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ABSTRACT

Background: Lung cancer, the most common malignant disease worldwide, is the predominant cause of cancer deaths, particularly
amongst men. Therefore, various researchers have focused on the growth inhibitory effects of medicinal plants used in traditional
Korean medicine. This study aimed to investigate the growth inhibitory effects of ethanol extracts of Rubiae radix, Inulae flos,
Nelumbinis receptaculum, Astilbe radix, and Lagerstroemia flos on NCI-H1229 cells.

Method and Results: The viability of NCI-H1229 cells was evaluated in vitro using an MTS assay. Treatment with the ethanol
extracts of the selected medicinal plants at 500 pg/mé reduced NCI-H1229 cell viability and increased apoptotic cell death and
caspase-3 activation. In addition, treatment with ethanol extracts of Inulae flos and Astilbe radix increases DNA fragmentation, as
measured by the TUNEL assay.

Conclusions: These results indicated that ethanol extracts of Rubiae radix, Inulae flos, Nelumbinis receptaculum, Astilbe radix, and
Lagerstroemia flos exhibited growth inhibitory effects, inducing apoptotic cell death, DNA fragmentation and caspase-3 activation
in NCI-H1229 cells. Therefore, these medicinal plant extracts may be used in the development of natural medicines to inhibit the
growth of lung cancers. However, further study is needed to determine the active ingredients of the ethanol extracts from medicinal
plants that are reposible for the inhibitory effect on lung cancer cell grwoth.

Key Words: Astilbe Chinensis (Maxim.) Franch. Et Savat. Var., Inula Japonica Thunb, Lagerstroemia Indica L., Nelumbo nucifera
Gaertn, Rubia Akane Nakai, Lung Cancer
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21T} (Oh et al, 2016).

ol #¢to] thE ofe] &FF Hlaste] 7|5l A
YUEREA] o} biid 52 o] Aol xlaE 39
Asl7] Wil AeR A e BY ol (Chae and
Park, 2010), 5°12{¢]1 35714 53l 2lal et Adejae
2 3A IF o 7] 54 thE ATl ozt |4A
o] Fofx]7] wjiol] ool A7t 7P F8F FARE T
3L Ut} (Sarna et al, 2004; Lee and Han, 2011).

okl gt oFgAE FEES dday d1E2= 4
719 BEH FEEC] HHA 2 A4S JAATITAL

o= 1
Z 2lem (Ham et al, 1998),

A
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=

Az FEE2 AR A
Az A M EZAPEAL (apoptosis)E F- L= HoE HIlE
o] Ut} (Choi, 2012). Tl$-o] HLAEF2A NCI-H122991 T
3 FEFE=e] HAE A AR eSS B
32313t} (Rho and Kim, 2002).
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JNK (c-Jun N-terminal kinases)®} p38 (p38 mitogen-
activated protein kinases)?] 4315 F=gtar g4 o],
HEE APEATE ASHEHR HAT 2oz o4 dnt
(Choi et al., 2008; Choi et al., 2010; Zhao et al., 2014,
Chou et al., 2015).
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Ao= oA} (Kim, 2013; Fu er al., 2016).

E=F9% ¥ (Astibe radix)= =FF  [dstilbe
Chinensis (Maxim.) Franch. Et Savat. Var]e] ¥2]2 $-2juet
Zkx o] Abol] &8 WA ¢ e thdx=E dA doH, &
ol FAlREh= olgo2 deA AM-EUTH (Kang, 2008;
Hong et al., 2015).

A WEH =FoF Hye
st 28 g AlEE AR AL
al, 2004; Nho ef al, 2018b), =95 Walo|x] Hegrhy
&7 daucosterolZ} beta sotosteroke HUAEE A STIaL
HarEo] glo] =FeF e oghE FEE Bg AR o
A &5 7F AS=Z =T (Sun ef al, 2002; Rajavel
et al., 2017).

Wl E U £ (Lagerstroemia flosy= ¥l S YT (Lagerstroemia
indica L)% & 49 202 shelld #mslz B, gyt
Aoz 717]9} o|mAZ AHESITE (Woo ef al., 2016).

Hj LT ZollA] EeErtal &%l C-glycosidic ellagitannin
< oekek FHOl kS oJAIg AL YElA o, miETE
qeks FEEo| HEE JAlehke 7152 7H Zle= 9
ATt Xu et al, 1991; Ismail et al., 2016).

o9 FEHL FAA ] AFER HFolE W Sy
oA G 2HE 5o o8 of&AEolm =ujollA 2
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o ofsf vkl HEA2el gk sjerart Ak B
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I (Amashukeli ef al., 2007; Won et al., 2015).
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Table 1. Summary of medicinal plants used in study.

FE=2 HYM= g oM ==t

Extracts Abbreviation Sa&gz:lieng 52 2:52 ng Date r?ﬁnnlgfr
Rubiae radix REE Lo ?;‘Q'gﬁg% Jeonnam 5/27/2015 TKM-2097
Inulae flos IEE Lt)arf: ? ;2 gg;g]‘E Jfg’n“gt;‘;'; 8/18/2015 TKM-2042
ewwbos i s ke s v
Astilbe radix AEE Lt)arf: 3;65. 312§9NE Jﬁogagir:g 8/19/2015 TKM-2108
Lagerstroemia flos LIEE Lt)arf: f;ggg%ﬁ Jf/‘\)/;‘:jg" 8/6/2015 TKM-2113

YREE; ethanol extract of Rubiae radix, IEE; ethanol extract of Inulae flos, LSEE; ethanol extract of Nelumbinis receptaculum, AEE; ethanol extract

of Astilbe radix, LIEE; ethanol extract of Lagerstroemia flos,

indica L.) %] & Table 19 3#7]3l3om, Hduista A&}
I JFetwsel Exgisly stekxldeky) 3 wge] S
AR, ASE AR HFEES BoRIFAE Hepi
ol Basiarl sk Re AddAge AHE & d31x7]
4 50C 27102 AT

AxdE MRS st daes AR 719 10 viE
= 5, SF WAEEES *FQO}OQ 70ColA] 3 A7, 3
. =52 filter paper (Thermo,
Waltham, MA, USA)E AH&sle] o33t 5, 3402715 ©l
83l HAxsiait.

AANEE] 7o F&2 MY He7t 73%, vER
o] 52%, 9% 32 73%, =F2F Hal= 6.2%, HlE
LB 3ol 6.3%E 27 Yepile A7 xd vherle
phosphate buffered saline (PBS, pH 7.4, Sigma-Aldrich
Co., St. Louis, MO, USA)l| =<1 F AR5}

=

2. MI=Z bfQt

NCI-H1229 M 2= America Type Culture Collection
(ATCC, Gaithersburg, MD, USA)IA £ wkom, 10%
FBS (fetal bovine serum, Gibco BRL, Grand Island, NY,
USA)9} 1% antibiotics (100 mg/ £  streptomycin, 100 U/mé
penicillin, Sigma-Aldrich Co., St. Louis, MO, USAY} &
¥ Roswell Park Memorial Institute (RPMI) 1640 media
(Gibco BRL, Grand Island, NY, USA)E A}&3l9 5%
CO,, 37C zxdslollA mjFatsict.

3. MTS Assay

96 well platel] 5 x 10%cells/well?] NCI-H1229 A¥E
FE3 3 A7 B R F oIS FEES 247 Wl
324 AZF EQF wiFE of 104 °] MTS solution
(CellTiter 96 Aqueous one solution reagent, Corporation,

JLon; longitude, Lat; latitude.

Madison, WI, USA)S H718F 3 CO, w7 (37C, 5%

COy) °IA 3 A7k o] WAl &, SA ] 570 nm oA F-4%=
o] Hzls FAst thxwel ik A AEES WEER
—TJL—}‘] O}AAE]T

4. Caspase-3 &4 =3
Caspase-3 A2
(Enzo Life Sciences International,

caspase-3 colorimetric detection kit
Plymouth Meeting, PA,

USAE ASISICE. AU A Zemg Eoel @
o) 27 o198 2ARBIIT.
FEEE A WA 24 A e ATE R

q“‘”é]a FEotal AwFste] 7zt 20g o] @A S
fluorogenic peptide 712 100 uM©] ¥ extraction buffer
[40mM HEPES (pH 74), 20% glycerol (v/v), 1mM
EDTA, 0.2% NP-40 and 10 mM DL-dithiothreitol] 50 £ oI|
&35, microtiter plate®l] TFA] extraction bufferel] 3]
28to] Zt sample & & volume©] 100 147} EA] 3FATH
Aol ARE-E 71-2S caspase-39] 7d-9-9l= Asp-Glu-Val-Asp
(DEVD)-p-nitroaniline (pNA)°]™, SH|E plateZ 37ColA 2
Al7F &<t incubation A]Z] ¥ ELISA reader (Infinite 200
pro, TECAN GmbH, Minnedorf, Switzerland)E ©]-& 3}
405mm &] FFEE o]gste] WHgo] AEE A
5. NIZZAJ| (flow cytometry)S OIEst UMIEZ AFH St
7S

AEZE 24 well platesl]l 1x 10°cells/well TEZ 1ml &
ok H 3 AIZE S)F wieke 3 AIEE AEstal 37C 24
AlZE FRF vieFeRATh. o Fol AlEE F8sle] PBSE wash
£ 2 3] MF3% 2, Annexin VE 30 7+ g4 AZ1 H,
thA] PBSZ washE 2 3 ]ﬂﬁ} o, PIE

A EZH el &3
AE = A 30 ¥ A7 ¥ flow cytometry (CytoFLEX,
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Beckman Coulter, Brea, CA, USA)E ©|-&-3}o] #Hzslsin).

6. SAIA2]

FAIAM 2= SPSS (18.0, Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA)YS ©|-83lo] SAA e
S, B XEAAE eIk o 7k Hgkel 2
ol& AS3] k] dUuR] E2HEA] (One-way ANOVA)

%k % Duncan’s Multiple Range Test (DMRT)Z <l

o
=
70 Ajolg AZIAT. BE BAAA fo8L p<0.05 5
==
By

e ET T
1. U2AIE OIEES FE=01 NCI-H1229 HIZMES

QoA AFH ZHzte] oFgAEe] ek FEEo] HYA
Z521 NCI-H1229 A|22e] A& vjxl= 9

&l ztzt 500, 250, 125, 62.5, 31.25 pg/ml &) 5
o MTS Assays &35l A2 AEES SAs1%0H, o
Y FEE i3 vEA8E AE FEES o8 oy o
TAHE viRo =z A (Ko et al., 2017; Park et al,
2017; Um et al., 2017).

TEXMY (Rubia akane Nakai) ¥2] o8& F=E (REE)
< oy T2 AsNS w A ETFe] AEEES F
2 FEFH sRoEA a3 vElen (31.25 wg/ml;
7833+ 1.88%, 62.5 pg/ml; 68.39+3.36%, 125 pg/ml; 62.58
+1.30%, 250 1g/ml; 52.44+1.12%), HZL F= 500 pg/ml
o|A 30.44 + 2.17%=Z YERST) (Fig. 1A).

FEE 2 e 325 (IEE)x= 125 mgml S=5E A}
dadrt et (31.25 mg/ml; 9626+ 1.17%, 62.5 g/l
94.1 £ 1.17%, 125 pg/ml; 62.58+1.30%, 250 pg/ml oA 43.01
+1.29%), 3L FE 500 g/ml & A siS o AlZ8E
&2 3926+ 1.32%= FRI=ATH (Fig. 1B).

AZE (Nelumbo nucifera Gaertn) 318 & FEE
(LSEEy2 &Ex # Jeg FEa3 "RIKE 125 ug/ml
o] T RE APEEH} VEREOH (3125 mg/ml; 99.76 +
2.29%, 62.5 pg/ml; 94.87 +2.33%, 125 pg/ml; 81.66 + 3.8%,
250 pg/ml; 57.58 +2.29%), AL A7 F%21 500 pg/ml ol A
25.76 + 2.29%2] MEAELES eI (Fig. 10).

LFoF ¥ oeke FEE (AEE)S 125 g/ml FERE
A FAYZES ZAAZASL (31.25 pg/ml; 96.33 +1.25%, 62.5 18
/ml; 90.67 +1.79%, 125 g/ml;  79.09 + 1.37%, 250 g/ml;
68.61 + 1.97%), FEEQ 500 pg/ml oA HUAEL] A EAY
&8 3518+ 1.51% 7HA] WFAHt (Fig. 1D).

W EUF (Lagerstroemia indica L) £ A& FE2E
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Fig. 1. Ethanol extracts of medicinal

plants increase cell death on NCI-
H1229 cells. (A-E) NCI-H1229 cells
were treated with various concentration
(31.3, 62.5, 125, 250, and 500 g/
m¢) for 24 h. Cell viability was
measured by MTS assay. A; REE
(ethanol extract of Rubiae radix), B;
IEE (ethanol extract of Inulae flos), C;
LSEE (ethanol extract of Nelumbinis
receptaculum), D; AEE (ethanol extract
of Astilbe radix), E; LIEE (ethanol
extract of Lagerstroemia flos). Means
values = SD from triplicate separated
experiments are shown. *Means
with difference letters are significantly
different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).
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Ethanol extracts of medicinal plants
induced caspase-3 activation on
NCI-H1229 cells. (A-E) NCI-H1229
cells were treated with various
concentration (125, 250, and 500 pg/
ml). Caspase-3 activity was measured
by capspase-3 activity assay. A; REE
(ethanol extract of Rubiae radlx) ;
IEE (ethanol extract of Inulae flos), C
LSEE (ethanol extract of Nelumbinis
receptaculum), D; AEE (ethanol extract
of Astilbe radlx) E; LIEE (ethanol
extract of Lagerstroemia flos). Means
values = SD from triplicate separated
experiments are shown. *Means with
difference letters are S|gn|f|cant|y
different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).
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(=R

(LIEE)= TR FZE3} H|SsA] 125 wgmd o] sieollA a3t
7} Yo (31.25 ug/ml; 989+ 1.88%, 62.5 ug/ml; 88.96
+336%, 125 ugml; 463 +1.92%, 250 ug/ml; 30. 161185%),
550l 500 pg/ml oA 2558+ 1.88% 714 Al EAESS
ZAAIATE (Fig. 1E).

ANE THRE W, FFAY e, 55 ¥, 9F 3t
g, =FeF By g HiFuUR ¥ dEE FEE

KeX
125 pg/ml % O]*bﬂ/ﬂ HAMEF AEES AT E

a3 = A z‘fols‘ T e, o] F NCI-H 1229
A Z ]| 1‘41*8}04 % 3le oeks F=E (LSEE) ®lsy
T Z des F2E (LIEE) AZAES 74n|Eo] 713
= YERsT

2z Ao w2, WAL Tetel sl ekl Fol
2B AR F U BREES AR FRe W 2
Ae] AEAZF F7 9 e ARES P F Yok 7
54 Bygd wal (Kim ef al, 2012), 92 3}

FUT 2 3580l Ade] ABEL BEAIAG
R AT A0 B AEge FHde

AR
. A7k,

2. UBAIZ OIEE2 FEZ20| caspase-3 THEZE 2bdslo)l O
3

d

N
1o,
2
¢

o
A

ZEo] NCI-H 1229 A ¥Z3Fol| tjs}e]
caspase-3 THA SIS Feshk=A]o tial] dolrr] fE,
NCI-H 1229 M EZFd F&2ES b7z} 125, 250 18]
500 pg/ml F=F 24 A7+ F9F A2]BFAL caspase-3 T2
ST =5

o1-=

Caspase-3 TH -2 A4 AR 1243} (inactivation)
e R EAfsith, 548 2pF0] FoxAl HH FFAAJIA}
2 dEA e ps3f 22 e o] 443} (activation)
7t =o] apoptosis (MIEABANE faeictta deix 9l
o} (Alnemri et al., 1996; Choi, 2007).

olell Z78to] MTS assayllX Al A a2 vehl
AE TEE 70 R Slal dghE FEES NCI-HI1229 Al
¥of z}z} 125, 250, 500 pwg/ml &) FEZ 24 A|7F B2 A g
sRom, MEUF-2] caspase-3 THE FAHHEE ELISA

X

Caspase—3 id SRS S A, FHREAY B o
% HWsS o frolde
o (125 pg/ml; 12 +3.03%,
250 pg/ml; 18.79 +1.88%), H &= 500 pg/ml & =125k
< ) 2043 i2.33%§ 7Tt (Fig. 2A).
FEE g FEE (BB 99 22 F== A3}
IS u FEE 73_& caspase-3 T SAEE F7HAIF
om (125 pg/ml; 18.68+0.78%, 250 pg/ml; 32.24 +2.67%),



=55

- Zoted -

==

3 F=2 500 pg/ml =
7}= AT} (Fig. 2B).

A% 3E JEL FEE (LSEE)S A sAL o
125 pg/mé X2l A caspase-3 T B E7F fo¥og
S7HIAIRE ol wH|El o, 250 ugml FEFE] EIE
e AT (125 pgml; 7.07 £3.73%, 250 pg/ml; 2621 +
3.12%). ATEEQ 500 pg/ml XS 32.81 £2.55%2 =
7FIIAIRE SEE 2 s FEE (IEEe] vl a3t 9
o= AR e (Fig. 2C).

EFoE By oeks FEFE (AEE): vRPHRE dE
3let et FEE (AEE)T Zo] 125ugml FEHE
caspase-3 T A A Z=7 FUbElE ALZ YEH
(125 pg/ml; 1331+ 1.45%, 250 pg/ml; 34.69 +1.37%), L
FEQ 500 pg/ml A2l 38.47+3.92%7HA F7hE T
(Fig. 2D).

Wl S U 2 oehe FEFE (LIEE)S sroEdoez
caspase-3 Tl FAHEE F7MAT= ZOE YEROH
(125 pg/ml; 1046 + 0.85%, 250 g/ml; 21.95+2.41%), L
B2 500 gl AT ES 3228+ 1.16%7HK 7M1 Z Tk

a2 A 39.64 +3.05%7HA

O -1
(Fig. 2F).
AE FHAAL o), FEAY P, FRE R, A% 3
A B

REE 500 pg/ml
7

@zt
oo

PI

Annexin V

Annexin V

IEE 500 pg/ml LSEE 500 ug/ml

PI
PI

Apoptosis ratio (Q2-2 + Q2-4, %)

Annexin V Annexin V

AEE 500 pg/ml LIEE 500 ug/ml

PI

Annexin Annexin V

Fig. 3.
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g, =Fes By, wiebr 3 dEgs FEES 250 pgml
o)de] A2 E=HEl caspase-3 TEHE ST} IA S
ste AS g & F ANUTh o] dEE FEEEC]
caspase-3 T EslE Fal FMEL] A3 Aol o
g F Atke RS vt AztEARE, FE2E

caspase-3 inhibitor® &3] %4#% Z-DEVD-FMK
pharmacological inhibitor (Kim et al., 2003)E ©]
EX2]7} caspasae-3 A& HAEHZE AHPHo=E 4
of thgk F7HQ1 Aol Hasiria Azbdr
3. UBAE olEts FE22| MIZAIZ0 OXl= A3t

Caspase-3 Tl E2 Az FolA o] Alsdg H
3l MAEZAPEAL (apoptosis)t M|EZIZAF (necrosis)ol] Fodgtiar
dH A Aok (Yuan et al, 2016; Park et al, 2017). ©]°|
e g odeE FEEC] HAYAHIET] NCI-H1229
sl AMEZAPEAR} A ZZAL 5 ofH AlZAPE A S Bl A
AAAEHE Yepl= AQ1A ER1EH7] 13 Annexin V &
Pl stainingS Z13) 3t}

R wpEm, GgH oz AEskE M= phosphatidyl
serine (PS)e] M2EE QHEol EA)|3FX] Tt apoptosis’t F12Y =™
Alzute] upgo g ol FshAl Eo] Annexin VOF ZeHAl

REE

IEE LSEE AEE LIEE

Ethanol extract (500pg/ml)

Flow cytometry analysis of NCI-H1229 cells treated with ethanol extracts of medicinal

plants. A; NCI-H1229 cells were treated with ethanol extract of medicinal plant at
500 ng/me for 24 h. Cells were stained with Annexin V and propidium iodide (Pl), analyzed
by flow cytometry. Control; non-treated, REE; ethanol extract of Rubiae radix, IEE; ethanol
extract of Inulae flos, LSEE; ethanol extract of Nelumbinis receptaculum, AEE; ethanol
extract of Astilbe radix, LIEE; ethanol extract of Lagerstroemia flos. B; Apoptosis ratio (early
apoptosis; Q2-4 + late apoptosis; Q2-2) was summarized by graph. Means values = SD
from triplicate separated experiments are shown. *Means with difference letters are
significantly different at p < 0.05 by Duncan's Multiple Range Test (DMRT).
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Hth, B3 apoptisisell 23 AMFE] 8o
A necrosis® A EHYS wf A E o
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Control REE 500 pg/ml

IEE 500 pg/ml LSEE 500 pg/ml

AEE 500 pg/ml LIEE 500 pug/ml

Fig. 4. Ethanol extracts of medicinal plants induced DNA fragmentation on NCI-H1229
cells. NCI-H1229 cells were treated with ethanol extract of medicinal plant at
500 rg/ml for 24 h. Cells were analyzed by TUNEL assay. Control; non-treated, REE;
ethanol extract of Rubiae radix, IEE; ethanol extract of Inulae flos, LSEE; ethanol
extract of Nelumbinis receptaculum, AEE; ethanol extract of Astilbe radix, LIEE;
ethanol extract of Lagerstroemia flos. Representative emages were taken from at
least three independent experiments.
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o+ (Fig. 3A). —.7—. FZE9 s early apoptosis (Q2-4)9}+ Az,

late apoptosis (Q2-2)¢] H|-&S sl == L}E}‘;ﬁg ], T3 M EWE e oM AEHog 2HEE ASH
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= (AEE)O] 7V BIE F Zo® Uk Wk oz
E oeke FZ80] MEAHAL (apoptosis)S B3l HUA
¥l 442 SAAIE Aol st (Fig. 3B).
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W, caspase-3 THA Astol AEAPEALE Fall AR
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o
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I_OO

4. ASAIE OIEEE F=S=2| DNA THEg 0l DIXl=
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%o chromosomal DNAS THASIA|Z ¢ wle} dojue= AY
2l 5olrt.

CAD (caspase-3 activated DNase)2} EndoG (endonuclease
Gy= DNA sl Az o= fojsle 58 A2 o
A dow, AlZzAEAL o] 2493t HAS W cytochrome
C, procaspases, smac/DIABLO, AIF$} 72 Z-& apoptotic
factors°] J&S vzt de4 A9 (Nagata, 2000).
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