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Abstract
The present work aimed to develop and evaluate a colloidal system composed of poly (DL-lactideco-glycolide) (PLGA) nanoparticles (NPs) associated with chlorambucil (CHB) and its effects on
cancer cells. The nanoparticles showed %EE (>92%), a mean particle size in the range of 240 to
334 nm and zeta potential of −16.7 to −26.0 mV. In vitro release profile showed a biphasic pattern,
with an initial burst for all formulations. The scanning electron microscopy of CHB-nanoparticles
showed regular spherical shapes, smooth surface without aggregations. Differential scanning calorimetry thermograms, UV-vis absorption, fluorescence emission and Fourier transform infrared
spectroscopy were performed showing the entrapment of the antitumoral in drug delivery system.
CHB encapsulated in PLGA nanoparticles decrease the survival rates of the breast cancer cells:
68.9% reduction of cell viability on MCF-7 cell line and 59.7% on NIH3T3. Our results indicated
that polymeric nanoparticles produced by classical methods are efficient drug delivery systems
for CHB.
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1. Introduction

Breast cancer is the leading diagnosed cancer and the most common cause of cancer-related death in women
worldwide [1]-[3]. Several chemotherapeutic drugs are used in the treatment of breast cancer to reduce or suppress the growth of cancerous cells [1] [4]-[7]. Alkylating agents, such as chlorambucil (4-[p-[bis [2-chloroethyl] amino] phenyl]-butanoic acid (CHB), are extensively used in the treatment of neoplastic diseases, such as
chronic lymphocytic leukemia, lymphomas, advanced ovarian and breast cancer [1] [8]. However, chlorambucil
use is limited by its toxic side effects, including myelotoxicity and neurotoxicity [9] [10]. These adverse profiles,
limit the use of optimal doses of chemotherapeutic drug CHB. Consequently, protocols with sub-optimal doses
are frequently used, minimizing toxicity and patient suffering but often resulting in inefficient treatment and unsatisfactory prognosis [11]. Ganta and coworkers [12] investigate the pharmacokinetics, tissue distribution, and
anticancer activity of CHB and chlorambucil-loaded parenteral emulsion (CHL-PE) in C57 BL/6 mice. Yordanov and coworkers [13] show the preparation and physicochemical characterization of chlorambucil-loaded
poly(butylcyanoacrylate) nanoparticles. Descoteaux and coworkers [14] synthesized L-tyro-sine-Chlorambucil
analogs and evaluate their effects as anticancer drugs on MCF-7 cell line. These analogs showed significant anticancer activities compare to Chlorambucil. Also Omoomi [15] show the production of a new anticancer conjugate of Chlorambucil-Methionine which is highly effective, and has selective targeting features, as well as the
ability to prevent the growth of the breast cancer MCF-7 cell line. Millard and coworkers [16] synthetized MitoChlor, a triphenylphosphonium derivative of the CHB which selectively targeting nitrogen mustards to cancer
cell mitochondria based on mitochondrial membrane potential.
A promising approach to prevent harmful side effects and to increase drug bioavailability and the fraction of
the drug accumulated in the required zone, is the entrapment of drug in appropriate drug delivery systems [17]
[18]. In recent years, much research has been focused on the application of biocompatible and biodegradable
polymers to drug delivery systems [19]-[22]. Among those polymers, a significant one has been the poly (DLlactide-co-glycolide) (PLGA) [23]-[26]. Encapsulation of drugs in PLGA matrices from which they are released
at a relatively slow rate over a prolonged time allows less frequent administrations, thereby increasing patient
compliance and reducing discomfort, protection of the therapeutic compound within the body, and avoidance of
peak-related side effects by maintaining more-constant blood levels of the drug [27]. The aim of present study is
the investigation of the manufacturing parameters to obtain the best formulations of PLGA particles leading to
reduced size and higher %EE to evaluate the cytotoxicity activity in both MCF-7 breast cancer cells and fibroblast NIH3T3 cells.

2. Experimental
2.1. Materials
Chlorambucil, poly(lactic-co-glycolic) acid (PLGA 50:50, Mw 17 kDa) and 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide (MTT) were obtained from Sigma Chemical (St. Louis, MO, USA); poly(vinyl
alcohol) (PVA) (13 - 23 kDa, 87% - 89% hydrolyzed) was supplied by Aldrich (Milwaukee, WI, USA). Dichloromethane and dimethylsulfoxide (DMSO) of analytical grade were supplied by Merck (Darmstadt, Germany).
Dulbecco’s modified Eagle’s medium (DMEM), Fetal Bovine Serum (FBS), penicillin and streptomycin (GibcoBRL; Grand Island, NY). All other chemicals were of analytical grade and used without further purification.

2.2. Preparation of Nanoparticles by Solvent Evaporation Technique (CHB-NP I)
Nanoparticles (CHB-NP I) were produced by solvent evaporation method [28]-[30]. Briefly, 0.1 g of PLGA
50:50 and 10, 20 and 30 mg of CHB were dissolved in 10 mL of dichloromethane CH2Cl2. The dispersed phase
was dropped into 20 mL of an aqueous phase containing 2.0% (w/v) of PVA, under ice cooling with stirring at
17,000 rpm for 3 min. Afterwards, solvent evaporation was carried out by gentle magnetic stirring at room temperature. Nanoparticles were recovered by centrifugation at 25,000 g for 10 min at 4˚C, washed with distilled
water at 10˚C, and stored under refrigeration. Blank nanoparticles were used as a control.

2.3. Preparation of Nanoparticles by Double Emulsion Technique (CHB-NP II)
The preparation CHB-NP II was achieved by adjusting the double emulsion technique (W1/O/W2, water-in-oil-

2

D. J. S. Dias et al.

in-water), previously applied to the preparation of other PLGA nanoparticles [31]-[34]. Briefly, chorambucil (10,
20, 30 mg) was solubilized in a mixture of methanol/water (1:1) and emulsified in methylene chloride (5.0 mL)
containing PLGA (500 mg) using a highspeed homogenizer (Ultra-TurraxT25, IKA) for 60 s, at 17,000 rpm.
The primary W/O emulsion was immediately transferred to 20 mL of a 2.0% (w/v) aqueous solution of PVA and
homogenized under ice cooling, with stirring at 17,000 rpm for 2 min, using the high speed homogenizer. Afterwards, solvent evaporation was carried out by gentle magnetic stirring at room temperature, usually for 3 - 5 h.
Nanoparticles were recovered by centrifugation for 10 min, at 25,000 g and 4˚C and washed (three times) with
distilled water. After centrifugation, the NPs were stored at −4˚C. The encapsulation process was carried out
under aseptic conditions. Nanoparticles without the drug were also prepared by the same procedure in order to
evaluate the possible damage promoted by the particles itself.
The Encapsulation Efficiencies (%EEs) of both CHB-NP I and CHB-NP II were analyzed in relation to
its %EE, for both formulations the volume equivalent to 5.0 mg of particles were weighed and dissolved in 5.0
mL methanol. For this process, the free drug are measured in organic medium methanol and the absorbance of
this solution was taken and compared with a calibration curve and calculated in the same way using the Equation (1).

=
% EE

( Drug Loading

Theoretical Drug Loading ) × 100%

(1)

2.4. Nanoparticles Morphology: SM Analysis
Scanning Electron Microscopy (SM) was used to evaluate the shape and size of both CHB-NP I and CHB-NP II.
Samples containing nanoparticles were placed on aluminum stubs coated with 50 nm gold coating under an argon atmosphere. CHB-NP I and II were examined and imaged by a Jeol 840 A (Tokyo, Japan) Scanning Electron Microscope operating at 20 kV in the traditional mode (SEI detector). Particle size was measured by using
the software ImageJ® NIH.

2.5. Particle Size and Zeta Potential
Hydrodynamic diameter was determined by photon correlation spectroscopy (PCS) using the quasi-elastic light
scattering technique, in a Zetasizer Nano ZS equipment (Malvern Instruments, Worcestershire, UK) equipped
with a 10 mW He-Ne 633 nm laser beam, at 25˚C and at a scattering angle of 173˚. For the particle size analysis,
a dilute suspension (1.0 mg/mL) of CHB-NP I and CHB-NP II were prepared in double distilled water and sonicated in an ice bath for 30 s. The zeta potential of the CHB-NP I and CHB-NP II in PBS buffer, (0.1 mmol, pH
7.4) was determined by using ZetaPlusTM in the zeta potential analysis mode.

2.6. Ultraviolet-Visible (UV-vis) and Fluorescence Spectroscopy
The UV-vis measurements were performed on Hitachi U-3900H UV-vis Spectrophotometer in the wavelength
interval of 200 - 800 nm at 37˚C. Fluorescence spectra were recorded on a spectrofluorimeter (Hitachi F-7000)
at 37˚C. Each spectrum was an average of three (from 280 to 550 nm) with a resolution of 1.0 nm. The chosen
wavelength for excitation was 270 nm for CHB. Slits of 2.0 nm were used for excitation and emission.

2.7. Fourier Transform Infrared (FTIR) Spectroscopy
The chemical structure of the nanoparticles (unloaded and loaded with CHB-NP I and CHB-NP II) was analyzed
by FTIR (IR Prestige-21 FTIR-8400S, Shimadzu, Japan) in transmission mode. For that, dried nanoparticles (1.0
mg) were mixed with KBr (40.0 mg) and then formed into a disc in a manual press. Transmission spectra were
recorded using at least 32 scans with 4.0 cm−1 resolution, in the spectral range 4000 - 400 cm−1.

2.8. Differential Scanning Calorimetry (DSC)
Thermal characterizations of CHB-NP I and CHB-NP II were performed with a Shimadzu DSC-60A. The equipment was calibrated with indium. The sample (approximately 3.0 mg) was heated twice from 35˚C to 600˚C at
5˚C/min in a nitrogen atmosphere (flow rate 20 mL/min). The melting temperature (Tm) was determined from
the endothermic peak of the DSC curve recorded in the first heating scan. The glass transition temperature (Tg)
was determined from the DSC curve recorded in the second heating scan.
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2.9. Release Profile

The in vitro release analyses of the CHB-NP I and CHB-NP II were carried out in triplicate. Particles were added to 20 mL PBS buffer (10 mM; pH 7.4) in a conical flask shaken at 37˚C in a water bath at 65 rpm. At different time intervals, a sample volume of 1.5 mL was transferred and centrifuged at 25,000 g for 10 min. A quantity of 1.0 mL of the supernatant was taken for UV-vis analysis. 1.0 mL of fresh PBS buffer was added to the remaining 0.5 mL sample. 1.5 mL of the suspension was agitated vigorously by vortexing and replaced in the
flasks. The cumulative percentage release profiles were obtained by taking the ratio of the amount of CHB released to the total drug content in the same volume of sample.

2.10. Cytotoxicity
To evaluate cytotoxicity, breast cancer cells (MCF-7) and fibroblast cell line (NIH3T3) were obtained from exponentially growing 90% - 95% confluent cultures and seeded at 5000 cells/well in 96-well plates. The cells
were kept in 100 μL fresh DMEM media (supplemented by 10% (v/v) FBS, penicillin (50 IU/mL) and streptomycin (50 mg/mL) for 24 h to allow cell adhesion and environmental adaptation. Subsequently, the cells were
treated with additional 10 μL PBS containing different concentrations of CHB-NP I and CHB-NP II and in solution for 72 hours. The cell viability was evaluated using the yellow tetrazolium dye (3-(4,5-dimethylthia-zolyl-2)
-2,5-diphenyltetrazolium bromide) (MTT) solution. The plates were read at 595 nm using Spectra Max Plate
Reader. The percentage of cell viability was calculated with respect to control cells that were incubated without
the drug and the nanoparticles as described in previous studies [29] [33] [35]. All experiments were performed
in triplicate.

2.11. Statistics
All numerical data are presented as mean ± standard error of the mean (SEM) from at least three independent
experiments. Statistical analysis was conducted using the Prism 5.03 software (GraphPad Software, USA). Statistical differences in multiple groups were determined by one-way ANOVA followed by Tukey’s test. P < 0.05
was considered statistically significant.

3. Results and Discussion
3.1. Method Optimization
Several parameters were systematically investigated to enhance the encapsulation efficiency of CHB in PLGA
nanoparticles. Briefly, speed of stirring were modulated to achieve a suitable size for administration; then other
properties, such as the particle size distribution, surface charge, crystallinity, and morphology were characterized for both methods of production of CHB-NP I and CHB-NP II.
3.1.1. Influence of Speed Stirring
It is recognized that the degree of agitation influences the stability of the emulsion. Suitable agitation provides
the required energy to the system to break up the droplets of the dispersed phase [36]. According to the results
shown in Figure 1, the smaller hydrodynamic diameter distributions and Poly dispersivity Index (PdI) were
achieved in high speed stirring (17,000 rpm) shown for CHB-NP I since CHB-NP II have similar profile.
All of these results are similar to those obtained by Mao et al. that prepared FITC-dextran loaded PLGA microspheres [36] [36] when evaluating the parameters for irinote can nanoparticle.
3.1.2. Influence of Drug Concentration and Entrapment Efficiency (%EE)
CHB-NP I and CHB-NP II were evaluated by its capacity of carrying drug. The nanoparticles were assessed using fixed amounts of polymer and surfactant and variable quantities of CHB. According to the results shown in
Table 1, maximum incorporation efficiencies were achieved for CHB-NP I and CHB-NP II corresponding to a
theoretical concentration of 10 mg/mL. For concentrations above 10 mg/mL CHB occurred the precipitation of
both CHB and PLGA in the form of crystals, indicating that the maximum loading capacity of the carrier was
reached, and this effect is illustrated in Figure 2 for CHB-NP I.
The nanoparticles produced by double emulsion method (CHB-NP II) and nanoparticles prepared with single
emulsion method (CHB-NP I) had similar %EE, CHB-NPI (93.6% ± 2.9%) and CHB-NP II (92.6% ± 2.5%)
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Figure 1. Effect of the speed stirrer on the size (□) and polydispersity index (■) of CHB-NP I. Data are shown as mean ±
S. E. M. obtained from three formulations.

Figure 2. Scanning Electronic Micrograph of CHB-NP I (30
mg), bar 10 μm (magnification 1,000 Å~).
Table 1. Maximum concentration of CHB loading in nanoparticle (mg) and entrapment efficiency (%EE) for CHB-NP I and
CHB NP II.
Nanoparticles

%EE

CHB-NP I (10 mg)

93.6 ± 2.9

CHB-NP I (20 mg)

75.6 ± 3.4

CHB-NP I (30 mg)

49.3 ± 4.2

CHB-NP II (10 mg)

92.6 ± 2.5

CHB-NP II (20 mg)

73.8 ± 3.7

CHB-NP II (30 mg)

68.3 ± 3.6

(Table 1). The high encapsulation efficiency was observed by other authors using the same drug delivery system
to hydrophobic drugs [38]. Most like, this behavior is due to the encapsulation process when the drug is in the
organic medium.
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3.1.3. Influence of Surfactant Concentration in Size Distribution
Polyvinyl alcohol (PVA) concentrations in the external water phase are known to be a key factor influencing the
particle size of nanoparticles. The sizes and PdI of nanoparticles produced at 0.1%, 0.5%, 1.0%, 1.5%, 2.0%,
2.5%, 4.0% and 5.0% PVA are showed in Figure 3 for CHB-NP I.
Increasing PVA concentration from 0.1 to 5.0% caused approximately 42% particle size decrease. The smaller size particles were obtained when increase PVA concentration from 0.1% to 2.0%, causing reduction in particle size approximately 62%, producing particles having a size of 317 nm. It is well known that the presence of
PVA in the external phase stabilizes emulsion droplets against coalescence. The stabilization effect is dominant
athigher PVA concentrations and leads to the decrease in the size of nanoparticles [27]. Based on our experimental data, 2.0% PVA seems to be sufficient to prepare both CHB-NP I and CHB-NP II.

3.2. Scanning Electron Microscopy (SM)
Scanning electron microscopy (SM) was used to investigate the morphology of NPs. The SM images of CHBNP I and CHB-NP II showed NPs with regular spherical shapes (Figure 4(A) CHB-NP I) and that their surface
morphology was smooth and without evident aggregation. The size distribution of all nanoparticles was

Figure 3. The () sizes and () polydispersity index of CHBNP I at different concentrations of PVA.

Figure 4. (A) Scanning Electron Microscopy (SM) pictures of CHB-NP I at magnification 10,000 Å~ (scale = 10 μm); (B)
Particle diameter measured from the SM image using ImageJ® software.
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unimodal with sizes in the range of 240 - 320 nm as confirmed by the morphometric analysis using ImageJ®
software (Figure 4(B)). Similar morphological results were observed for empty nanoparticles.

3.3. Particle Size and Zeta Potential
Particle sizes and zeta potentials of CHB-NP I and CHB-NP II and empty-NP were determined by employing
DLS (n = 3). Nanoparticles size was 238 - 334 nm in diameter with PdI of 0.12 - 0.26 indicating a narrow size
distribution (Table 2). Similar values were observed using ImageJ® software in SM pictures (Figure 4(B)),
where particles showed diameters in the range of 240 - 320 nm. As all the NPs were smaller than 500 nm, its
parenteral use by intravenous injection is acceptable. No droplets should be larger than 5.0 μm to avoid possible
embolism in the lung capillaries [39] [40].
The results of the determination of zeta potential for PLGA nanoparticles without (empty-NP) and with CHB
(CHB-NP I and CHB-NP II) ranged between −16.7 and −26.0 mV and are shown in Table 2.
Zeta potential is an important physicochemical parameter that influences the stability of the suspension. Extremely positive or negative zeta potential values cause larger repulsive forces, whereas repulsion between particles with similar electric charge prevents aggregation of the particles and thus ensures easy redispersion [41].
The presence of CHB in PLGA nanoparticles decreased the negative zeta potential value; probably, there was
a masking effect of the superficial carboxylic groups by the drug adsorbed on nanoparticles surface. The results
shown in Table 2, confirm the low tendencyof aggregation seen in SM analysis shown in Figure 4(A).

3.4. Infrared Spectrum
FTIR was used to evaluate the chemical structure of CHB-NP I and CHB-NP IIentrapped in PLGA nanoparticles (Figure 5). The characteristic peak of PLGA at 1749 cm−1 is due to the ester group. During preparation of
CHB-NP I, the characteristic peak of PLGA was not altered. The hydroxyl group of PVA was confirmed at 3500
- 3100 cm−1. Furthermore, the CHB characteristic peak of the C-Cl stretching vibrations gives generally strong
bands in the region 710 - 505 cm−1. NH group shows its stretching absorption in the region 3500 - 3220 cm−1.
The ring carbon-carbon stretching vibrations occur in the region 1625 - 1430 cm−1. The ring C-N stretching vibrations occur in the region 1615 - 1575 cm−1 and 1520 - 1465 cm−1 [42] [43]. These results suggest that the
CHB was successfully entrapped in both CHB-NP I and CHB-NP II (not shown).

3.5. Differential Scanning Calorimetry (DSC)
DSC is a thermal analytical technique, which provides information regarding the physical properties like crystalline or amorphous nature of the samples. This aspect could influence the in vitro and in vivo release of the
drug from the systems. Figure 6 shows the DSC thermograms corresponding to the following samples: PLGA;
empty-NP; CHB-NP I. The PLGA was used as control and thermogram displays an endotherm at 41.2˚C, corresponding to the glass transition temperature (Tg). Empty nanoparticles exhibited endotherms corresponding
close to the Tg of PLGA (43.7˚C) due to changes in cristalinity of polymer. For CHB-NP I and CHB-NP II, it
observed was a single endothermic peak at 58.8˚C, which suggests the occurrence of an interaction between the
polymer (PLGA) and CHB. This interaction is related to covalent bonds between the carboxyl group of polymer
and CHB.
As shown in Figure 6, NP empty and CHB-NP I have a sharp Tm (melting temperature) that corresponds to
their crystal behavior. PLGA shows a Tg (glass to rubber transition temperature) and no Tm that means it isamorphous. Preparation of the NPs has increased the PLGA Tg to higher temperatures; it is because of the crysTable 2. Determination of size and zeta potential for CHB-NP I and CHB-NP II.
Nanoparticles

Size (nm)

PdI

Zeta potential (mV)

Empty-NP I

288.90 ± 1.80

0.131 ± 0.028

−26.00 ± 0.45

Empty-NP II

238.40 ± 2.40

0.118 ± 0.025

−23.50 ± 0.35

CHB-NP I

250.30 ± 1.40

0.155 ± 0.031

−17.30 ± 0.2

CHB-NP II

334.40 ± 9.80

0.263 ± 0.026

−16.70 ± 1.07
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tallization process during the preparation.

3.6. Release Profile and Spectroscopic Characterization
The CHB release from PLGA nanoparticles was studied in 10 mM PBS (pH 7.4) at 37˚C, which provides a basic
idea of the drug release in physiological systems.
The in vitro release of CHB-NP I and CHB-NP II were presented as the cumulative percentage releases in
Figure 7. Drug release from PLGA nanoparticles usually occurs in a two-phase association manner, with an initial burst phase followed by a diffusion-controlled slower drug release phase. In our studies, an initial burst
phase corresponding to about 84% to CHB-NP I and 76% to CHB-NP II was observed within 24 hours due to
diffusion release of CHB distributed at the surface of the NPs as have been reported by several authors for
PLGA nanoparticles [44]. A sustained CHB release to a total of about 92% was found for the nanoparticles over
the entire period of study, as depicted in the graph shown in Figure 7(A). Similar results were obtained by Mi
and coworkers [45] develop chitin/PLGA 50/50 blend microsphere, were CHB was loaded and show that the release of CHB from a hydrophilic chitin matrix is very quick due to the hydration of chitin matrix and the bulk
hydrolysis of dispersed PLGA domain. This similar behavior can be explained by the fact that in general, chlorambucil will be homogeneously dispersed in both chitin and PLGA phase of the blend microsphere [45].
The results indicate the decrease the efficiency of the drug delivery system if applied intravenously (the drug
could be released before the nanoparticles reach the target site). These great characteristics turn CHB-NP system

Figure 5. Infrared spectra of dried CHB-NP I. Transmission
spectra were recorded using at least 32 scans with 4.0 cm−1
resolution, in the spectral range 4000 - 400 cm−1.

Figure 6. DSC thermograms of (- - -) empty PLGA; ()
CHB-NP I. (---) Pure PLGA was used as a control. The sample
(approximately 3.0 mg) was heated twice from 35˚C to 600˚C
at 5˚C/min in a nitrogen atmosphere (flow rate 20 mL/min).
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Figure 7. (A) Cumulative release profiles of () CHB-NP I and () CHB-NP II in phosphate buffer at 37˚C and pH 7.4 after 150 hours. Data are shown as a percentage of the total CHB encapsulated; (B) UV-vis absorption and fluorescence emission spectrum of CHB (contiunuous line) and CHB-NP (dash line).

more suitable for local application (such as intratumoral injection) [13]. The hydrophobic interaction involving
the drug and the hydrophobic core of the carriers is a main reason leading to a controlled release rate for the carriers [46].
Also the spectrum profile of the entrapment of CHB in PLGA nanoparticles was done by using UV-vis absorption and fluorescence emission spectrum. The characteristic bands of CHB were observed at 206, 254 and
306 nm, respectively displayed in Figure 7(B). The steady-state emission spectral properties of CHB in mixture
methanol/water (1:1), and in the aqueous medium with nanoparticles, were shown to have excitation wavelengths for CHB at 260 and 310 nm, respectively. The emission spectra of CHB-NP I and free CHB were evaluated using fluorescence emission spectroscopy (Figure 7(B)). The maximum emission spectrum of CHB occurs around 354 nm, and in CHB-NP I around 364 nm (bathochromic shift = 10 nm). The bathochromic shift
can be attributed to difference in index of refraction of the media also indicating the efficient encapsulation of
the drug in the polymer matrix. Since the polymer itself does not emitfluorescence.

3.7. Cytotoxicity Assay
We report the effects of CHB and CHB-NP I and CHB-NP II on the growth of the fibroblast cell line (NIH3T3)
and human breast cancer cell MCF-7. It has been well established that the MCF-7 cell line is a powerful tool for
the study of breast cancer resistance to chemotherapy, because it appears to mirror the heterogeneity of tumor
cells in vivo [47]. The cytotoxicity of the CHB was evaluated using the MTT assay, an established in vitro cytotoxicity assay measuring the reduction of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide by
intracellular reductases, the content [28] [29] [33]. To evaluate the possible cytotoxic effect of the CHB-NP I
and CHB-NP II on the survival rates of MCF-7 and NIH3T3 the cells were incubated with the nanoparticles for
72 h, and assayed for cell viability by the MTT test (Figure 8(A) and Figure 8(B)). The cytotoxicity of both
CHB-NPs and free CHB were evaluated in NIH3T3 and MCF-7 displayed a significant dose-dependent profile.
In literature it had been described different effects of cytotoxic behaviors depending on the type of drug, concentration, drug-delivery system and cell line type. Fonseca and coworkers [48] evaluated the in vitro anti-tumoral activity of paclitaxel (Taxol) incorporated in the PLGA nanoparticles in human small cell lung cancer
cell line (NCI-H69) and showed that incorporation of paclitaxel in the nanoparticles strongly enhances its anti-tumoral efficacy as compared to the free drug [48]. Danhier [25] developed paclitaxel-loaded, PEGylated,
PLGA-based nanoparticle and as indicated by cell viability studies, paclitaxel-loaded nanoparticles are more
cytotoxic toward human cervix carcinoma cells (HeLa), compared with free Taxol. Another profile was described by Averineni [49] evaluating antitumor activity of PLGA 50:50 nanoparticles entrapped with paclitaxel
in BT-549 cells tested in concentrations 10 µg/mL with significant differences in the cytotoxicity effect of paclitaxel loaded nanoparticles and free drug. Mukerjee [50] evaluated the antitumoral activity of curcumin-loaded
PLGA nanospheres on prostate cancer cell lines, LNCaP, PC3, DU145, and PWR1E. The cell viability assay
showed that the IC50 of curcumin-loaded PLGA nanoparticles and free curcumin was similar for 31 μM and 37
μM respectively. In recent study Pirooznia [51] evaluated cell cytotoxicity ofα1AT-loaded nanoparticles using
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Figure 8. Cytotoxicity of free CHB and CHB-NP against (A) NIH3T3 cells and (B) MCF-7 cells after 72 hours of treatment.
Cell viability was assessed by MTT assay and compared to the control (100% cell viability). Data are expressed as mean ±
SEM. **P < 0.01 was considered to be statistically significant compared to the control group using Turkey’s multiple comparision test.

Cor L105 lung epithelial-like cells. The results show that the viability of cells treated with free and loaded nanoparticles remains unchanged. Ribeiro-Costa [52] evaluated usnic acid encapsulated into PLGA-microspheres,
the cytotoxic effect of free and encapsulated usnic acid was evaluated on HEp-2 cells and no significant difference between the cytotoxicity of free and encapsulated usnic acid was observed, presenting the same IC50 magnitude order.
In Figure 8(A) it is displayed the cell viability assay for free CHB and CHB-NP against NIH3T3 cells. After
72 h of incubation the cell viability assay showed a 59.7% (P < 0.0001) and 69.3% (P < 0.0001) of reduction on
cell survival respectively. Turkey’s multiple comparisons test show that CHB free 1.0 × 10−3 M and NP CHB
are significant different of control and among than in NH3T3 cell line. The free CHB showed a reduction of 81.3%
on cell viability at 1.0 × 10−3 M (P< 0.05), while the CHB-NP (10−3 M) display 68.9% (P < 0.001) in MCF-7 cells
(Figure 8(B)). Tukey’s multiple comparisons test show that CHB free 1.0 × 10−3 M and NP CHB are significant
different of control but not different in MCF-7 cell line. In the case of empty nanoparticles, the samples did not
show cytotoxicity towards the MCF-7 and NIH3T3cell lines during test period (cell viability exceeded 90%).

4. Conclusion
Our analyses characterizes the formulation of CHB-PLGA nanoparticles applying double emulsion method and
solvent evaporation process to improve the physic chemical characteristics of the drug delivery system. The size
and entrapment efficiency of the nanoparticles can be adjusted by modifying various parameters, such as, drug/
polymer ratio, surfactant concentration and speed of homogenization. The smaller size and high erentrapment
efficiency was obtained directing the lower amount of drug, intermediate concentration surfactant and higher
agitation speed. The UV-vis spectroscopic as say indicated the potential use of PLGA nanoparticles for sustained release of lipophilic drugs such as CHB as demonstrated in the release profile. A cytotoxicity study revealed that empty NP had no cytotoxicity, while both CHB-NP I and CHB-NP II showed similar antitumor activities as free chlorambucil after 72 h. In conclusion, the developed PLGA-CHB nanoparticles could be considered as an effective strategy for application of this drug in cancer therapy using nanotechnology.
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