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ABSTRACT
Purpose: Typically, drug-loaded polymer colloidal carriers are synthesized by the drug entrapment during anionic 
emulsion polymerization. The purpose of this study was to trial the ability of Cisplatin-loaded Poly Butyl Cyanoacrylate 
(PBCA) nanoparticles. Methods: The cytotoxicity of Cisplatin-loaded PBCA nanoparticles was evaluated by MT 
assay. The Polymeric nanoparticles have been characterized using TEM, SEM, FTIR and DLS. Results: Polymeric 
nanoparticles with loaded and unloaded drug prepared by this method, have spherical structure with 350 and 230 
nm in diameter and their zeta potentials were -3.2 and -10.7 mv respectively. The average amount of drug loaded 
on the nanoparticles was 70.88 ± 5.51%. MTT assay was carried out to evaluate the cytotoxicity property of 
the nanoparticles. Inhibition concentration values (IC50) for Cisplatin-loaded Nanoparticles were 20.8 and 18.2 
μM for 24 and 48 h respectively. Conclusion: It was shown that cisplatin-loaded nanoparticles strongly increased 
cytotoxicity in comparison to classic drug in the MCF-7 cell line.
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INTRODUCTION
The Poly Alkyl Cyanoacrylate (PACA) poly-
mers are biocompatible, biodegradable and 
low-toxic materials, accepted for human 
usage (the respective monomers are used as 
surgical glues).1,2 The PACA nanoparticles 
are among the most perspective nano sized 
drug carriers attracting a great interest for 
application in targeted delivery of  differ-
ent biologically active substances such as 
anticancer agents3,4 antibiotics5-7 peptides8,9 
nucleic acids10 and antiviral drugs.11 in 1979 
the PACA nanoparticles have been prepared 
for the first time by emulsion polymeriza-
tion of  alkyl cyanoacrylate monomer in 
acidic aqueous solution.12 Since then, the 
emulsion polymerization has been inten-
sively applied for the entrapment of  vari-
ous drugs in PACA nanoparticles under 
different conditions. The utilization of  this 
method resulted in a significant advance-
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ment of  the development of  novel nano-
formulations of  classical drugs however, 
a number of  serious limitations still exist. 
For example, the molecular weight of  the 
formed polymer and the nanoparticle size 
depend strongly on the polymerization con-
ditions, being sometimes difficult to con-
trol13-15 Also, certain chemically sensitive 
drugs could be unstable in the conditions 
of  the polymerization reaction or might ini-
tiate the polymerization, being conclusively 
deactivated by the highly reactive mono-
mer.16 The emulsion polymerization is still 
more popular and widely used method for 
the preparation of  PACA nanoparticles. 
N-butyl cyanoacrylate monomer has been 
used in the synthesis of  nanoparticles by 
dispersion of  monomers in aqueous media. 
Drug-loaded PBCA carriers are prepared 
by the drug entrapment during emulsion 
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polymerization. In this research the anionic emulsion 
polymerization method was employed for the prepara-
tion of  pure and drug loaded PBCA nanoparticles was 
investigated. This method permits the effective entrap-
ment of  lipophilic and chemically labile drugs through 
avoiding the contact with highly reactive monomers.
Platinum complexes currently  make up one of  the 
three most widely used groups of  anticancer drugs in 
the world.17 in 1960s The anticancer action of  cisplatin 
was exposed serendipitously.18 Meanwhile in 1978 it has 
been used in clinics in contradiction of  a diversity of  
cancers including ovarian, testicular, bladder, head and 
neck, lymphoma, cervical and melanoma. Treatment 
with cisplatin regularly reasons severe side effects for 
example vomiting, nausea, neurotoxicity, nephrotoxic-
ity, emetogenesis and myelotoxicity.17 These side effects 
rise mostly as a result of  the limited selectivity of  cis-
platin for tumor cells as compared to healthy cells19 and 
may similarly be due to reactions with Thiol contain-
ing types in blood plasma, such as cysteine and human 
serum albumin.18 The cellular mechanisms of  cisplatin 
resistance have been identified.20

The highest factors that modulate resistance include, 
declined drug accumulation and increased levels of  
intracellular Thiols that can deactivate cisplatin and 
capability of  cells to repair or tolerate DNA damage 
caused by cisplatin. Other processes have also been 
implicated. In the present study, cisplatin anticancer 
drug was chosen as the model drug for the incorpo-
ration pure and drug-loaded nanoparticles, which are 
easily prepared by the anionic emulsion polymerization 
method. Finally, effects of  cisplatin and cisplatin-loaded 
nanoparticles on the viability of  MCF-7 cell line were 
evaluated at different concentrations at 24 and 48 h.

EXPERIMENTAL SECTION

Materials

Reagents and solvents were commercially accessible 
and used as supplied deprived of  further purification. 
N-butyl cyanoacrylate monomer was prepared from 
Tong Shen® (China). Phosphate-buffered saline (PBS, 
tablets; pH=7.4), sodium hydroxide (>99%), Dextran 
70 kDa (Mr=70,000), Cisplatin, Hydrochloric Acid was 
from Merck® (Germany). Mannitol was from Sigma® 
(Germany). Distilled water was used for all prepara-
tions. MCF-7 (Human breast adenocarcinoma cell line) 
cell line was obtained from National Cell Bank of  Iran 
(NCBI), Pasteur Institute of  Iran.

Preparation of PBCA nanoparticles

The pure PBCA nanoparticles were prepared by anionic 
emulsion polymerization by following method.The 
polymerization medium was prepared by dissolving 
Dextran 70 kDa (500 mg) in distilled water (200 ml). 
Then, the n-butyl cyanoacrylate monomer (2.0 ml) was 
added drop wise to the polymerization medium upon 
vigorous mechanical stirring (600 rpm).The emulsion 
became milky white within the first 20 min and was left 
to polymerize for 4 h. The pH of  the obtained disper-
sion was adjusted at 5-6 via adding of  1 N NaOH (4.0 
ml). The polymer dispersion was centrifuged (15000 
rpm, 25 min) and washed twice with distilled water 
by centrifugation. The white sediment was then dried 
under vacuum to obtain fine white powder.21

For synthesis of  drug-loaded PBCA nanoparticles, alike 
process was used where cisplatin anticancer drug solution 
(50 mg/100 ml) was added throughout PBCA synthesized, 
in order to cisplatin entrapped in the PBCA nanoparticles.
Furthermore the reaction time was decreased to 2.5 h.

Treatment onMCF-7 Cells

Polymeric Nanohalosphers Cis-platinum

Cytotoxicity effect of cis-platinum capsulated on PBCA

Step 1

Step 2

Step 3

Step 4

Graphical Abstract
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Methods of characteristic pure PBCA and drug 
loaded PBCA

Particle Size and Morphology

The pure and cisplatin loaded PBCA nanoparticles were 
imaged by a SEM, XL 30, Philips® and particle morphol-
ogy were observed by TEM using EM208, Philips® at 
100 kV. 1 mL dispersion was diluted with 1 mL deionized 
water and a drop of  it was placed onto a collodion sup-
port on copper grids (400 meshes). About 2 min of  depo-
sition, the grid was tapped with a filter paper to remove 
surface water and negatively stained by using a sodium 
phosphotungstate for 5 seconds. The grid was allowed to 
dry further for 10 minutes and was then examined with 
the electron microscope. The particle size distribution 
was measured by DLSS 1000HSA, Malvern Instruments 
Ltd., and Worcestershire, UK (Each value was obtained 
as average of  their measurements). The colloidal suspen-
sion of  the nanoparticles were diluted with deionized dis-
tilled water, and the particle size analysis was carried out 
at a scattering angle of  90° and a temperature of  25°C.

Zeta-Potential

The measurement of  zeta potential was done in 10 mM 
NaCl using disposable zeta cells and the general purpose 
protocol at 25 °C. The instrument was calibrated routinely 
with a -50 mV latex standard. The mean zeta potential was 
determined by phase analysis light scattering technique.

Functional Groups

FTIR spectra of  the powdered samples were taken as 
1% dispersion in KBr pellets on a spectrometer Thermo 
Nicolet® (Nexus 870, USA). The samples were scanned 
from 500-4000 cm−1.

Drug-Loading Efficiency

The cisplatin content was assessed by AAS (Contra 700, 
Analytik Jena, Germany) using H2PtCl6 (Sigma®) as a 
standard. Absorbance was read at 265 nm. All experi-
ments were repeated three times and the percentage of  
cisplatin loading was calculated by the following equa-
tion which was derived empirically at our laboratory.

Cell Line and Cell Culture

MCF-7 cell line (human breast adenocarcinoma cell) 
was obtained from National Cell Bank of  Iran (NCBI, 
Pasteur Institute). Cells were maintained in RPMI 1640 
medium supplemented with 10% fetal bovine serum and 
2 mM glutamine. Cells were allowed to grow in plastic tis-
sue culture flasks and were kept in CO2 incubator at 37ºC 
in a humidified atmosphere of  5% CO2 and 95% air.22

Cell Treatment and MTT assay

MCF-7 Cell were cultured in 96-well plates at a density of  
104 cells/well and treated with different concentrations 
of  cisplatin and cisplatin loaded nanoparticles at a final 
cisplatin concentration of  0, 15, 30, 60 and 120 µM at 24 
and 48 h incubation. Each concentration was tested on 
six wells of  the 96-well plates. The response of  cell to 
compounds were evaluated by determining cell survival 
using 3-(4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl tetrazo-
lium bromide (MTT, Carl Roth, Karlsruhe, Germany). 10 
µl of  MTT solution (5 mg/ml in PBS) was added to cell 
monolayer in each 96-well plates. Cells were incubated in 
a humidified incubator at 37ºC for 3 h and the absor-
bance was measured at 540 nm by an ELISA reader. The 
positive control contained six MCF-7 seeding cell, incu-
bated with 100 µl deionized distilled water for 10 min. 
IC50 of  cisplatin and cisplatin-loaded PBCA nanoparticles 
on MCF-7 cells at 24 h which were calculated by probity 
analysis using the Pharm PCS (Pharmacologic Calcula-
tion System) statistical package (Springer Verlag, USA).23

Figure 1: Morphology of the (a) pure PBCA nanoparticles and (b) PBCA loaded cisplatin determined by SEM

% Loading Encapsulation = 1-quantity of Pt in the supernatant fluid
                                                    quantity of Pt in the cisplatin solution   x100 
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Statistical Analysis

Results were expressed as mean ± SD. Throughout this 
study statistical significance of  difference was calculated 
by one-way variance analysis using Student,s t-test.

RESULTS AND DISCUSSION

Preparation and Characterization

Particle Size and Morphology

The nanoparticle suspensions were investigated by 
SEM, without further purification. The particles size of  
pure PBCA and cisplatin loaded PBCA were measured 
by SEM where the average size of  the particles were 
about 230 and 350 nm, respectively (Figure 1). Typical 
TEM micrograph of  pure PBCA and cisplatin loaded 
PBCA was shown in (Figure 2). The observed results 
with the SEM and TEM, show that the particles of  pure 

PBCA and cisplatin loaded PBCA are spheroid, with 
smooth surface. After loading, the size of  particles was 
increased, indicating incorporation of  cisplatin drug in 
the PBCA nanoparticles. This means cisplatin loaded 
PBCA nanoparticles have typical nano-material charac-
teristics and can be efficiently taken up by cells.

FTIR Spectra of n-Butyl Cyanoacrylate, PBCA 
Nanoparticles and Cisplatin Loaded PBCA 
Nanoparticles

The PBCA nanoparticles were synthesized by drop-
ping monomer into an acidic solution of  dextran 70 
kDa. The polymerization is stopped by NaOH solution 
after 4 h. The uniform PBCA particles were obtained at 
room temperature. The FTIR spectra of  monomer and 
polymer of  BCA were recorded from 500–4000 cm−1 
(Figure 3). The C-O, C=O (from ester function) and 
C≡N stretching bonds appear at 1289, 1737 and 2238 
cm−1 for monomer and 1260, 1750 and 2357 cm−1 for 

Figure 2: Morphology of the (a) pure PBCA nanoparticles and (b) PBCA loaded cisplatin determined by TEM

Figure 3: FTIR spectra of (a) n-butyl cyanoacrylate (b) PBCA nanoparticles and (c) cisplatin loaded PBCA. Nanoparticles
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PBCA, respectively.24 Drug loaded nanoparticles were 
synthesized according to the described method with 
adding Cisplatin during polymerization of  n-butyl cya-
noacrylate. The FTIR pattern of  cisplatin loaded PBCA 
nanoparticles are very close to that of  pure PBCA 
nanoparticles because stretch mode of  Pt-Cl and Pt-N 
bonds appear far IR, below 400 cm−1.

Loading Efficiency of PBCA nanoparticles with 
Cisplatin Drug

Loading encapsulation of  PBCA nanoparticles with 
Cisplatin drug was determined by AAS. Relative drug 
loading (% of  total amount) was calculated by sub-
traction of  free drug in the supernatant from the total 
amount in the vials and the percentage of  cisplatin load-
ing were calculated by the above equation, where the 
average loading efficiency was 70.88 ± 5.51%.

Size Distributions and Zeta Potential of 
Nanoparticles

DLSS measurements require a larger number of  particles 
(several orders of  magnitude greater) compared to SEM, 
and thus provide much better statistics. They primarily 
yield diffusion coefficient distributions which, however, 
can be transformed into distributions of  hydrodynamic 
diameters. Using the same particle of  PBCA as in SEM, 
DLSS measurements were performed on both pure and 
cisplatin-loaded PBCA nanoparticles that yielded the 
size distributions shown in (Figure 4). Uniform inten-
sity weighted diameter of  200-400 nm was found for 
pure PBCA where cisplatin-loaded PBCA nanoparticles 
exhibited two size distributions one at 50-60 nm with 
low intensity, another at 300-500 nm with high intensity.  
The difference between the two values may be due to 
the presence of  cisplatin in the last distribution. The 
morphology and size distribution of  the nanoparticles 

Figure 4: Distribution of the diameter of the (a) pure PBCA and (b) cisplatin loaded PBCA nanoparticles

Figure 5: Charge distribution of the (a) pure PBCA and (b) cisplatin loaded PBCA nanoparticles
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Figure 6(b): Cytotoxicity of free cisplatin and cisplatin loaded nanoparticles (NP) on MCF-7 cells at 48h.   Results are expressed 
as a percentage of viability compared to control and are presented as mean ±SD from at least three independent experiments 

(*P<0.05; **P<0.001)

Figure 6(a): Cytotoxicity of free cisplatin and cisplatin loaded nanoparticles (NP) on MCF-7 cells at 24h

demands the anionic emulsion polymerization method 
and leads to uniform spherical nanoparticles.

Zeta potential study was also performed to determine 
surface charge of  nanoparticles, as shown in (Figure 5). 
Pure PBCA nanoparticles showed negative zeta-poten-
tial in distilled water, with a value of-10.7 mV a general 
phenomenon of  theoretically uncharged polymeric par-
ticle. Loading of  cisplatin on the nanoparticles exchange 
the charge towards a positive value, resulted to-3.2 mV 
surface charge for cisplatin-loaded PBCA nanoparticles.

In vitro cytotoxicity and IC50 determination

Experimental cytotoxic concentrations of  cisplatin and 
cisplatin-loaded nanoparticles ranged from 0 to 120 µM. 
MCF-7 cells viability curve after 24 and 48 h incuba-
tion with Cisplatin and cisplatin-loaded nanoparticles 
were presented on Figure 6. After 24 h, compared to 
the controls, the lower dose of  cisplatin and cisplatin-
loaded nanoparticles (15 µM) 6.674% (difference not 
significant, p>0.05) and 43.334% (p<0.001), and the 
higher dose of  cisplatin and cisplatin-loaded nanoparti-
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cles (120 µM) 76.853% (p<0.001) and 79.8% (p<0.001) 
decreased in total cell number, respectively. The IC50 of  
cisplatin and cisplatin-loaded nanoparticles were calcu-
lated to be 45.594 µM and 20.824 µM, respectively. After 
48h, compared to the controls, the lower dose of  cispla-
tin and cisplatin-loaded nanoparticles (15 µM) 38.66% 
(p<0.001) and 48.534% (p<0.001), and the higher dose 
of  cisplatin and cisplatin-loaded nanoparticles (120 µM) 
71.334% (p<0.001) and 79.317% (p<0.001) decreased 
in total cell number, respectively. The IC50 of  cisplatin 
and cisplatin loaded nanoparticles were calculated to be 
31.300 µM and 18.220 µM, respectively. The cisplatin 
loaded nanoparticles exhibited in vitro anticancer activ-
ity comparable to that of  free cisplatin. The cytotoxic 
activity of  both cisplatin and cisplatin-loaded nanopar-
ticles increased with increasing cisplatin concentration.  

CONCLUSION
The objective in developing drug delivery systems is 
to achieve high drug concentration in diseased tissue 

and low concentration in healthy tissue and the rest of  
the body. Polymeric nanoparticles offer a possibility to 
achieve this goal. Over the past few years many studies 
have focused on the use of  PBCA nanoparticles as car-
riers for a number of  different drugs (e.g. doxorubicin, 
cyclosporine A, MRZ 2/596, a novel NMDA-receptor 
antagonist) the present work is a simple emulsion polym-
erization approach to synthetized polymeric nanoparti-
cles, in which n-butyl cyanoacrylate monomer added to 
Dextran 70 kDa in the presence of  cisplatin anticancer 
drug. Pure and drug-loaded nanoparticles are success-
fully prepared using Dextran 70 kDa as stabilizers. The 
size of  these cisplatin-loaded PBCA nanoparticles were 
formulated to ~350 nm which is an important parameter 
for enhancing the circulation life time and ensuring dif-
fusion of  particles into tumor sites. The zeta potential of  
cisplatin loaded PBCA nanoparticles were-3.2 mV. The 
formulated cisplatin-loaded PBCA nanoparticles effec-
tively inhibits proliferation in breast cancer cell lines.

SUMMARY
• Polymeric nanoparticles with loaded and unloaded drug prepared by anionic emulsion polymerization method, 

have spherical structure.
• The average amount of drug loaded on the nanoparticles was 70.88 ± 5.51%.
• The cytotoxicity of Cisplatin-loaded PBCA nanoparticles was measured by MTT assay.
• Inhibition concentration values (IC50) for Cisplatin-loaded Nanoparticles were 20.8 and 18.2 μM for 24 and 48 

h respectively
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