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ABSTRACT

Co-encapsulated DOX(doxor ubicin) and CUR(curcumin) in PBCA-NPs(polybutyl cyanoacrylate nanoparticles) were
prepared with emulsion polymerization in an attempt to show the improved growth inhibition efficacy in a resistant
cell culture line. The mean particle size and the zeta potential of DOX-CUR-PBCA-NPs were 133 # 5.34nm in
diameter and +32.23 + 4.56 mV, respectively. The entrapment efficiencies of DOX and CUR were 49.98 #+ 3.32%
and 94.52 + 3.14% respectively. Anticancer activities and reversal efficacies of the formulations and various
combination approaches were assessed using MTT assay and Western Blotting. The results showed that the dual-
agent |oaded PBCA-NPs system had the similar cytotoxicity to co-administration of two single-agent loaded PBCA-
NPs (DOX-PBCA-NPs + CUR-PBCA-NPs), which was dightly higher than that of the free drug combination (DOX-
CUR) and one free drug / another agent loaded PBCA-NPs combination (DOX+CUR-PBCA-NPs or CUR+DOX-
PBCA-NPs). The simultaneous administration of DOX and CUR could achieve the highest efficacy in terms of
reversing multidrug-resistantance(MDR), and down-regulating P-gp in MCF-7/ADR cell lines. MDR reversal can
be enhanced by treated combination of encapsulated cytotoxic drugs and reversal agents. Co-encapsulation of
anticancer drug DOX and reversal agent CUR can be more effective in reversing multi-drug resistance than the
other formulations and might cause lower normal tissue drug toxicity and fewer drug-drug interactions.

Keywords. Poly(butyl cyanoacrylate) nanoparticles, Curcunthmxorubicin, Adriamycin-resistant human breast
carcinoma cell line, Multidrug resistance

INTRODUCTION

Cancer is one of the greatest threats to humambeiccording to a 2005 WHO report, deaths fronceamccount
for about 13% of the world’s 58 million annual deatAt present, chemotherapy, surgery and radiaftyeare three
major treatments for cancer. But, as most chemaflyedrugs are not precisely targeted at cances,celany
patients often give up their treatment once thexd feevere side effects elicited by these drugs[1B4DX
(doxorubicin), a broad spectrum antitumor drug, icdnibit the synthesis of DNA and RNA, thus it dam used to
kill tumor cells of different growth cycle. Becausgits cytotoxic effect on tumor cells, DOX is mbi used with
other anticancer drugs in the treatment of lymph@md acute leukemia. And it also exhibits a cerfasitive
effects on curing breast cancer, liver cancer, kemger, bladder cancer and other various typearuers [5, 6]. In
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clinical practice, MDR (multidrug resistance) i€ tmain reason behind the failure of chemotheraperdfore,
how to overcome multidrug resistance is of gregtdrtance to the efficacy and the prognosis of cttearapy.

CUR (Curcumin), which is known as a multifunctionatedicine: an anti-cancer, anti-angiogenic, anti-
atherosclerosis anti-oxidant, and anti-inflammataggnt, has been called by National Cancer Inst{finerica) as

a universal cancer prophylactic agent [7]. Addigilyy with low toxicity and cheap price, this chemli can also be
used to improve chemosensitivity and MDR reversal.

CUR demonstrates synergistic inhibitory effect anious tumor cells, when used with either cell eyobnspecific
or specific agents. Furthermore, CUR can also redbe toxicity of chemotherapy drugs, and enhangative
effects on tumor cells.

In this study, co-encapsulated DOX and CUR in Pdlytyl cyanoacrylate) nanoparticles (PBCA-NPs) were
prepared with emulsion polymerization. DOX-CUR-PBGIRs were characterized by FT-IR and GPC, and saVer
effects on MDR in human breast cancer cell line M@PBR were evaluated by MTT and Western blotting.

EXPERIMENTAL SECTION

2.1. Materials

Butyl cyanoacrylate (BCA) monomer was obtained frémangzhou Baiyun Medical Adhesive (China). Chitosa
(Deacetylatior85%) was supplied by Sigma (USA). CURAR) was purchased from Sinopharm Chemical
Reagent (China) and DOX was from National Instdufer Food and Drug Control (China). Methyl thiagol
tetrazolium(MTT) was from Hefei Bomei Biotechnolo¢@hina). Bradford Protein Assay Kit was purchafieth
Betotime Institute of Biotechnology (China). P-ghprotein (MDR1) was supplied by Wuhan Boster Bibtezlogy
(China). Anti{3-actin rabbit polyclonal antibody was from AbgeriSA). Horseradish peroxidase conjugated
Donkey anti-rabbit IgG was obtained from Santa Gi3A). ECL (Electro Chemical Luminescence) sulistieas
from Pierce (USA).

2.2. Cdl Line Culture

Cell cultures were maintained in a humidified@incubator with a 5% carbon dioxide in air atmosgh@1CF-7
and MCF-7/ADR resistant cells were grown in susjgenén RPMI 1640 medium (Gibco, France), suppleradnt
with 10% foetal calf serum (Gibco, France). 1000mg/DOX were added to the medium of MCF-7/ADR and
removed one week before the experiment.

2.2. Methods

2.3.1. Preparation of DOX-CUR-PBCA-NPs

DOX-CUR-PBCA-NPs were prepared by emulsion polyzegion process, which was subject to the following
procedure: CUR, DOX and 0.1% chitosan were dissblwve anhydrous ethanol, distilled water, and 10 mL
hydrochloric acid solution, respectively. Then Cd8ution and DOX solution were added to chitosaltsm.
Afterwards,a-BCA was introduced dropwise during a 6h stirriAdter stirring, the suspension was neutralized to
pH=4 using NaOH. DOX-CUR-PBCA-NPs were obtainediofwing centrifugalization(16000 rpm for 30 min).§he
were washed three times by distilled water andddiBOX-PBCA-NPs and CUR-PBCA-NPs were prepared with
the same procedure.

2.3.2. Characterization of DOX-CUR-PBCA-NPs

2.3.2.1. Particle Size and Zeta Potential M easur ement

The sizes of the NPs were determined by transmmissliectron microscopy (TEM).To determine the péetiize,
three samples of DOX-CUR-PBCA-NPs suspension wakert in this test. The 1st sample was dropped on a
carbon-coated cooper wire and then added with glatepgstic acid (2%, pH 6.2) for negative stainifdter
natural air-dry, it was observed by transmissi@ttbn microscope.

Mean particle size was determined by Particles Bizalyzer (Zetasizer Nano system) after the 2ndptawas
diluted with double distilled water.
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Zeta potential was examined by Zeta Potential ArealyZetasizer Nano system) after the 3rd sampke dilated
with 10 mmol/l NaCl.

2.3.2.2. Entrapment and L oading Efficiency M easur ement

DOX-CUR-PBCA-NPs suspension was centrifuged at 06@0n for 0.5h. Then it was washed by distilled avat
four times and the supernatant was analyzed by Hf@b@nadzu LC10AT, Japan) with a UV detector. Thetent

of CUR and DOX was determined by HPLC at 423nm a8#.5nm, respectively. To assess chemical integrity
during the preparation process, DOX-CUR-PBCA-NPsevgaibject to the following HPLC procedure: The pkm
was transported through a column (4.6x250 mm, fm, Hypersil BDS C18, Dalian) by a mobile phase cosgul

of 70% methanol and 30% acetic acid (2%). The sulftew rate was 1.0 ml/min and the column was keB0C.
Entrapment and loading efficiencies (%) were exggdsas follows:

Entrapment Efficiency=100 %( total CUR/total DOX — the CUR in supernatant/i@®X in supernatant)/ (total
CUR/ total DOX)

Loading Efficiency= 100 % ( total CUR/ total DOX — the CUR in supernatant/tb®X in supernatant)/ (total
DOX-CUR-PBCA-NPs)

2.3.2.3. FT-IR Analysis

Samples of empty PBCA-NPs, DOX-CUR-PBCA-NPs, migtof free CUR powder and free DOX powder, and
mixture of empty PBCA-NPs, free CUR powder and fiE@X powder were measured with KBr pellet by FTIR.
Spectra were recorded using a Bruker spectromiiiehe spectra were taken from400~4000 cm-1.

23.24. GPC Analysis

The molecular weights, including Mn (number-averagdecular weight), Mw (weight-average moleculangid),
Mp (peak molecular weight), Mz (viscosity-averagel@cular weight), and Pl or Mw/Mn (relative moleauimass
distribution index), of PBCA-NPs, DOX-PBCA-NPs, CLHBCA-NPs, DOX-CUR-PBCA-NPs were characterized
by gel permeation chromatography.

After drying, the samples were dissolved with TH#&d aconcentrated. Then 2D of each sample was filtered
through a 0.gm PTFE membrane. The GPC analysis was performeé8at in THF solvent at a flow rate of
1.0ml/min-1 using a GPC equipped witWWaters 2414 refractive index detector and a colweh of three
300mnx7.8 mm columns(HR 1. 3. 4.). Molecular weights weadculated relative to polystyrene standards and
standards of 462000186000 114000 4370Q 1860Q 965Q 6520 295Q 461 Da were used for column
calibration.

233.MTT Assay

The cells were plated into 96-well microtiter pRt@00puL each) at a cellular density of>410° cells/well. The
wells, which contained 20QL medium but no cells, were used as blank controug ,and the wells ,which
contained 20QL cell suspension but no drugs, were used as negatintrol group .The wells contained 200
fixed concentration(0.21g/ ml CUR and 0.121g/ml DOX) suspension of PBCA-NPSCUR-PBCA-NPs DOX-
PBCA-NPs DOX-CUR-PBCA-NPs ,the mixture of single-loading NEe§R-PBCA-NPs + DOX-PBCA-NPs) and
the mixture of free powders(CUR + DOX) were usedemgeriment groups. Each dose group took 6 wekdlsC
were incubated for 48h. After the incubation, thediom was removed and the cells were washed thmes with 1
x PBS solution. Then 200L new medium and 2L MTT (5mg/mL) were added to each well for 4h inatibn.
After that, the supernatant of each well was rerdoviéhen each well was added with GbODMSO and went
through 10-minute oscillation (room temperaturejefiards, each well was analyzed at 570 nm by Bkdt
Spectrum (Electro Thermo, USA). The inhibition rafehe treated cells was calculated in regardh#oultraviolet
absorbance value of the test wells and the conteds.

Inhibition rate (%) = 100% (optical density of the blank control groapoptical density of the experiment group)/
optical density of the blank control group
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2.3.4. Western Blotting Assay

MCF-7/ADR resistant cell lines were plated into rotiter plates (100mm each) at different cellulansity and
treated with suspensions (each containing |@2nl CUR and 0.12ug/ml DOX) of PBCA-NPs CUR-PBCA-
NPs DOX-PBCA-NPs DOX-CUR-PBCA-NPs for 48h. Afterwards, the cells wamwllected, and centrifuged at
1,000 rpm for 5 min. Then they were washed in BBS (4C) and lysed in EBC buffer which contained 50 mM
Tris (pH 7.5), 150 mM NaCl 0.5% Nonidet P-40 and protease inhibitors. Afteraglonication and 10min-
centrifuge (14,000rpm), the whole-cell proteins evextracted from the supernatant .They were statre20C .

Practically, 10Qig proteins were separated through SDS-PAGE eldutregis and transferred to nitrocellulose
membranes. The membranes were blocked in 5% ndnfanilk for 2h and incubated overnight a€4with MDR1
(diluted 1:200) antibody .After washed three timias1XPBS (5 minute each time), it was incubated with
Horseradish peroxidase conjugated Donkey anti-tdg (diluted 1:1000) for 1h at room temperaturbe blots
were exposed to Hyper film ECL affidactin blots were used as loading controls.

2.3.5 Statistic Analysis
The experimental data were processed by SPSS @&ftviase, described in the form of the mean valuahdard
deviation, and compared through one-way analysisaofance (P < 0.05, significant difference; P €10.very
significant difference).

RESULTSAND DISCUSSION

3.1. Characteristics of Nanoparticles

The transmission electron microscopy of DOX-CUR-RPBEPs (Fig.1) indicates that the nanoparticles were
spherical in shape, uniform in size and had gosgeatsity and relatively complete integrity. Thetjude size was
133+ 5.34mm in diameter, larger than that of singlegdnaded particles.

This observation suggests that duringBCA polymerization, the free amino groups of DOMcieased the
polymerization reaction rate as an initiator, an@XOwas added to the molecular chains by covalemdbdhe
presence of Cur hindered DOX to take part in thiymerization process afi-BCA, stopping chain growth and
hence leading to a smaller particle size of DOX-CRIRCA-NPs.

Zeta potential results indicates that in 10mM NaGlution, the zeta potential of DOX-CUR-PBCA-NPsrgve
+32.23+ 4.56 mV. HPLC results shows that the entrapmditieficies of DOX and CUR were 49.983.32% and
94.52+ 3.14% and loading efficiencies of DOX and CUR ve849%:+ 0.05% and 1.17% 0.04%.

Fig. 1 The transmission electron microscopy of DOX-CUR-PBCA-NPs

3.2FTIR Analysis

The spectra of different NPs provided a numberpetial details indicating some similarities andations among
them. Fig2(c, d) shows similarities between DOX-GCBRCA-NPs and empty PBCA-NPs. The characteristakpe
of cyanogroup of DOX-CUR-PBCA-NPs and empty PBCAsNWere observed at 2250.91cm-1(Fig.2 ¢) and
2251.47cm-1(Fig2 d) suggesting that the cyanogroup-BCA was a strong electron withdrawing substitution
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which didn’t take part in the process of anionicusion polymerization. The spectra(Fig2,e) of thigtare (empty
PBCA-NPs , CUR powder and DOX powder )also exhitiits characteristic peaks of cyanogroup, but medewh
some characteristic peaks of CUR powder and DOXdeowvere shown at around 1000~2000"cior example,
the characteristic peaks of carbonyl group on ththracene ring of DOX, which appeared at 1621cmmd a
1585.10cm-1 in DOX powder, were present at 162%m4cand 1589.92cm-1 in the mixture. Similarly, the
adsorption peak of phenolic hydroxyl group in fl@6R powder (3414.71cm-1) was also appeared in tlxaura
and the adsorption peak of carbonyl group on timzédxee ring of CUR, which showed at 1510.01cm-Taée CUR
powder, was centered at 1514.45cm-1 in the mix@Bue.none of the characteristics peaks of free QdRder and
free DOX powder above appeared in the spectra of{0UR-PBCA-NPs. This indicates that through the tsiomn
polymerization process applied in the paper, CUR BOX were involved in the-BCA polymerization process,
and were encapsulated by PBCA-NPs, instead of adhter its surface.
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Fig. 2 Fourier-Transform IR (FTIR) spectra of CUR (a), DOX (b), empty PBCA-NPs (c), CUR-DOX-PBCA-NPs (d), physical mixture of
free DOX, free CUR and empty PBCA-NPs (¢

3.3 Molecular Weights (GPC Analysis)

The molecular weights, including Mn (number-averagdecular weight), Mw (weight-average moleculangid),
Mp (peak molecular weight), Mz (viscosity-averagelecular weight ) ,and Pl or Mw/Mn (relative molémumass
distribution index), of PBCA-NPs, DOX-PBCA-NPs, CLHBCA-NPs, DOX-CUR-PBCA-NPs were characterized
by gel permeation chromatography and calculatedivel to polystyrene standards.

The Mn(1742) and the Mw (1995) of CUR-PBCA-NPs adlwas the Mn(1612) and the Mw(1998) of PBCA-NPs
displayed in Tablel suggests that there was ndfisigmnt difference between the molecular weightCofR-PBCA-
NPs and PBCA-NPs (P<0.05), which confirmed the iote results that the presence of CUR didn't leadhe
chain growth of NPs. In contrast, the GPC analgsisDOX-PBCA-NPs shows quite different results. Caneyl
with PBCA-NPs, the Mn (1888) and the Mw(2122) of ®®BCA-NPs increased significantly(P<0.01), whidsoa
confirmed the previous result that DOX was involviedhe a-BCA polymerization process and contributed to the
chain growth. Fig3 also suggests that there wasigwificant difference between the Mn and the MwD@X-
CUR-PBCA-NPs and CUR-PBCA-NPs. And this once agkamonstrated the previous result that the presehce
Cur hindered DOX to take part in the polymerizatwocess ofi-BCA, stopping chain growth and hence leading to
a smaller particle size.

The GPC chromatographic profiles of PBCA-NP&) . CUR-PBCA-NPs(B) . DOX-PBCA-NPs (C) and
DOX-CUR-PBCA-NPs (D) in Fig.3 shows an approximately 24min retention andide molecular distribution
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for all NPs. And the Pl in Fig 4 reveals that theses no significant difference between the dispeidi these NPs.
In addition, two minor peaks found on the profiledicate that two smaller molecules may exist. Betause the
molecular weights of them exceeded the range ofcttlibration curve, the exact molecular weight donbt be

determined.

Table 1 Molecular weight distribution of different kinds of PBCA Nps

nanopatrticle Mn Mw
PBCA-NPs 1612
CUR-PBCA-NPs 1742
DOX-PBCA-NPs 188¢ 212:

DOX-CUR-PBCA-NPs 1723

Mg Mz
2071 2370

2214 2234

214¢ 235¢

2049 2144

=

245

Fig. 3 GPC chromatographic profiles of PBCA-NPs (A) . CUR-PBCA-NPs (B) . DOX-PBCA-NPs (C) and DOX-CUR-PBCA-

NPs (D)

3.4 Inhibition of Cell Growth
Table2 shows the growth inhibition effects on MQRDR resistant cell line by PBCA-NPs (each containD.2
pg/ml CUR and 0.131g/ml DOX). After 48h incubation at 37 in a 5% CQ atmosphere, the cell growth inhibitory
rate of CUR+DOX only achieved 5.32%, and of empBCR-NPs just reached 5.14%. However, under the same
condition high cell growth inhibitory rates wereseloved in CUR-PBCA-NPs, DOX-PBCA-NPs, DOX-CUR-
PBCA-NPs, DOX+CUR-PBCA-NPs, CUR+DOX-PBCA-NPs, CUB@®A-NPs+DOX-PBCA-NPs. The results
shows that the inhibitory rates of DOX-CUR-PBCA-N{@6.78%) was equivalent to CUR-PBCA-NPs + DOX-
PBCA-NPs (96.94%),which were slightly higher thhattof CUR+DOX-PBCA-NPs(89.72%) ,DOX+CUR-PBCA-
CUR-PBCA-NPs(85.15%), and DOX-PBCA-(8Ps13%). This makes it clear that when
encapsulated in NPs, DOX and CUR could work syséiggilly in killing drug resistant cell lines anéwe great
potential in reversing MDR in MCF-7/ADR resistamdldine.

NPs(84.94%),

Table2 Growth Inhibition on M CF-7/ADR resistant cell line

nanoparticles
PBCA-NPs
CUR+DOX
CUR-PBCA-NPs
DOX-PBCA-NPs
CUR+DOX-PBCA-NPs
DOX+CUR-PBCA-NPs
CUR-PBCA-NPs+ DOX-PBCA-NPs
DOX-CUR-PBCA-NPs

inhibitory rates (%)

5.14
5.32
85.15
89.43
89.72
84.94

96.94

96.78
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3.5 Effects of Nanoparticleson MDR1
Breast cancer is a chemosensitive solid tumor &edntain reason of unsuccessful chemotherapy isidrugt
resistance (MDR).

Fig.4 suggests that there was significant diffeecpetween the expression of MDR1 proteins in MGfells and in
MCF-7/ADR cells.

Fig.5 shows the effects of different formulations DR1 expression in MCF-7/ADR cells. After 48h utation,
MDR1 expression in MCF-7/ADR cells was significandown regulated by DOX-CUR-PBCA-NPs and CUR-
PBCA-NPs+DOX-PBCA-NPs (each containing ug/ml CUR and 0.12ug/ml DOX). Their reversal efficacies,
which were equivalent to each other, were signifiiahigher than that of CUR+DOX, CUR-PBCA-NPs+DOX,
and DOX-PBCA-NPs+CUR. This reveals that DOX-CUR-PBEPs could achieve a much lower expression level
of efflux pump protein P-gp in MCF-7/ADR than thiagle agent loaded PBCA-NPs.

MCF-7 MCF-7/ADR

Fig.4 Expressiol sand MCF-7/ADR cells

1 2 3 4 S 6 7

- e - o e MDRI

Fig.5 Effectsof different Npson MDR1 expression in MCF-7/ADR cells. 1: control; 2: PBCA-NPs; 3: CUR-DOX-PBCA-NPs; 4: CUR +
DOX; 5: CUR-PBCA-NPs + DOX; 6: CUR-PBCA-NPs + DOX-PBCA-NPs; 7: DOX-PBCA-NPs+ CUR

Studies on molecular mechanisms of MDR and revexgahts have become popular in recent years. Aeptgethe
most investigated mechanisms with known clinicgh8icance are: a) activation of MDR1 and P-gpab)ivation
of the enzymes of the glutathione detoxificatiorsteyn; c) mutations of the genes coding for topom@ses,
enhancement of DNA repair; d) activation of multigrresistance-associated protein MRP [8]. To revéhre above
mechanisms, many drugs have been invented. Curréimd main groups of anticancer drugs includevei@pamil,
cyclosporine A ,and their derivatives; b)thiophemenpounds ;c)hormones, e.g. , progesterone, megesktate
,etc ;d)anti-malaria and anti-arrhythymic drugsg, e quinine ,quinidine ,etc.

However, as many of these drugs are not initiagdias anti-cancer drugs, they often exhibit sfflects and
instability, and could damage targets in cells. réfere, only very few of these drugs, such as \erapand
cyclosporin A, can be put into clinical use butithefficacies are not very satisfactory. In ordeffind better drugs,
in recent years scientists have shifted their stodghe reversal effect on low toxicity componeeitracted from
traditional Chinese medicine, and have achievedesmrogress in this field[9].

Compared with other chemical reversal agents, ticadil Chinese medicine has a lot of advantagedtipteu
targets, fewer side effects, and multiple functi@imultaneously killing tumor cells, and adjustimgproving the
immune function during reversal process) CUR, thajomactive ingredient of a common traditional Gisa
medicine curcuma, is known as an effective anteeanantiangiogenic, anti-atherosclerosis, antdart and anti-
inflammatory agent [10-16]. Therefore, the reverstiect of CUR on multidrug resistance has becomeery
popular research topic in recent years.

The current studies and researches on MDR revbys@lUR include: (1) Reversal effect of CUR on meants
transporters mediated tumor multidrug-resistanaai et al. [17] demonstrated that curcuma drugs@dR could
down regulate the expression of P-gp and MDR1 inoc&cells. Moreover, Angelini et al [18] found tHaUR
could increase the concentration of DOX in humarcaaa MES-SA/Dx-5 cells and reverse P-gp-mediated
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multidrug resistance. (2) Reversal effect of CUR emzyme system mediated tumor multidrug-resistance.
Andjelkovic et al. [19] showed that CUR could dexse the expression of Topo Il and GST in multidresjstant
human non-small cell lung carcinoma cell line (N@60/R). (3) Reversal effect of CUR on apoptosistgins
mediated tumor multidrug-resistance [20]. (4)Reakesfect of CUR on DNA repair mechanisms mediafedor
multidrug-resistance [21].

Some researches confirmed that co-administratiodiR and DOX had synergic anti-cancer effect ardetfiect
was dependent on the order and dosage of co-adratios [22,23].In addition, the presence of CURildoalso
lower the cytotoxicity of DOX, therefore, the prase of CUR could increase the efficacy and decrdaseside
effects and the cytotoxicity of DOX and other ttamhial chemotherapeutic drugs when administereethay.
Given the above, the combination of CUR and chesraibeutic drugs is a potential treatment in resglthe
medical problems caused by the cytotoxicity andntiétidrug resistance from long-term chemotherapy.

The effects of CUR on major multidrug-resistanttéas has already been confirmed by researchese wiiether
these approaches can reverse drug resistancaesill further study[24].Currently, the study on Mi#ersal by
CUR is just beginning. But the application of CURlimited by many of its own-defects, such as watsolubility,
poor absorption, instability and easy degradatiss.more nanotechnologies are used in pharmacelgeahce
today, many defects and unsolvable problems irp#fst have been overcome. And more researchesentrgears
also suggest that NPs can effectively reverse druljiresistance.

In this paper, co-encapsulated anti-cancer drug DX reversal agent CUR in PBCA-NPs were prepairigid w
emulsion polymerization. The mean particle size #mal zeta potential of DOX-CUR-PBCA-NPs were 183
5.34nm in diameter and +32.234.56 mV. The entrapment efficiencies of DOX andRCWere 49.9& 3.32% and
94.52 + 3.14%, respectively. MTT assay and western bligttiesults shows that DOX-CUR-PBCA-NPs were
equivalent to DOX-PBCA-NPs + CUR-PBCA-NPs in terofsinhibiting in vitro MCF-7/ADR cell growth and
reversing P-gp mediated multidrug resistance in MOADR. But DOX-CUR-PBCA-NPs consumed less amount
of polymer. And the reversal efficacy of them werech higher than that of the free drug combina(l@®X-CUR)
and one free drug / another agent loaded PBCA-MR®imation (DOX+CUR-PBCA-NPs or CUR+DOX-PBCA-
NPs). The reason maybe lie in the following mectm@mithe overexpression of transmembrane pump Reaypdsed
DOX efflux and thus decreased DOX accumulation élis¢ resulting in a higher resistant degree tacanter
agents; the drug loaded PBCA-NPs degraded into foyign acrylic acid) on the cell membrane, and fxtnion
pairs with DOX to reduce drug efflux [25], whichéilly increased the drug accumulation and revekée®. CUR,
the major active ingredient of a reversal agentwma, exhibited synergic reversal effects with DDXhe co-
encapsulated NPs system, which led to a more pramalireversal efficacy than single-drug loaded PBG?
after 48h incubation.

The exact mechanism of reversing MDR by NPs syssenot clear yet, but some scientists suggestadPBEA-
NPs could stop the P-gp mediated transmembrangpwan which resulted in the increase of drug aadation and
cytotoxicity. ColindeVerdiere et al. [26] thoughtat DNR (daunorubicin)-PBCA-NPs could increase tneg
accumulation in cells through the interaction betwd&lps and cells rather than through the endowytafscancer
cells. Neamti et al. [27] have shown that PBCA-N&sorbed on the cell surface could overcome MDR by
preventing an immediate drug release and reducidg@ytosis

CONCLUSION

The data obtained in this study have shown thatdmroplementary active drugs might be associateetheg with
NPs using the emulsion polymerization technologye Wave applied this concept to the cellular dejivelr an
anticancer compound (DOX) and P-gp inhibitor (CU&)mprove the efficacy of DOX NPs in overcoming RD
The incorporation of DOX and CUR in the same nantipa formulation elicited the most effective gribwrate
inhibition compared to other alternative approacimesbably as a result of a synergistic effect ttuehe rapid
release of a high amount of CUR at the surfacéefcell membrane allowing a facilitated intraceltudlilution of
DOX. Therefore, our conclusion is that DOX-CUR-PBGWs can strengthen the efficacy in overcoming Vi
can be expected to become a potential treatmehtsattsfactory in vivo efficacy.
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