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Abstract: The present study evaluated the antioxidant activity, skin wrinkle reduction, and whitening activity of
Pinus koraiensiscone scale extracts made with three different solvents (ethanol, supercritical fluid, and a mixture of
both). Total polyphenol content was 11.03 mg/g GAE in the supercritical fluid extractand 33.79 mg/g GAE in the
70% ethanol extract. Electron donating ability of 1,000 ig/mL extract was 13.60% in the supercritical fluid extract,
91.37% in 70% ethanol extract, and 71.62% in mixed solvent extract. SOD-like activities in 100 ig/mL extract using
supercritical fluid, 70% ethanol, and mixed solvents were 16.49%, 21.84%, and 10.7%, respectively. The ABTS"
radical scavenging activities of 1,000 ig/mL extract were 38.19%, 80.23%, and 78.72%for supercritical fluid extract,
70% ethanol extract, and mixed solvent extract, respectively. Tyrosinase inhibitory activities in 1,000 ig/mL extract
were 24.54%, 36.55%, and 15.23% for supercritical fluid extract, 70% ethanol extract, and mixed solvent extract,
respectively. Elastase inhibitory activities in 1,000 ig/mL extract were 15.62%, 22.56%, and 26.64% for supercritical
fluid extract, 70% ethanol extract, and mixed solvent extract, respectively. Skin astringent activity (81.23% with 5000
ig/mL extract) was only detected in the 70% ethanol extract. Supercritical fluid and mixed solvent extracts showed
no such activity. Our analysis of Pinus koraiensiscone scale extracts show that the highest aggregate activity was
found in the 70% ethanol extract, followed by mixed solvent and supercritical fluid extracts. Therefore, our results
oppose the hypothesis stating supercritical extract has the highest total polyphenol content and antioxidant activity.
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Az f Ak oL Ao leE FO 8 QI
T= A F(reactive oxygen species)-2 743t HE
o7 Qlste] G, A4, T, skt 22 Al W 514
AES 2AA7E Aoz d#A QthHalliwell and
Gutteridge, 1986; Beckman and Ames, 1998). EAJAIA =
elastin, collagen®} -2 A2 Q] 7]Z(extracellular matrix)
o TS BES HUHOR £4A7n elastase,

matrix metalloproteinases (MMPs) 52| ¥4l-S -G =35}
X

5% Bl S A5t melanin FAUFL FAAYOE
W SR MAPHS GESHE 5 )i waE Sustns
(ezhe)

A0 7= o et O] Ao Fadt g
2 Stohar & 4= Qlch(Janssen et al., 1993; Thbin and Thody,
1994; Garg et al., 2017).

Algo] g ZHE, Egi ol 59 HEAd 3
3HE9] phenolic hydroxyl7]= &4 ¢hal 2y} Zslste] 3
ARRLE BIEE Thoel ofe]edS YERHH(Ahn et al, 1996;
Panzella and Napolitano, 2019), £3| dHits &AL =&
=9 Eojuls gy PR Ayto] Slvkar deA ot
(Husain et al., 1987; Choi et al., 2005; Choi et al., 2006)
webA EPHse ol w2 AEYeE
= Aolgt 7|t 4= Qlvk E3 &Y AE FEETE
She At @ 71K AlRg Bk

12 2529 495 vgR Edsto] Agste Pl
A% 5o BAo] Z7hEITh ofe] o1 Aul(Bae et
al, 2005; Lee et al., 2011; Cho et al., 2014; Lee et al., 2014;
Lee et al, 2015) Ealo] A= th2 4He Fo8 A
29 2gsh 2 AiRe] Hro] Az HTE o]
Aol WETE A7 Aom 223 4 gk
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o= ket WSl E8EI Qlrh dtA o R o] 8
I oehE B EeFET o 2T ARkl A
= 2UA FE0] AEEHI QltE 294 S 2944
FAE AFEsle 52202 247 G4 FEolzkaL
T 3ty 29A A=A ojitefekael gt Fo| AME-E
m AE W AR 55 BoklA =2 A E=
247 oliteletae JAREBIICC 73.8 atm)o] Yol &
2 QIRt &4 w3 9 WA o] f1lo] il FAdo] gl
ARbA Rl 2= 7|8tE] o] FEE0 HA g= 54
o] glo] -8 239 ANA 5 ¢ He7t 7|dE
Ue WHolth A 5o IR g AtollA 2YA
FE52 8 =0 Hlst & & &S UERH
FEEY T Eduls o £33 A UEves Aes
B Y=o H(Lim et al., 2014; Kim et al., 2015; Kim et

A110¥ A3E (2021)

AU X (Pinus koraiensis Siebold et Zucc. )= AUEI}o]
Eohe AP Eo R SfolA= sidal= 1,000 m ©]
AFOlIA] AASIAL AAE R 0l 30 m, A | m HE
o st oF 5009 7hrto] RIS Gk B 17ks
24 5gof wf thz off 108 3 FE|= of=THLee,
2003). ZpE P FakE(R AT Afolo] ol
SRRl FAGH7E U Befolch FAR S A
(GIATIZ sto Al8xion] A1, nk2r)2, k] Sof of
o] ¥of fFthAhn, 2003). 1Y FAE AL Qe
o Fujo} Pasle] A4S BT AGH7} 712 H Aol ¢
o, X T ARAR Av|EAY H7|7F 2D W St

o~

A=2E o] 87 S8AIE FAS ol FoIAIA] AL Qe
(2013)2 3t ] 2250 dSAAaNE SRR ==
oA 5, 10, 25 pgmL FE=HE A29S 1), 25 pg/mL
A 2]l Al 50% ethanol F&<=0] 60%= tfz<tol B]sf
NO Aol AA oA=L, gHA T4 INOS2}F PGE2
O] A maxQl COX-2 wha] W E3t 5= oA o
Qlst 4= glgl o, iNOS} COX-2 T
o=z 9 o

okol3l T S A=A cytokine
Q1 PGE2, TNF-q, IL-1B, IL-62] Al AAA| &3} = 25 ug/mL
Ao Atz H3] S5l 50% ethanol FE&
< F5mlEEY] WA 28lE ARAFeEN HE
TS oA, dESA &8 7HedS &8k thKang,
2013).

olof] & dAtofA=

po
>

J il
>
1<
=)
T
T.:);
ol
o)
<
ik
oo
3
N
-

3
5 ehaa =

Fat vlol 9 AFL] 7154 2R THsAS Bels)
2

€
250 bar, 12A17F 202 CO, 2YA FE3192H, 70%
qeE FE=2 7R w8 ol A% sl E 70%



&

offghZofl 24A17F AR FET Ae ARSIt g
Ao ARR-E A]9FS- Folin-ciocalteu’s reagent, 1,1-diphen
yl-2- picrylhydrazyl, Tris-base, pyrogallol, 2,2-azino-bis(3-¢
thylbenzothiazoline-6-sulfonic acid) diammonium salt, pota
ssium persulfate, L-DOPA, mushroom tyrosinase, elastase,
N-succinyl-(L-ala);-p-nitroanilide, hemoglobin from bovine
blood 522 Sigma-Aldrichol| 4] Ftuljslo] ARE-3FATh

al., 2016). 5,000 pg/mLZE 3|A%F 255 10 pL~ F5te] 10%
sodium carbonate (Na,CO;) 200 uL 2} IN Folin-ciocalteu’s
reagent 10 pLo} &3}5to] Ah2oA] 30& -3 & 750 nm
oA el FF=E S5t E|Hlis 2 gallic acid

2) ARFoAs 274

Z R3] 5(EDA: electron donating abilities)-2 Blois2]
WS 1 sto] =231 ch(Blios, 1958). 1,1-diphenyl-2-
picrylhydrazyl (DPPH) 60 pL9} =¥ FE&55S 120 uL
W Yy EAF F 15870 A5 olF microplate
readers ©]-83to] 517 nmoX FFEE SASHAT

3) SOD §AHRY 27

FZE9] SOD §AFA-S Marklund 52
3to] =251 th(Marklund and Marklund, 1974). 5=
A& 89 20 pLof Tris-HCl €H&-8-20(50 mM Tris-HCI
buffer, pH 8.5) 130 L2} 7.2 mM pyrogallol 20 pL& 4
EHTE - 37°CollA] 1042 WESAIFTE ©]F 4151 pyrogallol
%S microplate readerE ©]-835}¢ 420 nmof| 4] SF =

[e]
g 27stsrk

e WY

4) ABTS' radical &A% &%

FZ59] ABTS radical 227 %-& Pellegrin
W& slo] =243} th(Pellegrin et al., 1998). 2.45 mM pot
assium persulfate®} 7 mM 2,2-azino-bis (3-ethyl-benthiazolin
e-6-sulfonic acid)S &33F 3 A120)| A 24 A7t ¥R 5)o]
ABTS' radical 2 A A]7] £HL 100% ethanol 2 3|43+
& 100 pLof s F5= 100 pbs &9ske] 735 nm
M EYES 2Hsct

= [}
9 s

5) Tyrosinase *]3}j&-

Tyrosinase A4 &4 Yagi 52 WHe| ozt =

HHo) W& AWK Pinus kordiensis) -1 &0 Akl 3

F204 9 o &5 vla 433

AL TH Yagi et al., 1987). A& 20 40 Lol 67 mM so-
dium phosphate buffer (pH 6.8) 80 uL2} 10 mM L-DOPA
40 pL % mushroom tyrosinase (200 U/ml) 40 uLS 7|3}
of 37°CoflA] 1027t HH-G-AIZATE o] 5 vhg-of Fof A g%
DOPA chrome2 490 nmojA =23} th

6) Elastase #|3|&A =74

Elastase A|3l|2/d &7 Cannell 5-2] H-S ¥ s}
=3} (Cannell et al., 1988). 7|2 &2 A N-succinyl-
(L-ala);-p-nitroanilide S A3} 2™ 37°Co|A] 3087t
274l p-nitroanilide &} /T2 445 nmoj| A 33Tk
=, 7} ABENRE AR B} HES 2As0] 40 LE
st H 50 mM tris-HCI buffer (pH 8.6)°] 2] porcine
pancreas elastase (0.5 U/ml) 8-} 40 uL2} 0.4 M tris-HCl
buffer (pH 8.6) 40 uLE H7}5}0] 37°Co)A] 25 7Hdst &
7122 50 mM tris-HCI buffer (pH 8.6)¢]] %21 N-succinyl-
(L-ala)s-p-nitroanilide (3.2 mM)< 80 uL H7}5}o] 30E7F
W AIA 2AsIe

2y =

o,

7) Ry &
e 242 Lee 59 ol whet S5k tHLee

et al, 2002). ¥ =7} EE 2 ZA A/ Z8H 0.5 mL
of] 1X PBS¢]| %521 0.5% hemoglobin &% 0.5 mLE A7}
slo] 1871 2EE3HsE 3 1500 rpmo]| 4] 3E87F PAlEe
Sk ol AR5 150 uLE F/ste] 575 nmollAlo) 5%
T
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1. Ao FE20| & E2nls 3 53
At 2550 & Eeds dEE S
T 24 FEES F ZT v IR 11.03 my/g
GAEC. 2 Uehgon, sttt 70% oehd F&&9] &
Za9 = RS 33.79 mg/g GAEC &2 70% o Ehe =%
=9 EdH= Il o TS T 4+ Al
A

(Table 1). YA F+E=3 &1l F+E=2] vlal A+l

Table 1. The content of total phenolic compounds from Pinus
koraiensis cone scale extracts.

Phenolic content (mg/g GAE)

Sample Supercritical 70% ethanol
extract extract
Pinus koraiensis 11.0340.14 33.79+0.4

cone scale

Result are means +S.D. of triplicate data.
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297 FEE0°] @ ¥ dEE FEE0l vlsty w2
g A

7} Z2](An et al., 2018;

Kim et al., 2019) 2ttt 0] 2EE52 294 =0] 9
g &5 Hist ¥ ZEl9E S UEGlE
ol o]= 24 FEEY 2 §alrolA] 7]0g AL
F5Hh &9 2UA FEE W3 Aol 2 9
oAl &39S W FEEY A4S YA 019 &
A FE39S o FE2EQ Aol 1A e act
1 HIsk =g oo st

s

|
(Woo et al., 1999). A L7ta] 297 &5
Rom gl 70% ofghZoll ¢Hs] gafEA] ol 2=
OlEE Bal= =T ol %fa EAE &7t =24
=9 Ee)uE ool 9F=
Eﬁ& & o] 244 TEJJJ%

2220 £ Zos)

sheFo| A2 et 273} tLin et al., 1999;
Chui et al., 2002). o|& F3lslo] B2 o Aty 29
A 52 Alo] 9 9 £w7) ot Bl W Bofuicol
T So] 0F AEHT RS A o] LS waxE o] 20| g
ol elelion, $ui v12 el opiskken
g o] T S 2 ARl A¢ Ao 2EHA) o
Sheh 229 4 ook o) FEEET BHstel vl
H Ryu 52] dAtollx] &30 g4 F5E0] 18524 mg
GAE/g, 70% ot FE590] 232.99 mg GAE/gS] &2]H|
= TS UEhdria Huskgl o (Ryu et al, 2017), 3
WUR o) ehe 23Ee| Beluln 80l 7.65%
(=70.5 mg/g TAE)Z UeRt AL ATHAhn et al., 2011)
ok vlol ptof skl kel Selsk G o
£ umal e ol e Aow g,

2. Xl FEE0| MXI20s 2 ABTS radical A7

ABTS' radical 2A%
ool vz} GAtsh 8 b ol AFS Lehh
ow ogtE FEEL AFE A Rt
SAkEE BAS ek

Atata] 70% ofghE FEE2 10 ug/mL iEOﬂH
2.89%, 1,000 pg/mL ‘sI=of|A] 91.37%2
Efo] = FE FgtoA 7HE =2

ro
=

s
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O
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Figure 1. Electron donating ability of Pinus koraiensis
cone scale extracts.

Result are means £S.D. of triplicate data.

Wolo, 294 25 A5 10 pg/mL 5%
ol Al 1.87%, 1,000 pg/mL EEo A 13.60%= 714 We
2 3K 27} Z o
*l UIUIO}G’E} B 1%—%%4 et &S 111 &
FHE (0]} TFHE)S 1,000 pg/mL HEo)| A 71.62%2]
Asolss et o] ofghs 5251 294 F259
7+ Ax Q] ARF o5 YeEFY Y thFigure 1).
Akl 70% ofghE FEE2 5 pg/mL XA
10.97%, 100 pg/mL S0l A 55.5%, 1,000 pg/mL 5EoflA]
80.23%2

r_>|i

100 pg/mL
=120l A 13.32%, 1,000 pg/mL 5= ol 4 38.19%2 Lpe}
Utk B82S 5 pg/mL o)A 11.52%, 100 pg/ml &
FO4] 38.26%, 1,000 pgiml. 4] 78.72%2] /\Ah
2 rehygich. 2] 0% ofEhe FEEY BHELS

500 pg/mL FEoflA] Zoff AAGo vl AASS UrE‘r
W 3lckFigure 2). MAbgols 5744 Aol Fadste] 2k

120
Super criticla extract

100 | ™70% EtOH extract
= Extract mixture (1:1)

4 vit.C =
500 1000

100
Contentration (ng/mL})

£ =) -
=} =} =]

]
(=]

ABTS radical scavenging activity (%)

(=]

Figure 2. ABTS" radical scavenging activity of Pinus koraiensis
cone scale extracts.

Result are means £S.D. of triplicate data.



FEU Ol T St Pims koraiensis) k)
2 o AT 291 FERE 84 B et akt
o} 2ol & Bejuls el Hls) e W, ol
% Zelols o S4ol A DAY viet ol Aty
QA FEBE FHE T Hie) Fhgol Howl 1
of wket 489 ol o] radical 274 ¥ EF et
wue 4 e

3. AFolm| FEE0| SOD FAEY =4
Arakal 70% ofehE FEE2 5 pug/ml FEolA
11.39%, 100 pg/mL 504 21.84%, 1,000 pg/mL 51
oA 27.41%9] SOD A &/d& Uetglom, 234
2220 T2 5 pg/mL =4 10.72%, 100 pg/mL
= o)A 16.49%, 1,000 pg/mL HEo|A] 21.28%= LJEt
gl 3RS 5 ugml HEA4] 7.12%, 100 pg/ml S=
o A 10.7%, 1,000 pg/mL oA 14.77%2] S-S e}
Welth BE AlRA FEof g &4 F7h= vlvlskel
°om 70% e FEE, 2UA FEE, THE &2
2ol A YebgthFigure 3). Hong 52 AtoflA] o
2 1 9 Aa Z5HO] SOD fAF 24 T BEE
2kl o] gdo] 41.7%=E 7P =4 YEbg e A &
S, 7191, F 25 5ol 20%H o] B/ UrEho] 3t
T FEET v S-S UER T B gl
Th(Hong et al., 1998). 24| FEE2 & s o=
o H]glo] =2 SOD FARAS YR Sl=dl ol& &3t
o] SOD FAFAE Ue = A2 S48 H7E =
H|54Y 7Hs/dol Artar dasiglch &
Aol 9 ABTS radical 2453 &
o

#9457 FRUL o188 AR 7
A ABo] thZcta Bk v 91 2 H(Kim et al., 2015),
3 =

e 2Aol4 22 vle} Zo] A7

- Super critical extract
50 70% EtOH extract
§ . B Extract mixture (1:1)
= vit.C
2
& 30 . ES
™ o
2 40 =
g8 30 1 _
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10 4 & . i I
olime e e O O M
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Contentration (ng/mL)

Figure 3. SOD-like activity of Pinus koraiensis cone
scale extracts.

Result are means £S.D. of triplicate data.

4, R0l F==E9| tyrosinase MsiEN &
Sttaba 70% ok &= 100 pg/mL 0|3} F=o]
Al BAS UEAl ke 500 pg/mL sIeof A
10.65%, 1,000 pg/mL 5ol 4] 36.55%2] BH2 Lhehy]
Qom, 2A FE2ES 2442 5 pgml FEoA
1.13%, 100 pg/mL 5ol A 5.63%, 1,000 pg/mL =0
A 24.54%2 e Aty S2E5E SHES 10
g/mL ol 4] 1.46%, 100 pg/mL ol A 7.32%, 1,000
ng/mL FIkoflA 15.23%9] B/ Ueith F&5&2
S Blustdle W AsEoAes ek FE5=9 &
do] UEhA| oot &9E9] E4do] 7 = YEH S
U EEoie oehs 250 E4d0] 7H =4 v
73S H I th(Figure 4). Tyrosinase A|a|&AlS 7}
AE= BASH] 918 AtolA oA ditke= 3t
I} B]5=2t 10~40%t 9] A dS UEry
A=Tl(Seo, 2001) o5 Fsko] Attty 3
o) A% FEE} 0|53 AHBYS 71

o opek ti=2+191 kojic acidol H|sho] W2
i

28, 2904 +28, B8 w02 B0 B yeht
=t o] gt SODO} Hl2at AH§O0.R FARE Al Liek
d Ao® F2h

100 - "
90 | Super critical extract i
& gp | ™70% EtOH extract
S’ e
E 70 | m Extract mixture (1:1)
E 60 - Kojic acid L
£
= 50 4
2 40
= ]
4 =l
£ 30 4
8 I
] T
£ 20 1
oLk d i
1 T
T -
0 ,g'—;ﬁ_,_i ’ i : "
5 10 50 100 500 1000

Contentration (ng/mL)

Figure 4. Tyrosinase inhibition rate of Pinus koraiensis
cone scale extracts.

Result are means +S.D. of triplicate data.
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Figure 5. Elastase inhibition rate of Pinus koraiensis
cone scale extracts.

Result are means +S.D. of triplicate data.

5. o FE29| elastase AsfEd =X

Atk 70% oy FEES 5 ug/ml FEolA
7.05%, 100 pg/mL BI04 11.72%, 1,000 pg/mL 5= of| 4
22.56%°] B/de UEtflen, 294 FE59 2442
10 pg/mL SO A 6.15%, 100 pg/mL =0 A 10.62%,
1,000 pg/mL ol 4] 15.62% % Lrepsith Attt &
E E5FELE 5 pgmL FE0) A 0.44%, 100 pg/mL SO
A 9.19%, 1,000 pg/mL E=ofl A 26.64%2] A4S LEHY
sick iﬂ“sﬂ A el 290 g 0% o)
=2 AL B Y K(Figure 5). Kwak
é]% HEL 10~ 20%H 2] elastase
Z EI’_E]Oi(Kwak et al., 2005)
2 48 2587 e
T 242 e UTh Tt elastase ASiA| = AME-E =
ursolic acid 2t} X AL VEM) QS 2 Z(Park and
Kim, 2010; Jo et. al., 2017) BRAAA 59| 742 535}

4 AS BHS SIS So| 21 ATt Bast
Ao 7 KQltKYang et al, 2007). E3F ATy &5
=S oE A 2 FE5E T P w2 24
UER $l=] ofofl ate] F=7bAQl A7 Bad A
2 goEch

o
=
=X

6. STt £E20| IRAYBY =H
70% oere =ZE2 50 pg/mLojA 11.93%, 500 p

g/mLol| A 14.57%, 5000 pg/mLo|A] 81.23%2] BH4-S 1}
eljo] thZRL2l tannic acidQ} v]2=3F T4 e}

U 294 2223 332 34 Ueh)A o]-o]_]:]_
(Figure 6). et 2252 WE Froi A4S Uehd
A3 o] 2904 2283 FFES TS YehyA) o
oFg], o 31

L s
ofm, HIZA RS TR FULLL W Ao 23

A110¥ A3E (2021)

100 -

90 | Super critical exract -
30 | 70% EtOH extract =
;\: 70 ® Extract mixture (1:1)
T 60 - Tannic acid
< 50
E
S
2 40 1
g 30
<
20 B
0] B = *
0 = - ‘ :
50 100 500 1000 5000
Concentration (ng/mL)
Figure 6. Astringent effect of Pinus koraiensis
cone scale extracts.
Result are means £S.D. of triplicate data.
T 5 glek AR We] 22Eof Pt A7(Lee et al.,
= ) o 9 )
2017yl A B FEEo] vl B2 1 %]‘/\5]‘5_‘ b]'EP’H

A3t grel AT

JJrJJ ek FEE2 AL %E"J 5,000 pg/mLoflA| H]S2

o BAE Lo} As] e Suae Uehllch
zd =2

B Aol 3 Hestel £E% M &

80| PAIS} BT FEAN L oS v EA

SIS s3] 3] 5 HE g 204

£90] 11.03 mg/g GAE, 70% ogr2 F&E0] 33.79
mg/g GAEZ Uehton, Ax}F ol ABTS' radical &
74h SOD OA}W* S BE 0% ogE FEE 2
ol vlste] =4 e & s

HE A FEE0] 2 JoR
dit o] AuE Uetl ik 71E Aok
A =229 T EQds FFo] o
of ¥ o]fE= 1YY 2roA 2
o] STt F2 L HAFE
J

ZZE|9on 24 Bz gu 27} glo] u]ZA Exll
vk

=
o, 24 FEE eoR 24 =
Zo)y|is sty v)Ssl UelRg oLl SOD $AREA o
tyrosinase AL ehE FE2E, 2UA FE2E, F
S5 TPE o8 YEh E=9 g4do] i

of Hgto] sk AFE el ok E3 2559
elastase Ao/ EFEL] Do 58 U=, o



FEHo| w2 AU (Pinus koraiensis) -2}

& 328 2YA FEE $02 ey E3HE0 B4
E FEER A debgder olel #skel 7b4<
Art Wag Ao orEch Aty a8 oy
SUBE 2 AT} ok FEELS 279 tannic
acid9} W59k 24 Yoy 294 FE8 &
FEe B4S YEhA gtk olf FFeAS o
radical 2~ n|ot BhA o

A Agof| A 2+ vitamin C2}
UERd Atmka) 70% oeE FEE2 A
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