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Litsea populifolia, a plant species of the Lauraceae family, is widely distributed in the tropical and sub-
tropical areas of Asia. The phylogenetic relationships and botanical characteristics of L. populifolia have
been reported; however, its anti-oxidative and anti-cancer activities remain unclear. In this study, we
evaluated the anti-oxidative and anti-cancer effects of ethanol extracts of L. populifolia (EELP) together
with the molecular mechanism of its anti-cancer activity in human lung adenocarcinoma A549 cells.
EELP showed significant anti-oxidative effects with a 50% inhibitory concentration at 11.71 pg/ml,
which was measured by the 2,2-diphenyl-1-picrylhydrazyl radical scavenging assay. EELP exhibited
cytotoxic activity and induced cell cycle arrest at the G1 phase in A549 cells in a dose-dependent man-
ner, whereas EELP did not have the cytotoxic effect on the normal human lung cell line IMR90.
Treatment with EELP also resulted in a decreased expression of G1/S transition-related molecules —in-
cluding cyclin-dependent kinase (CDK) 2, CDK®, cyclin D1, and cyclin E—both for the transcription
and translation levels. EELP-induced G1 arrest was associated with the phosphorylation of checkpoint
kinase 2 (CHK?2), p53, cell division cycle 25 homolog A (CDC25A), and the reduction of CDC25A ex-
pression in A549 cells. Collectively, these results suggest that EELP may exert an anti-cancer effect
by cell cycle arrest at the G1 phase through both p53-dependent and p53-independent (ATM/CHK2/

CDC25A/CDK?2) pathways in A549 cells.
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M EF7]& cyclin-dependent kinase (CDK)®} cyclin 5%
A (CDK/cyclin complex)] &/ 3}el| ofsf th5 DA R 213
5™, CDK/cyclin complex®] &4 A ojel| o) Al£F7]7} =
etk A7 219 vt2= CDK AsfAl= &7 p21,
p27 Tl 93 CDK &4 0] A= 0] cell cycle arrest?} oF7]
ch Z ok A ¢l 7}¢l p53oﬂ _g]g“ p219] o] =75 = 7—]
o2 4HA QU2 35, 38]. ¥HH, Cyclin? 2% 3 CDKe
Tyrl5 24717F Q4ksts o] Q& 7§ nig4ds 5, datstd
Tyrl5 2719 &R14tsto] ofs) ZAstHTHS, 16, 27]. °| Z A
4318 CDK/cyclin complex= ME2F7]1E O& BAE
YA 7, ojwf CDKoll 2H&3dte &lidstasrt cell divi-
sion cycle 25 (CDC25) @9l doln] CDC25A+ G1/57] ¢ A]
cyclinE/CDK2 complexdll 283t G1/S A< of7|3hH,
CDC25C= G2/M7] 9l A cyclinB/CDK1 complexs 273314
21TH11, 25, 32]. £8] HlAAEA HY, FARST Fuo
FASAA A o5 GUF}EAS CDCBA7E Hd H of
slom, CDC2BAY BHE ANz S W A Ee) A4
AE7F A=tk Bzt §lof, CDC2S5 & 2 o) &4 of
AAE e Aol AZE 7139 FAAsA ML T2
TokR tiFH ATH17, 24, 39].

Litsea populifoline =5 (Laurel) U4 (Lauraceae)
of 3tz RO R ofrlote] do] g ol Aol A3}

3 glow, AR T2 53 EE gopu gt E BHdEn.
FA7A L populifolia®l B454 3 AFH 771 A5
of gtouth, A A ’JrEHH% A 9a 3wk [UTH34].
TebA, & dFolAe A3 HAAME A5495 AHESke] L
populifolia | & 3% & (Ethanol extract of L. populifolia ©]3}
EELP)9] aH4t3l 34 2 A549 A9 A EF7) 2] o3
T2 1 EAH 71l Bake] skt

R

B Ag oA A& L. populifolia o & % -fF =< &9

EAASBAHE T FGATY; BEHE FBM123-011)
oA FUst . L. populifolia> 95% °ﬂ % 20 & 7}ty
5ColA 2302 EHdt 5 F 93, 5, A2AAH S
AR FZE2M 100 mg/mlY FEZ Y EdEAeln
(DMSO; Sigma, USA)ell &3 A A 4Tl B#sta Al Zof A
get7] A wjA ol g4ste] g

& Edln= g 53
% Z99E %L Folin-Denis 4ol wat £43 %0

[B36]. NS FFES 1 mg/ml FE2E AT
100 1ol 10% Folin-Ciocalteau’s phenol reagent 200 ulE %7}

ok & 28t 700 mM NayCOs €9 700 pl 2ol &3t

%, ol ArY

AL A 308 FA 3 & 640 nmol A FHEE
Z ZYdE ¢FL TFEA tannic acidE ] &3} HFA
S A3 & A

DPPH 2iCIZ A7 &M &3

EELPY| @4t3ts& &13t7] 913k 2,2-diphenyl-1-picryl
hydrazyl (DPPH) radical 274 &4& 43 ATH19, 26].
EELPZ 5 5% (256-320 ug/ml)2 v eh&o] xof Fug &,
% 4 Z#olE uﬂ%—%oﬂ £3)9 15x10* M DPPH 40 1%}
Zt N & 160 WE 73 EFAE A2 A 3083t 747

31, microplate reader (Paradlgm, Beckman, USA)E ©| &3}
50 nmel| A FFE=E ST ARE H7bsA 42 &4
273 vaste A4 TS BLZ JE T, 50% A 3
‘& = (Inhibitory Concentration, ICx)& A4tetA Tt ¥4 gz

T2 ascorbic acidE AHE3tH oW, A 7S 33 HkE A Y3
o Hagog et dA5Y BEE 34L g3

2t
DPPH radical scavenging activity (%)={1-(A-B)/C}*100
A: sample absorbance 520 nm
B: color control absorbance 520 nm

C: control absorbance 520 nm
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American Type Culture Collection (ATCC®, USA)2. 25 E]

43192, Dulbecco’s modified Eagle’s medium (DMEM)
wj A ol 10% fetal bovine serum (FBS)$t penicillin/strepto-
mycing H7}ste] 37°C wjF7) oA 5% COE frAI3tHA
H g5t o

MIZQ| MR ZAL

EELP7} B3A 2o} A Z 9 Aol mA= F&F S &<
3t7] 913t water soluble tetrazolium salt (WST) assay
Ty AGAZ IMR9OTJr A E A549F 24-well plate
o] 13x10* cell2 253 & 2447 5 EELPE %5 %(0-500
ng/mhE A elsta 48’\]2} o W FetATh. Axe WA E
A A WST A % (Daeillab, Korea)o] E3H HjA & £F
T 3087 37T w7l o A ¥-EAl 7] I microplate reader 2
450 nmell A FHEE S5kt A 33 v A
dto] WEgho 2 Ueiglon, & 4PA S nEgoE o %
AY A v=8 250

NZQ| HEff s} 2
EELP Aol 93t A549¢} IMR90S] dEjea 248 9}



o] 6-well plateo] 1-2x10° cell 2 33} 31 2447+ & EELP
A4 §5(0-400 ng/ml) = A 2t ATh 48A7F TS MY
=Y @774 (Axiovert 40C; Carl ZEISS, Germany)< A8}
100-20000 9] v &= &34 S, Axio Vision programe A
&3t 295 st

2 o
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EELP7} A5499] Al L5710l wA& &< &lstr] 9s
of EELPZ 43 HX2 A5499 A2dto] CycleTEST"
PLUS DNA Reagent Kit (Becton Dickinson, USA)Z 43}
Atk AlEE 6-well plated]] 1-2x10° cell& 33} 3 EELPZ
0-400 pg/mle] =EE 48A7F Ag $ I8¢t 1X PBSE
A A F RNase AS A4 1083+ A 2] 8L, propidium
iodide (PI) $91< 7haked 4TI A 1087 GAlakeln). @A)
¥ A EZE Flow cytometry (Cell Lab Quanta SC; Beckman
Coulter, USA)Z Z4 314 2™ A= WinMDI software 2.9
€ AHgstel 2435kl

mRNA 23 24

EELP A 2fol o|gh A5499] MZzF7]o #dd A9
mRNAS| Fd ¢S Fd}7] §1ste] RT-PCRE 335l
o}, A5490] & 5= #(0-400 pg/ml)2 EELPE 2 23}l 4847
Hj ¢ $ TRIzol reagent (Invitrogen, Thermo Fisher Scientific,
USA)E o] 4319 total RNAE £33t £2/8 RNAE
12 ugo. & AFE ¥ oligo dT primer®} SuperScript First-
Strand Synthesis System kit (Invitrogen, Thermo Fisher
Scientific, USA)E AH8-3ta] (DNAE @439 o] % CDK2,
CDK4, CDK6, Cyclin E, Cyclin D, CDC25A9] primer (Table
1)& &3kl TaKaRa Taq kit (TaKaRa biotechnology, Japan)
2 3% 448 FF A7 PCR 2202 HID Veriti® 9%6-

Table 1. Primer sets for RT-PCR analysis
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Well Thermal Cycler (Applied Biosystems®, Thermo Fisher
Scientific, USA)E At&-3t4 denaturation 94T, annealing
< 55-63C, extension 72Tl A 2+ 3023} 2835 718
PatAch. 4 £ mRNA HdE = & B457] st
A g e At S5 AT ethidium
bromide (EtBr; Sigma, USA)Z A& 1% agarose gel2 %17
9 ¥ UV stoll A UEtUE band9 intensityE image ana-
lyser (AlphaView® software, Band Analysis Tool, Alphaln-
notech, USA)E ©]&3tef A8, 22 AR Aozl p-
actin A+&9| intensity FH g2 o] H &S T3
E3 EELP A 8] 554 ARdA 4o Adigtss &vA
g dzwe] Agd vlaste] 2@ FS Fda i

A
F A5499] A X 7)o BdE galde] By

4

ST
EELPE A
Fe 8437 9138k Western blots 473 8F ST}, A5499
F5'H(0-400 ng/ml)= EELPE A 2|3l1 4847k w43t % L
H 1X PBSE A4 $ &3] 3 [20 mM Tris-HCl (pH 7.5),
150 mM NaCl, 1 mM EDTA, ImM EGTA, 1% Triton X-100,
1 pg/ml leupeptin, 1 mM PMSF|E 713t M EZ & 343}
At 3 5H AZE 4TAA 208 5 vHg F 14,000% g,
4T A 2027 dAEeste] 45 9e st Bradford
assay= A F3 30-50 pgel EM AL sodium dodecyl sul-
phate (SDS)-polyacrylamide gel< ©]8-3to] #7953k
Nitrocellulose Transfer Membrane (Protran®, Sigma-Aldrich,
USA)9l transferd ¥ 5% skim milkE AF8-3te] g0 A 14
b &<t blocking St 1 & MEF7| 9 ddE @A S
AA = YAFAE 4Tl A 2443 M st on, o2
Ae Z2ollA 147 F3A7 . ¥H-&o] €'d 5 Enhanced

Chemiluminescence (ECL) Solution (Amersham Life Sci-

% A

“

Gene Primer sequence (5'-3') Tm (C) Product size (bp)
i R TGGTACGGCARATCTAACGTAG 55 &
ok R CTTIGACCTCATICRGCTGE » 8

:
:
Cycin D R GTIIGITCTCCTCCGCTCT 7 409
.
Beactin F: TCATGTTTGAGACCTTCAA 55 513

R: GTCTTTGCGGATGTCCACG
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ence, USA)E membraned] EX3}3 Chemiluminescence
Detection System (FluoChem” FC2, Alphalnnotech, USA)<
AHgste] BAsA T dAHeA <l ps3, CDK2, CDK4, CDKG6,
Cyclin E, Cyclin D1, CDC25A, p-CDC25A (Ser79), Acitin¥
o] 234 HRP-conjugated anti-rabbit, anti-goat, anti-mouse
+ Santa Cruz Biotechnology (USA)ellAl F$43t5 2. H, p-p53
(Ser20), p21, checkpoint kinase-2 (CHK2), p-CHK?2 (Thr68)+
Cell Signaling Technology (USA)ell Al 93t AL-&3t3ATh.

A9 ZHAAE B (mean)+ EFHAAHSD)E YER] A
Zt ART Aol o] BASHE oA A 41_ student’s t
E3) pkol 0.05 1] T (p-value<0.05)% 4% £ 40l 9
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3 AYTAE Hole Aog Ry
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(Reactive oxygen spec1es)% 2 HHSA wRo) AE AT
G Fad 9T Fo9]. T2 FANLETS A
W gkt A A o of s el ol Al 2Fl Y F o] AR
B AAEA Zd S AE FH 9 93] DNA, &
Sol Yy Hu o BAY, w3} 5 ZF Ao Yelo] At
[10, 20]. webA T AYEA 53] ¢SS Histe
a8 s A e ditEks B 55 Flske Aol
o] FR83HH[7]. ol & AFA = EELPY F Zgd &
s A5, EELPY #4tsts 34 & $lsto DPPH ¢t
0% A2A%E glstdth. 1 23, Table 20| AAH vkg}
Zo] EELPY % £89& F&FE 7859 mg/gl & YEF}S
o, i35 & 4% A3, EELPY FE7} 256, 128, 64,
320 ug/ml2 Z7F&F% 2576, 53.24, 94.91, 96.09% 9] 7
DPPH radical 27 5& BE{T 945 50%49 #<] EELP &

i rir

|

E(ICx) #& 1171 pg/ml2 $A4 th 272l
ng/ml) B0 @2 §4tsteS B2 EELP7F %%%OJ
e sy Hojd giksl E4E AU+

EELPO| SMZ MZE X S1}

GAHE Ao v = EELPY 93-S Yolrr] 93k 3
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3ttt 1 A3, Fig 1A UeRd uhe} Zo] A 2] A

FEA E(IMRI0)S] 7§ EELPo| 9% M S4 2 A4 9
Al ZR7F BHREA RO, AA FH LA EFA AS499] F
9 EELP $ =& 02 A x o] AEEo] 743892, 200
png/miol A= F 2949%°] AEE AA7F ot Huss
2l 500 ug/mloﬂﬁb 71.34% o149 44 A AE BT
T3, AR A F8ka] 83 BELP Ao ;2 A549
AE9 Fe) W3 FELPY 557 $718 42 A5499] Al
gej7t Aok, A2 4 I ashe ¥, IMR0S Al E
Fejol= 4TS 7144 ¥= A 49U OWE}(Flg 1B).
o213t A} ZHE] EELPE A5499 Al E AL AN &=
As FAsA

EELPO 28t G1 arrest RE

EELPS] A549 Al EF7]o n| X GES Lolry] ;q—a—}oq
A &5 EELPE A Zo| Mt 4843t vl ¥ Flow
cytometryE AHgstel AEF7] MEHE SA 8. Fig. 29
histogram Z #oj] 4| H.oj 2| %o] EELP A8 557} Eotd 4
& G17](region M2)¢] Al RE7} Ha Frtete A& ¢
T QA ¥H, §7](region M3) @ G2/M7](region M4)<]
AZE EELP ¥% Y& 02 7H42%S ﬂOIo}gat} T3
Table 30 A YERA u}o} Zo] Z+ 718 AA MX X
gelg A7}, DMSO t 2T oA+ 64.55% A H (3171 A
¥ & BELPY 5EYEH 02 Z7tste] H1 §52 400 ng
mlo A E 8215%] A549 A Z7} G17]o] AA o &S o
T YA A F o E G17] o] F DARIl 7] 2 G2/M7] 9
AZE 242 2149% AN A 5.77% 2, 895% A 6.03% = 723}
At wekA £ A= BELPY Aol o3l AS49 Az o] 7

83 Gl arrest’} $E2& A A3

Mooy ok

~

Table 2. Total phenolic contents (TPC) and DPPH activity of ethanol extract of Litsea populifolia

TPC (mg/g) EELP 78.59+2.06
Concentration (ng/ml) Inhibition rate (%) ICso (ng/ml)
2.56 25.76+0.61
12.8 53.24+3.97
DPPH EELP 64 94.91+0.59 i
320 96.09+0.28
0.512 19.79+0.68
Ascorbic acid 2.56 80.38+0.62 1.53
12.8 97.59+0.48
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Fig. 1. Effects of EELP on cell growth and morphology in human lung carcinoma A549 cells. (A) Human fetal lung IMR90 cell
line as a normal cell control and human lung adenocarcinoma A549 cells were treated with various concentration of EELP
for 48 hr. Cytotoxic effect of EELP was determined by WST assay. Results are expressed as percentage of the vehicle treated
control + SD of three independent experiments. *p<0.05 and **p<0.01 compared with dissolved in dimethyl sulfoxide treated
cells. (B) Morphological changes by EELP in A549 and IMR90 cells. The cells were treated with indicated concentration
of EELP for 48 hr, and then visualized by light microscopy. Magnification, x100 and *200.

Table 3. Cell cycle distribution of ethanol extract of Litsea popu-

lifolia
EELP % of cell
(ug/ml) SubG1 Gl S G2/M
(M1) (M2) (M3) (M4)
0 449 64.55 21.49 8.95
50 321 65.61 21.01 9.38
100 4.00 72.00 16.90 7.20
200 6.27 72.69 12.94 5.77
400 5.62 8215 5.77 6.03

EELPOI 2lst M=ZE7| 23 QIXIEQl mRNA gl Hst
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of

(

ich

T Gl/S AIZZJE EAE9 mRNA 8 Was 24319
th. 1 A3}, Fig. 30 A ¢k 20| 1% =<l 400 ng/mle] EELP
A Al CDK2, CDK6S] mRNA 23 o] Z+astion, EY
cyclin?l cyclin E, cyclin D9} 2&o] ZF2439{th. =3k CDC25A
o] mRNA 3 E 723854 §staAth CDCBAE ¥4l
g AZ G1/S7] Aol Tt CDK2E gt3iA A
AN e BAR dEA Ao meA olgd Ade
EELP7} G171l A S7129] A& it CDK, cycling
WS A3 5ta, CDKE 4841715 CDC2BAS] Hd S A
gl5to] ASA9M E 9 MEZF7]7F Gl A S712 APHE RS
AAE-E A AT

EELPOl 2lgt MEF7| =& J|d £M
S0 & EELPY M EZF7] 249 EANESA 7dS
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Fig. 3. Transcriptional repression of G1 checkpoint proteins by
EELP in A549 cells. A549 cells were cultured and treated
with indicated concentrations of EELP for 48 hr. First
strand cDNA was synthesized by reverse transcriptase
enzyme and PCR reaction was carried out using CDKs,
cyclins and CDC25A to primers. Numerical bottom pan-
el of each band indicates the fold change in the band
intensity compared with that of control.

Fig. 2. G arrest of cell cycle in EELP-treated
A549 cells. Cells were cultured and
treated with EELP for 48 hr. Cells
were harvested, and then stained
with propidium iodide for 30 min
and analyzed by flow cytometry.
DNA-fluorescence histogram is shown.
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p53< UAPBAA A A7) 2L, EF CDC2BAE U4HsHA AZF7124 AAE targeto 2 3t FAlo B3 A7}
#, 4+3kE CDC25AF ubiquitin-dependent proteasomal FETD o B AFE 538k Litsea populifolin %= ]
degradatione %3 Al A TH14]. W&tA ATM/CHK2 4 2 Hojut dital s S 7hA Y, A4 HA £ IMRI0OI A+
= 5% CDCBAY Eal= £48 Az A2F7] 13 gol A9 glom A ZEFQ A5 = A 54 & ZM
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