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Effects of Root of Liriope Spicata on LPS-induced Lung Injury

Eung Seok Lee, Soo Young Yang, Min Hee Kim', Uk Namgung', Yang Chun Parks

Division of Respiratory System, Department of Internal Medicine,
1 Department of Neurophysiology, College of Oriental Medicine, Daejeon University

This study was purposed to evaluate the effects of root of Liriope spicata (RLS) on LPS-induced COPD (chronic
obstructive pulmonary disease) model. The extract of RLS was treated to A549 cells and LPS-induced COPD mice
model. Then, various parameters such as cell-based cyto-protective activity and histopathological finding were analyzed.
RLS showed a protective effect on LPS-induced cytotoxicity in A549 cells. This effect was correlated with analysis for
caspase 3 levels, protein level of cyclin B1, Cdc2, and phospho-Erk1/2, and gene expression of TNF-a and IL-13 in
A549 cells. RLS treatment also revealed the protective effect on LPS-induced lung injury in COPD mice model. This
effect was evidenced via histopathological finding including immunofluence stains against caspase 3, and protein level
of cyclin B1, Cdc2, and Erk1/2 in lung tissue. These data suggest that RLS has a pharmaceutical properties on lung
injury. This study would provide an scientific evidence for the efficacy of RLS for clinical application to patients with

COPD.
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A =2 2 dAfeMe A8 H0 8y 489 Wy ZdE 1
g AT AxY #9484 lipopolysaccharide (LPS)E 7
g H -8 (Chronic  Obstructive  Pulmonary BAY Foste= B4 o] &34 LPS= AA| 9 AHA %
Disease, COPD)2 < AWEN AL ES £l T2 U] Aol #Holdte G, HAAE 59 FIAETE ATt
Ha glon s Jg Za/\}Oﬂ/\i H 7% AL A3 404 o] IL-1, IL-6, TNF-a & %34 cytokineE& EHAA EF5wHsS
4 4390 10%3 =M F5= oo COPD7l #2E ). doglo g Heds T
QA A Yy EAL A 59 A= o) wE W 7% (Root of Liriope spicata: RLS)2 W slatol &ale oF
Hog &4 v FxAHdA Hole T3 dF o 27 A A2 280 WREE Azo2Y R, iHORE ﬁi‘é
o] B V|E /PR oA VIE Aol Friet FAAdA9 EHe] &Fo] o] filitgeing, LH:JI[LU??JI[L, s, Wi, ot
I35 7pee Aot Hade gHe @PutE (elastic Soll AHgE T AP GEFo B3 AFZE spicatosided E
recoil)d #4E 71H9} HA{<EE (lung compliance)d F7Hs el S EAE ek RuEe) gy, 5F 7 AFS 3}
ZH st ol 7% Ao Frkeh A wH H 4 A ] A Sl A] & ok agtel] g Aol »1‘21@ k3 COPDe o &t
1FAETS YeuA st 71 F23 Z1dolu). w4 gekel AFE b ATE A ¥ AR HZ Gt
HAZA A 9] 7| RAGE FEHOZT 7t Holn &Aoo 7 7} LPSE =% COPD 5EE oA TAT} 95 A&7}
Z7keted oA 7tA ol& Yoz 4 e SEAY NE3WHE Qo] wry @ HzA &4 JAFITGE Rurt e,
e Ao, MR ABR AL FIHEN S elastase® fFE=F COPD Z& A
* BAAA gk, A F7 EF 225 Adsn APy o H&d REae gig d7EP ] AUk
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A549 W FAZ 9 BHF I L= A
714 Ao MM frEE A549 A EF 9L LPSY] 7%
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1. A8

1) A549 A%
Aol AHE A549 A= Abre] HE 71A G A 2ol A

2 H aneuploid cell line®. 2, gt=4 A X5 23] (Korea)ol Al

Y3t

2) ICR &3 A4

A3 FEL albino ICR AE

oym g Aok glo] A3t

50£10% 7} F-A === 3

(Root of Liriope spicata)2 FH3H (Kyeongbuk,
Korea)oll 4 A dvto} AF ol ALE3tSiTh HEF 20 goll S/
1,000 mE 7hate] ER FE71004 22 B 7hEste] 2o
AL AFstdt ol AR F
B-480, Switzerland)Z F%3}3, A
dryer, Eyela FDU-540, Japan)& ©]&3}o] ¢+ A%
B (-847T) BEstdA A dgel 9T 5%
AbgstAT HEETS] 27 Y 20 g 22HH 13 g
Aol 65%2 F&& YEhhIth
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2 A Ak LPS (Sigma, USA), cleaved caspase 3
(Cell Signaling, USA), IgG
(Invitrogen, USA), rhodamine red-X goat anti-rabbit IgG
(Invitrogen, USA), Hoechst 33258 (Invitrogen, USA), anti-Cyclin
B1 developed in rabbit IgG fraction of antiserum (Sigma, USA),
polyclonal (Santa USA),
phospho-p44/42 Erkl/2 kinase antibody (Cell Signaling, USA),
p44/42 Erkl/2 kinase antibody (Cell Signaling, USA), actin
(MP Biomedicals, USA), goat anti-rabbit IgG-HRP (Santa Cruz
Biotechnology, USA) 5& AM&-3F3th

fluorescein goat anti-mouse

anti-cdc2 Cruz Biotechnology,

2.

1) In vitro 4%

(1) A= Hek
A549 cell 10% heat-inactivated fetal bovine serum (FBS)
7} penicillin (100 units/me)/streptomycin (100 zg/ml)e] 7}
RPMI 1640 media (Lonza, USA)Z 377C, 5% CO, Z71A] vl
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a5t} Celle 75 em® flask (SPL, Korea)ol Al 53] Z2 A7
3,39 tA0 2 A wFsad
Q AE HEE

MTT(3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide] FH4HE& o] &3te] 3T WA 96 well plated]] 1

x 107 709l A549 cellS& BFatx, (1) BT (WD), (i)
LPS (1 pg/pl) A2} HZE, (i) LPS (1 pg/ )t HEs F52

o

27 F58 (03 -1 mg/m)E A2 AFTLoE UYFol, 3

7C, 5% CO, incubatoro|A] 24A]7F&<t vl &3ttt 7+ wellol
MTT solutiong #7}ate] 4A1 7+ Z¢F ¥F8-A171 2, 570 nmoll A
TAEE A5

AE] AEELS 3T 2ol AMeAT

AlEXNE|Ze 25
M= SZF (%) = Ixui?IQ_I |§:'_I-|: x 100
(@) BAFZAA

ol wWA¥Z AWM  (double immunofluorescence

staining) & F33}7] ¥3te], 2l coverslipS poly-L-ornithine

(01 mg/m¢, Sigma, USA)¥} laminin (0.02 mg/m¢, Collaborate
Research, USA) &0l Jo] HoJA pre-coating 3tATH 1 x
10° 71 2] A549 cell2 pre-coating® coverslipell 331, (i) A
gt (B A EP), (i) LPS (1 pg/pt) A2 W2, (iii) LPS (1
ug/p)F WEE FEE 05 mg/ml AP APTFOZ Fo] 3
7C, 5% CO, incubatoro| Al 24417k &<t vl F3tA . Coverslip

[
EHAAM AH MEE 4% paraformaldehyde/4% sucrose’} &

e QS8 (phosphate bufferfersaling;PBS) 2.2 /-2
A 408 B AIA. HISold Ajre 2] 93l blocking
bufferoll E & 4TolA 16A17F 5 vHSAI A 13 A=
25% BSA, 2.5% horse serume ¥-f3t3 U= blocking buffer
A RS M e TFSGL AU F, AN 42 T
SAA. 12 A wh-g-o] £ & PBST (PBS plus 0.1% triton
X-100)2 23S AU 1L, 25% BSA, 2.5% horse serume 3
3tal 9= blocking buffere]l Fluorescein-goat anti-mouse

antibody (green)¢} Rhodamine-goat anti-rabbit antibody (red)
S 140002 E3tete] hdo A 1417 30 &< 24 FA] A2

S FAsAT. 22 FA A § 330 4H PBSTE AF S
314tk Hoechst 8 @4 F33t= 739 23] AF &+ 025%
Hoechst 33258 F 98 E 373 PBST 4o 2 A & thA]
PBST &40 2 AlHatct 22 A Lol ®Wz387] wf ol
HHEAIZE o gl A et EAE AEES ¥R

73 (Zeiss fluorescent microscope)<
Het2 H2 EE images= Adobe Photoshop (version 5.5)&
o] &3t green® rede] 79} FEE 22 HEE A3
#FEsAT. 28R
mode optionsE ©] &3} imagesE FH
Sude) 1d fxE dFsih

(4) Western blot 4]

Photoshop program®] Layer blending
AA RZFo =N 7



WEEO] LPSE FEH FH&4dd mxE J3

A549 AEZ 60 mm culture dishell 2 x 10° cells/ml 2 ¥
F3 2 (i) BT (B, (i) LPS (1 pg/ut) A2l 2T,
(iii) LPS (1 pg/ut)9t WEF FEE 05 ng/ml H] APTFo=
0] 24A17F 2 37T, 5% CO, incubatord] A vl 93} A}, vl
¥l A549 cell& 137 mM NaCl, 2.7 mM KCI, 10 mM Na,PO,,
2 mM KH,PO, (pH 7.4)7} ¥ PBSE A& ¥ 50 - 200 109]
triton lysis buffer (20 mM Tris, pH 7.4, 137 mM NaCl, 25 mM
B-glycerophosphate, pH 7.14, 2 mM sodium pyrophosphate, 2
mM EDTA, 1 mM NazVOy, 1% Triron X-100, 10% glycerol, 5
pg/ml leupeptin, 5 pg/mé aprotinin, 2 uM benzamidine, 0.5 mM
DTT, 1 mM PMSFH)l 27} =53 Eis9d. 1 o5
sampledl] st G AS HFgFstFon, 1 F 10 pg GHAS
western blot EXo] AFESIAT. A gwEe 12%
SDS-polyacrylamide gel (1.5 M Trisma base, 10% sodium
dodecyl sulfate, 30% acrylamide, 10% ammonium sulfate,
TEMED) ZJolA 7]9% *1Z1 & PVDF membrane (Pall
Corporation, USA)dll #7]o]& Al Zth. Antibody9}e] HI 5]
A3rs 7] 93] 3% bovine serum albumin (BSA, Sigma,
USA), 01% Tween 205 3¥fstal U= TBS bufferd] A
membranes 1A17F S A2 WA 713 4Tl A 16417t &<
blocking buffer oA ¥gS JPsHt. S EW
membranes washing®t ¥ 1% A E blocking buffer (1 x
TBS buffer, 3% BSA, 0.1% Tween 20)°ll 3|7 H]-&=Z 38]X3}
oo 308 Fot WS AIZ T I thS membraneS Aol
goat anti-rabbit IgG E+ anti-mouse IgG7F ZAFH o] Qe
20009] HIE&EZ BAste] 2ol A
0% ¢ A s DW g W Aoldlth mpAte g

horseradish peroxidaseE 1

membraned] #ZE THHAS  western blotting  detection
systemS o] &3t F43} % 2™ Kodak Scientific Imaging Film
(Eastman Kodak Co., USA)°ll 733} th.

(5) RNA F% % RT-PCR

A549 Cell& 60 mm culture disholl 2 x 10° cells/ml & 2F

& F () A (BAHDF), (i) LPS (1 pg/ut) A2 2,
(ifi) LPS (1 pg/pt)ot BEE 32 F 05 ng/nl A2 APo
U0l 24A13E T v Bk ATh RNAE oF 4] A2 F 244)3F 5
o easy-BLUE A|¢F (Intron Biotechnology, Korea)s AF8-3}4
3 Anh Wi e Aol 1 mle] easy-BLUE AleFS i1, A2
A 1027 AlZE &aA17] 3, of7]d] 200 /x@-»] chloroform<
7‘7}6}@1 Z &3 3 13,000 rpmol| A 1027 A& 3T
el A 400 plol] TLT 9 2—pr0pan01£ A7V A

%Oﬂ 10—\‘%2} WAAIZL %, 13,000 rpmoll A 527 A4lEE] s
t} 22E RNAE 1 m] 75% ethanols #7}3}ked, 10,000 rpm
39t 75% ethanolS Xﬂﬂa 9,
diethylpyrocarbonate (DEPC) H7}€ SR/l &3)A12 F 260
mmo A FFEE S48, FEE A st AP AHE3HS
th. cDNA 42 1 ug oligo-dTe} GHALE4 (MMLV-RT,
Promega, USA)E AH&-3t] 3331t PCRE Taq polymerase
(Promega, USA)9} 7}7te] o] primerg ©o|&3lo AE3H L
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", PCR &2 94C-5min, 94C-30sec, 55C-30sec, 72C-30sec,
72C-7min®. 2 30 cycleZ F&3tAth. AP AHE-E primere
IL-1B (Bioneer, Korea)9} TNF-a (Bioneer, Korea) cDNA®] tf-§-
e A EZ FAds8 ti(Table 1).

Table 1. Primer Sequences

Primer Sequence Pruduct

Size (bp)
16 Forward GCT GAT GGC CCT AAA CAG 670
Reverse GAA GAC GGG CAT GTT TTC

TNF-a Forward ~ AGC CCA TGT TGT AGC AAA CC 516
Reverse  GGT TGA GGG TGT CTG AAG GA

Target Gene

2) In vivo 2g
(1) LPs H<&R 2d
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(2) Hemotoxylin & Eosin 4

H2ZAL 20TCHA YEAZ F cryostatE ©]-831] 20 um
o] FAZ Ze} &etol=d BHth H & E stainingg A A|5}7]
95le &eto]=E hematoxylindl] 1% 52t ‘47]' T ¥
ZHo oy WM& 3 eosindl] 30%7F 2e
Z o) W AHaAt 2 vs 50%, 70%, 95% ethanol®l 2}
2 o | Ao AAS AT AAT F xyleneol 187 &
bk whA e
cover-slideE 7 F3Fslgon, o]g3 MIEL
3 #EsA

92 gelatin mount mediume ©]83}H
Bedn 7
(Light microscope, Nikon, Japan)<
(3) WA B
AF HzAL 20CAA ¥EAN F ayostats o] &3}
20 yme) FAZ 22 Seol=o] RANRY. oF WY
AW (double immunofluorescence staining)S 433} 7]
4% vparaformaldehyde, 4% sucrose’} Z3E <itLF
(phosphate buffered saline; PBS)¢ll 45% &<t &to|=
z74g 244 o159 AW AL in viro AP}
JakA sk
(4) Western blot #4
¥ 224 137 mM NaCl, 27 mM KCl, 10 mM NaPOj, 2
mM KH,PO; (pH 74)7} &#¥ PBSZ A& % 50-200 9]
triton lysis buffer (20 mM Tris, pH 7.4, 137 mM NaCl, 25 mM
B-glycerophosphate, pH 7.14, 2 mM sodium pyrophosphate, 2
mM EDTA, 1 mM NazVOy, 1% Triron X-100, 10% glycerol, 5
pg/ml leupeptin, 5 pg/mé aprotinin, 3 UM benzamidine, 0.5 mM
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DTT, 1 mM PMSF) &%
o gk @i As A
EA el A&t AT
dstA staAtt

(5) 2% sample®] #wZ &4

Sl A EeS. 1 e 2t sample
Fa o™, 15 pge] @l A8 western blot
F9 Ay B2 in vitro AFAHH F

01'

[e)
—

o]

Hggzd 2 H&E ?3% #2 Nikon ¥ZFdn4&
olgste] BAs & Hn|Fd T2 tAY s R o|mAE
223te] ACT-1 softwareE OI&OP‘# 3190 F3 oA =

Photoshop ZZ 13 ’}9] image blend EE& ©] 83} #4135}

At

3) FAEA

2 AgoA 4 AHE one-way ANOVA (SPSS Ver 12.0)
2 BA38t4 oM Duncan®] WHOE AMEAA S stk dix
T AT, APTS EzTF vlaste p<0.05 4 W fo
ol e AeE wAaHTh
a2 3

1. In vitro

1) AE BAEE VA= I

TE

A549 A|FE o] WEZS
=48 FATE

o wt Hsds W AE
A &Qst7] A8 MTT assays A AIeH3TH
A549 X E o] gsto] FATe] HEES 100% & o, A&
S 01 mg/mlolA 1.0 mg/ml FE=HHAZ AP st =SS A
a9t MEES AT A 90% olde] MEAE
S GA ATEALS BHHR golc}(Fig 1A). A549 Al
LPSE 24717 A 2st A7, A= o]"]"\j A= 3
e ATl Hld] 60% ©)stZ 03
/3 05 mg/ml A A=
70~80% AEZE o4 A &
(Fig. 1B).
2) Caspase 3 A HA=
LPS % W% Ao ﬂ
71de] st ARE =
AR5 ZABIA T ol
caspase
&ekoy LPSE

én:lor?do

A

[e3]

o)
A IX

EE
st Az AJE<] Wl apoptosis
213l caspase 3 T H ] A
SHA] & A549 A X oA
i7} A9 #AFHA
< Ueili= Al
A g Af-ole

LPSYH Z%E]a']'

Lo H~l

caspase 3 T F o]
73l ms) F717k
3) Cdkl, cyclin Bl

A = A ch(Fig. 2).

2 Phospho-Erkl/2 A4l v X]&= 43

(]

Az FASE FE3he @ Fd Cdkl, cyclin Bl ¥
Phospho-Erk1/2 ©¥d Wd $£F& A549 M XA western

blot oz ZAEATh LPS A+ Cdkl, cyclin Bl ¥
Phospho-Erk1/2 @ A o] W88 AASA 7HAAIZ] ¥hd, W F

7

s BA AT HALdEs Cdkl, cyclin Bl %
Phospho-Erk1/2 @ulde] W o) 7Ha7h g A AT

4 A t(Fig. 3A-C).
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Fig. 1. MTT assay of A549 cells to determine cell viability. (A) A549
cells were treated with different concentrations of RLS for 24 hr and harvested
for MTT assay. (B) A549 cells were treated with LPS (1 xg/«£) alone or in the
presence of 0.3 or 0.5 mg/mé of RLS. * p<0.001 compared to normal with
ANOVA test. T T T : p<0.001 compared to control by ANOVA test.

E

Fig. 2. Identification of caspase 3-positive cells in A549 cells after
LPS and RLS treatments. A549 cells were treated with LPS (1 ug/xf) and
LPS (1 ug/#t) plus RLS (0.5 mg/ml) for 24 hr and used for caspase 3
immunostaining.

A e e Cdk1
B—actin
LPS - 5
RLS - +
s R oo
- Y
— — — p—actin
LPS +
RLS %,
C . A p—Erk1/2
B—actin
LPS - + +
RLS - +

Fig. 3. Changes of cell cycle protein levels in A549 cells by RLS
treatment. A549 cells were cultured and treated with LPS (1 ug/#f) and LPS
(1 ug/1) plus RLS (0.5 mg/mé) for 24 hr. Cell lysate was used for western blot
analysis with anti-Cdk1 (A), cyclin B1 (B) and Phospho-Erk1/2 (C) antibody.

4) 954 APRIETH] FAA Bdd vAE 9F



A549 A X o LPSS} MEFS M ste] B A5 A
OJEF}AN Y IL-189} TNF-a9] Bd %S RT-PCR oz =
AFst T LPSE 24417 A28 M EEL IL-189 TNF-ao] &d
o] F7FetAaL, Mt FS Al AT AolE S7HE AAA

ZAth(Fig. 4A, 4B).

A

LS - + +
RLS - - +

Fig. 4. RT-PCR analysis of IL-13 and TNF-a mRNA expression in
A549 cells. A549 cells were treated with LPS (1 xg/#€) and LPS (1 ug/xt) plus

RLS (0.5 mg/mé) for 24 hr. The gene expression of IL-18 and TNF-a was
analyzed as comparing with B-actin by RT-PCR.

A Intact LPS LPS + RLS

Fig. 5. Histological analysis of lung tissues after H & E staining and
Hoechst nuclear staining. Mice were inhaled with LPS once with or without
pre-treatment with RLS (400 mg/kg, p.o) for 7 days. Lung tissues were examined
under microscope (A: 200 x magnification, B: 400 x magnification) after H & E
staining and (C: 400 x magnification) after Hoechst nuclear staining. Alveolar
ducts are marked by asterisks.

2. In vivo
1) 2284 w3}
A2 #Hz4, LPS g, 181 LPSS} WEESS FAd A
A5 H&E @402 nlustich AN dxAdxe
A% FHZ Jehhe ¥, LPS A

Z7} Ae A #E
& & AU LPsst WEES T AYd Bfole Az
stgo] LPS @5 A3 =Rt #4sdthFig. 5A, 5B)

BE50] LPSE FE8 A& vjAe o

3F

LPS A2l we MEse] WalE B257) 18] Hoechst
o8 A8 *ﬂliﬁH JARBLAE A3 A2 13

38
_VL
o
L
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L
O
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S,
r-h:
tlo o
o
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o
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=3

}\-] [/ R=SeN

=

caspase 3 @A
THL
Z F 313 caspase 3 B A 57t YEb o™, LPSeF HESS

Al A2l st 9 caspase 39 WHo| 7A3% ThFig. 6).

Intact LPS + RLS

Fig. 6. Immunofluorescence analysis for caspase 3 in lung tissue.
Mice were inhaled with LPS once with or without pre-treatment with RLS (400
mg/kg, p.o) for 7 days. The tissue was examined under microscope after
immunofluorescence staining against caspase 3. Alveolar ducts are marked by
asterisk, and the arrows indicate the densely stained area of caspase 3.

e
A e caor
— mm— — B—actin
LPS = + +
RLS -
B - “ - Cyclin B1
— — — B—actin
LPS - + +
RLS = = i
¢ - - - p-Erk1/2
B—actin
LPS - + +
RLS - - +

Fig. 7. Protein analysis for Cdc2 (A), cyclin B1 (B) and
phospho-Erk1/2 (C) in lung tissue. Mice were inhaled with LPS once with
or without pre-treatment with RLS (400 mg/ke, p.o) for 7 days. Cdc2 (A), cyclin
B1 (B) and phospho-Erki/2 (C) protein was analyzed as comparing to B-actin
by western blotting.

3) Cdc2, cyclin B1, phospho-Erkl/2 Ao wX= 4

Cdc2, cyclin B1, phospho-Erk1/2 ©rulde] A %9 ¥
3= western blot o2 FALE A3}, olF A% X g]stA &
2 ATl A Cde2, cyclin Bl, phospho-Erk1/2 T de] A4
FEL BwRoy, LPs AHE Bedde= Cde2, cycin Bl

phospho-Erk1/2 ¥ d o] FFo] Frlstg o, LPSe WiEs
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o

| A Agels
7}8+ 931, phospho-Erk1/2 &)
2 U Th(Fig. 7A-C).
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