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Abstract

We investigated the physiological activities of extracts from Lindera obtusiloba Blume leaf and twig (LLW: water extract from Lindera
obtusiloba Blume leaf, LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf, LTW: water extract from Lindera obtusiloba Blume twig,
LTE: 50% ethanol extract from Lindera obtusiloba Blume twig). Total polyphenol and total flavonoid contents of LTE were 445.38 mg/g and
302.09 mg/g, respectively. The electron donating ability (95.38%) of LTE was higher than that of the LLE (93.76%), LTW (88.09%), and LLW

(82.06%). The oxygen radical absorbance capacity of extracts were improved with 50% ethanol condition, rather than hot water. Superoxide

radical scavenging activity and FRAP activity of the extracts were improved with an increase of treatment concentration. All the extracts (1,000
ug/mL) stimulated a production of nitric oxide (NO) in macrophage RAW264.7 cells. In particular, the NO stimulating activity of LTE was
superior to that of LLE, LTW, and LLW. The antitumor activity of LTE (500 pg/mL) in A549, HeLa and SNU719 was 55.63%, 83.87% and
68.11%, respectively. The UVB—induced MMP—1 production in HS68 cells was suppressed by the treatment of LTE (88.28%), LLE (83.96%),

LTW (80.59%) and LLW (76.08%).
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7F A5Ha 9lom, 53] A AEAYS ude R et
ghes), A1 o), WS, ksl ax) Sl oigk A+
7} @93 A3 =1 Qi (Chaovanalikit A9} Wrolstad RE
2004, Choi OK & 2002). H12)=-& &5 ofe] 7k4] 71
O 2 ARE B AH7E Ho] QWA g5 AS5E o]
Skar, Htol ofA] ddje)she] A 8o R Wol AREE AL
At} ARTo| A= olu] A AAlol = A=Al o
sk 2 o = X575 BAY a8 Btk
Ho} ookt AEEe) g ekl ity ddES 7)Y
0= sz Ao 7] shell A ] A X EAY Kokl
Ao Jde] ARgE o] ko) it 7 7|5 A 2
s 59 aAlE oheFshAl JidE Al Itk (Park BG 5
2007).

A7 Lindera obtusiloba Blume) = U3 (Lauraceae)
2 AVNEG FHF ARs YeHE o =2 o7t 3 mell Est
H B Foo| e Fasith 2 AHE e dyelal
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o & AT, 23] AR g AR Bol -
utol] AAYskar 9o, 7ix) et olS A 2H A HA 7}
ki & A QItHPark JC 5 1996). A7 i S W
kA A E-21 monoterpenoid®} sesquiterpencidE 7FA] L L
1 o5 Aol digh Ak A o] &} A At stz
el tigk A7 AlEH o2 o] Foy XAl ItH(Kwon DJ &
2007, Seo KH & 2011). B3 A7 b= Bgolv sfjd 1
2)aL 2}e] g §F o= AR E sl on, dufje] V)52
FHgoly 8o R ARRE 7| skal Aol = AU
FE=ol g ststet gt 28 18] dERks oA 5
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of thgt & A7} o]FoA AL ) tH(Hwang KA 5 2005,
Kim SH % 2009). &Aooz 28207 XFyo] & ALE
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2. FEE Ax 4 FE258 54
A7 Qe 74 E4E 10 goll SR 50% ol eheS
217} 200 mL #7Fske] 80ColA 6417t B35 3ISiTh &
= T E-ES AASH] 913 whatman No.22 o2}tk Ut
75=7] (Model N—1N, Eyela Co., Tokyo, Japan)E AR5}
o] 7HtsEstar 54 A% (Freezone Plus 2.5, Labconcon Co.,
Kansas City, MO, USA)3}o] —70C W5 o] Bashia] 4
& AlEE ARSI

FETES AN A L U] FEES A sES S
A2 2 E-(Forced convection oven, Jeico Tech, Korea)S ©]&
sto] 105C ge7tExiz o s o] | w7bx] 1x3k &
FEE AZ AT UR ST gt 1Yy E & (R R

HERAA.
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Z Z99E 2 Folin—Denis® (Singleton VLI} Rossi JA
1965)°l wt FE2AE 7] 25 1,000 pg/ml %
343 A5 1 mLoll 1 N folin—ciocalteau reagent(Sigma Co.,
St. Louis, MO, USA) 1 mLE& #7Fslal &3] =33t v
20% NaxCO; 1 mLE F7Fshal A-9] gkaellA 307+ vk
A7l & B335 A (Ultraspec 2100pro, Amersham Co.,
Sweden)E ]85} 725 nmol|A] SF =S SAHSIST) olu)
Z Zo)¥= 3RS tamnic acid(Sigma, St. Louis, MO, USA)E
AEFste] s nEaHo 2R E AL

% St ol =gt S48 DavisH (Davis WB 1947)0]] u}
2} 1,000 pg/mlL == 343 A5 100 ulol] 1 mL diethyl
glycol & &§3}e] 2o 4] 5387F 9-&-A]7]aL 1 N NaOH
100 uL} Egtato] 37°CollA 3087F ¥k 171 3 420 nmollA
3433 A|(Ultraspec 2100pro, Amersham Co., Sweden) %= &4
T2 A3t & Z9tE o= RS quercetin(Sigma, St.
Louis, MO, USA)< A%Fste] 2Md 3k F&=d om e At
Eloa=s

1) DPPH radical 27 % &4

AAFo] 5 (electron  donating  ability, EDA)S 1,1
diphenyl—2—picrylhydrazyl(DPPH) 2] 3F=S- o]-8-3te] Z43}
AtHLee EJ % 2008). 5, 1,000 ug/mL s== 348 A&
1 mLoll 4x10™* M DPPH-E-4(99.9% ethyl alcohololl 8-8}) 1
mL& 7kste] Fhe] $3)7} 2 mL7} H= Sjglet o] W
NS oF 10x7F E3}8taL A-2olA] 3087 WS & Bsg
A (Ultraspec 2100 pro, Amersham Co., Sweden) S AR8-5}0]
525 nmollA FFEE SA4stE FNETOE ascorbic
acidE AHg8Igl o Hatgol gy 259 A7 9 &

of AfolE WP-E vEhIgich

sample absorbance )

7)) = —
EDA(%) =(1 control absorbance

> 100

2) ORAC 54
o

ORAC =42 Talcott ST} Lee JH(2002)7} &4ke} B4 =
Aol AF&-3} oxygen radical absorbance capacity(ORAC) -4
¥ ol galgith X AIFeIA 2o B wxole] B 3
A3} 24308 A=) Alxell= S phosphate buffer(61.6:38.9
VA, 0.75 M K;HPO; and 0.75 M NaH.PO,) S AHS-3I3It) 7
% RAE A4a] delel ks B4 W mEolew
trolox(water soluble analogue of vitamin E, 6—hydroxy—2,5,7,8—
tetramethylchroman—2—carboxylic acid, Aldrich Chem, Inc.,
USA) 10 ulLE phosphate buffer 50 mLol| &35}y A %35k
a1, 4717+ fluorescent microplate reader(Infinite M200 PRO,
Tecan Co., Austria) g AH&-3F] 485 nmol|A] A7} of 7] %] a1
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3) FRAP =4

Ferric reducing antioxidant potential(FRAP) Z73-2 Benzie IF
9} Strain JJ(1996)2] W oJ3l] tha-2} o] SAsITh
FRAP reagenti= 25 mL acetate buffer(300 mM, pH 3.6)5 37°C
oA 7FeE 3 40 mM HClOl &&1E 10 mM
2,4,6—tris(2—pyridyl) —s—triazine(TPTZ, Sigma, St. Louis, MO, USA)
2.5 mL2} 20 mM ferric chloride(FeCls) 2.5 mLE 7}sfo] A%
skt AR HEW-S =57} 100, 250, 500, 1,000 ug/mLe]
Y= st 22} 0.03 mLA FHal A= FRAP reagent 0.9
mLo} FHS 009 mLE Y& 37°CollA 10827k uk& A7

£ B3B335 Al (Ultraspec 2100pro, Amersham Co., Sweden)
£ o]&3t9] 510 nmolA FFEE A3 FRAPE
FeSO,7H,0 (Sigma, St. Louis, MO, USA)& A&Fslo] 214t
REFAoERY ALl
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4) Superoxide radical &~H &4 4
o

Superoxide radical 227 & 57 Nishikimi M 5-(1972)
o] Wiel me} SAS ST Al59] HEWSEE7} 25, 50,
100, 200 pg/mLe] HEZ ko] 24zt 20 Lol 62 uM nitro
blue tetrazolium (NBT)2} 98 uM B—nicotinamide adenine
dinucleotide(NADH)S $H+3F 20 mM Tris & (pH 8.0) 800
uLE &3%k oS, 20 mM Tris €9 80 pL 33 uM
phenazine methosulfate(PMS) 100 pLS ZHz}F H7ekqic). &,
H§A~% 02 PMS/NADHZ %% superoxide radical<
formazan= S43F7] Y3l 560 nmoll A 105 E<F ¥H&E2]
FHEE SAHSAL ok Aoz ALk

b 4

Superoxide radical scavenging ability = [(A-B)/A]X100
A @ absorbance of not added sample
B @ absorbance of added sample

5. AT B Al afgF WY

Agol| o] 85k MXEF= QT HUAIE(AB49), J7F A
F-9MA|E (HeLa), 17F SIAIE(SNU719) B vl9-2~ TjIAE
(RAW264.7)E =M 5230 (Seoul, Korea)oll A T4k AF
835190tk A549, HeLa 2 SNU719 A3 RPMI 16408142
ALE-3F9 3L RAW?264.7 M ¥EF+ Dulbecco’s Modified Eagle’s
Medium(DMEM) B A& o]&38}o] 22} 10% fetal bovine
serum(FBS), 1% penicillin—streptomycine 7}sfe] AR}
ot Al¥= 25 37C, 5% CO2 incubator (MCO—18AIC,
SANYO Co., Japan)oll &-5A1A 247+ wjtslsict.

6. Nitric oxide 3% =4

RAW264.7 A2 HE YA E]= nitric oxide(NO)<| &S
Griess reagentZ o]-&slo] T8} o] =4 &1t vtz

AR Q9 A REE AEdd 570

AEFE 2x10" cell/well2 96 well platedl] 22} 100 uLA
A7kske] 37°C, 5% CO, incubatorellA] 24413 vl ekl S5+
Zrol] 1501 A EH(100, 250, 500, 1,000 ug/ml) 2 Az
1 LPS(1 ug/mL)E A 2lgh $ 24413 &<t v eksglet. ul
OFo] Az Fof ASH 50 Lol S| Griess reagent=
Z3ksto] 1027F 4HES AlZ1 ¥ ELISA readerE ©]-8-5}o]
540 nmollA FFEE SASATE NO9| 2 sodium
nitrites A Fste] A T H o2 HE AL

(o

7. Solsiyg =%

OH=E O

||\

2 7] FE20] MIT assays T3t vide AEXTE
2x10" cel/mLE. 96 well plateol] 212} 100 LA A7fske] 37°C,
5% CO incubatoroll A 24A17F BjslaL SF<rol] 52 A=
HFRS57} 500 pghml 7 EE= ZAIRE - 48417 St wilok
3l3Act. 8l < phosphate buffered saline(PBS) $H5-8-<fo]] =<1
3—(4,5—dimethylthiazol—2—y1)—2,5—diphenyltetrazolium bromide(MTT)
5 mg/mlL &HE 7} wellell 10 uLA H7bskal oA 4A|7F
F<F CO; incubatorol| A ¥iste] MTT7} 3 & =5 53]
HEE & AAdE formazan A0 SEHA|A] A vl
< Hd3] AASL AlAE ZE wellell 100 uLA 2] dimethyl
sulfoxide s 7}to] 1021 WA A formazan A4S &3¢
T}S- ELISA reader(Asys UVM340, Biochrom, Eugendorf, Austria)
£ o]&3te] 540 nmol|A] FFEE S8t RIS
23= doxorubicin(Sigma Co., St. Louis, MO, USA)=- 10 ug/mL
TR AREste] vt

Won JHS}F Kim MR (2012)2] & o]-8-ato] A2y ol

8. MMP-1A43124 =4

Abed Ay Aol 51 HS68-2 American Type Culture
Collection(ATCC)ol| A E%rto}l 10% FBS % 100 unit/mL
penicillin, 100 ng/mL9] streptomycing 713+ DMEM HiA| =
o]-8-5o] 37ColA 5% COE FgdhHA] 3wt A e
S dle] B AF| o] &3l th Ultraviolet BUUVB) ZAME &
3 HS68 Al 2] B3} 25 24 well platedl| A 2x10°
cells/well FE= 311 244178 v Falo] A EE B3 A
70 % Quan T 5(2001) 8] WS WE ko] Fa3it). =,
MAEE 24A13F vijeFst F vilXE A ASIAL PBSE F H Al A
Sk U3 AlEel 1 mL PBSE #7Fskal UV 925 o] 835}
UVB(280~320 nm)2 80 mJ/em’ ¥ Al ZAKsIt o] wf, UVB
FAFFS UV-radiometerE o]l SA3Ith Algol ot
MVP-1 AhkE Wsh= d7]eF 2o UVBE ZAFsH A2l PBS
E A A3kl 10% FBS 2 100 unit/mL penicillin, 100 ng/mL2]
streptomycing 718k DMEM #liA|9} s Al85 A2]sfar 24
AIZF F7F vjFek 36,000 rpmell A 10827 PAEEE Sl
ARS8 3]4=8)al matrix metalloproteinase—1(MMP—1) human
biotrakell thal] ELISA system(Amersham life science, Arlington
Heights, IL,USA)S o]&-3lo] MMP-1 A4t S350
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Table 1. Yield, total polyphenol content and total flavonoid
content in extracts from Lindera obtusiloba Blume leaf

and twig
LLW 10.9 178.58+2.05" 151.7944.67°
LLE 12.3 311.84£2.03" 259.05+8.39"
LTW 48 228.1241.84° 171.7948.23°
LTE 5.7 445.3842.91° 302.0945.63"

DLLW: water extract from Lindera obtusiloba Blume leaf

LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf

LTW: water extract from Lindera obtusiloba Blume twig

LTE: 50% ethanol extract from Lindera obtusiloba Blume twig

?The values are means+SD of three experimental data. a—dMeans with
different superscripts in the same column are significantly different
at p<0.05.

ZEuls SRS AEAelA gy sk 2aF AR
E-2 A phenolic acid, benzoic acid, cinnamic acid, flavonoid,
lignan, stilbene, anthocyanin, proanthocyanin % tannin %©]
Rom, FoHEat ofu} a1l A5, kst H e
s} 5 ohde A EdS 7RIt BaE A QIok(Kim SM
5 2001, Naczk M3} Shahidi F 2003). A7 2 2 74
Fe== T FYvEdds 54T A9 Table 13 2tk
7T 714 50% ollehe %= (LTE)©] 445.38 mg/gO.=
% ZYlE ol 7 ko™ AT 9l 50% ollghE
FEEO|(LLE)°] 311.84 mgo| Atk Hgh A= 59| 45 7H4]
9 o] FEEo] 717t 22812 mg/g(LTW)2} 17858 mg/g(LLW)=
BAE 0] 50% e F& o] 58S & = AULh
Hong CO “5(2013) A7 HT- 915 70% ollek&® F53le] &
HE3FeHE-S- Akt 23} 66.1 ug/meo] SHrEo] gtk Bar
Bllt EehE o= o] 7H] AEe] de o] gle
™, Sk o= SRHE-S vl A 31aE shelr s 7 HA

2 783 2] A 2998 A5%(2013)

o
B

DR

sle} 2hgo] tekst W fEAlEe] Barso] ItiKim HP 5
2004). % SR 0| S8R LTEZ} 302,09 mg/g 02 HAJx]o]
7V =9kal LLW7} 151,79 mg/g Q& 71 Wol & Ze)u)is o
A SAe A9s BolFlt) Hwang KA 5(2003)2 A
TR o E5FEEY] F o o]t dko] 140.46 mg/g©]
2jal Harste] i AtAze} fAkeloled], HeAElE A
2 39S w 7kl Adolgta Raslgich Park JIC 5
(1996)> A7l shrsle] ol Eefhizo|=o] shehix i
Aol Qlofli= o] 2hE, Ag5 TV T 7S THE
quercitrin®] 7FA] = hyperoside(quercetin—3—O—galactoside)7} &+
F5o] ki ®asgic

2. DPPH radical 275 % ORAC

ARFgoI e 2% o] A4 2kt A Q1A el A
sk AAlele= 29| H g o] §Hth AE7HA] Biald
2belEs SAsE oY 7 W
2,2—diphenyl—1—picrylhydrazyl radical(DPPH)-S- ©]-&3} 4%
T SAL 7P Byid o2 o] gal Q=] o] WE A
dlol| ghitsl S vl = ATk AdAd o] vk TS
7HA AL 1 th(Blois MS 1958). AU o] & 7R FEE-9]
Axbgolse 22} 9376%(LLE) 9}t 95.38%(LTE)Z Z74%|o] 2}
Oz 2AG0] w9 955 HAFE), ol AU
02 ALESE Ho gitsl A2 2 & A & ascorbic
acid9} 22 Lol A vk A7kl 9541%}F FAKSE o=
A AT Table 2). Y F=F=2! LTW7} 88.09%°]%131,
LLW7} 82.06%= w41 =o] G4 F221% Ads] ¢t 2
Uz 2745 YERRITE Wang SY 5(2003)2 duks oz
oRgAE0] A9 F ZejdlEde] T7FES DPPH &8
A Z7Feta Baskded B A Ads fARITh

ORAC 412 2184 A9 F25, o5 A& 2 53
Eol tigh ditslsS Hrtslr] Qs FEA EEE gle
o, 2] S &gl digh JA A AASS 25
gt tslks 54 oz 4 Atk Alarcon E &
2008, Prior RL 5 2003). Trolox® F#Ed =& Al-&3lo]
AAPHel ¢J3} A% peroxyl radicalell thh A7 &
w2 348901 Table 20] JeRAATE A7 o 35
o] Z$ LLE7} 3,119.23 umoles TE/ge|$laL LLWoll A
2,771.83 umoles TE/gS & F-A5E|o] 50% ehe F=ZF70]
kel ek AR 71 252 LTESF LTW7F 7t
7} 3,451.94 umoles TE/g¢} 2,601.52 pumoles TE/g% E<F
FEEI} AR Aol Shelly H 5(2010) 3H4kst &
o] $-aitial Al QlE Acai®] ORACEHS 60% Hlghs
FEEA 2,589 pmoles TE/gS H oItk si9=d 2 AT
oA ARES AT o B 7] FE2E2 bl Aol
q = 24 H o &5 tekst 75 datsl A &8
7Veehs g1kt

ofN ot

2

o i




Table 2. Electron donating ability and ORAC in extracts from

Lindera obtusiloba Blume leaf and twig

Electron donating ability

Sample“

ORAC

(%) (umoles TE/g)
LLW 82.06%1.42" 2,771.83%63.69°
LLE 93.76£0.16" 3,119.23%75.68"
LTW 88.09£0.81° 2,601.52+87.62°
LTE 95.38+0.17" 3,451.94492.25°
Ascorbic acid 95.41+0.03" -

YSee the footnote of Table 1.

?The values are meansSD of three experimental data. “\Means with
different superscripts in the same column are significantly different
at p<0.05.

3. FRAP assay®} Superoxide radical 27 24

FRAP:= AHd pHY ol ferric tripyridyltriazine(Fe” —TPTZ)
=SHA7E @9 2 98 HAe] ferrous
tripyridyltriazine(Fe —TPTZ) 0.2 315 A7) 8 o] &3k 7o
2 giFte] AtshA7) e EE 71 AL Qo ol 2Rt
sto] Qe W o= fho] o] 85 a1 Itk Benzie IF9} Strain
17 1996). A7 ol 9l 7] F5E9] 55 FRAP #b&
Fig. 191 YERRITE FRAP 2 G4-FEH U= 50% ol ehe:
FERAAA raiglom w7t S7H e wet olds
o = ASTh HolgkE 2l 1,000 ug/mLe] HXEoA] LLE
¢} LTEE 2} 1.830 mM2} 1.701 mME #2450 A=
2] ascorbic acid®} FAFSFSTE Hong CO 5(2013)2] A+
Azl w2l A7 Q) 70% ollghE FEE2] FRAP 3k
3.2 mME & S YeR =t FE2A] dEhE 57t
S7Fel wet FRAPHE S7shithal Harstgloh

H] & 2% vk ol PMS/NADHZ -2+ superoxide radical
AR - NBT+= A29] formazan o2 SHI%™ A=
W superoxide radical 27 A o] EA3= -G, Al5H 7T
oJ&l} formazan®] A3/go] AW FFL=7} HAasHA Hrk
(Rhim TJ 5 2009). A7 ol B 7] 559 #5214
3} 551 superoxide radical 27 A4S Fig. 2¢F ) AY
B A FEELS 200 pgmLe] =04 LTE 79.95%,
LTW 73.27%%2 B4 % 22 oA FAduzres
AREgE FHEIZ1S 96.23%<F HlwA] Fogt dhtst S 7
AL 4 4 YAk BE AlBToM FE7F sl vkl
superoxide radical 2271 @/do] S7Fsk3laL, Ay o F=
ERT AN 7 FEEC] ksl A o] =5
g135H3l T

25
HIIW “LIE SLTW SLTE
2
a a
I
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%‘ 15 i
=
B ; e
z :
[ 1
h h &
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ascorbic acid 100 250 500 1000

\—Concmtraﬁ(m ﬂjg[ml)—‘

Fig. 1. FRAP activity of extracts from Lindera obtusiloba

Blume leaf and twig
Bars represent mean®SD. Different superscripts (a—m) indicate significant
differences at p<0.05 by Duncan's multiple range test.
LLW: water extract from Lindera obtusiloba Blume leaf,
LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf,
LTW: water extract from Lindera obtusiloba Blume twig,
LTE: 50% ethanol extract from Lindera obtusiloba Blume twig.

120

ELILW ©LIE sLTW =LTE

Supervxide radical scavenging adtivity (%)

catechin 25 50

100 200

\—Con(muaﬁ(m (ug/ml.

(200 pg/ml)

Fig. 2. Superoxide radical scavenging activity of extracts
from Lindera obtusiloba Blume leaf and twig

Bars represent mean+SD. Different superscripts (a—1) indicate significant
differences at p<0.05 by Duncan's multiple range test.

LLW: water extract from Lindera obtusiloba Blume leaf,

LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf,

LTW: water extract from Lindera obtusiloba Blume twig,

LTE: 50% ethanol extract from Lindera obtusiloba Blume twig

4. Nitric oxide A% 2 grolgbAg

Nitric oxide(NO) B3-S RAW264.7 A|E 2] Hjokol Z=o
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NO9| srekS &A3= 22 % NOE L-arginineo] NO
synthetase”} 21-8-5to] /=™, /¥ NO= FA2Ee] 52
< Ale= AR deA ATHHibbs JB 5 1987). A7t
5 9 7] FEES X AES JES vXH] &
= EERE A3 oS NO S 2AFISItHFg. 3). LPS
A2 (1 ug/ml) 2] 7-5- NO Aol 22.38 uMloH, &
T A Bl RAW264.7 Al th3k NO AAo] F% o]F4
o2 I7FkR= Aeg Yl 53] LTEY] 4% 5271 5
7}abol| whe} 3.537~17.238 uM=E NO A o] Z7}3819] o
™, 1,000 pg/ml FEoA 4 RO E ALESF LPSET}
= kot njud ¢4sst 93 avE JeEUoh At
Ho g AFFEHUR= 50% Jdehe FEF70] 9313t}

30
EHIIW “LILE SLTW ELTE

)
2
=
g 20 H
£
=
=
=
=2
2 10
&
|
=

D -

LPS 100 250 500 1000
(1 pg/ml)

I— Concentration (ug/mlL) A

Fig. 3. Nitric oxide production in RAW264.7 cells of extracts
from Lindera obtusiloba Blume leaf and twig

Bars represent mean+SD. Different superscripts (a—i) indicate significant
differences at p<0.05 by Duncan's multiple range test.

LLW: water extract from Lindera obtusiloba Blume leaf,

LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf,

LTW: water extract from Lindera obtusiloba Blume twig,

LTE: 50% ethanol extract from Lindera obtusiloba Blume twig
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Fig. 4. Inhibition rate of the proliferation of A549, Hela,
and SNU719 cells of extracts from Lindera

obtusiloba Blume leaf and twig
Bars represent mean®SD. Different superscripts (a—h) indicate significant
differences at p<0.05 by Duncan's multiple range test.
LLW: water extract from Lindera obtusiloba Blume leaf,
LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf,
LTW: water extract from Lindera obtusiloba Blume twig,
LTE: 50% ethanol extract from Lindera obtusiloba Blume twig
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Fig. 5. Effect of MMP—1 production in HS68 cells treated
UVB of extracts from Lindera obtusiloba Blume

leaf and twig
Bars represent meantSD. Different superscripts (a—k) indicate significant
differences at p<0.05 by Duncan's multiple range test.
LLW: water extract from Lindera obtusiloba Blume leaf,
LLE: 50% ethanol extract from Lindera obtusiloba Blume leaf,
LTW: water extract from Lindera obtusiloba Blume twig,
LTE: 50% ethanol extract from Lindera obtusiloba Blume twig
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