg s Fosty] 9ste 7] A

0.19%°]5t1 1 H4ol AL §le)S WHOR WA EA 9o

o

FE B AF] VM, GAE Y wsA B olue AAAF 2 3R

of3t7] 98kl AgelA FET

fo
i
rlo
N
off
ox.
tjo
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|E} = F%F2] Immunocan

Me Me Me Me
Me—SIi O —(Sli())m—(éiO)n—ElSi—Me
Me B Me  Me
CH2=CH2—-CH>0O(CH2CH2).—CH>—CH=CH>

Sk ]

=AY

19 81. silicone crosspolymer 4.
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¥ 29. 27} AL =AY
CM-1|CM-1|CM-1|CM-|CM-|CM-2|CM-|CM-
CM-15
6 7 8 19 20 1 22 23
Cyclomethicone 40 | 40 | 40 | 40 |40 |40 | 40 | 40 | 40
PPG-15 stearyl 20 120120120 (20[20]20]20]20
Ether
Dimethicone/vinyl
1 | dimethicone (and) 10 | 30|50 | 70 [100]10.0] 100 | 100100
Polyether Crosspolymer
Dimethicone 40 | 40 | 40 | 40 | 40|40 | 40 | 40 | 40
Nano-coenzyme 10 | 101010 10]10] 1.0 |1.0] 10
Q10
Water to 100
BG 40 | 40 | 40 | 40 |40 |40 | 40 | 40 | 40
2
WS-1% 100 | 100 | 10.0 | 100 [100] 1.0 | 30 | 50 | 70
Preservatives a.s a.s. | as. | as. |a.s. |as. | gs. |gs.|a.s.
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H7F O Hold AFS T & 5 doget oAA AFS HAASA HATH
o] Aol A& Fo YRELS 1:}%7)( 2t} Ascorbic acid, azelaic acid,
salicylic acid, WS-1 33833 %5(0OM Cocktail CW), BG, Hydrogenated
castor oil, ol €2, D-EDTA.

3E 300 712 AFS JYERRAT SS*l‘jEi SS-574A1 9] Awks HZE 3 4
7}, ascorbic acid 9 ¥ 10%+ A4 %E Astal dAHoZ kA7 4 &
AT Ascorbic acid®t WS-1 F &4 nwl FEg3E Hostaelr] fste]
2~E 3 A3} ascorbic acid®] $FHEHL 8%, WS-12 20%°l| 4] Tyrosinase &4 ¢
A G a7 A3 Aom o dEH AT

=,

% 30. =7 AlE AxXE fIS 718 AY
SS-1|SS-2[SS-3|SS-4|SS-5|SS-6|SS-7|SS-8[SS-9
to
Water 100
Ascorbic acid 10 | 30 | 50 | 70 [ 100 | 80 | 80 | 80 | 80
1| Ws-1 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0

S EIFEE 50 | 50 | 50 | 5.0 | 50 | 50 | 5.0 | 50 | 50
Butylene Glycol 50 | 50 | 50 | 50 | 50 | 50 | 5.0 | 50 | 50

pH ZAA o1 lorlor]or]or] - [o5]10] 15
Ethanol 50 | 50 | 50]50]50]50]50]50]50
Azelaic acid 01010101010 10]10] 10
, | Salicylic acid 10101010/ 10]10]10]10] 10
iysfgﬁgsirfated 05 05| 05| 0505|0505/ 05] 05

Perfume as. | as. | as. | as. | as | as | as | as | qs.

3% 31. pH =AAF

SS-6 SS-7 SS-8 SS-9
pH 2.8 42 5.0 6.0
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EE AAd Ay pH ZAHAS AFEEHA] &S BE AFA
A==2 YJelQlt). o] ascorbic acid AFA|7F wl$ 73k Ako]oj A =S F

Ao 2 pH ZAAES AME3R o <F ¥t} Ascorbic acid 8.0% 3SHr&

—

W pH 24 8%S & 319 2ol 243l At

A% AFEE HAED A% SS69 4% 4% 9% AFEsh vegred
879 ASolE MY AFEo} 3 Ak 2elu SS-83 SS9 A9 AT
=7k A9l gl

¥ 329 SS-1004 SS-149] ol A o gbe dhek A AH3 Ay} 2A <k
=
th 5%9 A$E k=l A Eo] "ol aux AZuEA okt uhgl
A 7 Al o vhe AbEEe 8.0% = A7t T

k<3|

A& azelaic acid®} salicylic acidd] &% A2 F

o
S AAEE Zolth 7 dR BF AR ¥ AT § F AR BT 4

T AtE Ade @ 5 ddd 2y ods] Al kA= A7 = A

X 32. 71eF HIMA 2AZAAE

SS-10(SS5-11(S5-12|S5-13| S5-14 | S5-15 | S5-16 | SS-17 | S5-18

to

Water 100
Ascorbic acid | 80 | 80 | 80 | 80 8.0 8.0 8.0 8.0 8.0
Ws-1 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0
I SRS EEE| 50 | 50 | 5.0 | 50 5.0 5.0 5.0 5.0 5.0
BG 50 | 50 | 50 | 50 5.0 5.0 5.0 5.0 5.0
D-EDTA - - - - - - - - 0.1
pH ZAA 10 | 1.0 | 1.0 | 10 1.0 1.0 1.0 1.0 1.0
Ethanol 50 | 80 | 10.0 | 15.0 | 200 | 8.0 8.0 8.0 8.0
Azelaic acid 1.0 | 1.0 1.0 | 1.0 1.0 05 1.0 05 0.5
9 Salicylic acid | 1.0 | 1.0 1.0 | 1.0 1.0 1.0 0.5 05 0.5
i‘fsctl;;’gé?ated 05 | 05| 05| 05| 05| 05|05 05] 05
Perfume a.s. | a.s. | as. | g.s. | qg.s. as. | q.s. | a.s. a.s.
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¥ 34. Corneometerel] 93 3 i o] BHHFE

597 e
0 1= 27 37 45 5+
1. JS 55 61 64 63 65 61
2. JE 59 62 75 69 71 65
3. YZ 60 57 57 95 52 63
4. NS 65 65 63 57 56 61
5. KS 57 59 65 62 60 61
6. MR 56 52 60 60 63 62
7. MS 74 o7 62 60 66 66
8. KR 70 68 72 71 73 70
9. YS 60 58 59 59 68 70
10. JR 55 60 56 58 69 73
11. HS 52 o7 46 63 68 46
12. YH 58 o4 47 53 67 70
13. HA 49 62 58 54 55 57
14. S] 55 47 58 61 66 69
15. YR 73 69 67 71 68 72
16. OS ol 64 71 64 73 66
17. HS 71 73 66 68 82 73
18. SN 64 63 66 64 70 68
19. JH 65 60 62 62 63 65
20. YM 74 79 80 76 81 80
B 61 61 63 63 67 66

olut, TZE, vielo) i, W, w7%,
%4 39 B BabEol, Q) Ak, A,
= m Ho
o, T T
LR S < 30
Az 30-49
HE 50-59
el B > 60
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¥ 36. Cutometerel] ¥¥ w4 =4 A}
5

197 T

0 [ 1% [ 2% [ 5% [ 4F [ 5% | 6% | 7%
1. JS 0.56 0.53 0.68 0.62 0.65 0.60 0.61 0.61
2. JE 0.49 0.48 0.55 0.62 0.52 0.572 0.62 0.76
3. YZ 0.60 0.61 0.52 0.48 0.64 0.45 0.54 0.57
4. NS 0.43 0.52 0.64 0.53 0.57 0.52 0.55 0.62
5. KS 0.57 0.55 0.54 0.56 0.53 0.55 0.56 0.52
6. MR 0.53 0.38 0.42 0.45 0.49 0.51 0.50 0.49
7. KR 0.65 0.67 0.57 0.66 0.58 0.65 0.62 0.61
8. MS 0.63 0.52 0.61 0.54 0.45 0.55 0.58 0.58
9. YS 0.55 0.57 0.65 0.58 0.59 0.55 0.58 0.63
10. JR 0.63 0.63 0.53 0.59 0.48 0.62 0.63 0.46
11. HS 0.55 0.41 0.60 0.60 0.56 0.53 0.52 0.66
12. YH 0.65 0.54 0.50 0.58 0.63 0.58 0.48 0.55
13. HA 0.76 0.71 0.64 0.66 0.65 0.65 0.66 0.65
14. SJ 0.57 0.58 0.53 0.48 0.48 0.57 0.61 0.57
15. YR 0.59 0.52 0.60 0.54 0.60 0.57 0.54 0.64
16. OS 0.46 0.51 0.57 0.48 0.51 0.48 0.62 0.50
17. HS 0.54 0.55 0.46 0.51 0.46 0.58 0.62 0.59
18. SN 0.56 0.52 0.41 0.45 0.54 0.52 0.53 0.57
19. JH 0.58 0.35 0.48 0.50 0.49 0.38 0.42 0.53
20. YM 0.62 0.57 0.65 0.66 0.58 0.62 0.73 0.62
3 0.58 0.54 0.56 0.55 0.55 0.55 0.58 0.59

2) 3% w4

Cutometer®] guu]Fo] &9to] LAE 1 I35 = probeqte] 22 F74o=
B0ttt ol wR= dHo] FHRE HEoprtea st A de] Joerg 1
H 869 A dAH EFZo ARIHE u]z:Eaﬂo] At 84 e ¥ 369
27F 19 2-sA 7P o] H o)y, IRt 3 AW =e FAEE Zahal
2 degade] HEYGAZE & o] Foizl FHE B = vk 9579 o] Fo}
Aok ste AS Aoz Idfs FA4se &

1

f
N
I
@
_O‘

o>

o

iy
)
>
IS
2

21 Azke] bl wie] Se] WA R #AF A
AR F Aol oA 2 AelE UEuA g e

ol J§ wHE FHdts TAHaLd 7 HAE FUASS HHH R gng
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AU E 2t tole=vt 167] wixl®l AlA probeE 7FAAL Q1o sHEe] v
Wg ) A sl golA AFo] wE FHAA wl¢ Gttt B A
Mg s A7) $18te] 2 probeE AU A A=

3370 YERAT e A EREGE 38 HERA A FH ofAIgE QY
¢F Pow g HFEAES] dad A= FHERE 2 AT For of
2 7,9, 10, 11, 13, 20¢] A= A A4

AR} Qof Solshl Ee FAE U A0E o BelA B AANGE

>
[-'O
~
ro,
O
0,
ofl
fz
i)
rir
=)
o

¥
pocs
=
e
4z

¥ 37. Mexameter® =43k Wt/ B4 Ay}

_ IR A
SRR

0 1 27 T 45 57 6 7
1. JS 103 100 111 101 101 99 110 107
2. JE 121 138 114 90 91 115 118 110
3. YZ 119 151 121 116 31 110 122 117
4. NS 128 147 116 141 97 119 121 104
5. KS 147 184 158 159 153 159 132 143
6. MR 160 164 162 156 135 140 154 137
7. KR 251 167 137 137 125 123 144 141
8. MS 113 95 93 106 102 99 92 94
9. YS 269 340 268 267 252 251 242 241

10. JR 202 202 176 162 165 165 158 184
11. HS 232 200 207 235 180 166 199 185

12. YH 182 167 165 100 90 74 94 9
13. HA | 212 179 138 122 129 136 131 120
14. 5] 199 128 91 74 57 72 77 73

15. YR 153 139 123 126 123 137 131 114
16. OS5 187 188 184 186 176 174 169 159
17. HS 154 132 104 103 130 128 114 100
18. SN 173 182 162 165 178 144 164 161
19. JH 198 274 212 201 193 152 160 153
20. YM | 256 240 227 235 229 219 218 198
3 178 176 153 149 139 139 142 137
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tol Ha S99 @ a3 Aol grolth mpA o RbHE
AA7IZ R4e] W8k reference profile®] S EFHA} o),
parameters-< AA X dHE A HEHE energy, variance, contrast *| 52}
A A ew Hrre & dvh(d 90).

¥ 390 69 ¥ gAte] thd R1 - RHgktel thdhk 7#3te] AxE el
Replica®] Az vls 2 EAS o3 AAZ 2092 Ix
7] AdE AA ZEGth #4] 7bee 69 tig HS 9 A 2 7F
o 3 FHEghs FelEE 7ol di&sk= RI - Ro@S BT #
B OAA BHEES A T
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19 89. Skin Visiometer =74 d.
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Results of improvement

Improverent of CONT  -02% +- 01
Improverent of MRJ 0.0% + 0.1
Improverent of VAR 0.1% +- 0.1
Improvement of RKU 00% +- 01
Improvement of R1 00% + 0.1
Improvement of R2 00% + 0.1
Improvement of R3 00% + 0.1
Improvement of R4 00% + 0.1
Iprovement of R6 00% + 01
CLOSE

13 90. Skin Visiometer® 35 AR 7] =4 o,

¥ 39. Skin Visometer® =43 0 & 7+ &

lo
X

v A A7

T 5

58 2} 0 =

RI | R2 | R3 | R4 | R5 | Rl | R2 | R3 | R4 | R5
YS | 744 | 6402 | 377 | 223 | 89 | 779 | 596 | 387 | 239 | 10.1
KR | 790 | 574 | 391 | 307 | 133 | 704 | 618 | 360 | 184 | 62
YH| 984 | 851 | 564 | 271 | 138 | 652 | 51.3 | 341 | 230 | 97
JE | 862 | 585 | 366 | 375 | 134 | 620 | 50.2 | 336 | 204 | 84
HA| 692 | 556 | 339 | 21.3 | 96 | 736 | 61.2 | 390 | 228 | 92
NS | 691 | 461 | 288 | 275 | 129 | 61.8 | 488 | 282 | 196 | 9.1
¥ 7| 680 |53.8 | 388|238 |10.7 | 685 | 47.7 | 30.7 | 18.8 | 8.1

SO AW =
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¥ 40. Skin Visometer® =43} 25 2 73 o] 3H AZ7

) 2 27 s

Rl | R2 | R3 | R4 | RS | Rl | R2 | R3 | R4 | R5
7.MS| 936 | 60.9 | 402 | 399 | 168 | 742 | 646 | 427 | 243 | 89
8.0S | 69.0 | 469 | 333 | 322 | 123 | 649 | 543 | 298 | 21.8 | 76
9.HS | 660 | 57.0 | 352 | 16.7 | 7.7 | 562 | 476 | 319 | 174 | 74
10.SN | 999 | 842 | 60.7 | 41.3 | 151 | 70.0 | 594 | 402 | 24.7 | 100
11.YM| 856 | 71.7 | 465 | 302 | 108 | 57.6 | 479 | 314 | 194 | 78
3 #| 659|502 | 345 | 321 | 114 | 533 | 45.6 | 29.5 | 184 | 7.8
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JP 2000083647

Takahashi T,
Kobayashi A

Composition and
method for stabilising
proanthocyanidin

Proanthocyanidin®] 2Fs}el|] <] wE =3}
S WA Y& otvweitS ol &E W
Holl gk W& disl 7]sstdnt oA
ot 313+ proanthocyandin® S35, 23,
ShgE, o okFe &8 & gtk T A
EE}EU% proanthocyaniding <43} A2 4
= UE 7]EE potassium pyrosulfite,
ascorbic acidE <HAsIAZ ALE3AY 3}
ZE A Z AolE sodium hydrogen sulfite,
1-hydroxyethane—-1,1-disulfonic acid,
diethylenetriaminepentaacetic ~ acid %
phytic acid= szﬂ'%i ARgeE = qdTh
g EYHAES Ayl AT e
porphyrin-zinc #9¥ AAE &3
gz gAs BA"E 5 o
(JP-B-8-2819) 3stgE<] <A AFo=
Z¢] ¥HE3  sucrose-higher fatty acid
ester(JP-A-5-112441)% e alkyl
glucoside= &3tsto] A3k g
(JP-A-5-163131)°] Ut} JP 2744572 9
Al RS 3 ol HeA FAE
zt= Z7] ¥+ polyhydric alcohol &2
saccharidefb® E3ste] @S WA k=
Aol

i

l[‘ }-F‘( rr

it

US 5814494

Ariga T,
Hosoyama H,
Yuasa K

Process for improving
the property of
proanthocyanidins

and for preparing an
improved
proanthocyanidin
product

Tannase?] A3} 27NN F5F TAH F
of o] 4% A}&3}e] proanthocyanidin®]
#8371 B4 Ade B UL sz

At

EP 1669338 Al

Takagaki K
Yamaguchi G

Process for producing
product containing
proanthocyanidin in
high proportion

o

Proanthocyanidin <2 1H & tgoz
frote BYES As, 35 W4, 194

2 HoxE F FRHe FHAAE AMEE
Az 3= Ho“?i% PA sk T gzl w2
W ogE JeE2A HgE, oes, olAE,
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Cosmetic preparation of
active substances with
high protection factor
against free radicals
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Plant proanthocyanidin
extracts
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Bombardelli E,
Cristoni A,
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Formulations containing
coumarins and the use
thereof in the pharma-
ceutical and cosmetic
fields
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Ross MA

Proanthocyanidins and
ascorbic acid
composition for topical
application to human
respiratory and oral
mucosa

e oo} o el A= AZF
gg7] Az Zol 97 F97F =
< Aoz RE Hv(mucosa)S H
7] 918 =k deoll BFE =
H]lS(nasal) % <15 (pharyngeal)
5 &9 proanthocyanidin@}
ascorbic acid®] 94 Ao Ax
S st or)elA
ascorbic acidi= proanthocyanidin 2]

0

O

ofo rr ol

%2

ol
e rlr

I QT HuE HEdE 9T
proanthocyanidinoll  ¢]3 A&
T Atk

US 693672682

Torres Simén JL
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Process for purification
of proanthocyanidin
oligomer
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Formulation and
delivery method to
enhance antioxidant
potency of vitamin E
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Process for extraction,
purification and
enrichment of
polyphenolic substances
from whole grapes,
grape seeds and grape
pomace
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plant material
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O Biological activities of Pycnogenol® and pine bark extract

Activity

Reference

Effective decrease of systolic blood pressure
in mildly hypertensive patients

Hosseini et al. (2001)

Antioxidant activity

Jerez et al. (2007), Packer et al. (1999),
Grimm et al. (2004), Guri et al. (2006),
Weber et al. (2007), Janisch et al. (2002),
Bors et al. (2000), Guo et al. (1999),
Berryman et al. (2004),

Vuorela et al. (2005), Cui et al. (2005),
Tourino et al. (2005), Virgili et al. (1998),
Devaraj et al. (2002)

a-Glucosidase inhibition

Kim et al. (2004), Kim et al. (2005),
Schafer & Hogger (2007)

Action as modulators of the immune response

Park et al. (2000)

Antidiabetic effect

Liu et al. (2004)

Antimicrobial activity

Torras et al. (2005)

Participation to the antioxidant network

Packer et al. (1999)

Action as a protective factor against
ultraviolet(UV)-radiation-induced injury

Packer et al. (1999)

Metal chelating activity

Packer et al. (1999)

Specific binding to proteins and enzyme
inhibition

Packer et al. (1999)

Modulation of enzyme activity involved
in cellular response

Packer et al. (1999)

Cardiovascular effect

Packer et al. (1999)

Vasorelaxation and vasoconstriction

Packer et al. (1999)

Inhibition of platelet aggregation

Packer et al. (1999), Schafer et al. (2005),
Piitter et al. (1999), Kim et al. (2005),
Araghi-Niknam et al. (1999)

Inhibition of angiotensin converting enzyme

Packer et al. (1999)

Enhancement of microcirculation and capillary
resistance

Packer et al. (1999)

Inhibition of elastase enzyme activity

Packer et al. (1999)

Anti-inflammatory activity

Packer et al. (1999), Cho et al. (2000),
Schéfer et al. (2005), Vuorela et al. (2005),
Stefanescu et al. (2001)

Modulation of macrophage activity

Packer et al. (1999)

Inhibition of matrix metalloproteinases

Grimm et al. (2004)

Inhibition of the activity of phosphorylase
kinase, protein kinase C and protein kinase A

Nardini et al. (2000)

Cancer chemopreventive effect

Kyriazi et al. (2006)

Treatment of chronic venous insufficiency

Koch R (2002)

Protective effect on cardiotoxicity of doxorubicin
and inhibition of thymus DNA synthesis induced
by cyclophosphamide in mice

Feng et al. (2002)
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Activity

References

Prevention of protein oxidation and DNA damage

Senthilmohan et al. (2003)

Alternation of intracellular antioxidant defense
mechanisms in streptozotocin-induced diabetic rats

Maritim et al. (2003)

Inhibition of protein tyrosine kinase activity
of epidermal growth factor receptor

Fridrich et al. (2007)

Improvement of endothelial function
of hypertensive patients

Liu et al. (2004)

Inhibition of lipogenesis

Hasegawa (2000)

Inhibitory effect on lipid peroxidation

Nakanishi-Ueda et al. (2006)

Reduction of erythema in human skin

Saliou et al. (2001)

Induction of reversed catabolic effects of nicotine

Figuero et al. (2006)

Inhibitory effect on oxidative DNA damage in healthy smokers

Ohno et al. (2007)

Beneficial changes in clinical study
(anthropometric, vascular and plasma rheological indices)

Shand et al. (2003)

Therapeutic potential in patients with inflammatory skin
disorders

Bito et al. (2000)

Downregulation of both calgranulin A and B genes to be
upregulated in psoriasis and various dermatoses

Rihn et al. (2001)

Anticancer activity

Cui et al. (2005),
Huang et al. (2005)

Preventive effect on ischemia/reperfusion-induced
acute renal injury

Ohkita et al. (2005)

Antiproliferative effect in melanoma cells

Tourino et al. (2005)

Protection of endothelium from oxidative stress induced by
reactive nitrogen speceis through enhancement of
a-tocopherol level

Virgili et al. (1998)

Protection of ethanol-insulted cerebellar granule cells

Siler-Marsiglio et al. (2004)

Inhibition of xanthine oxidase through binding to the enzyme

Moini et al. (2000)

Inotropic effects in chick embryonic cardiomyocytes
via stimulation of B-receptor mediated activity

Hasegawa et al. (2007)

‘Wound healing: Reduction of scar formation

Blazso et al. (2004)

Reduction of pain associated with pregnancy

Kohama & Inoue (2006)

Minimization of gingival bleeding and plaque accumulation

Kimbrough et al. (2002)

Inhibitory effect on mast cell histamine release

Sharma et al. (2003)

Prevention of haemolytic injury

Sharma et al. (2003)

Protection from ionizing radiation damage by X-rays

Ramos et al. (2006)

Reduction of talc-induced neoplastic transformation:
A potent chemopreventative agent
against ovarian carcinogenesis

Buz'Zard et al. (in press)

Prevention of fluoride-induced release of N-acetyl-B-D-
glucosaminidase isozymes from renal lysosomes

Arhima et al. (2004)

Relief of attention deficit/hyperactivity disorder symptoms
of children

Muchova et al. (2006)

Treatment of melasma, a common disorder
of cutaneous hyperpigmentation

Ni et al. (2002)

Treatment of vascular retinopathies

Spadea & Balestrazzi (2001)

Treatment of migraine: Reduction of headache frequency
and severity

Chayasirisobhon (2006)
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