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Magnetic PECA nanoparticles as drug carriers for
targeted delivery: Synthesis and release characteristics
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Abstract
Magnetic poly(ethyl-2-cyanoacrylate) (PECA) nanoparticles containing anti-cancer drugs (Cisplatin
and Gemcitabine) were prepared by inter-facial polymerization. The spherical nanoparticles
(d¼ 250� 15nm) with smooth surfaces and moderately uniform size distributions were obtained.
The amount of magnetite encapsulated inside the polymer matrix was increased up to 14.26% (w/w)
by controlling the initial weight ratio of monomer/magnetite. It was found that the amount of Cisplatin
encapsulated in the magnetic nanoparticle is much higher than that of Gemcitabine because Cisplatin
(hydrophobic) is highly soluble in the oil phase and encapsulated easier inside nanoparticles compared
to Gemcitabine (hydrophilic). The presence of magnetite and its super-paramagnetic characteristic
were confirmed by FTIR spectra and VSM. In-vitro experiments of drug release and magnetic mobility
under external magnetic field demonstrated that magnetic poly(ethyl-2-cyanoacrylate) (PECA)
nanoparticles can be a highly versatile magnetic drug carrier with sustained release behaviour and
sufficient magnetic susceptibility.
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Introduction

A magnetic drug delivery system (Figure 1) is highly desirable for reduction of side effects

and toxicity and prolongation of the pharmaceutical drug efficacy (Chatterjee et al. 2002,

Pankhurst et al. 2003). The drug carrier, composed with magnetic particles and polymer

loaded drug, should satisfy some conditions for further biomedical application; no

sedimentation, uniform size, high and uniform magnetic content, super-paramagnetic

behaviour, no toxicity, no iron leakage and high selectivity (Landfester and Ramirez 2003).

Magnetic particles are usually made of magnetite (Fe3O4), maghemite (�-Fe2O3), cobalt

ferrite (Fe2CoO4), chromium dioxide (CrO2), etc. (Cabuil 2002). These magnetic particles
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have been widely used for MRI (Choi et al. 2004), hyperthermia (Jordan et al. 1999), cell

separation (Zborowski et al. 1999), etc. Among them, magnetite is a well-known magnetic

material, properly characterized in many aspects, whose toxicity has been demonstrated

to be low and well tolerated in the human body (Iannone et al. 1991). For nano-sized

magnetite particles (d<10nm, super-paramagnetic), biodegradation can occur in the

lysosomes of monocyte phagocytes system cells (Okon et al. 1994).

Magnetite directly conjugated with specific drug has some limitations; drug release

control and drug loading capacity. To resolve these problems, many researchers have used

specific organic polymers such as poly(D,L lactide-co-glycolide)(PLGA) (Jeong et al. 2003),

Poly(ethyl-2-cyanoacrylate) (PECA) (Vauthier et al. 2003) and poly("-caprolactone) (PCL)

(Luo et al. 2002), because they have biocompatibility and biodegradable properties as well as

low toxicity. PECA can be one of the candidates which have the characteristics of fast

degradation rate, low toxicity, high biocompatibility, drug compatibility and permeability.

This polymer can form many nanoparticles by various preparation methods. According to

the preparation method, two types of nanoparticles can be formed; nanospheres and

nanocapsules. Nanospheres have matrix systems in which the drug is dispersed throughout

the particles, while nanocapsules are vesicular systems in which the drug is confined to an

aqueous or oily cavity surrounded by a single polymeric membrane (Brigger et al. 2002,

Pitaksuteepong et al. 2002). In principle, the difference between these two systems is also in

the drug release behaviour; a first-order and a zero-order release for nanospheres and

nanocapsules, respectively (Puglisi et al. 1995). Nanocapsules are preferred over nano-

spheres because they have the advantages of more sustained drug release and result in a

higher encapsulation amount of magnetite and drug. Generally, there are two major

Figure 1. The schematic representation of the magnetic drug targeting; magnetic drug carriers
disintegrate in the target zone and release the drug.
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methods to prepare the nanocapsule type magnetic drug carrier; one is coating or

encapsulating of magnetite with polymer (Denkba et al. 2002) and the other is monomer

polymerization, which has been used more widely. Several methods of drug carrier synthesis

by monomer polymerization are currently available; emulsion polymerization (Landfester

and Ramirez 2003), dispersion polymerization (Tuncel et al. 1995, Horák 2001), inter-facial

polymerization (Aboubakar et al. 1999), etc. Especially, inter-facial polymerization can be

carried out at room temperature without major external energy input and increased loading

efficiency of drug than other methods (Thies 1996). Thus, nanocapsules can be formed by

this method at the surface of the oil droplets dispersed in the aqueous phase. Drug and

magnetite can be encapsulated in the internal cavity of the polymerized membrane and a

dynamic process must be created which brings the monomer to the oil–water interface. This

transfer is performed by the diffusion of a co-solvent from the organic phase to the aqueous

phase. This co-solvent must be a solvent for the monomer and for the oil on one hand and

miscible with the aqueous phase on the other hand (Thies 1996).

During the synthesis of polymer nanoparticle, drug (hydrophilic or hydrophobic) for

chemical therapy can be loaded. Herein, two types of anti-cancer drugs were used; Cisplatin

(Diamminedichlroplatium) and Gemcitabine (GEMZARTM). Cisplatin belongs to the

group of medicines known as alkylating agents. It is used for cancer of the ovary, testis,

bladder and also head and neck cancer. It exhibits insoluble in water and soluble in most

organic solvents. On the other hand, Gemcitabine is a chemotherapy drug that is given as a

treatment for some types of cancer. It is most commonly used to treat non-small cell lung

cancer, pancreatic and bladder cancer. Gemcitabine is a white to off-white solid. It is soluble

in water, slightly soluble in methanol and practically insoluble in ethanol and polar organic

solvents.

This study synthesized and characterized the magnetic PECA nanoparticles containing

anti-cancer drugs as a potential drug carrier for targeted delivery. The physical

characteristics were analysed for size and size distribution and saturation of magnetization

of magnetic PECA nanoparticles. The in-vitro drug release tests were finally performed to

examine their drug encapsulation properties and release characteristics.

Materials and methods

Materials

Ethyl-2-cyanoacrylate (ECA) was obtained from Sigma Chemical Co. (St. Louis, MO,

USA). Magnetite (Fe3O4, 9 nm) was purchased from Integran Technologies Inc. (USA).

Cisplatin (Diamminedichlroplatium) and Gemcitabine (GEMZARTM) were obtained from

Sigma Chemical Co. (St. Louis, MO, USA) and Lilly Co. (France S.A), respectively.

Propylene carbonate was obtained from Aldrich Chemical Co. (St. Louis, MO, USA).

A non-ionic surfactant (Pluronic F-68) and Rhodamine B were purchased from Sigma

Chemical Co. (St. Louis, MO, USA). Hydrochloride (HCl), sodiumchloride (NaOH),

ammoniumthiocyanate (NH4SCN) and hydroperoxide (H2O2) were obtained from Duksan

Pure Chemicals Co. (Korea). Double-distilled water was used. All other chemicals were

reagent grade and obtained from commercial sources.

Preparation of magnetic PECA nanoparticles containing anti-cancer drug

Polymerizations were performed by mixing water and oil (propylene carbonate) phases

with a 2:1 weight ratio. The oil phase was the mixture of monomer (0.065ml), magnetite
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(0.081, 0.065, 0.049, 0.033 and 0.016 g) representing the ratio (v/w) of monomer:magnetite

(4:5, 4:4, 4:3, 4:2 and 4:1) and drugs (Cisplatin and Gemcitabine of 50mg, respectively)

with stabilizer (15%) which was dissolved in the water phase at 2.5 pH condition. The

reactions were carried out under stirring (1000 rpm) for 3 h at room temperature. After

polymerization, 100ml of water was subsequently added to the colloidal suspension under

stirring in order to allow the propylene carbonate to diffuse into water. After stirring for

20min, the final volume of nanoparticle suspension was filtered through a sintered glass

filter. Free magnetite and surfactant were removed by several times of centrifugation at

15 000 rpm for 25min. Then external magnetic field was introduced for the complete

separation of magnetic PECA nanoparticles. The purified magnetic PECA nanoparticles

were dried at 25�C in a vacuum oven for 24 h and stored in the desiccator.

Characterization

The size and size distribution of the prepared magnetic PECA nanoparticles were observed

by dynamic laser scattering (ZetaPlus, Brookhaven Instruments, USA). Morphological

analysis of the nanoparticles was performed by SEM (JEOL, Nikon, Japan) and TEM

(JEOL, Nikon, Japan). Fourier transform infrared (FTIR) spectra (Genesis series FTIR,

ATI Mattson, USA) were used to observe the functional groups of the magnetic PECA

nanoparticles. The saturation of magnetization and the magnetic mobility of magnetic

PECA nanoparticles under external magnetic field were evaluated using vibrating-sample

magnetometer (VSM) (Model 7300, Lakeshore, USA) and epi-fluorescence microscopy

(BX51, Olympus, USA), respectively.

The loaded amount of the encapsulated magnetite was evaluated by spectrophotometrical

method; after HCl/H2O2 (2:3, v/v) solution induced oxidation of Fe2þ to Fe3þ and added

of 1% ammonium thiocyanate followed by absorption measurement of the thiocyanate

complex at �¼ 480 nm (Zaitsev et al. 1999).

The amount of loaded drug was measured as follows; the dried nanoparticles were mixed

in phosphate buffer solution (pH 7.4) and this suspension was then stirred and sonicated to

extract the drug from the nanoparticles. After centrifugation, the amount of drug loaded in

the magnetic PECA nanoparticles was measured using UV spectrophotometer (UV16A,

Shimadzu, Japan).

Drug release experiments

Drug release experiments to examine the possibility of controlled release were carried out in

an aqueous release medium with the phosphate buffer solution (pH 7.4) at 37.5� 0.5�C.

Dried magnetic PECA particles were suspended in 30ml of an aqueous release medium.

Then the release medium was placed in a shaking incubator (SI-900, J.O. Tech, Korea)

at 150 rpm. At pre-determined time intervals, 3ml of the aqueous solution were withdrawn

and replenished with 3ml of double-distilled water. The amount of released drug was

measured through the absorbance using UV spectrophotometer at specific wavelengths

(270.6 nm for Cisplatin and 267.8 nm for Gemcitabine, respectively).

Results and discussion

Figure 2 shows the SEM photography of the PECA nanoparticles prepared with the different

weight ratios of monomer/magnetite. The corresponding mean size and the magnetite

loading capacity are also summarized in Table I. The spherical nanoparticles with smooth
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surfaces and moderately uniform size distributions were obtained at the weight ratios of 4:1,

4:2 and 4:3. As the content of magnetite increased, however, the amorphous type and even

no particle formation were observed (4:4 and 4:5). On top of its morphology, the size of

the nanoparticles decreased consistently from 392� 15 to 252� 10 nm with increasing

magnetite content (Table I). This implies that dispersion of monomer into nanoparticles is

more difficult as magnetite content increases. From the results of morphology, size and the

amount of drug encapsulated, the optimal monomer/magnetite ratio of 4:3 was determined.

At this ratio, the magnetite loading capacity was increased up to 14.26% (w/w).

TEM photography of magnetite and magnetic PECA nanoparticles are shown in Figure 3.

The monodispersed magnetite has a diameter of 9� 3 nm (Figure 3a). Figure 3b

corresponds to PECA nanoparticles that did not contain magnetite with average diameter

of 256� 20 nm. Figure 3c shows the magnetic PECA particles synthesized at pre-

determined optimal conditions; the weight ratio (water phase/oil phase) of 2:1, pH 2.5,

1000 rpm, 15% of stabilizer and the weight ratio of monomer/magnetite of 4:3. Their mean

particle size was 250� 15 nm and it was observed that the magnetite was well entrapped in

the polymeric network.

  
(a) (b)

   
(c) (d) (e)

Figure 2. SEM photography of magnetic PECA nanoparticles with different initial monomer
(v):magnetite ratio(w); (a) 4:1, (b) 4:2, (c) 4:3, (d) 4:4, (e) 4:5.

Table I. Size, polydispersity index and magnetite loading with different initial monomer (v):magnetite (w) ratios.

Monomer (v):magnetite ratio (w) Size (nm)

Loading capacity�

(%(w/w))

4:1 392� 15 7.01

4:2 319� 20 10.80

4:3 252� 10 14.26

4:4 121� 25 20.01

4:5 No particle formation 35.63

*Magnetite loading capacity ð%Þ ¼
magnetite ðwÞ

dried nanoparticles ðwÞ
� 100
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Figure 4 shows the FTIR spectra of the magnetite, PECA particles and magnetic PECA

nanoparticles. FTIR spectra of iron oxides exhibit strong bands in the low-frequency region

(1000� 300 cm�1) due to the iron oxide skeleton. Especially, the specific band of magnetite

(Fe3O4) was confirmed at 570 cm�1. The main features are the presence of all the bands of

PECA nanoparticles as well as the band of magnetite in the spectrum of the magnetic PECA

nanoparticles. From the analysis of the FTIR spectra, it was clearly demonstrated that the

magnetite existed in the prepared nanoparticles.

The saturation of magnetization of magnetic PECA nanoparticles was obtained using

VSM (Figure 5). The prepared particles exhibited the super-paramagnetic behaviour with a

narrow hysteresis cycle. Due to the presence of PECA polymer, the saturation of

magnetization of magnetic PECA nanoparticles is 6.5 emug�1 at magnetic field intensity

of 8000 Gauss exhibiting lower value than that of pure magnetite (45.0 emug�1).

(a)

(b)

(c)

Figure 3. TEM photography of (a) magnetite, (b) PECA nanoparticles and (c) magnetic PECA
nanoparticles.
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In-vitro microscopic visualization represents that the prepared particles have the magnetic

mobility under external magnetic field (Figure 6). The magnetic PECA nanoparticles

stained with fluorescence dye (Rhodamine B) were suspended in the rectangular channel

of sq. I.D. 1.0mm (Figure 6a). When the commercial Nd-Fe-B magnet (3500 Gauss)

was placed on the wall of the channel, the particles gathered on the wall within 1min

(Figure 6b). It demonstrated that the magnetic PECA nanoparticles were sensitive to

Figure 4. FTIR spectra of (a) magnetite, (b) PECA nanoparticles and (c) magnetic PECA
nanoparticles. The specific band of magnetite (Fe3O4) was confirmed at 570 cm�1 (arrow).

Figure 5. Magnetization curve obtained by VSM at room temperature of magnetic PECA
nanoparticles.
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external magnetic fields and seemed to have sufficient magnetization as a magnetic drug

carrier for targeted delivery.

The amount of drug encapsulated in the nanoparticles and the drug release profile

(Figure 7) were varied with the type of the drugs. The drug loading capacities of Cisplatin

and Gemcitabine were 38.09% (w/w) and 9.37% (w/w), respectively. This difference in the

drug loading capacities was caused by the solubility of the drug-in-oil phase. The drug

release of Cisplatin (hydrophobic) resulted in more sustained release behaviour than that of

Gemcitabine (hydrophilic), since the affinity of Cisplatin to oil phase was higher than that of

Gemcitabine. In early stage of release, an initial burst effect was observed in both drugs. This

behaviour was probably due to the small amount of poorly encapsulated drug bound to the

nanoparticle surface and/or to residual drug from manufacturing and handling (Ammoury

et al. 1993). The release behaviours of both drugs show nearly zero-order kinetics. Thus, the

mechanism of the drug release from magnetic PECA nanoparticles is responsible for mainly

a diffusion process from the oil core (reservoir system) through the polymeric network

constituting the nanocapsule shell.

(a) 

(b)

Figure 6. Images of magnetic PECA nanoparticles that gather by epi-fluorescence microscopy: (a)
without magnetic field, (b) with magnetic field (�800). Nd-Fe-B magnet is located under the channel.
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Conclusions

The magnetic PECA nanoparticles containing anti-cancer drug were successfully

synthesized by inter-facial polymerization. FTIR spectra and TEM showed the presence

of the magnetite which were well incorporated in the PECA nanoparticles. In addition, SEM

images and dynamic laser scattering analysis demonstrated that the magnetic PECA

nanoparticles have smooth surfaces and moderately uniform size distributions. The

possession of sufficient paramagnetic property was confirmed by in-vitro microscopic

visualization and VSM. Even though the drug loading capacity differs from the

hydrophobicity of drugs, both drugs exhibited the zero order release kinetics. Moreover,

the drug release pattern of Cisplatin (hydrophobic) showed sustained release behaviour.

These results suggest that the magnetic PECA magnetic nanoparticles may have a potential

as a highly versatile carrier for targeted delivery approach.
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