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Establishment of Mesoporous Carbon Nano-drug Delivery System and Study on Its Chemotherapy-photo-
therapy Combination for Anti-multidrug-resistant Tumor

LI Fangzhou, YU Yanna, ZHU Hao, SHEN Yuanyuan (School of Pharmacy, Shanghai Jiao Tong University,
Shanghai 200240, China)

ABSTRACT OBIJECTIVE: To establish the mesoporous carbon nano-drug delivery system (MCNs) with chemotherapy drugs
loaded and holding photothermal and photodynamic combined effect, and study its anti-multidfug-tesistant tumor effect in vitro.
METHODS: MCNs was prepared by low-concentration hydrothermal route, and the. MCNssurface’was carboxylated by the mixed
acid ultrasound method to made MCNs-COOH (MCNC). The morphology {and surface’ properties were evaluated. Adriamycinc
(ADR) was loaded into MCNC to fabricate ADR/MCNC via adsorption miethod: Drug loading capacity was calculated by UV, and
drug release profile was investigated by dialysis method. ADR-resistant human breast cancer MCF-7/ADR cells were chosen, and
cell uptake and positioning of ADR/MCNC wete, observed by confocal laser microscopy; cytotoxicity of ADR/MCNC was detected
by MTT method; and intracellular_reaCtive oxygen species (ROS) level under NIR irradiation was measured by flow cytometry. RE-
SULTS: The particle size of prepared MCNs was about 90 nm, with carboxyl in surface. The specific surface area was 541.62 m”/
g, pore volumeywas 0.34em’g, and pore size distribution was 2.5 nm, with significant photothermal effect. The drug loading ca-
pacity off ADR/MCNC was 47.4% , showing pH/NIR responsiveness release characteristics. It can promote ADR in cell uptake and
nuclear,accumulation and induce MCF-7/ADR cell to generate ROS under NIR irradiation, with significant inhibitory effect. CON-
CLUSIONS: MCNs is prepared successfully, and ADR/MCNC has an effect on anti-multidrug-resistant tumors.
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1.1 X35

JEM-2010 3% 5 H1. 5% (TEM) . JSM-T401F 34 v 4%
(SEM) ( H 4 Jeol /2] ) ; Zatasizer Nano S s 2 Y GHEUFHY
(DLS, 9« [E Malvern 23 ] ) ; IR/Nicilte 6700 {d# B IH- 75
L1 AMEIRE{Y (FTIR, 22 [H Nicilet 23 7)) ; sSP2010M+C [ 55
1] FRFL B B K Ak 2 W B 0 A7 43 ( 5 [E] Micromeritics In-
strument 2\ F) ) ; Varioskan Flash fi#r1% (25 [ Thermo 2
F] ) ; BD LSRGortessa jit =41 g4 (32 = BD 2 F] )  TCS
SP5 A IO i 8% (75 15 Leica A Al ) 5 LE-LS-808-
2000TFCA 808 nm 7 il # St #% . LENS-808CC-A5 808
nm Y £F BOGE AR (RIS E B AR B R AF) ;
U-2910 %8 4h-7] UL 5% -NIR 4356 5% B 4L ( H 4 Hitachi 24
Ao
1.2 #ARE5RF

ADR JiUR 2 (bt AR 2= B AL 22 A AT FR A W] it
5 HF 150728, 4l J# : 99% ) s AR [P 7 T 3208 (_ i) A
FRZ ], 45 - C1523045] ; FH I 7 v (1] 2 4 1 Ak 235
AR AL S 0 20160225) 5 1% VO I (F127, 6 [ Sig-
ma-Aldrich 2\ 7], 15 : BCBH4538V ) ; 1640 35 55 55 ( 32 [
Gibco 2wl , #t 5 . 1786043) ; MTT . Ji i . i 2F 1 1
(FBS) (_hilg g3 AE YR A BR A F] L it : 303H0510
20150623 .140716) ;2" ,7" - ~FEAHOEH M Z R EL (DCFH-
DA, B = RAEYFARA R AL #5-:S0033) 5 Hi
RN A A4l K AR Ak .
1.3 4Hp8

it ADR A FL 9 MCF-7/ADR 2 i iy el L B
g TRt
2 HiEE&R
2.1 MCNs B

Fab SR [17 10 Ak J32 7K #4 il # MCNs, BL0.96 g
FL2 75 /595 T 15 mL /K o1, 25 15 B 0.6 g 4T 70 “Cll
WP AL, 2218 A 15 mL 0.1 mol/L ) NaOH #
W, 2N 2.1 mL A F BV W (37 % ~40% ) , $5i4E 30
min; Z J&5 I A F127 3, 66 “CIM, (340 + 20)
r/minFEFE 2 hi A 50 mL ZKFiBE, 70 CIA , S 16~
18 h, fHURET o e AR T 5 BB AR5 17.7 mL, Jil A 56
mL 7K 5 B, 130 CK #4424 h, K PEBOR , H2s T4,
700 CHFBE 3 h, e 2455 MCNs,
2.2 MCNsREZEENLMKIE

e JEi 1 MCN's 23 HUHEAR 22 , 20038 o TR IR R 7 0
MCN s & [ 2 3k, DA i HoAe /K o i 20 JObEY . YR i
i (98% ) S ASTR (T0% ) ¥ R B EL 3+ 1 L il 45 31 3 TR
i B 2 mg MCNs 558 IRFRIE G 35] A 4 h il TR gt
b, Z 05 & R 12 hy B0 A R B B 1
MCNs-COOH (455 5 MCNC) , /K V%, B3 FIif ik
Hep, 2 )5 L 2 mL K BB MCNC, #8755t £ 5 1544 5)
4 5E i MCNC 23 B0
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=F W B 3 BT S 38 N R 56 - 58 6 D B 1 4 7300 5 s MCNC
(K45t DLS il 72 o 45 51 /R , MCNs HoAg 35— ok
12, 24978 90 nm , {HAR & L2, 43 B0l 22 s MCNC FE K
YU AR 2 85 nm, I HALE ML, A FLFE 4 2
&, AT 29191 %%, MCNs F1 MCNC [T 55 Fl4s 1)
P LI 1

A. MCNs ] SEM it i B. MCNC ) TEM f J-
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Fig 1 Morphology and structure of MCNs and MCNC
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1 698« 'Y C=0 FFEIE , A K MCNC £ 1a] 19 W B &
SPRAAY2 915 cm ' Fl12 848 em AR IR Bhl . NI [t -
3% BT 25 9 2% 47 , MCNGs (19 BET [ 2% i F 541.62 m?/
g, BfLZ K 0.34 em’/g, FLAR /A 214 2.5 nm, MCNs Fll
MCNC [JRAEAE R LA 2,
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Fig2 Characterization of MCNs and MCNC
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2.5 MCNCHHZHMHERER

5 ADR A T pH 9.0 [ 22 vl it b il 45 A% 200 pg/mL
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WeGRE TR . 4 BT MCNC A ADR/MCNC
HRLAR 243 E R £ (PDD) . 45 R /R, MCNC,ADR/
MCNC (AR A2 43514 (88.98 +4.48) . (177.1 +8.53) nm,
PDI 43 %1 2 0.149 + 0.04.,0.222 + 0.01 (n=3) ; ADR/
MCNC B 3825 4 47.4% , AR 8 90.2% , K ILF
fir A A1 ADR #RRE#E MCNC i fi %, /8 T MCNC
R ENEOE-RTE RS
2.6 ADR/MCNC RRR 251 R %52

L pH 5.5 14 2 (A FUL o T2 4 L %) B P SO B, DA
pH 7.4 () 5% vh i B 4000 8 AR BR IR 5%, R O3 B 16 X
ADR/MCNC B 71T . BU500 pg AEAHATA 1 mL
AN pH (5.5 7.4) RS 5T, 3951 738G 4% 3R 1 mL 43
OB AT I A Z BN, AT 4 mL AH W R Jo
B, T 37 CCORIBHEIRH 2 000 r/min 4iR4E ; 53 5]
FAS AT (] O T mL RO, FE AN 45 R SE R AR
HEERRTA B, 43 9 25 85 ADR 5 1l ADR/MCNC 7E
JeE A NIR G (808 nm I K, 10 W/em® G35 i, 5 min)
T ADR ) RFREEE . RSN R ILIE 3

807 W ADR/MCNC
704 o /\DRr‘MC.\lCJrN]RH
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B3 EIMERER (n=5)
Fig 3 _ Results of release in vitro(n=>5)

FHIE] BAAT I, 7 25 ADR MGBTAS NP BRI S A
R e, Rz AR — B ET FE , ADR A
KL RO B 2 B T 4 A Y B HUR T ADR A
KORE HR ORI HE SR B B . 64, ADR/MCNC 7E pH 5.5
B i SRFURE R (52.3% ) B/ 76 pH 7.4 B 1) SRFURE
R (12.1% ) (P<<0.01) , iX 156 F MCNC %} ADR (1) ¢ il
FLA pH W M . fl B 3B AT, 50 NIR J6 R He 8,
NIR Yt #8 T ADR/MCNC 1) 2 R il i i 25 38 i (P<<
0.01),35%]65.0% , X i Bl MCNC %} ADR (1) B it HA7
NIR i iz 1 o
2.7 ADR/MCNC HIZHFiREY . ERNo

HORt5AE K 351 9 MCF-7/ADR 4i1 il L4 1x 10°4~/4L 1
W R R LR L KR IR0, 43 ) 45 T ADR I
ADR/MCNC, ¥ % 4 h J5 , Xf ADR/MCNC L) 808 nm , 10
W/em’ JEHR 5 min, ZKEE15F 4 hy WH-S 2RI, A
6 ng/mL Y 40 HUA% Yk (Hoechst 33342) , 1% & 20 min; W
FEYLRL, WEBRER 2% v (PBS) PR 3 K, A 2 mL 4% (1
22 5 H S ] 72 40 30 min, L3R 4R B 45411 IR (ADR
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R P 480 nm, & % K 590 nm; Hoechst 33342 i
%K 350 nm, & T K 440~480 nm) . MCF-7/ADR
2B L SR AR IO W ARMG WL 4,
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Fig 4 Confocal laser microscopy images of MCF-7/
ADR cells

H &1 4 FrR (I 808 3R A A, ZLE80<0 R/on
ADR) , ADR fE#% MCF-7/ADR 4 it 4 T 5 R, 4411 Jif py %%
REFURAR /D ; ADR/MGNE 41 g S e 2 42 5, 41
N ADR 25 BRI, (ENADR A 5270 A £E A0t i, AR/
REEAAIEE: (IR P a5 ARAES) ;NIRG
HEJE W AMIE P ADR 19 & B dE— 254 &, IF H ik A4 i
N ADR L E 3 2 (G IF RS EaESE D
),

2.8 ADR/MCNC B4 20 A 55 14 i 06

X85 AE 3 1Y MCF-7/ADR 41 il , 4% 5 000 /L 4%
Pl 96 FLAR , 55 TR R , B 4807 e 114 5 AN [v) ot ot v
250 1 57 3 (6.25~100 pg/mL MCNC #13.125~100
pg/mL ADR,ADR/MCNC) , ¥ & 48 h(NIR St HEF55 24
/NEF 25T 808 nm , 10 W/em? fl 5% B8 5 min) o T 35 15
JE, F PBS YESLAR , BEFLANA 180 L AR5 FRILFI 20 L
I MTT % (5 mg/mL) , AKEE0FH 4 h G KRR 3R .
FEEFRIE  BEALINA 200 pL — I EEEAR, 4248 10 min i
R o T A, PR T 570 nm I K AS I, 35240 S A7
TR EAD R BE (1Cs0) o RSN BP0 25 5 T
Kl 5.

& 5A AT A1, AN MCNC J3i 5 J e {1, 4 i 47
TR A E , B MCNC % MCE-7/ADR 4 it 3% 7 B it
#1E. LI ADR A%, ADR Y ICs 244 56.93 pg/mL,
ADR/MCNC 1) IC5 24 3 40.46 pg/mL, NIR Y68 ADR/
MCNC 9 ICs 2K 19.77 pg/mL, Wi 5% i 2545 50 (RR1) Ky
2.88 (RRI=ADR I ICs/ZH K KL ICs) o 3% 13d B NIR S
R b 2297 1k B AT 0 A KTt 245 e 240
2.9 ZAAE A ROS 7K F46)
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BE5 MBS HEIRIELE R (n=06)

Fig5 Results of cytotoxicity in vitro evaluation(n=6)

FIFH & 2 68 (DCF) %) NIR O BT i MCNC
F1 ADR/MCNC 7E 4 Jitd P 7™ A 1) ROS K- HEF T4, LA
ADR J%F B B MCF-7/ADR 4i i A 1x10°4>/FLIERN T
24 LA , 85 9% 3 2, 43 I 4 % ADR.MCNC ., ADR/
MCNC 55338, 5 24 hJ5 40045 F 808 nm 10 W/em?
SRR 5 ming Z 5 WS G FR AL INAHE 121 000 Eb 3]
L JC I 35 15 97 2477 B i DCFH-DA 98G5 4T, 37 “CHi
7 20 min; WFFIOGIRE RE SR 5L, FH PBS PR A 39K,
JERTE I AL, FH 1Y% (1) PBS PR A I, 335xg 5.0 5 min I
LM, K AR B 0.5 mL 4 CHIA I PBS AW,
T 2 A 2 4 A P ROS AYSE-49¢ G 58 BE . MCF-7/
ADR IS N ROS 7K 5 25 4 LI 6.
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ADR ¥ , ug/mL
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E6 MCF-7/ADR#41 A ROS /K FENEL R (n=06)
Fig 6 Results of ROS level in MCF-7/ADR cells (n=
6)
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IR, IXIESE T MCNC 817553 8 41 g 72k ROS,
H 17038 25 W) 7 R 22 B2 MCNC % B8R 5 5 40 i 7= 4
ROS [ HE J1 , 3X A J7 Hhu i B8 240 i 75 M 0 56+ ADR/
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3 Tt
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I, ADR AJ J Iy £t % 5] MCNC I ; MCNC il ADR/
MCNC #0026 87~ — 3% BAT MCONC R J3 45
PR RS, BIBE MCNC ¥ 5 (1) T =3 R0 R S s ]

Y AE A, SRR B T A o TR P A — o 1 PR

J¥ 5 min Ji5 A THIREACE 5 199, U508 AS 2 B BEA I 8] 7

IER T o A R RERE 12.5 pg/mL ) MCNC

H ADR/MCNC 5% 40 “C /247 1) 808 nm 10 W/em® 1

5 min {F N ZIRIT Ik

A T ADR/MCNC, H H A7 pH/NIR AL H
M IO PR B R P o AT 245 200 B e 200 e P 52 6 45
JEW], ADR/MCNC fgi i NIR Y8 8l 1 B A iR T
AR K 25 A0, A2 BN 25 T 22 25 T 24 B e 7
YEHI . MRS ROS ARSI 5E SO EDUL BT, NIR YA
238 2 Y6 AR F A2 2F ADR (9 B CRIAZ N 40 A1, B
75 T R A A2 ROS 1 7 R AR K g 4 i, 2
PG R Z 24 24 IRE T AR ]

2 3 TR 2 i) ADR/MCNC () XU 1) 1o P B il Lk
I7OLROEEN IR ARSI E 153 7RSS H A
PRTEAA N 9 1 HRACRAT A R AE S /K kAT 2550057
M2 Bl SR AR HIE
Sk
[1] Gottesman MM. Mechanisms of cancer drug resistance

[J]. Annu ReviMed,2002 353(1 ) :615-627.

[2] Patel NR,Pattni*BS, Abouzeid AH, et al. Nanoprepara-
tions to"overcome multidrug resistance in cancer[J]. Adv
Drug Deliver Rev,2013,65(13/14) :1748-1762.

[3] Tian B, Wang C,Zhang S, et al. Photothermally enhanced
photodynamic therapy delivered by nano-graphene oxide
[7]. Acs Nano,2011,5(9) :7000—-7009.

[4] Zhu]J,Liao L,Bian X, ef al. pH-controlled delivery of
doxorubicin to cancer cells, based on small mesoporous
carbon nanospheres[J]. Small,2012,8(17):2715-2720.

[5] Xu GJ,Liu SJ,Niu H, et al. Functionalized mesoporous
carbon nanoparticles for targeted chemo-photothermal
therapy of cancer cells under near-infrared irradiation[J].
Rsc Adv,2014,4(64) :33986—33997.

[6] WangL,SunQ,Wang X, et al. Using hollow carbon nano-
spheres as a light-induced free radical generator to over-
come chemotherapy resistance[J]. J Am Chem Soc, 2015,
137(5):1947-1955.

[7] FangY,GuD,ZouY,et al. A low-concentration hydro-
thermal synthesis of biocompatible ordered mesoporous
carbon nanospheres with tunable and uniform size[J]. 4n-
gew Chem Int Ed Engl,2010,49(43) :7987-7991.

[8] FEM, K, EMA, F A ALBIRKAA A2 R
BARMBIIE].26 5 5 3.4 &,2015,33(2) : 114-118,

(ks H #91:2017-02-27 &[] H 1§1: 2017-04-28)
(Gt AR I AH )

FPEZEG 2017 455 28 4555 224





