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A SH AT A B BRIE A 5494 B 18 5 F0 0 T BY 22 M

W FHAR WEE KHEF T R
(GFFFMIR R A A B 5 AR MR 22 B, F557 I K 161006)

WE  ZHR 8 ERKITE A (zedoray turmeric oil, ZTO)K AT AR 5 AS49 4m 8138 78 44 %5 om) A
FHFa A TR . TERE R A SAE A AS4940 /048 hs, RAMTTRAR N 40 576 & g %
. RAZMEAEH LRI A %M, AX AN @B . @it R fe &Ik
J& ¥, 4% (A¥m); Real Time RT-PCRf=Western blot# | Bel-2/Bax & A K-F. £ R 25, &F Kb A549
2 i K B R SARMME AP B R, AR A B AS494m 048 hid A% KB 2 80 ng/mL, 3 7A 74| %
A (77.462%+0.681%), BMAL T IR0 20 R B TI %, @Ik F 4 (27.31%+0.43%), APmI
% T (P<0.01), 2o ol i% T SEAG,4; Bel-264 & & T ifl, Baxty & A B0 838 hn, Bel-2/Baxufd B
FEEIR(P<0.01). -7 & A h 447 5 AF AR JE AS494m iR 34 78 | i@ 13 F A Bax T #Bcl-25 FE A .

KRR M T FER U AS4941 i

ZTO Inhibited Proliferation and Induced Apoptosis of Human Lung
Adenocarcinoma Cell Line A549

Shao Shuli*, Li Huaiyong, Sun Hongyan, Zhang Weiwei, Li Shuang
(College of Life Sciences and Agriculture and Forestry, Qigihar University, Qigihar 161006, China)

Abstract The study investigated the effects of zedoray turmeric oil (ZTO) on the proliferation and apoptosis
of human lung adenocarcinoma cell line A549. The inhibitory effect of ZTO on the growth of A549 cells was tested
by MTT method in vitro. Light microscope, fluorescence microscope and TEM were used to observe the morphology
change of apoptosis in A549 cells. The apoptosis, mitochondrial membrane potential (A¥m) and cell cycle distribution
of A549 cells were assayed by flow cytometry. The levels of Bcl-2/Bax were measured by Real Time RT-PCR and
Western blot. The results showed that ZTO inhibited the growth of A549 cells in a dose-dependent manner, consistent
with the results of cell morphology. After exposure to 80 pg/mL ZTO for 48 h, cell apoptosis was highest, the level of
AWm decreased and caused a significant S arrest at the expense of G, and G,-M phase cell numbers. ZTO also reduced
the ratio of Bcl-2/Bax. The results suggested that ZTO depresses the cell growth and induces the apoptosis of human
lung adenocarcinoma cell line A549 through up-regulation of Bax and down-regulation of Bel-2.

Key words  proliferation; apoptosis; ZTO; A549 cells
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LA EHIER S ae R EZEH, &5 M8
19 A2 R A e B DA %, 8% Igg i vy i B
TR o il H At A B AR R SAET R S )
AR R, 3 BLAE /N4 i (non-small-cell lung
cancer, NSCLC)A F=P, - A S 56 W 552 3 Ayl Xk A it
I e ASA9ZH B 3G AH V) 52 e S g5 40 IR T4 T, A
F A IHI 3 B 1 RV T 7 AR A B AR

1 MR5R*
1.1 ##

N il Ji 9 40 B KR AS490 1 Hp [ R 27 B L g 4
WP o 3R A R SR B Ll AR R R R R 2 A
% F B1123. PI. DMSO HSigma’s #|. RPMI-
164035 72 5L H HyClone A il o« Jf /- ML« B8R 1
fiti. Hepes. MYBEFS. TEMED. UNIQ-104}3{Trizol
SRNAFHE A L B 1 2 B 77 460 R0 ot 2
P BGR 7 AW A 2R T AW TR A A .
Annexin V-FITCIH T4 A &0 B L X £ 38 4EY)
FARAWAF . 5 50 BB (Olympus), 7 E
= PCRAX(Eppendorf), FC500% i X 4 4 (Beckman
Coulter), Odyssey £l 75 Y414 ii% R FE(Odyssey)
1.2 A&

121 @miedsc R AR AS49%0 i 2 10%
5/ ML 1x10° U/LTT % 2= M 100 mg/L#E 5 2 (1)
RPMI-164055 55 & 15 5% CO,. MIFIESE . 37 °C
R FRAA PR, 2~3 dfEAR

122 F AT 204 K 64937 %) 45 A A it v 4y
SN2 4150, 60, 70, 80, 90, 100, 110 pg/mL3k
AR, 43 B0 24, 48, 72 he 5 IMTTIERY WA [7]
WP N A0 A7 5 2, 570 nm B IR G FE(D), 5
YA AE KR . 40 i A K =S 56 41 > 34D
2% A3 DR/ O AT 38 DA 1 413D
fH)x100%. K LR RNA 5o h 5 254 0 2 20 ]
& % (half maximal inhibitory concentration, ICso){E
123 FEARmstma®AeHa e S
BRI, 235150, 80, 110 pg/mLFE A MAE FH A549
g0 fa48 h, e WA NS AN ML TR A, H . W
T AR 48 45 Wk T 36 AR 1 48 I AS4941 g, T
APBSYETR 4 20K, 200 uL 0.5 pg/uLlY BEFS, % 5
3 min, {88 %% WAL T OW ST B . T gk
20 KW Fe A MAE 48 hifJ AS494H i, 2.5% )% %
Se T8 2 hBA B, 1%5k R 5 [ 52 h, P B B i /K,

Epon812F 3. D) Bl 7 J5 O 3 U) Fr, IR
BAFT R BB DU e 1, T IEM-1220 80 & 5 i+ 12
B LA B AS . 4 M 0T 22 40 M A% 1 A% A 5 42k
Jr, RS A L.

1.2.4 Annexin V-FITC/PIR LM Z i A I
2550, 80, 110 ng/mLIEA I AE A48 hit) AS4941 iy,
PBSYESR2K, IIA200 pL&s 45 22 P, 84015,
3 HIIMAT0 pL Annexin V-FITCHI5 uL PI, 4 °Ci#ft
V.30 min, FFHIA300 pL&h &2, EALR I .
125 ZARssEd e IEELS0, 80, 110 pg/mL
FAIAE FH48 hif AS4941 Hd, PBSUELR 2K, IIA L
123 10 pL, 2445 410 pg/mL, F-37 °CYHE 30 min, £
PBSYL A M2 7 e Tk 40 A, it Qi S«

12,6 AX mie AR A m i 8 416 T e
2850, 80, 110 pg/mLFk A v 1F H48 hiIA5494H fif,
3 mL PBSYERR, 77 B3, IIALS mLAtA KK &
Mg, 7890 5), 4 °CORAE, [l e 32 />18 ho A4
WIEH1x10%mL, B mL4N e, FHIPBSTE3IX, A
RNaseA(100 pg/mL), 37 °Ci# 730 min. I A0.5 mg/mL
(1150 uL PIYL ¥R, 4 °CHE 530 min, it x40 i AR Il
ORI I K488 nm).

1.2.7 8% KA EPCRAM Bax/Bel-2 mRNA K
FHUNIQ-104: 2 Trizol EiRNAH $2 2 7 % $2 B 41
i EARNA. Bel-21E X %: 5'-atg tgt gtg gag age gte
aac-3', Jx S %E: 5'-aga cag cca gga gaa atc aaa c-3', ¥~
R4 45180 bp. Baxil: X fi: 5'-aag ctg age gag tgt ctc
aag-3', Jx X f%: 5'-caa agt aga aaa ggg cga caa c-3', § 1
PR K178 bpe  LAB-actinfy W2, B-actinil- XL iE: 5'-
agc gag cat ccc cca aag tt-3', Jx i 5'-ggg cac gaa ggc tea
tea tt-3', 91441 41205 bp. S 5 2 EPCRY 44T
94 °C 4 min, 94 °C 30's, 60 °C 30's, 72 °C 30 s, {§H 357K,
72 CCRIMNE 5, IR NG AT IR I ekl o S5
3K, Bl L2 AT

1.2.8 Western blot#o|Bax/Bel-2& & ¢9 &%k I
££2850, 80, 110 pg/mLIZA I AEFH48 hitI AS4941 i,
A3 M A E b i AR A0 2 ) ) 3 (1 i 2 1 R B
1 4 K7 5 3 B A5 v %) 7 v B OB AR 1 R
1, Ff & 3E 1T SDS-PAGE#E JI Hi ¥k, FiBio-RadHi #%
10K B (16 7% BIPVDF R L, B B4 49150 VIE &
3 h, 5% 8 @3k B 411 h, hiBax/Bel-2 131(1:100),
N 2 fiB-actin 1514 °CHiF F i 7%, PBSTE B, It
IgG(1:10 000), %M H2 h, OdysseyZL AP
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G R G AT R
1.3 FHitF4E

K HISPSS 17.04¢ v 2% 5 A EAT #0408 b B, ik
1T ¥R & J7 223 T (One-way ANOVA), 21 [7] b 4%
LSDVE A I 3G 22 S Pk, Hdfs LAY B v 22 (eks) R
7R, BLP<0.05 4 =R gt 22 E Lo

2 HFR
2.1 FAMXTASA9L BRI FI A K A9 1E

AW AES0~110 pg/mL2 (7] %5 A5494H Jif 75 1)
24, 48, 72 hJ5 A A AR 52 0] AR (1R D),
ICso(F1)o FEAMAE HIAS494H 248 hif) 5 I E Ny
80 ug/mL, ICso 4 (77.462£0.681) pug/mL(R*=0.806).
2.2 FHAMXTFHARIEASAOLRET S RIS
221 RFSHMEAR@MHET/H  REHY

AEFRIFIASA9 2 H KN —, B E R FEIGEEA K, 4
BESGHT, STetEar(E2A); S5 IRALA B, 2250 pg/mL
FEAR M FH48 hifJASA941 L, A 54> an i AR 5], AR
AN, K% G0 [ 45 (2B); 2080 pug/mLIEA A

100
—=—24h
——48 h
80+ —a—72h
S
£ 60
z
2
S 404
=
204
0 T : : T r ]
0 20 40 60 80 100 120
Concentration(pg/mL)

BEl1 A hXTAS49LA B Y A A< HD 1 i 2%
Fig.1 The control curve of ZTO on A549 cells

R1 AS4OMRARE AU S ER
Table 1 The results of curve fitting on A549 cells

By 77 2 P HANH A (ng/mL) LIPS A [l 75 R 2 PEE TR S
Regression equation 1Cso(ng/mL) R F P

24h Y=0.319+0.147logX 255.196 0.931 67.542 <0.01

48 h Y=-16.440+0.860logX 77.462 0.806 24.892 <0.01

72h Y=-6.393+0.947logX 65.124 0.843 32.308 <0.01

A: CK; B: 50 pg/mL ZTO; C: 80 pg/mL ZTO; D: 110 pg/mL ZTO.
E2 FREHE T EAMIERAS49 248 hAY AR 7S (200%)
Fig.2 The cell morphological changes in ZTO-treated A549 cells under light microscope (200%)
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A B
C D

A: XTI B: 50 ug/mLFEAM; C: 80 pg/mLIEA M ; D: 110 pg/mLIEA M .
A: CK; B: 50 pg/mL ZTO; C: 80 pg/mL ZTO; D: 110 pg/mL ZTO.
E3 RABHE TERAMERAS490 A48 hBI A PERZ7S(200%)

Fig.3 The nuclear morphological changes in ZTO-treated A549 cells under fluorescence microscope (200x)

Az 5P I; B: 50 ug/mLFEAM; C: 80 pg/mLIEA; D: 110 pg/mLIEA M
A: CK; B: 50 pg/mL ZTO; C: 80 ng/mL ZTO; D: 110 pg/mL ZTO.
El4 iE5 5 TRAMIEFAAS49 /48 hAYZHRAEF7S(6 000%)
Fig.4 The nuclear morphological changes in ZTO-treated A549 cells under TEM (6 000x)
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48 hIFJASA94N Ha K36 73 S IR TR AE, i R AR 4
MR, H2F, Al MR RUZ AR N, B T A
(K12C); 22110 pg/mLILA M AE FH48 hit) AS494H fitd th
PLE T I %(K12D)

222 HABMENRmMOT ST RIVIEE
(AO) YL (028 FL UL I3, A 0 3% A I A1 T 110 it it g
ASAOA MR 2, A AR R K HL&5 K3 I, A%
AT, A~ Bk B B, il s, a3k
ARIHAEHI48 h)E 4 i, 50 B2 AH bh 22 S5 3 2 (1
3A). AUMLPRRRBH 40N 9840, gk AE
B RFIR, B b I T AR, i A s B0
WY B 09, HBLE T/ MA(KI3B-3D).

223 EHOETAR@OHET B
N, WELAR 2 2 0 B I ASAO AN L 1) T 7 45 ) T 1]
AABI T, 4 ik [, 3R TH A7 K I 58 i F
YE, AAREOK, G, R T n] WD),
LT N AT S AN A, R AN T P, T S A B

(A)

PI
S
vl

1B3 K B4

10° 10! 10? 103

Annexin V FITC
C 7
© 10° 3B B2
10*
10

10°

10° 10 10? 103
Annexin V FITC

Az XTI B: 50 pg/mLFEANM; C: 80 pg/mLIEAH; D: 110 pg/mLIEA I

A: CK; B: 50 pg/mL ZTO; C: 80 ug/mL ZTO; D: 110 pg/mL ZTO.

A~ 10

FIARIES 5, SRR T WL, 24 Rk JE 3
AR FH48 hity g i, HAZ [ 48 HAZ B 563, g n
FUNSEACRZIE T o Bk R 8 ZURAR T S i AR 1,
Ui B A% B AL, A1 AR TR B I T i, o
P IR SRR HERR, A 5 I99 5K I3 Wb ROk, 1oy
IR A A4 7K (Kl4B-4D).
2.3 WA AHAREEAS49L BB T RIS

7 2l AR Annexin V-PIH 8 45 540 [ 5H1 %2
T, FEA i RE L il B ASA94H Mk AL T, B
2R T R AN T 38 KR 309 T 4 M ) B B S T
Jii B, 3R AR IR B 80 ng/mL R L T 40 iy
4y HLIs B 80k, h(27.31£0.43)%(P<0.05). 45 3
T B, FEAIMAE I AS4940 B I¥13k 55 2 80 pg/mLIR,
IR T 5 A
2.4 FAMXSAHAREEASA9LFEAY m AT 5200

N il JiR 5 ASA94N i 28 3% K S A4k FE S APm
A5 Ak gl WL 23, K IR 4 ASA94N JY 1) £k kL A4 i He

®)

10°3B1 B2

102

L
10° 10! 102 10°

Annexin V FITC
D .
( )103§B1 B2
102_
A~ 103
1B3
10°3

10° 10 10% 10°
Annexin V FITC

El5 FHAHIEFHAS4940048 h Annexin V-FITC/PL T=#&iN
Fig.5 Annexin V-FITC/PI apoptosis detection of A549 cell treated with ZTO for 48 h
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R2 HAHIEF AS4940 A48 h Annexin V-FITC/PLE T4
Table 2 Annexin V-FITC/PI apoptosis detection of A549 cell
treated with ZTO for 48 h

3 FAHIE A AS4940BE48 hik i 1A B B 31 Xeks, n=3)
Table 3 The mitochondrial membrane potential of A549 cell
treated with ZTO for 48 h (x*s, n=3)

W FE (ug/mL) TR (%) W FE (ug/mL) 2R AR LA
Concentration (pg/mL) Early apoptosis rate (%) Concentration (pg/mL) A¥Ym

0 8.39+1.16 0 600+3.52

50 18.65+0.46* 50 558+4.25%*

80 27.31+0.43* 80 427+1.73%*
110 17.73+0.70* 110 305.33+3.66%*

0 pg/mL X 4L, *P<0.05, 555 AT LU .
0 pg/mL were assessed as control group, *P<0.05 vs control group.

720( i sLcvso| 70 SLCV S0
600 600
0 pg/mL 50 pg/mL
480 480
I .
(53 (53 H
2 ] {
£360 £360
3 3
Ca40 40 i
120 120
i
i )
i ICER TN
0 e 0
0 32 64 96 128 160 192 224 256 32 64 96 128 160 192 224 256
(C) DNA content (D) DNA content
720( ] SLCV S0 720 SLCVSo]
600 600
80 pg/mL 110 pg/mL
480 480
I .
3 3
£ 360 £360
z z
3 3
© 240 0240
120
3
H [\

0 0 :
0 32 64 96 128 160 192 224 256 0 32 64 96 128 160 192 224 256

DNA content DNA content
(E) E=G,
1004 . G,
s
801 = 1
-
S 604
.2
E
S 404
>
o *
*
204
* * %
0 ~ - v
0 pg/mL 50 pg/mL 80 pug/mL 110 pg/mL
0 pg/mLJ}yXF 4L, *P<0.05, 5% AT EL i

0 pg/mL were assessed as control group, *P<0.05 vs control group.
Ele FHAMIEMAAS4940R048 hRYAAEE HI 5 75
Fig.6 The cell cycle distribution of A549 treated with ZTO
for 48 h

0 pg/mL X AL, **P<0.01, 15X FATA L .
0 pg/mL were assessed as control group, **P<0.01 vs control group.

7 4 600+3.52(P<0.01), 480 pg/mL¥) 3§ A i 1
F T-AS4941 u48 hjis 26 Fr 4 i iy 47 BH (2 PRI, A
427£1.73(P<0.01).
2.5 FAHX A BRI AS494H B B HA A 22 1)
MBI RT %, X HECZH ¥ 4 oK 2 4k TG, TS
HHARN 52D, Golidpe /b o AN TR B FA I 1 FH 4
48 hJi5, G4 P (¥ &5 328 gk /b, 1T S I 40 v
B BN, G40 i B 5 0 HRALAH LA o6 1
TP 2 B A (1 B
2.6 AN AHAREAS494A R Bel-2F1Bax mRNA
FIKKF Y2 M
I3 FH 5 T PCRAY H 77 (194508 43 Bt 44 mT BASRAS
X R CAE, IR power(2,-Delta-deltaCy)iZ: i 5
F UMM Bax. Bel-2 mRNAZRIA & L7, 45 5311,
F A WA H AS4940 Mo v] i BaxFE K £ 3k M, Bel-2
FEPR AR R, 22 A it L(P<0.01).

I Bax
[JBcl-2
50 1 =
3
= 401 N
3
= A
.g 304
w) A
2 A
S
5 204
p
%
10 4
0 - - v \
0 pg/mL 50 ug/mL 80 pg/mL 110 pg/mL
0 pg/mL A% HEAL, *P<0.05, 550 AU EL R 2P<0.05, S50 AL A ELAs

0 pg/mL were assessed as control group, *P<0.05 vs control group;
4P<0.05 vs control group.

El7 A5494fBax5Bcl-2 mRNAFR %7K F
Fig. 7 The Bax and Bcl-2 mRNA expression level of the A549 cells
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A B c D
—Bax(21 kDa)
- - - e
— e W W
(AR LT R W v Do)

* % [ Bax
1 T [Bcl-2

g
=3
)

N
wn

g
o
!

—_
=]
)

<
W

S
o
)

Relative of Bax and Bcl-2/B-actin expression level
w

0 pg/mL 50 pg/mL 80 pg/mL 110 pg/mL

A: S B: 50 pg/mLIEANM; C: 80 pg/mLILANM; D: 110 pg/mLIEA
i, 0 pg/mLA X IRAL #P<0.05, 55X FRALHLLE; *P<0.05, S5 Hi4l
FHECEL .

A: CK; B: 50 pg/mL ZTO; C: 80 pg/mL ZTO; D: 110 pg/mL ZTO. 0 pg/mL
were assessed as control group, *P<0.05 vs control group; “P<0.05 vs

control group.

El8 FHAHIEFAAS49ZHREBax. Bel-2F0B-ActinflRER
Western blot%5 5
Fig.8 The Western blot results of Bax. Bcl-2 and p-Actin
by A549 (cytoplasmic protein)

2.7 FHA M EHAREAS494HIBcl-2F1Bax s B &
oy SO

Western blotfi I & A il /E FH A54941 {148 hJ
i 5% 4K 11 R S 2 11 Hh Bel-2 i Bax 25 [ 1 2% 35 43 )
WL I8 F 119, 3 A il 1 FHAS4940 Jitw n] Al Bax i 14
KF B, Bel-28 K N, 2R gk e E L
(P<0.01).

3 it

AR EE T, DU WIS, R
FHEARIFEA . AR, vk, 7, M, 4
FFe Wegs, BATAT A WALIER AL, A
M 2R AR AR A B A R, o AR 2
1%~1.5%, Jt—FI G250 . KA SR
FEE W, A b AT BT S 005 I A S A9 L 14
FEEE 1AL 1 BEK O S HGo/G 40 i L
SLA MR 45 R, E S BECNE-241 I, 3
AT LA 5 S 1 L Sy S e 2

A B C D
- D e oo
o @@ awe e
gy

— B-actin(42 kDa)

e
(=1
J

1

n
1
*

N
(=]
1

wn
L

o
1

=3
w
1

2
(=}
Il

Relative of Bax and Bcl-2/B-actin expression level

0 pg/mL 50 pg/mL 80 pg/mL 110 pg/mL

A: S B: 50 pg/mLIEANM; C: 80 pg/mLILANM; D: 110 pg/mLIEA
i, 0 pg/mLA X IRAL *P<0.05, 55X FALHLLE; *P<0.05, 55 4l
FHECEL .

A: CK; B: 50 pg/mL ZTO; C: 80 pg/mL ZTO; D: 110 pg/mL ZTO. 0 pg/mL
were assessed as control group, *P<0.05 vs control group; “P<0.05 vs
control group.

B9 HAMIEFAAS49MATIBax. Bel-2F1B-ActinfEEH
Western blot%5 R
Fig.9 The Western Blot results of Bax. Bcl-2 and p-Actin
by A549 (membrane protein)

FHA B SRR o AT B, SR A il
i PR ASA9GH 1 A A AN A 7S AR ST a1 4
A SRS ELE R 8 80 pgmLIFAMIEH T
AS54941 Jifd, 48 il 38 5E 1 15 % 4 (77.462%+0.681%),
T TH N (27.31%£0.43%), 40 M B T-SHIANG,
iR

MAPAT IR e NS R AR A%
LEESHRE L NS PSPyt B ST E RN S RS
PESET LR, J2 4R A N PR BE RS E I 2L
—o MR TIE S S AL 2%, HATA R
FOH BB S SETIRAE, R AER. 5L
TS AR TE B RN PN T I T 4% o G P DL R A 15 A
S SR T R, Rk R g R Rk R —
U AR . — T, SRS MU B T3, — 4
A I B M IR BURE B M D — T, i
PR I R AR . ABIF 5 FH AN R 32 1 A il Ak 2
AS54941 948 hjm, i =X 4l i A Annexin V-PIH¢ ff 25
SR, FRA DAY A I R SR ASA94N i R AR T, L
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B 5 259K (1 189 O L300 T i M 0 b S T
Ji BAR, FEAR MR E 80 pg/mL s 5L 79 1 40 i 7y
4y Bk B i K, M(27.31%+0.43%)(P<0.05). AN ]
WL FA M AL BEAS4941 148 h)5, X HE41A 54941
0 F 2 R AAR I LT R 60043.52(P<0.01), 80 pg/mLI
FEA T AL IR ASAO AN i 2 b A4 5 v o7 B Sk FRAER, Ry
427+1.73(P<0.01).

MMPI TR AN WA IR
IR, Bel-2 5% i A 40 M P 8 745 55 18 8% 1 6 AR
G310 MR A IR I, — e IR EE R
T AEFH] N FLIREMCE-740 5, (bR 3L
LT B 5 i Bel-2. Baxikfg ), 45/ pssn
WF5¢ 4 R 2R B, A B8 18 I ] 19 Bel-2. Bax A [
()2 IK 55 40 PR 0 T RN FL I MDA-MB-231
S MR B IG5 . AR SO ST A R B, FER I fig
o031 Al JU s A SA9 4N e K L, BELYT 4 B A B o 3k AT
FEFR ], FA M REE L HHIDNAS B, K41 B FH A S
JRUSY, e AU ST 2 R R W, oA it e
9 40 L SGC-790 1 1458, Jf H.nJ A5 HAH T,

AR5 4E R BoR, 80 ug/mLIEAMAE H T-A549
41 248 hjim, Bel-2#) 3 ik5 K i, Bax¥) & ik i,
Bel-2/Bax HUAE 12 BFAK . IX L5645 B I3 Al
BEF1 ] 8 A S49 40 I 39 4, I HLERA s B
Bax I fiBel-23& 10 75 5 il i 9 40 J AR AS4998 T2,
TX G sy ok BRI I R VA T BRI
M o AR AR N A 3 T I B8 I PR V6 97 3 A
L.
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