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Background: This study assessed the role of Pinus koraiensis (P. koraiensis) Siebold et Zucc.
leaves as an ingredient for cosmetics. The biological activities and wrinkle improvement effect of
P, koraiensis leaves were investigated.

Methods and Results: Leaf samples were mixed with 80% ethanol (EtOH), and the ingredients
were separated into fractions using different solvents in order of n-Hexane, ethyl acetate (EtOAc),
n-butanol and water. The antioxidant activity based on 2,2-diphenyl-1-picrylhydrazyl (DPPH),
scavenging of 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
and total phenol and flavonoid content of 80% EtOH extracts and fractions was tested. Among the
tested extracts and fractions, the EtOAc fraction displayed the greatest DPPH and ABTS scaveng-
ing activity and total phenol and flavonoid content. Wrinkle improvement was evaluated by per-
forming collagenase and elastase assays. In addition, matrix metallopeptidase 1 (MMP-1)
inhibition and procollagen synthesis were measured. The 80% EtOH extract displayed the greatest

cited. Conclusions: The 80% EtOH extract and each fraction of P. koraiensis leaves displayed differing
antioxidant and anti-wrinkle activities. This basic data will inform the utilization these P. koraiensis
as an ingredient suitable for skin health and beauty.

Key Words: Pinus koraiensis Siebold et Zucc., Antioxidant, Collagenase, Elastase, Matrix Metallo-
peptidase 1, Procollagen, Total Phenol, Total Flavonoid
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HAEHE - Q%M - ZEE - REM - 02
(Yaar and Gilchrest, 2007; Won et al., 2012). A&]Ho 2 o ARE-3lA
=¥l ROST TF9] Jks &8 fdste] Alxeks o] F2E Az AH8¥E T95=7]= Evaporator N-1000
T UE AA 2slE doA MEE AR Al R oy (EYELA, Tokyo, Japan), $47%7]+= FDTA4508 (OPERON,
2} matrix metalloproteinases (MMPs)2] & &3S oA Kimpo, Korea), 3218/ 54E ¢t UV/Vis spectrophoto-
collagen ¥ elastin A-F 52 HE3sth A= AJAH 2 meter= VersaMax (Molecular Devices, San Jose, CA, USA),
ROSO 2J3]] collagen ¥ elastin d-f7F Eall=d &35 CO, incubator® MCO-18AC (Panasonic Co., Osaka,

727} BHe] HRe] @Y 7AR AR WRo| Fgo| A
7|3 BEESE 7[EA7)E 99lo] FT (Rhie er al., 2001;
Pillai et al., 2005; Han et al., 2013).

AUjSe At o] Soldo] ma} wslol tg #alo]

Eo T A4 TG fAN] Sls) AARE ol8F G
s, 7B ¥ R )5 2 el FEsa Aot

(Lee et al., 2020).

AR (Pinus koraiensis Siebold et Zucc. )= AUHFaol|
e SR ESZ % 1,000 m o3l = A4lsh
¥ 1 m, 0| 30 m 7] AAstal 3= 3adolal gF

Z7to] "WolXith, 92 714 e 5 704 Rof deu, 7}
Zkge] zF FY7E Aot (Hwang et al., 2014).
AEF o= (+)-catechin, gallic acid, protocatechuic

iy

R

oX rlo

acid, syringic acid, vanillic acid, p-coumaric acid 5 AJ&o°]
o] o™ (Bae and Kim, 2003), Z-4-ol= 5-hydroxy-
7-methoxyflavone, galangin, pinocembrin, chrysin, 3-hydroxy-
5-methoxystilbene, pinosylvin 5 AJ&o] dF=o] ST} (Lee
et al., 2003). LA F ATl sy Fa= T 2
gkl @Fe] Bl =™ (Su et al, 2009), ST T3
o] AR FEFEL Escherichia coil, Staphylococcus aureus,
Candida albicanso|X] 25 99.9% o1de] Jaa4s vepd
k= A+ 23S RISINIT (You, 2010).

e 53 F R AL SR HEOR A F, 5 ¥
Al st 7k, o 5 IR wEAY] W2l (Li er al,
2007), F2F ol9e] Y TS e R o &S 4
Esle] 88k A2 e vt ok mEbA by 3
AHEo] &gt 4MdA wlge] Azt SW, aela dAEe] vt
A5l Y= ko] FetEe FHA o] A AEeha ddE

=y

-

- R
& Qe B Aol V)54 9REAel IXE dFe] 9
s ksl B FEApAe) AEd B4 ATE WYk
ME W u

1. ME 2 A2

APF (Pinus koraiensis Siebold et Zucc.) & 20174
69 Y= X Y (Hongcheon, Korea) 224 A H- ++2F
oA AFH3t AREEIATE AlEE Aol 2 A, 45CeA]
2 U7t Ax3 F E#H7] (Food Mixer, FM 909T, Hanil
Electric Co., Ltd., Seoul, Korea)& ©]&3sl E|3t & A3
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Japan)S ARE-SIATH

F= 4 EFo A8¥ &1 ethanol (EtOH), n-Hexane,
ethyl acetate (EtOAc), n-butanol (n-BuOH)E TtHA 3=
(Siheung, Korea)ollA], AJ2]&/doll AME-E AleF 2,2-diphenyl-
1-picrylhydrazyl (DPPH), [2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt] (ABTS), L-ascorbic acid
(=99.0%, MW :176.12 g/mol), gallic acid (=97.5-102.5%,
MW : 17.012 g/mol), quercetin (=95.0%, MW : 302.24
g/mol), epigallocatechin gallate (EGCG), ursolic acid, Folin
& Ciocalteu’s phenol reagent, sodium carbonate (Na,COs),
potassium acetate, n-succinnyl-(L-Ala)3-p-nitroanilide, colla-
genase from clostridium, elastase from porcine pancreas, 4-
phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arg+  Sigma
Aldrich (St. Louis, MO, USAYIS] &S F+Yste] AREsH
k.

aa 24 AAL 95t Procollagen Type 1 C-Piptide
(PIP) Kit (Takara, Shiga, Japan)2} Matrix Metalloproteinase-1
(MMP-1), Biotrak ELISA System (Amersham, Bucking-
hamshire, Engaland)S 283131t}

2. 55 9 22
AFEetame] Ax AR B 10 v (viw)ell el 80%
EtOH & o]&3lo] 22olr 24 A|7F AEAZTE 2 3] WhE

FZ3t Foll filter paper (No. 20, Hyundai micro Co., Ltd.,
Seoul, Korea)2 oJ34}sled ARSI AU ¢ 80% EtOH
FEES IRFEE7IE S 559 7, 34 AxEih
54 AFAZ 3 9 80% EtOH FEE52 ol &3
71 F F%°] n-Hexanes 7}t £&sIGith 82 4 3
om =4 £Afol w2} n-Hexane, EtOAc, n-BuOH
stk Eglo] ¢g5E 7t FYES A EFIIE

Q) BT Az,

=

3. DPPH A7 eftiZ oA &d 53
DPPH At 2ft)z &7 &4 Clarke 5 (2013)°] W
S W3t AT Microplated] = A& 100 49
1.5 mM DPPH 100 /45 Ho] ¢haelA 30 &7+ wk-gA171
% UV/Vis spectrophotometers ©]8-5}] 517 nmof|x F-3%=
WS &5t FHNRTSE butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), ascorbic acid



T o FES0| Mgy 4 FEHM o5
E ARSI e™ radicale 50% AAEHEHl o3 s% 7.5 4 mM CaClLbet 0.3 mg/ml 4-phenylazobenzyloxy-
229l RCsy (g/mh)o 2 ANE A& en AE242 th carbonyl-Pro-Leu-Gly-Pro-ArgE =<1 7|29 500 (Lo A&
o3 7 200 /4, 0.2 mgml collagenase 300 /L5 H7I8lo] “g-olA]

DPPH scavenging activity (%) = [1 —(A/B)] x 100

(A = control absorbance, B = sample absorbance)
4. ABTS A7 eitjZt &~H & =3

ABTS At &9z &7 42 Ozgen 5 (2006) WHS
HE 3] HAISIATE 2.6 mM potassium persulfate (K,S,05)
¢} 74 mM ABTSE 1:1 HI&E Egsle] d=xz1olA 15
A7 -85l ABTS reagents A|Z3FA Tt
Microplateol] &5=% A|FE 10 £ 9} ABTS 90 (4 E o]
FollA 10 #7F vEEsle] 734 nm = e 95k
ABTS 27188 Tt o] s (%)= AE3I3I3L BHA,
BHT, ascorbic acid® YAHZLo 2 AREEIITE

ABTS scavenging activity (%) = [1-(A/B)] x 100
(A = control absorbance, B = sample absorbance)

5 & U= o 55
% HE %S Folin & Ciocalteu®] i< #WY 3
Singleton 5 (1999)¢] WHHo 2 AAEA. | mymd FE2

A& 100 Lol Folin-ciocalteu's phenol 50 /£ S H7Fsk &
5 B2 Ao W8 5 20% sodium carbonate (Na,COs)

300 02 B3 15 B7F WA T
HESAIZL Qe 1 e S/HFE €S & UV/Vis

spectrophotometers ©]-8-3}¢] 740 nmol|A| B3 =E 573K
th EFEEE gallic acide ARESII2H 0, 50, 100, 200
ugmd 2 A5l ZAEAS 2 ) gallic acid equivalents

(mg- GAE/g)= YJERHATE.

6. & Zi¥ 0|t gt A
% S o= Kim 5 (2012)¢] WHS W3t
of AAISATE 1 M potassium acetate 100 /£ 2+ 10%

aluminum nitrate 100 & Eo] EFsl] & 3, 1 mgmd
A& 500 UE Hutsled 40 B 59 wHEAIZL F, UV/Vis
spectrophotometerS ©]-83k] 510 nmol|lA SF= =435
t}. Flavonoid &% quercetin® TTFEH=Z 3R oH, 0,
10, 50, 100 pg/ml 2 3)Aste] ATFAS ZAJSIAL, quercetin
equivalents (mg-QE/g)= YJERNSITH

7. Collagenase Alof&Hd

Collagenase #13l @¥}<= Wiinsch and Heidrich (1963)] =
He Hyste] s s o FEE 3 £9Ed o
3t collagenase A3€4 =792 0.1 M Tris-HCI buffer (pH
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20 B2+ vkgAIZl & 6% citric acid 1 mé ¥ 3L ethyl
acetate 3 b= H7IRE §, JEHE 320 oM E=E S
33Tt Collagenase A& A8 & et 7-37F
T FHE Zag (%2 Ut Uz oR

epigallocatechin gallate (EGCG)E AH&-3+ T

8. Elastase A{oll&rd

ZE ol B3 clastase AT Kwak & (2005)<]
WS WEste] Z45I3th Microplateo] b 281

Yy, Ea

AFE 40 L elastase 40 4 9} 712 A n-
succinyl-(L-Ala)3-p-nitroanilide 80 /£ & Z7}skSic}. 20 ¥7F

HESAIZL H, 410 oA S =E ST UL
ursolic acidE A3t

9. MTT assay

A 9 FEE 2 B35S HaCaT cellE 1% 10* cells/
weltd 96 well plated]] #53l] 37C2] 5% CO, incubator
X 24 AIZF wiFERATh AHE - viRIE WAISHAL 100, 200,
400, 500 pgml =2 FEES A5t 24 AJ7F 9 H
&3ttt 5 mgml 2] thiazolyl blue tetrazolium bromide
MTDE 7 5 4 A7F &t F7hld siolem wiyk <
¥ formazans DMSO° *o|ar, 540 oA FBEE
SR AZIAEES WEEE FASISITH
10. Procollagen 242t X MMP-1 Aol & 53

Procollagen A3 =78 100, 200, 400, 500 ug/ml F=
o] AF Q] AR5 HaCaT A2 A2|gh &, 24 A|7F )
et iR E 3|53t procollagen A3l WX= WHSHE
procollagen type-I C-peptide EIA kitE A3l procollagen
o S SA A

MMP-1 A3 &4 =4 HaCaT AEZE 1x10* cells/
well =2 96 well platedl] &3¢ 5, 72} wellel] 2 o
BIE AEE H7I8k] CO, incubatordl| A 24 A7+ viksich
. MMP-1¢] 48 =°]7] #3519 10 ng/ml tumor necrosis

factor-a (TNF-a)= F7Fetich. Al EZ8] mjgd-& FAst A
ol A3 2™, matrix metalloproteinase-1  biotrack
activity assay kitE o]-&3lo] F43I5 .
11. SAHXI2]

RE AFY velHe SAANE T3 Fo8 AR 9
3l Two-way ANOVA XS AAIsIth FAAE S B
tolEs #HA 3 W F3ddte] He (means) + FEFHAE



HHH - 29N - ZEF - R3H o2
(standard deviation)= UEFAAT. FAA 2= IBM SPSS & EFEAEERE sto] SASAT 2 A3 EtOAc #8E0lA

Statistics v24 (SPSS, Chicago, IL, USA) &3 A~ZEOE
*]-B-O]-OJ] Duncan’s Multiple Range Test (DMRT)Z 2|43

= AT, BAA FAHE 5% FEolM E4EAT (0 <
0.05).
2n @ o3
1 @-{\_}_Q_I- §|—l\‘| UI_I _'_/d
A5 (Pinus koraiensis Siebold et Zucc) o FEF
2 %2%@ $4S BAsl7] $1sked, DPPH 2 ABTS 4t
3} 24 248 2SI DPPHSF ABTS #Hf )z &

AL A7} EtOAc EZEA RCsatel ZF 2383 + 1.15
wgml, 6.11 + 0.08 pg/ml 0.2 717 =& A< delsig)

\__

i

DPPHS} ABTS®] A+ oz &AE4 A3 EtOAc, n-
BuOH, 80% FEtOH, Water, n-Hexane®] =02 4o 94
33T} (Table 1).

AUE 9 FE2EF gzl (+) a-tocopherol®] A 2]
zZ+ *7432“4 (FSCso)7s =743 A3} EtOAc 8 E°] 50%
EtOH FZE°) Hla) oF 2 ulje] 2AZA 3k Zpol& ERdth
I HIdPen (Kim et al 2010), o] ¥ ATFA
EtOAc E3E0] 80% EtOH FZ&Eo| nlgf & 3

A= A}t AR ol¢h e Ax

FEEAA A gz A Hojd E4o)

Z=°1M EtOAcE 23 5= YoM v gise Jo=
AzFET),

%EI.UL_OIC shek Hlw 2M

% HE IS gallic acid

Table 1. Radical scavenging activity of 80% ethanol leaf extract
and different solvent fractions in P koraiensis.

Extract / Fractions SPPY RCso (1egfnt) BT
80% EtOH 92.77+14.81° 27.38+1.36"
n-Hexane 130.32+6.35¢ 132.73+13.56¢
EtOAC 23.83+1.15 6.11+0.08°
n-BuOH 47.89+2.01° 26.24+1.13%
Water 100.47+17.84¢ 99.63+9.91°
Ascorbic acid 7.83+0.97¢ 9.71+0.99°
BHA 8.22+0.87° 6.45+1.00°
BHT 48.64+0.84° 18.13+0.97%

"DPPH; 2,2-diphenyl-1-picrylhydrazyl scavenging activity. “ABTS;
[2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt] scavenging activity. Mean values = SD from triplicate separated
experiments are shown (n = 3). "Means within a row followed by the
same letter are not significantly different based on the Duncan's
Multiple Range Test (DMRT, p < 0.05).

120

S B3 80% EtOH
109.00 mg-GAE/g, 114.55
A, water 8 E 26.10

/vj\ 1=,
o}

259.09 mg-GAE/gC & 7F4 =& %
253} n-BuOH E3EL 7
mg-GAR/gO. 2 SAFEE 7+e 1

mg-GAE/g, n-Hexane & & 23.69 mg-GAE/g |3
(Fig. ).

F ZER o= e quercetine 3
93, 2 A3 80% EtOH FZEoA 4948 mg-QF/g,
EtOAc E3Eo|A 4941 mg-QE/g, n-Hexane 32 E& oA
27.79 mg-QE/g#tS HoH, n-BuOH ¥ &3} water #3
M e HAEEA FUTH (Fig. 2).

Kwak3} Choi (2015)E E%olize] EtOH F=2E
EtOAc, butanol ©]&3le] £33t B¥=9] F =3 Zg
Hyole e AAS Ay F e TS EtOAc i35
oll4] 394.6 mg-tannic acid/g®Z 7 S UES
™, butanol F&=2] 73 128.3 mg-tannic amd/g, EtOH &

EolA 78.1 mg-tannic acid/g <=0IATIL BN L F ZTE
wol=o] Atd e EtOAc #E30] 253.7 mg-rutin/g,
butanol & Z0¢] 93.1 mg-rutinfg, EtOH FZEo] 553
mg -rutin/g =02 YERSTI B IS

OV“’] HyE 2 A+ Azt Hl.mo}oqifﬂ
o] A ;HZ—] gk ol QoA & HEINHE
libﬂ ztol= frAFHAl VRt SHA]

FolXE EtOAc I35 80% EtOH =
o] =& @'%k_i ozl o1} n-BuOH, water 38 E9)
A SR g FE2 Abol7t UM ol AFAE, &
i) e] & T2 31X Ao wl Vel AuiE g
o] zpolefal AR, F7HAQl A7 AT ZoE A}
Ed.

Q]
=4

}_r_

ST

=

<)

= X1
E
o) 7

rE o w2
o)ll N Hz

<GAE" mg/g EwWY>

Total phenol contents

a
b b

| I

80% EtOH n-Hexane
Fig. 1. Total phenolic contents of 80% ethanol Ieaf extract and
different solvent fractlons in P koraiensis. "GAE; gallic

acid equivalents. ?EW; amount of extract and fractions.

Mean values = SD from triplicate separated experiments

are shown (n = 3). "Means within a row followed by the

same letter are not significantly different based on the
Duncan's Multiple Range Test (DMRT, p < 0.05).

EtOAC n-BuOH Water
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Total flavonoid contents
<QE" mg/g EWY>

20.00
10.00

80% EtOH n-Hexane

Fig. 2. Total flavonoid contents of 80% ethanol leaf extract
and different solvent fractlons in P koraiensis. "QE;
quercetin equivalents. ?EW; amount of extract and
fractions. ND; not detected. Mean values = SD from
triplicate separated experiments are shown (n = 3).
"Means within a row followed by the same letter are not
significantly different based on the Duncan's Multiple
Range Test (DMRT, p < 0.05).

EtOAC n-BuOH Water

3. Collagenase ¥ Elastase Aol&rd Hlw A

A A FE2E 9 E9E0] 7/HE 75 Nd &% E7t
5 913} collagenase®} elastase®] Aol v FETF2
FRISHATE BE AP 250 ugml o] TS T2 2|8}
o] XIgsiqr.

Collagenase #31&d- F 2] 80% EtOH F=E
A 2027%% 7P =2 AdES YEET, tixto R
AREE S =2l EGCGE 9.58% Adl&Ht} ¢F 2.1 v =
2 AE-S B3tk n-BuOH EZEIA 7.45% Al &S X
o™, n-Hexane, FtOAc, water 238 EoX= A& AL
sjols) E313ith (Table 2).

Elastase Ziﬁﬁﬂ/‘*ﬁ n-Hexane H#8&olA 14.71%% 713
ES SIS 1310, 80% EtOH FEE1A 7.50%2]

o= '-11__

Table 2. Anti-wrinkle activities of 80% ethanol leaf extract and
different solvent fractions in P koraiensis.

Collagenase Elastase
Extract / Fractions  inhibition acivity inhibition activity

(%) (%)
80% EtOH 20.27+1.15% 7.50+2.24°¢
n-Hexane ND 14.71£1.77°
EtOAC ND 0.70+0.79¢
n-BuOH 7.45+0.05" 1.52+2.05¢
Water ND ND
EGCG" 9.58+0.00 -
Ursolic acid - 24.11+2.14°

VEGCG; epigallocatechin gallate. ND; not detected. Mean values +
SD from triplicate separated experiments are shown (n = 3).
“Means within a row followed by the same letter are not significantly
different based on the Duncan's Multiple Range Test (DMRT, p <
0.05).

Z3]&-g UJERNATE WFH EtOAc, n-BuOH, water 2] &]
A Al o] EAY ERIskA] X3t (Table 2).

Jeon (2018)2 HDF human dermal fibroblast A3l tf
AE Q) F=2E9] collagen A X5 HelE #as]
8 AR o FEES HDF Alxe] 48 AlZF A F -
4Z Y-S ELISA o@i EH]E collagen®] S %3
A3}k 100 pgml FE2] 70% EtOH FEE1A /\]E—% A1
3R] e EHZ:—TL ] 7.62%%] 7Pd &2 collagen A5
Z71E BHoH, Tx 9FEFHOZ collageno] E31HS ol
stTial Hagk wp Sk ol gk HAlop & AFeA 9
collagenase®} elastase AN TAlo T3l AUE o
80% EtOH F==& 5 /A 71574 2A=2e] A 714
o] e Aoz 7vEr)

=

oj‘lr?-"‘

r

i

= [=

4. NIZ g5 &1 Ul 24
4-1. MTT assay

AR A FE2E W BIES 100, 200, 400, 500 g/ml

o IR S ATEAS IR AR 57} %
715kl wht Al AEE °] Hrdhe A3 UERLOY, 80%
EtOH FZ&3 n-Hexane, EtOAc, n-BuOH 3 =2 500
rgml FE7A] 97% o)/de] ME AEES Ho AF sk
ol AESAL eRiA Sken, waer £9E] S
500 pg/ml EEolA 87% 9] AME AEES Fosigrh
(Fig. 3).

Jeon (2018)2] Aol oJ5hH RAW264.7 UIAHEZE
a8k AR 9 70% EtOH FEEL 5, 10, 20, 50, 100
gl =2 A2]ste] *ﬂ:‘“ﬁ—iﬂé—% elgh Az B AoilA]
oF FALSHAl ME BEEC] FE EHoR Pidte A
< e o, BE FEAA 77% olde] AlX AEES

120
100
80

60

Cell viability (%)

40

20

80% EtOH

n-Hexane EtOAC n-BuCH Water

W 100 po/me 200 pg/m¢  W400 pg/m¢ MS00 po/mé

Cell viability of 80% ethanol leaf extract and different
solvent fractions in P koraiensis. Mean values + SD
from triplicate separated experiments are shown (n = 3).
"Means within a row followed by the same letter are not
significantly different based on the Duncan's Multiple
Range Test (DMRT, p < 0.05).

Fig. 3.
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O
=25 ;‘ —“@Q%—% Eo FRoNE AEo] ZAS el
A ggom kA3
AT},

4-2. Procollagen ‘43l X MMP-1 X{5lf &4

A 9 25 9 B85S J5 Al W9 procollagen
A d MMP-1 #a&d- ELISA W& o]&st] S35k
t}. PIP (procollagen Type-I C-peptide)?} MMP-1 (matrix
metalloprotease- 1)4 SRS ELISAH S o]&sle] 243k 4
}, n-Hexane #8& 500 ugmd o] o Z ek 7
procollagen X33 @-»}»‘: ARE H7BHA] &2 iz H]
3lo] procollagen BAFS <F 6.6 vl 77 AAE o
Epfilom, 5Ust FxollA] MMP-19] ¢ &% ZHo] &
A & ArE Aol AAlEH dhuld wdlo] ks &
olslitt. AR 9] 80% EtOH F=E2| 79 500 wg/ml
2] A procollagen ABLY o 2ol H|Ele] FEFo] oF
6.4 ¥ 71833, MMP-12] 749 12.10%2] $Ho= 714
3k A8 13} (Fig. 4 and Fig. 5).

eslol] wt A7le F52 1199 Aol ze] 7)E Ast
2 7|QIgt} UV ZARY 95 2EfAE WA =W ERKSH
¢-JUN kinase®| €/d0] Z713HA Hth o|2 QI3 collagens:
Eallsk= 4% collagenase®] &/Jo] S7F= 3L procollagen
Aol Astelo] o] syt XeEm F=go] A7A |
o} (Zague et al., 2011). AXL71AS Hafstes a42 49
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EtOH

Control n-Hexane EtOAc n-BuOH Water

W 100 pg/me 200 pg/mg W400 pg/m¢ M 500 pg/me

Fig. 4. Procollagen type-I synthesis of 80% ethanol leaf extract
and different solvent fractions in P koraiensis. EGCG;
epigallocatechin gallate. Mean values =+ SD from trlpllcate
separated experiments are shown (n = 3). "Means within
a row followed by the same letter are not significantly
different based on the Duncan's Multiple Range Test

(DMRT, p < 0.05).
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Fig. 5. Matrix metalloproteinase-1 of 80% ethanol leaf extract
and different solvent fractions in P koraiensis. EGCG;
epigallocatechin gallate. Mean values = SD from trlpllcate
separated experiments are shown (n = 3). "Means within
a row followed by the same letter are not significantly
different based on the Duncan's Multiple Range Test
(DMRT, p < 0.05).
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