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B E] & @ Hl & fEemen & nhwy e6(chlorin e6,Ce6) 442K 2 (gold nanostars , GNS) , B 77 Hxf ili iz A549 4 i)
IMEFARR . F ik : GNS LI K £, . (SH-PEG-NH) &1 J5 5 Y Ce6 R 3% 1 , il 4 H B AT e 3h SR 97 30N AR &
GNS-PEG@Ce6, K U LR AL A ML 2R, 850 SO 36 51 A BB Lh i AS49 41X #541 GNS-PEG@Ce6 5 Ce6 17 Wi/ -
N MTT A RS GNS-PEG@Ce6 % AS549 41 i 14 78 40 il e S, dad Jat A4 B SR MR %E GNS-PEG@Ce6 5 Ce6 % A549 4
MIJAT- (I . 46 & : %1 GNS-PEG@Ce6 (IHFI42 7 100 nm /2 47 , B A BT B9 BtE RS 2 1, Ce6 B E N 50% i i o 3R
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Photodynamic effects of gold nanostars loading chlorin e6 on lung cancer A549
cells

LI Chenlu', XIA Fangfang’, ZHANG Amin’, CUI Daxiang"*(1. School of Laboratory Medicine and Life Science, Wenzhou Medical
University, Wenzhou 325000, Zhejiang, China; 2. Institute of Nano Biomedicine and Engineering , Shanghai Jiao Tong University,
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[Abstract] Objective: To prepare GNS (gold nanostars) loading photosensitizer chlorin e6 (Ce6) and to investigate its photodynamic
effects on lung cancer A549 cells. Methods: GNS was firstly modified by SH-PEG-NH; and then mixed with Ce6 and shaken overnight
to prepare GNS-PEG@Ce6, which had photodynamic therapy effects. The characterization, morphology and encapsulation rate were de-
tected. The difference between the phagocytosis of Ce6 and GNS-PEG@Ce6 by A549 cells were observed with a Leical TCS SP8 con-
focal laser scanning microscope. MTT assay was used to examine the inhibitory effect of GNS-PEG@Ce6 on the proliferation of A549
cells while FCM was used to detect the effect of probe GNS-PEG@Ce6 on the apoptosis of A549 cells. Results: The particle size of the
GNS-PEG@Ce6 was about 100 nm. The prepared GNS-PEG@Ce6 nanoparticles exhibited good dispersion and stability and the encap-
sulation rate of Ce6 was about 50%. GNS-PEG@Ce6 entered the cells by endocytosis and mainly distributed in the cytoplasm; com-
pared with Ce6, GNS-PEG@Ce6 could enter the cells more effectively. The proliferation-suppression effect of GNS-PEG@Ce6 on
A549 cells was significantly stronger than that of Ce6 (P<0.05). The results of flow cytometry showed that the probe exhibited strong
apoptotic effect on A549 cells. Conclusion: GNS, as the drug carrier, could effectively increase the Ce6 uptake efficacy in A549 cells,
thus further enhancing the killing effects of Ce6 on lung cancer A549 cells.
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Y65l 7397 % (photodynamic therapy , PDT) A& — Ff
AR NAE IR ST IR B BOR , AL A2 A UK G )
TERR Sl = AR B2 4554 (singlet oxygen) fo HiAth
15 PE S Y5 (reactive oxygen species, ROS) , MM 5
FUM R AN M R R AN T2 BRI A R 2 R, Hop
Ce6 )32 M DRI 77 A B AR 3 S R AR v, i
&G R AT M ROEE a7, &4 ik, K
I3 CEG AR N BUKE , RV TR PR 2 ) JE 4R
TE S B 2 A H T I PR A o F L DA R SR SR
K HES R EE N IR UK R B K &, N
Ce6 SR N B AR 0

SRR BT B 2% 1) 4 1 A M AR X AR e HL
24, A B & 7 VA TR G s A AR A A
B AR R GNS AR —FhilE 78 LU BB ) B <
PRI RL A AR — i BRAR 1) 6 T AL 40 b K], T HL AT
CAAE A 25 aida , I AR 2 R 1297 — 140 R Bt
FUHAF B2 R

AW T K GNS AE 84k , 78 H 3% 1 12 1fi SH-
PEG-NH, (3 5 2, ) , M $ie v e RS € AN 73
B . SRS S5 GHGR Ce6 W ERIR B /5 T AR ET GNS-
PEG@Ce6. A AR T GNS-PEG@Ce6 55 Ce6 Xf
AS49 21 [ (156 30 ) RS, TR R AR 5 5 8 6 R
Ce6 11 PDT 1 FH B IX 1), S FCAE 1697 it Hh 7 78 1R L
A

1 MR5EEZ%

1.1 EZEMFEMNE

A 4R (HAUCL, - 4H,0) W [ 18 24 £ [ b 22 3571
HIR AT, 5 2 —FF (SH-PEG-NH,, MW =~2000)
B B AT, Ce6 M H H R B F] s DMEM 5
BEE5 #2504 H Hyclone 2 &, #i A2 4F 135 (NBS) I H
Gibco A 7] , Annexin V-FITC/PI 41 it v T4 Ik 77 fr
T 2 2 A 8 7] s MTT J2 Hoechst 33342 4 8 1
H Sigma A #] . 5836 T B £ [H Agilent 22
H] L F T B AR E S B R E
4% (SEM. TEM . HRTEM) 14 (5 3% [& FEI /A ] , B b
X H 35 [E Thermo Fisher 2 7] , FV500-1X70 30
LR A W s W B 75 [ Leica 24 7], FACScalibur 77
AR HAY H 26 E BD A
12 sk

It AS49 4 B S T w8 B S B b 240 i
T 10% 348 4 13 59 DMEM 85 37 7 b o JL8s 9%,
BT 37 °C.5% CO, ML AR B 55 7240 0, 40 I B A
K R AT, HORHE0A: K A kAT S 56
1.3 GNS-PEG@Ce6 #9 4| & B 55 &5 K

GNS [l & 45 32 B P Bl — 2B A B

FHERKIEM, AT R R & UK 4 GNS,
HERFEIM T AEEKBEH A S0k 5 (10
nm 7c A7), FERRPE ISR N 5 R g M) VR T 5
W JFEFIAEAE I S RLAAR 2R B, 45 408 Mk J5L, AT
JE R GNS™ ', % 4h, SH-PEG-NH, B A = J& 1) 54 &
PE PR B G PR AR AR 25 4, TR LR B3 GNS, A
M fif ¥ GNS 73 Bl M 22 5 i) @i, A Rl i 2 Ak o8
BRCR s (DA AR T (seeds) » 7E 50 ml G
BRI HE T A DN 20 mil S BRI (1 mmol/L) , i #4
ST 2 s IR NN 3 ml AT AR R = A
(0.01 g/mD , FiHE RIFHAL A, BEEE T4 °C&EH .
(2) & B GNS. £ 50 ml JG B #E T i 4K J3m 20
ml E &A1 (0.25 mmol/L) . 0.2 mL £; L (1 mmol/
L) .2 ml &40 K0 7-.0.2 ml A2 AR5 W (3 mmol/L)
0.1 ml FLIA I FR AW (0.1 mmol/L), 5 i B i+ 1
min, B 1] 73 ] GNS. (3) GNS & 1fi . # i& & /) SH-
PEG-NH, IN A 2] FIR & Bl GNS i, =i TR
A FE 12 h, B A5 31 GNS-PEG. (4) GNS-PEG 1%
Ce6. K id&i & 1) Ce6 M £ GNS-PEG ¥+, 37 °C
()T R 32 A B AR B 12 h, B0 PR AS BIRET
GNS-PEG@Ce6-

B3 & NI A % 1 R 51 GNS-PEG@Ce6 = i , il
IR SCRE IR ET (1P Y RiA% B o ATt o

[E) S 37 1 S AR B T e i S R K e
B b R E R R R T, R R S A A B
RRET LA IR,

PR%E GNS-PEG@Ce6 ¥ /& LA 571 [ 1¥] Ce6 115 :
IS AN GG FE TN E A5 2 Ce6 Atk I 2L, AT
THEALE R,

1.4 #HAERE MBI R AS49 @ e 35 GNS-
PEG@Ce6 & 5% & F

B H0 A K A AS49 41, DA 3x10° AN/ FL I 25
FEH AT I R R A, 4 45129 0.5.6.12 he
Ry 40 BN BE J5 42 F IR ARIC NN 5 ng/ml ) Ce6 BERE!
GNS-PEG@Ce6 AbFEAR N ] . W7 3%, F PBS %
B2, LLa% 2 R EEIE 2 , iR CE 20 min J5 , B
FLIMA PBS BE%¢ 2 Ik - FifiJ5 I\ Hoechst 33342 {4,
WLE 2R 4 420 min, /L0 1 ml PBS, Hot 3L R A&
T S
1.5 MTT i # M GNS-PEG@Ce6 % % £ PDT *f
A549 m o B9 AR b Z A5 AE R

SEUG oy SR A R A A R e R
A0S BRI B 0] BR A 5 R S RN AN [, SR8
4H 7> N GNS-PEG@Ce6 1 Ce6 £H . BT 4= K 1Y
AS49 41 LA 5 000 A/FLI 5 BEHE R T 96 FLAN A 1 7%
B, BT 37 °C 5% CO, i RN 5 15 77 46 Fh 1% 9% 24
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b S MG BE JS A o WRSE R IR 4 N
1.5.10-20 pg/ml ] Ce6 5 GNS-PEG@Ce6 , Z¥1E
24 h JE W FEFL N TRAA , I PBS VeI » AL E BT I
100 pl 5572 . BEFLAH PN 633 nm [ Z A BOL 4%
He-Ne NIR &5 60 s. HEOGJ5 AU 55 % 12 h, f: 4L
BN 0.5 mg/ml (1) MTT ¥ 100 ul, 4k 82 RELIF H 4 h
Ja bR RS BFLINA 200 pl — H TR
i (DMSO) , #& R 52 5% 10 min A BB 544 78 70 VA iR
FABEAR G 5 490 nm J% 4 Ak 1) 2% FL 6 % B2 (D) ME , B
YLEE AT 3 VK, 43 IR H A AL T B8 B 0. 4T G
% 11(%)= DONZG41)-D (7 A 4D Y [D(0 N5 41)-D (=
14T, AT K Bl 7 Ff 24 40 %5 T A 549 4 i i 40 i 75
P
1.6 & X 2 ja A M GNS-PEG@Ce6 *F A549 2 ity
AR PDT F 5 AS49 40 08 T 89 %R

B AE K AS49 210, DA 1x10°AN/FLI %5 5
BeFhF 6 FLAR , 20 BIARIE A AS49+ 6 HE (laser) 2H . AS49+
Ce6+laser 2H . A549+GNS-PEG@Ce6+laser 1. 154 fE
G BE J5 % 1R 43 4 N BEE S pg/ml 1) Ce6 85 GNS-
PEG@Ce6 #b#E 24 ho W7 I, F PBS ¥k 2 Ik J5
FUIIA2 ml 577 BFFLFHIEACN 633 nm [ He-Ne NIR
FRY 6 min 5 4k2LBEEIFE 12 he 55— 6 FLAR Rid N
A549 4 . A549+Ce6 2H . A549+GNS-PEG@Ce6 2. , 14
It s B J 4 43 2H N N R FE A 5 ng/ml () Ce6 B GNS-
PEG@Ce6 4bH 24 h J5 & LR 7% . S A4 2% b 5557
Je P PR B T A CHE b i A i il g8 , A E 3D 5
B0, PBS Pk 2 I, BAHIREE (1~5)x10° M1
AL 100 pl 85 &R E RS, IS pl i
Annexin V-FITC 1 10 pl /] PT 403 , 1R 5T, B = iR
et 15 min. B 5 I0N 400 pl () 1x 45 G 080, V82T
gt G SR o
1.7 %itsas

K SPSS15.0 B At 47 B4 G vt , 4 1a) B4l o5
BEXTEE R ANOVA 7341, BLP<0.05 Fos 2 7 B A 4t
HES- 38

2 &% R

2.1 4£4t GNS-PEG@Ce6 #9 % 4

2.1.1 ##4F GNS-PEG@Ce6 #4142 i FIRLAR A A
M & % # GNS - PEG@Ce6 ki 14 K /N o GNS-
PEG@Ce6 (1) KL 1% 73 A1 1% & 40 & 1 fr 75, GNS-
PEG@Ce6 Fif21E 100 nm /2 45 , HFIAZ B — .

2.12 %4 GNS-PEG@Ce6 W # A i A4 5t
HI13F ) H 455 0 8448 5T GNS-PEG@Ce6 (1) 7% , GNS-
PEG@Ce6 )41 4t FL 55 Il 1 18] 2 A i 7, 378 B P 5 1)
UWI2B i . %l GNS-PEG@Ce6 & 5ith) — , Fif2 7E

70 nm £ A4, X SRR AT BB . AW I
& RS GNS-PEG@Ce6 1% £ 70 B, 73 B 4
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1 GNS-PEG@Ce6 #1253 %
Fig.1 Size distribution of GNS-PEG@Ce6

S of ah
2 GNS-PEG@Ce6 I3 E(A)FI
BT R (B)E (R R=100 nm)
Fig.2 SEM (A) and TEM (B) images of GNS-PEG@Ce6
(The scale bar is 100 nm)

2.1.3 # 4 GNS-PEG@Ce6 . 2 & Ce6 [ 45 HE Hh
R 3 iR, Y=0.0797*X —0.2312(R’=0.99953), i%
il 2 rh 2% RUBCS S I o O 2R P, B2 R
$040.999, Ui BH % bR A i 2R P00 SRR R, IR 22N, 1]
DAk — B R . A FL1H A5 H GNS-PEG@Ce6
Ce6 AL 2y 50% At o

0.6}

Y=0.0797
X=0.2312
R=0.99953

0.5F
0.4F

03F

Absorbance (absorbance unit)

02F

3y 4 5 6 7 8
Ce6 [p,/(ug'ml™)]
B3 Ce6RIFRIfERZE
Fig.3 The standard curve of Ce6

2.1.4 A KK E I RAME 473K GNS.PEG.
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Ce6.GNS-PEG.GNS-PEG@Ce6 X 5 Fi# i 73 i T
ali K R 5 A0 o 6 0 B I s R O P 4 TR
GNS 7E# 1 700 nm 4b 7 — AN BH & 1158 AR Wi b, &5
SCHR IR AH T 5 Ul B AT T A R TR € TR R
NGNS, SH-PEG-NH. %A B & [ 58 A RFAEUE , 15 K]
H1 GNS-PEG . GNS FHAL (1) 58 S FFAEIE— 3 . Ce6 £
P K 400 nm A1 660 nm FH KF {E W&, 5 £ GNS-
PEG@Ce6 7FAH N K At HH B T 5 Ce6 AH [H] FRHFAE
V&g, AT 15 B T Ce6 T ) £ 3% B 90 K H- £ GNS-
PEG@Ce6 .

1.5
= ——GNS
8= ~ GNS-PEG
s T GNS-PEG@Ce6
9 _—
g 1.0f — SH-PEG-NH,
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Fig.4 UV-Vis spectrophotometry of GNS, GNS-PEG, GNS-
PEG@Ce6, Ce6 and SH-PEG-NH,

2.2 A549 tm i3 GNS-PEG@Ce6 A 3% 5% A" AF
fit IO IL 2R £ BB R L5 A549 4 i A I £
% GNS-PEG@Ce6 5 Ce6 (115 L , TEAH LUK 6 R
59K, Hoechst 33342 4 (41 A549 41 A i 41 o 1% 4
HE 7, Ce6 5 GNS-PEG@Ce6 & 41 (7% I , M1 i
T W5 A 7 I A 200 L P ) 43 A Sk BB 2EL 4 Jo ke
NS Ol . Wl S B, W R B R, Ui B
Hoechst 33342 44 €43 1 DK AS49 2t Hi (1) 48 A A% s
o SIS UL B, LT I [A] 0 40 H 1 Ce6 S
SR I 2 AS49 411 5 Ce6 B GNS-PEG@Ce6 Ht
5 E 0.5 his), A N J LB A BUEATLL 5, B
FEAZIN TA) A PR B 57 ) PR AR B N0 s 45 B & 6
h B, Ce6 2H 41 ffd N H B 8 ¥F 21 €4 9% ', T GNS-
PEG@Ce6 ZH 41 g P4 HH L B 2 (R 20 .58, 150 B Ikt
I 5 2E 47 Jofi 328 3 4E N 4 PR, 1T A 3T Ce6, GNS-
PEG@Ce6 N4 B 2 . YR E A EKE
12 h, P 41 B 20 8 5% O 58 B 35 35 58, H GNS -
PEG@Ce6 2H 141 5 JAT SR 58 T Ce6 4, Ui BH BE
N[5 (%) ZE K, P 2EL47) o 8 e A M 7 e, I HLZ2 GNIS
&AM 1) Ce6 BE A B EE NAH . Ce6 BEIE 41 L
& BEAT 40 M R AR 1 S Y Sk AF S5 HIE B GNS -

PEG@Ce6 %5 B /K 1% 1) Ce6 RE 5025 5 it N 2 ., A
M BE B 4 R 5 6 30 D16 97 R

Hoechst Ce6  Merged

0.5h
GNS-PEG@Ce6
Ce6
6h
GNS-PEG@Ce6
Ce6
12h
GNS-PEG@Ce6

El5 A549 4Aff15 Ce6 5 GNS-PEG@Ce6 55 0.5.6 112 h
BRSO R EE (FRR=100 nm)

Fig.5 Confocal images of A549 cells co-incubation with free Ce6

or GNS-PEG@Ce6 for 0.5, 6 and 12 h(The scale bar is 100 nm)

2.3 GNS-PEG@Ce6 *F A549 #a s # ¥ £ 49 PDT 2 %
231 HAME MR W MTT & L 7E He-Ne
NIR [ 4} F , # 4 GNS-PEG@Ce6 5k Ce6 5 A549 4|
J L0 & I A ARV E 2 . W 6 B, fEF
WRE YN 1 pug/ml i, Ce6 41 1 41 f 4735 5N (91
0.008)% , 1] GNS-PEG@Ce6 21 f) 41 i 17 3% FAV A
(81+0.003)%. PG W< 52 1 T iy » 9 & ) S P v PE
BT . MR 20 pg/ml B, 5 2EL (4D 4 A 3 2R
75 58 F[(71£0.015)% vs (31£0.010)% , P<0.05].
EKRFLEBOCHRS T, 84 GNS-PEG@Ce6 2 Ce6 Xt
AS549 A A BRI GEN 1R 9T RUR .

232 FATEFREAER  EH IR MAC
GNS-PEG@Ce6 5 Ce6 FEARHI 05N J1i6 97 ROR (B
7Y, SE5 43 N 6 41,5 N A AS549 4 3 B: AS549+laser
H ;C: A549+Ce6 4 ; D: A549+GNS-PEG@Ce6 4 : E:
A549+Ceb6+laser 21 ; F: A549+ GNS-PEG@Ce6+laser
2. VO ZEL P 2 U T AT SR B 1 BE A AR S (4B iR
TETIER<5%) , Ut B AS549 41 f 7E o WOB IR Y, B0
Ce6 L% & i, 8L 5 GNS-PEG@Ce6 JL % & i, Xt 4]
JL G B/, FEA TC AN w4, W7 DAk — 2 4 S
BRI . Ce6+laser 2H 141 Mo IR FE AT B 2%
N 72.4%, Tl GNS-PEG@Ce6-+laser ZH [ £ it ¥ 5L Al
WS T %0 88.9%
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3 -LTJ- i«'% Il Ce6
120 [ Ce6@GNS
N Il Control
TSR, YK PR 1) Bt 42 8 9K kL CRe il 2 100 "

SEANRTRL) , PR H AR 1) ' 22 A% o AL 57 (4 A2 A
FEVE A B2 OGTE , Hofi] £ AR Y 2o it R 2
T A0 Y6 5T AT AT TR R e R BURLRE S
F RN 7T G ANBC A E T BB R R T RE
MEREL , DL BLBE [ 3 1A MG T . b PEG 81 2
SRR 5 AL 2 BT iR 2 — gk
BURL R 5 PEG — ¥ (3R AR 7% 5y . - Bt A 7F
SN 5 DT AE 45 49 K RIURE 2 T B PEG J= 5 A L AE 7K
TR ORER R A I 2 BEPERY

80
60
40
20

Cell viability (%)

0 Control 1 5 10 20
Ce6 or GNS-PEG@Ce6 [p,/(ng-ml™)]
"P<0.05 vs Control; “P<0.05 vs Ce6
6 MTT ;ALL%E Ce6 3 GNS-PEG@Ce6 5
A549 MRREILIT B R RAE IR R
Fig.6 Cell viability of A549 cells co-incubated with free Ce6
or GNS-PEG@Ce6 analyzed by MTT assay
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7 Ce6F1 GNS-PEG@Ce6 Xf A549 4RAH) PDT {EF RO ARBEAR 5347
Fig.7 PDT effect of free Ce6 and GNS-PEG@Ce6 on A549 cells detected by FCM

AHIF 7t 2 FH SH-PEG-NH, K A& 11 GNS , FEFE 1%
Bt b HEGR Ce6, T BB A J6 3 1R 97 /R H B ER &
GNS-PEG@Ce6. AR RLARACFIIA$ HL B 3% 5 riL 8%
W 8E 45 3% B R4 GNS-PEG@Ce6 1% 1 70 B, TE 351
BJ— Y BRI, BEARAE 70 nm e A7 o ASHF AT iR E
GNS-PEG@Ce6 ¥ & DL 1712 I [1) Ce6 115, 1] DA1S 2]
Ce6 M3 RN 50% 7245 . AW T8 FH A B B 7
R BT Ce6, 77725 11 B AT 2, HoAL R A 3k
MBI = 15 2, MPE GNS.PEG. Ce6.GNS-PEG.
GNS-PEG@Ce6 iX 5 P il I 58 40 70 6 B o
K% GNS-PEG@Ce6 fEJ K 700 nm 44 — 15 GNS
FEACL ) 58 AMRFAE U, 7 3% K 400 A1 660 nm 4b A 50
157 Ce6 AHARIRFAIE I , AT 156 B T Ce6 TR 7138,

FZAKARE GNS-PEG@Ce6 117,

FR A O e AR IR, M AS49 4l il 5 Ce6
5 GNS-PEG@Ce6 L0 & 0.5 h i, B L4 53 J LT #1
RN ;2455 & I [A] 2] 6 h i, GNS-PEG@Ce6 4
B Ce6 ZH AN M P H L B B I A 58 o, Ul B Bl
5% 5 B I P A, 7 447 5 G2 E N 4 PR, HL GNS-
PEG@Ce6 Lt Ce6 HE NI R 2 . [l I 8] (1) 4E
e, PR IR NG M ) B T G %, HL 9 T T 22
SRR T . B B 3 5 A I TR X3 0 5 Ce6 5 GNS-
PEG@Ce6 12 # 41 f &5, H 28 GNS 211 [1) Ce6 fig
AR E NI . Ce6 HEIE N 20 i 2 33817 40 i &
B 5 V254 1% 58 0E B GNS-PEG@Ce6 % Hi 7K
PE 1) Ce6 RE T 75 5 Hu i3k N 40 o , 1X 7] fg /& GNS-
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PEG@Ce6 1) 7% 8l J1 /E F 2 3 38 T Ce6 1 R Fl 2
— R 5T R B, 7E NIR HE 8 R, Ce6 5 GNS-
PEG@Ce6 14 il 55 14 35 it FL ik FE (1~20 pug/mL) )
1K 3G n, I H 5 #R 4 GNS-PEG@Ce6 3L % & 1
AS549 ML A7 TG R RAK T 5 Ce6 IR & 41
LB () 2 A 2 e Bk K o 10 B PR IO R S
T, ¥4 GNS-PEG@Ce6 [t PDT 1E FH B & 3% F Ce6.
B¢ S A8 I A B A L A AR AR S MR B 3R 9T
RS, 45 7R AS49 MM AE T EOLIB ST T, 5 Ceb
5. GNS-PEG@Ce6 L% & I, 4H i (1453493 350 %0) , Jk
ATCAH R EE I, T DAt — 2D S B AR N . T
TEFOEIR A T, Ceb+laser 4 5 GNS-PEG@Ce6+laser
ZH 1 40 B DA FE A B T 26530 0K 72.4%.88.9% , iX
Ui OGS S, Ce6 KIE T 6313097 R B
GNS-PEG@Ce6 [ R AR AR 8 T Ce6. MTT 4R
s RARAT , S [F EVE T #8 4T GNS-PEG@Ce6 #H
BT I Ce6 A 5 5 K 1630 17 T7 R,

Zx E PR, AR ST D4 T LA GNS AN K EAE |
UG Ce6 (35T 7 NIR Hill ¥ 7 i 45 4 GNS -
PEG@Ce6 , H X filifis A549 240 a1 630 7136 T7 R R B
25T Cebo
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