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Abstract

Purpose: A novel multifunctional nano-drug loading system based on the doxorubicin-block copo-
lymer was developed and its properties were also studied. Methods: Based on the principle of
self-assembly of PMMA-co-MAA in aqueous solution to form “hydrophilic and hydrophobic” na-
no-micelles. After all, the morphology and surface charge of nano-drug loading system were inves-
tigated by TEM, DLS and zeta potential. At the same time, the properties were also investigated by
UV and fluorescence spectroscopy. Results: The average diameter and surface charge of nanopar-
ticles were about 50 nm and -36.9 mV, respectively. The maximum absorption wavelength is 478
nm and the maximum fluorescence emission wavelength is 563 nm. It has excellent optical prop-
erties and good optical stability in buffer and serum. Conclusion: In this experiment, the optical
properties and biocompatibility of drug were improved obviously by means of the encapsulation
of hydrophobic DOX by copolymers, reducing side effects and it is expected to be used in the fields
of fluorescence imaging at the cell level.
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HE: DAFTER(DOX)NERIZEY), HREBILERY (PMMA-co-MAA)AGKE K, B —MImEE TR
KBHER, FENHMEEEHTHR. HiE: ETPMMA-co-MAAZE/KBAW F H AR “IEk, N
AK” GURBR IR, RAFLIE - 5 AP0k H] £ DOX@PMMA-co-MAAG KR Z1A R . i TEM,
DLSHzeta B A & HE AT SRA R AT HORAE . [FRY, RAE IR IGE g T & . &1
PR TRE R 22415850 nm, EHEEAN-36.9 mV, 7£470 nmib B A BRI EIRIK, BRI
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1. 5|8

B85 2= (FTFF DOX)J& T B PiAE 2=, & 1S 2, A i — B &2 R0 1] [2] [3] [4].
H T, DOX HIIGIRAEF 7K 2 2 Sk 2h 25, # ki 5 DOX ilvid /i 45, #ERIEHECR,
W45 EBEIE] . OBEETE. BRSE. FIN, DOX £ MR A58 R, i B kA ARG, 24
R zE . e, AT E— 250 DOX WKERRIER, SR FHEER 258, Gk —Mra Rtz s
BN TR

Ak, ENAMER T —RFETARMEEAE R, WPk, R, ML R EES] [6].
o, BRAEVIKEL R R BT B O ae ) Z B T R EMELA R R E7]. BOFEN
S35 R G- - L TR IR BR (AT PR : PMMA-co-MAA), R — Rk B ALY, 15K RENS 1 425 1 “ 4k
K, WERK” MR - FTORGPKRIRRAERI[8]. FT 0k, ASCLLH & HARAEHETT DOX NI T A,
PR UTUE - B 4 vk R I ) & PMMA-co-MAA 1 ZE DOX I 44 K i 2 k & (14 AR -
DOX@PMMA-co-MAA). LK R EZ1A R EAMN RGN S EWIE R B 7K 5o Al
IR E TS, A EE SEILAE Hh 24 ) 7R AR A 2 24 A R T Y P

2. SCROERSy
2.1. {XB55

A - WL THUV-2700 B, HARREAT): 260 THRF-5301PC &, g A
HARAF); BHFRF(im2—, MS204S %4, %+ Mettler Toledo /A &]); fill & il & L AL(TG-16W A,
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KIbi); B ERL AT pH-25 & pH it; #8755 {((SK3310HP &, LRl SEH AR AR); BOHL
(1x-800 24, 311 HAR DUURAL AR 1A BR A 7)) s KRR AL 20 HT1X (Nano-ZS90 Y, BE[E Malvern A #);
7 BB (JSM-6700F);  Mili-Q 2K HL(LX2-XSICCSXT Y, 3% [E % HIH A 7).

LIV PMMA-co-MAA(% T4 34,000, PMMA FIl MAA FIEE/REERN 1:0.016)8 H 75 BB AR
HRAFCRE, TE); MEXRMDOX)ME Sigma-Aldrich AF; iR — S48 (NaH,POy), WA 4
(Na,HPO)W H BTz T AR HARRI i al;  Sie i 3 0 417K (18.2 MD).

2.2. DOX@PMMA-co-MAA 2K 2514 R 0% & B RAE

2.2.1. #HIE - BLAREFIFAKRER

HUiE - BARERNAEABRELREOT: 23 EW 1 mL 0.1 mM F& RBEBM 2.0 mg
PMMA-co-MAA, fEZRHBFET, KHEBNIIAZ] 9 mL KH, REEHHER G 10 min, BJAI15 2745
IR 1E 35°C ekt 28 R LABR 2R, SRJ57E 6000 r/min #4538 T 85.0r 15 min, FF25 BiEW, A%
TAEAFBIEA, 4CHM RS

2.2.2. PRBARRIFRIE
it SEM. DLS. zeta HIALZEN PR R BEATRIE . HAAERIEL R R : A% & H PMMA-co-MAA
H1 DOX@PMMA-co-MAA 7K¥FWR 1mL, 78 % 5 55 A F il HoRi AR AL AL o [RI I, BUE & F T SEM SR AE.

2.3. DOX@PMMA-co-MAA {NKEFHIE RN FMEEER

2.3.1. LIEEHMRK

B4, PMMA-co-MAA K. BURFEE K PMMA-co-MAA IIAFIEH DOX /KA (R V6
0~300 pg/mL), AP, =i FRE ek, Hk, @R A ERRE %4 (5 nh 20C,
22°C, 25°C, 30°C, 32°C, 35°C), HUEEHPKAERNE . &5, pH R4k: BEHIAE pH G
f) 20 mM PBS 2% 1431(6.0, 6.5, 7.0, 7.4, 8.0, 8.5), 1% R4 U HOIK FE IR FE 2641, I e e e it

23.2. KFEREMERE
FERAE R 2T, % & DOX@PMMA-co-MAA 40K IR A U3 400 L 2 5 28 i (pH
7.4,20 mM PBS)ELMLiE FH, 25°CllE i

2.3.3. {ARERLIRHIR

Xt T A0 RAR 5256, HeLa 4UAREEFN BB SR, RREFRAMMEL) 90%HKF, F PBS ik 3 k. &
JEk 1 mL 54 DOX@PMMA-co-MAA 4 KiREF AN ARG RIS SIS FR LF, 37°CHEE 2 he
FI PBS ¥k 3 WK, BRI IR A R R G AT I A0 B

3. BER5118
3.1. & RE

ARG SCRIH L P0E - B4 250K DOX MR RY) PMMA-co-MAA i, T Ru/K ¥ 14 552 4 1)
DOX@PMMA-co-MAA #KEZE R, %K R0 LI RIS DOX HIAEYMEAENE, EHEREH. &
BT HLER W 1 BT : DOX & —FhBi /K259, F IS AR RIS AN, 28 S5 R o\ F
PMMA-co-MAA 7K A (A 7K 8 DOX A RE ), BEE A IS8, DEAS FrAbof 5 it ok
A%, fH13 DOX TERJET ] Y N PMMA-co-MAA J& 3 57 /K 25 i B SE A%, 3B A% AR K gl K it
Fi. XFE, DOX Fl PMMA-co-MAA JEd HPiiE - HAHIETE AR 1R R .
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Figure 1. Schematic representation of the DOX@PMMA-co-MAA nano-drug system formation by coprecipitation and
self-assembled method

1. FIBISTUE - BE %A DOX@PMMA-co-MAA K E ZAA BRI REE

3.2. PREBEFRBIRIE

A SEH6 R FH DLS Al zeta HUAZX T 4% () DOX@PMMA-co-MAA 4K #2451k Rt 47 RAE, W 2 fr
TNy PRI AR — R4 AE 50 nm 22 A FIERIZ R, DLS WIS /K & 122008 77 nm. X FRR 7 VAN & 45
TRAS— B 3 2 Ji DR A i R ORORE ) G B AR T I 1) . DEAS@PMMA-co-MAA 1K IR )%
T B 9 —45.7 mV, 0 ar 32 R IR T 90 oK UK T R B B Ak . X SR i — b R,
DEAS@PMMA-co-MAA GKBURLIITE i,  PLAAE /KIS MR B R I 3 B RS e M

3.3. TWFAHRARELER

N T BRI FPE R, A1 S 5 T AR E 1) PMMA-co-MAA X DOX 7% 38 5 I 51,
WA 3 Fias, DOX [ K ESHERIAE 560 nm 247 . FEE PMMA-co-MAA K JE (11811, DOX (#1551
FEZWTIE SR, 4 PMMA-co-MA JRFEIA ] 100 pg/mL F, 58058 B B s (B & IR BE LU e f:, O
WA TP, BIE4ESH8 N A 300 pg/mL, XFH G IRBCR A ), #uEH 100 ng/mL {E AR AE
W, SRERY, JORRKRMIERA DOX $RE— NS, b DOX KL 7T P B i i 4 1 12
(TICT), WD IRFRSPOE MR R, KRS A T HR R .

YORELZ R RINARE M RAE E R R PR R, 0k, B8 THRE . pHy ZZRFI i bt
WEF DO E RIS . i 4A, [ 4B BoR, WREAE 25°C~35CIullN, wotimEiiae; A, 784
HE pH O F 4(6.0~8.5) A i FE AR e o Hoik, PR TIREHEGTR (pH 7.4)FITLTE AR e
P, WP S B, ARG — B [0 52 — VR, B I XS 9K RN B DOX 2 GHEFE I e, RINCE
ZEM(pH 7.4)F1 LTS H, DOX £E— & B[RV 4 98 658 B2 B B FEAIK, 111 DOX@PMMA-co-MAA KR
SRR S 58 B I A i B [ (R A KT PRI o DRI, S0 & R M) 3R B AR I AR PE A R IR B4 & LA 3 =i 1
e RRE N, R SR A AR YIRE R SRR B A T LR

3.4. FRARRIRTAR

i _ER SIS AT, DOX@PMMA-co-MAA ZKESH BA RAF AV A M, R, ARSZI07E A
TGO I R AR AN N AR AR D W] 6 FT7R , DOX@PMMA-co-MAA KRR 541 5% & 3 h,
G R A E E AT SR B KRS R S AR Y, R A B A 0. SR K R
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Figure 2. The SEM (A), DLS (B) and zeta potential (C) of the nano-drug loading system
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Figure 3. Fluorescence emission spectrum of DOX in the presence of different concentrations of PMMA-co-MAA (0, 5, 10,
20, 50, 100, 150, 200, 250 and 300 pg/mL, bottom to top)

& 3. NEIKE PMMA-co-MAA ¥t DOX RABERSENM; (ATE L, REKXA: 0, 5, 10, 20, 50, 100, 150,
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Figure 4. The stability of DOX@PMMA-co-MAA nano-drug system at different temperature (A) and pH (B)
& 4. (A)BEF(B)pH X} DOX@PMMA-co-MAA 2K & 2B RIS LFa E M # 8
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Figure 5. The stability of DOX@PMMA-co-MAA (a) and DOX (b) in buffer (A) and serum (B)
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Figure 6. Confocal FL microscopy images of HeLa cells incubated with DOX@PMMA-co-MAA nanomicelle
6. DOX@PMMA-co-MAA 4 KEZRAVLABRALIG IS

4. g

AR T R ILTNE - 413 DOX@PMMA-co-MAA G K 2514 &, it i B
FLERY) PMMA-co-MAA X Ei/K %254 DOX L2, B3 T H o e AL S Ae0e t, PR SR RIER,
AR . FRSEEL T AT BB SUG AT T . FERCERAE b, ARSI AT DAE— o s ik
(AR ) B A (R RSE LR, RGD 2 FRANPUAAR S )8 il Ik Ml Js -5 9 K I R R THT 1) s SR B L N 45 6, T B
PR ER A A, SISO R PR R e 1k 25 FIVRE T SR A B 9 G B 78 o (R, 29K 321k R I
BN — D IR AR B 2 SR R S SE G SR . [RIR, FEBE 2G4, A i BRI IT S
THI FRIAELE T8 T 1) S 1T 5

e HE

AT B R R A AN R T H (e S - 201610472034), B 5 9% K24 AE QI 200 B (S
201610472068), E K EREIEIEGGMES : 21605127), ALK G B2 E K E AR S0 A
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