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Abstract 

Breast cancer is affecting about 23 % of all cancers diagnosed 

in women. So, it is crucial to develop the treatment for breast 

cancer patient. Tamoxifen (TAM) has been used for treating 

estrogen receptor (ER)-positive breast cancer however TAM 

suffer from non-specific delivery to the breast cancer. TAM 

was introduce to magnetite nanoparticle (MNP) to increase 

tissue selectivity using Poly (d,l-lactice-co-glycolide acid) 

(PLGA-TAM-OAMNP) via oil in water emulsion and 

evaporation process. It was discovered that the size of the 

modified nanoparticle is 384 ± 17 nm while also maintaining 

its superparamagnetic nature. The percentage of drug loading 

and entrapment efficiency of TAM inside the PLGA-TAM-

OAMNP is around 6% and 80% respectively. Then, drug 

release was conducted for the next 96 hours releasing about 

90% of the drug. The in vitro drug release was due to 

autocatalysis of PLGA. 

Keywords: Magnetite nanoparticle, Tamoxifen citrate, Poly 

(d,l-lactice-co-glycolide acid) 

 

INTRODUCTION 

Tamoxifen citrate (TAM) is a drug most commonly used to 

treat estrogen receptor (ER)-positive breast cancer. It prevent 

the estradiol from binding to the estrogen receptor thus inhibit 

the receptor from binding to the estrogen-response element on 

DNA. TAM is classified as selective estrogen receptor 

modulator (SERM) [1] it shows good bioavailability upon oral 

consumption and is primarily used for long-term prophylactic 

therapy for post-menopausal and high-risk women [2]. 

Following long-term therapy, it was discovered that it can 

triggered major side effects such as endometrial cancer and 

thromboembolic effect [3]. The unwanted side effects of TAM 

as well as many obstacles for effective drugs administration 

demands for targeted drug delivery application. So, scientist are 

working on to provide cancer treatment which is not harmful to 

the normal cells and or with minimal side effect. In recent 

times, there has been growing motivation to find suitable 

therapeutic agents which can be deliver to a specific site in the 

body hence improving the drugs efficiency and efficacy thus 

minimizing detrimental side effects.  

The magnetic property of magnetic nanoparticles (MNP) is an 

attractive properties for delivering TAM to the specific site in 

this case, the breast cancer site. It is a promising agent owing 

to its numerous advantageous characteristic for example 

biocompatibility, bio-safety, low cost, ease of preparation, and 

stability [4].  In this manner, proper delivery of drugs to a 

chosen site by means of external magnetic field stimulated drug 

release may deliver efficient pathway to treat cancer. Targeted 

drug delivery systems rooted on stimulus-responsive materials 

for controlled and sustainable drug release either in continuous 

or pulsed method by a non-invasive process are in high demand 

[5]. On the other hand, some heat dissipation from the magnetic 

particles under AC magnetic field can be attuned by adjusting 

the applied magnetic field from outside the body and normal 

tissues can be protected [6].  

Before applying MNP for targeted drug delivery, their physical 

properties must be examined thoroughly to have a complete 

impression about them so as to tune it according to 

requirements. MNP has been countlessly encapsulated inside 

polymer such as gelatin [7], chitosan [8], dextran [9], pullulan 

[10], Poly (ethylene-co- vinyl acetate) (PEVA) [11], PLGA 

[12], poly (vinylpyrrolidone) (PVP) [13], poly (ethyleneglycol) 

(PEG) [14], and poly (vinyl alcohol) (PVA) [15]. 

Biodegradable polymer can absorb drug and its degradation can 

control the release rates of the absorbed drug (Arias et al., 

2001). PLGA is broadly used to encapsulate MNP but before 

that, MNP is encapsulated inside oleic acid (OA) and was 

abbreviated as OAMNP. This is to promote the solubility of 

MNP inside the hydrophobic solution Previously, MNPs with 

anti-cancer drug (Doxorubicin) had been successfully 

encapsulated within PLGA using nano-emulsion methods [16]. 

Insulin were also managed to be encapsulated inside PLGA 

with MNPs producing a spherical microparticles with average 

size of 4.6 ± 2.2 µm [17].  

In this research, the drug of interest TAM suffer the non-

specific delivery as stated earlier, hence, TAM were introduce 

to OAMNP using PLGA (TAM-PLGA-OAMNP) via emulsion 

and evaporation techniques to improve the drug delivery to the 

breast cancer site. After successful incorporation of TAM and 

OAMNP inside PLGA, the percentage drug loading and 

entrapment efficiency of TAM were also studied to know the 

amount of TAM encapsulated inside PLGA. In addition, the 

drug released profile of TAM from the PLGA were investigated 

by fitting it into several kinetic model to learn about the 

mechanism of drug release of TAM from PLGA. Besides that, 

the colloidal stability of the final product were evaluated in 
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term of concentration, time, and temperature. The colloidal 

stability is one of preliminary test which is cost-effective that 

can be used to investigated the stability of PLGA-TAM-

OAMNP before it is used for future studies involving cell 

culture. 

 

MATERIALS AND METHODOLOGY 

Materials  

Iron (II) chloride tetrahydrate (FeCl2.4H2O, 99%) and iron (III) 

chloride hexahydrate (FeCl3.6H2O, 99%) were from Sigma-

Aldrich. Ammonium hydroxide (NH4, 32%), Oleic acid 

(C18H34O2, 99%) were acquired from R&M Chemicals. 

Nitrogen gas (N2) was obtained from Air Product Malaysia. 

Poly(d,l-lactide-co-glycolide) (PLGA, 75:25) (MW: 66.000-

107.000), polyvinyl alcohol (PVA) (MW: 30 000-70 000), 

hydrochloric acid (HCl, 37%), tamoxifen citrate (99%) and 

dichloromethane (CH2Cl2, 90%) were obtained from Sigma-

Aldrich. Cell culture media are made from Roswell Park 

Memorial Institute medium (RPMI), L-glutamine-penicillin-

streptomycin solution (L-glut-penstrap), and fetal bovine 

serum from calf were purchased from Sigma Aldrich. The 

colloidal stability test is conducted in three separate solution. 

The solution consists of phosphate buffer saline solution (PBS), 

complete cell culture media (CM) and cell culture media 

without serum (CMWS). Cell culture media are made from 

Roswell Park Memorial Institute medium (RPMI), L-

glutamine-penicillin-streptomycin solution (L-glut-penstrap), 

and foetal bovine serum from calf were purchased from Sigma 

Aldrich, St. Louis, USA.  

 

Synthesis of Magnetite Nanoparticle and Magnetite 

Nanoparticles coated with Oleic acid  

Co-precipitation technique was applied to produce MNPs. 

Initially, FeCl2.4H2O and FeCl3.6H2O were mixed at a 1:2 

molar ratio inside 150 mL of deionized water (DI).  Then, NH4 

was drop wisely to the previous mixture and stirred 800 rpm in 

45oC. A black precipitation was formed. Reaction mechanism 

of iron oxide formation from an aqueous mixture of ferrous and 

ferric chloride salts in the presence of a strong base as shown 

below:  

Fe2+  + 2Fe3+ +8OH-   Fe3O4 + 4H2O (1) 

Oleic acid (OA) were added during the precipitation process to 

prevent the oxidation of magnetite and reduce aggregation. The 

solution was bubbles in the N2 gas in order to prevent oxidation. 

The MNP that was coated with OA is abbreviated as OAMNP.  

 

Preparation of Magnetic Polymeric Nanoparticles  

The OAMNPs was mixed with dicholoromethane (DCM) (2 

mL) via ultrasonication in an ice bath for 5 minutes. About 200 

mg of PLGA was dissolved inside 2 mL of DCM. Next, the 

PLGA solution was added into OAMNP mixture, followed by 

PVA solution of 3.0% (w/v) and it was ultrasonicated for 5 

minutes until it forms a homogenous solution. The resulting 

O/W emulsion solution was diluted with 50 mL aqueous PVA 

solution of 0.3% (w/v). The mixture was agitated at 500 rpm 

and left for about 8 hours to make sure all the organic 

compound was fully evaporated. PLGA is hardened and the 

OAMNPs was entrapped inside the entangled PLGA chains. 

The final product was washed by using DI water before it was 

collected by centrifugation process at 9 000 rpm for 50 minutes. 

 

Preparation of Tamoxifen Citrate-Loaded Magnetite 

Polymeric Nanoparticles  

TAM loaded magnetic polymeric nanoparticles (PLGA-TAM-

OAMNP) were synthesized via method of O/W emulsion-

evaporation technique described in Section 3.3. About 2 mg of 

TAM were dissolved in DCM (2 mL). Then, TAM solution 

were mixed with OAMNP solution followed by the addition of 

PLGA, forming organic phase. Next, PVA solution of 3.0% 

(w/v) was mixed with the organic solution and was diluted with 

0.3% (w/v) PVA solution. Evaporation process was conducted 

in the dark since TAM is light sensitive. The final product was 

washed using DI water for several times and it was collected 

using centrifugation at 9 000 rpm at 4 oC. PLGA-TAM-

OAMNPs were dry by using lyophilization process for 48 h and 

it was put inside a desiccator to remove excess moisture. 

Finally, it was stored in dark condition at 4 oC for longer shelf 

life.  

 

Characterization of MNP, OAMNP, PLGA-OAMNP and 

PLGA-TAM-OAMNP  

MNPs, OAMNPs, PLGA-OAMNPs and PLGA-TAM-

OAMNPs were characterized using various instruments such as 

field emission scanning electron microscopy (FESEM) 

attached with energy-dispersive X-ray spectroscopy (EDX) 

(JSM 7600F, JOEL, USA), Zeta potential  attached with 

particle size analyzer (PSA) (Zetasizer Nano ZS90, Malvern, 

UK). 

 

Field emission scanning electron microscopy and energy-
dispersive x-ray spectroscopy 

The surface morphology of MNP and OAMNP were observed 

with FESEM. The sample that is in the powder form were 

individually prepared on aluminium (Al) stubs and coated with 

platinum (Pt) inside vacuum atmosphere by employing a 

sputter coater. The FESEM observations were performed at 5 

and 20 kV. The elemental composition is investigate using 

EDX. The samples preparation for EDX is similar to FESEM. 

Therefore, the FESEM and EDX reading were conducted 

simultaneously. 

 

Particle size analyser 

PSA is an instrument that can be used to determine the average 

size of particles dispersed in suspension or polymers in solution 

by applying dynamic light scattering (DLS) principle. About 

0.5 mg of the samples were sonicated inside 10 mL of water for 
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about 1 hour. After that, about 3 mL of the solution were put 

inside disposable cuvette. Then, it was analyzed by using PSA 

at room temperature.  

 

Zeta Potential  

Zeta potential usually denoted as ζ potential is generally used 

to determine the electrostatic interactions between the colloidal 

particles (attracted or repelled), the density of acidic sites on 

the surface of samples, and the stability of the colloidal 

dispersions. For the preparation of samples, the samples were 

dispersed inside the deionized water by using water bath 

sonicator for approximately 10 minutes. Then, it was injected 

into cells and run at ambient temperature. The process was 

repeated three times and the average values was taken to 

determine the ζ potential.  

 

UV-Vis spectrophotometer  

UV-Vis spectrophotometer is an equipment used to quantify 

the light which absorbed and scattered when passing through a 

sample. The cuvette used for this project is the quartz cuvette. 

A blank sample is a cuvette with the medium without the 

sample. It acts as reference used to correct each of the spectrum. 

This is to confirm that the special feature from the solvent will 

not be involved in the sample extinction spectrum. The amount 

of light absorbed were detected by the spectrophotometer. All 

the samples were dissolve in a certain solution in the case of 

drug loaded inside the PLGA, the solution used is acetonitrile 

while for measuring the drug release the solution used is PBS 

mixed with Methanol (MeOh) since it help with dissolving 

TAM.  The spectrophotometer scans all the component 

wavelength from 230-400 nm at the room temperature.  

 

Colloidal stability of PLGA-TAM-OAMNP  

The experiment was conducted to determine the ability of the 

PLGA-TAM-OAMNP to be colloidal stable in different 

medium such as PBS, CM and CMWS. Various parameters 

were studied ranging from the duration of sonication, 

temperature, types of solution and the concentration of the 

nanoparticles. The concentration of PLGA-TAM-OAMNP 

were varied at the range of 0.1, 0.15, 0.2, 0.25 mg/mL. Then, 

the samples were sonicated at various times (30, 60, 90 

minutes) and at 3 different temperatures (20, 30, 40 oC) by 

using a JAC Ultrasonic 2010. The aggregation was observed 

instantly after sonication finished followed by observation 

every 3 consecutive days. Sedimentation that occur at the 

bottom of the vials were observes by using naked eyes and the 

vials which contain the least amount of sediment were selected.  

 

Drug Loading Capacity and Encapsulation efficiency 

An accurately weighted amount of PLGA-TAM-OAMNP (10 

mg) was added into a vial containing 10 mL of acetonitrile 

solution and the mixture were mixed. The solution was then 

sonicated in a water bath shaker for 3 hours to ensure that all of 

the PLGA were fully dissolved. After that, the solution was 

centrifuged at 9000 rpm for 30 minutes. Then, 3 mL of the 

supernatants was taken for UV-Vis analysis. The absorbance of 

the supernatant was measured at TAM excitation wavelength 

which is λ = 236 nm by UV spectrophotometer (Shimadzu, UV-

1208). The amount of TAM recovered from the supernatant 

was determined by the absorbance at the excitation wavelength. 

Data was recorded as an average measurement of three 

independent replicates [18, 19]. Drug loading capacity (LC%) 

and encapsulation efficiency (EE%) of the nanoparticles are 

calculated according to Shi et al., (2014) and the formula are 

stated in Equations 2 and 3: 

 (2

) 

 (3

) 

 

In Vitro Drug release 

In vitro release profiles of PLGA-TAM-OAMNP were 

determined in phosphate buffer solution (PBS) at pH=7.4. 

About 30 mg of PLGA-TAM-OAMNP were suspended in 3 

mL of PBS. The tubes were placed in a water bath shaker at 37 
oC with a stirring rate of 90 rpm to simulate the condition in the 

body. At a scheduled time of intervals (0.5, 1, 2, 4, 8, 24, 48, 

72, 96 h), the tube was taken and its absorbance were measured 

using UV-Vis Spectroscopy immediately at lambda max of 236 

nm. The amount of drug released was determined by using the 

equation obtained from the standard curve. 

 

RESULT AND DISCUSSION 

Field emission scanning electron micrograph and energy-

dispersive x-ray spectroscopy analysis 

FESEM and EDX were used to study the morphology and the 

elemental composition of the MNPs and OAMNPs. The 

FESEM images of MNPs and OAMNPs in Figure 1 showed 

cluster of nanoparticle which is spherical in shape and their 

sizes are highly uniform. In term of EDX spectra for MNPs 

displayed in Figure 2, there are 0.5 keV peak spectrums, which 

represent Oxygen Kα. On the other hands, 0.7 keV 

corresponded to Ferum Lα. This spectrum also appears in the 

OAMNP EDX spectra in Figure 2 with another spectra of C. 

The spectra observed for OAMNP is C, O, and Fe, which are at 

0.3, 0.5, and 0.7 keV, respectively. Due to the instrument 

sensitivity, the EDX analysis is unable to show H, which is a 

part of the main element in MNPs and OAMNPs. Besides that, 

Pt spectra were also observed at 2.1 KeV since both of the 

samples are coated with Pt before observation was made. On 

the other hand, some impurities were also detected at 1.48 and 

2.6 keV, which represent the impurities from aluminium (Al) 

and chloride (Cl) during the preparation process. The impurities 

were so small that it is negligible.  

The impurities can be prevented by avoiding the usage of foil 

and making sure the chemical compound of Iron (II) chloride 

tetrahydrate (FeCl2.4H2O) and iron (III) chloride hexahydrate 
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(FeCl3.6H2) fully finished the reaction before the imaging take 

place. 

 

 

 

Figure 1. FESEM images for MNP and OAMNP 

 

 

Figure 2. EDX spectra of MNP and OAMNP 

 

The elemental composition data extracted from the EDS is 

presented in Figure 3, the atomic percentage of MNP for each 

element are about 83% of O and 17% of Fe, while OAMNP 

consist of 44% of C, 46% of O, and 10% of Fe.The  amount of 

impurities such as Al and Cl are so small that it is negligible. 

 

Figure 3. Elemental composition of MNP and OAMNP 

 

Particle size analyser analysis 

The particle size distribution of the PLGA-TAM-OAMNP and 

PLGA-OAMNP using PSA are 384 ± 17 nm and 273 ± 29 nm 

as shown in Figure 4 and 5 respectively.  The increase in size 

of PLGA-TAM-OAMNPs suggest that TAM was loaded inside 

PLGA. On the other hand, the polydispersity index (PDI) of 

both samples are low which is less than 0.4 indicating that the 

particle are moderately polydispersed.  

 

Figure 4. The average particle size of PLGA-OAMNP is 273 

nm 

 
Figure 5. The average particle size of PLGA-TAM-OAMNP 

is 384 nm 

 

Zeta Potential analysis 

Zeta (ζ) potential is an essential for physico-chemical 

parameter for characterizing nanoparticle. Jain and Banerjee 

[20] stated that the stability of a formulation can be influence 

by ζ potential. It indicates that the nanoparticles shelf life, 

colloidal stability, its interaction toward a charged drug in a 

dispersion, and the bonding or repulsion of drug delivery 

systems in biological system.  
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The stability of a dispersion refers to the particles ability to 

prevent changes on its properties. From the work carried out by 

Dillen et al., it is known that when the ζ potential is extremely 

small positive or negative, it could cause greater attractive 

forces thus the particles are more incline to aggregate or 

flocculate [21]. 

From the analysis, the ζ potentials of PLGA-TAM-OAMNPs 

and PLGA-OAMNPs are -35.4 mV and -50.6 mV, respectively. 

There is a slight decreased in the value of the ζ potential after 

TAM was loaded into the nanoparticle. Furthermore, Jain and 

Banerjee work in 2008 has shown that when the ζ potentials is 

more than 30 mV, the nanoparticles are highly stable compared 

to the ζ potentials at the range of 20-30 mV [20]. Since, PLGA-

TAM-OAMNPs and PLGA-OAMNPs are both higher than 30 

mV, therefore they are stable. 

This is due to the physicochemical properties of the 

encapsulated drug.  Research done by Lu et al., suggested that 

the half-life of the loaded nanoparticles can increase in 

circulation if the carrier is negatively charged, as the 

endothelium surface charge is also negative [22]. In 2002,  

Ahsan and his colleague has proved that in both positively and 

negatively charged particles, the rate of phagocytosis (one of 

the cellular uptake pathway) is improved when the zeta 

potentials is increasing [23]. 

 

Colloidal Stability of PLGA-TAM-OAMNP  

The colloidal stability of PLGA-TAM-OAMNPs in various 

solution was studied by observation of the appearance of 

sedimentation, aggregation, and the change of color. Hence, the 

composite particle was subjected to disperse inside a generally 

used cell media, for instance, PBS, CM, and CMWS setting the 

concentration in increment from 0, 0.10, 0.15, 0.20, and 0.25 

mg/mL. The dispersant was subjected to various parameter 

including the temperature which were at 20, 30, and 40 °C, and 

at different sonication duration ranging from 30, 60, and 90 

minutes. The solution was left for three days and each day the 

dispersant was observed and recorded for any sedimentation or 

aggregation. The comparison between stable and unstable 

colloidal system is shown in Figure 6. The unstable colloid 

form aggregation and sedimentation while the stable colloid is 

homogenously dispersed inside the solution. 

 

Figure 6. Comparison between stable and unstable colloid 

system 

From observation of PLGA-TAM-OAMNPs dispersion, many 

of the dispersion initially were able to disperse homogenously. 

As the time pass by, PLGA-TAM-OAMNPs undergoes 

sedimentation and aggregation. Hence, the dispersion that have 

lesser sedimentation and aggregation were considered 

relatively colloidal stable. Figure 7, 8, and 9 shown the 

dispersion that is colloidal stable.  

 

Figure 7. The most colloidal stable in term of concentration, 

time, and temperature in PBS 

 

 

Figure 8. The most colloidal stable in term of concentration, 

time, and temperature in CM 

 

 

Figure 9. The most colloidal stable in term of concentration, 

time, and temperature in CMWS 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 5360-5369 

© Research India Publications.  http://www.ripublication.com 

5365 

There are a number of factors influencing the colloidal stability 

of a particles. In this project, the particles were subjected to a 

variety of conditions: 1) temperature (20, 30, 40oC), 2) duration 

of sonication (30, 60, and 90 minutes), 3) type of solution (PBS, 

CM, and CMWS), and 4) concentration of the PLGA-TAM-

OAMNPs (0.10, 0.15, 0.20 and 0.25 mg/mL). On the other 

hand, the pH of all the medium would be constant at 7.4 which 

is the blood pH since the drug are intended to be delivered via 

intravenous pathway thus increasing their effectiveness in 

treating the cancer and it also reduce the general toxicity [24]. 

The colloid stability is identified to be influenced by the 

temperature. The PLGA-TAM-OAMNPs dispersed in PBS, 

CM and CMWS colloidal stability was found to be the most 

stable one at 30°C that is at room temperature. When the 

temperature increased in this case up to 40oC, the particle 

obtained a higher kinetic energy. Therefore, the particles 

vigorously strike each other at a higher frequency, hence 

aggregation occurs faster thus reducing its colloidal stability. 

At low temperature, which is at 20oC, the particle size 

increases. the particle size increases because the growth of 

aggregation is induced as temperature decreases in accordance 

to Kodama [25].  

In terms of duration of sonication, the particle size is dependent 

on it. As the particles exposed to sonication for a longer 

duration, the particle size becomes smaller according to Singh 

et al., [26]. The particle size after 90 minutes of sonication is 

smaller than 60 minutes of sonication. On the other hand, the 

size of PLGA-TAM-OAMNPs sonicated for 60 minutes is 

smaller compared to the size of PLGA-TAM-OAMNPs 

sonicated for 30 minutes. The particle sonicated for 90 minutes 

has smaller size, which encourages the stability of the PLGA-

TAM-OAMNPs, which were sonicated in all of the solution 

tested. Hence, the dispersion able to resist the occurrence of 

aggregation. The dispersant formed aggregation when 

attraction force exceeded the repulsion force as suggested by 

DLVO theory. The particle can stay suspended without 

developing aggregation when the repulsion force surpasses the 

gravitational force acting on the particles.  

In the case of the type of solutions, PBS is a water-base salt 

solution that contains sodium chloride, sodium phosphate, and 

in some formulations, potassium phosphate and potassium 

chloride. Salt solution such as PBS can cause aggregation by 

weakening change-charge repulsion or by dipole interaction, 

hence, promoting aggregation to occur when PLGA-TAM-

OAMNPs was sonicated in PBS.  

On the other hand, CM is consisting of DMEM media, L-

Glutamine-Penicillin-streptomycin solution, and foetal bovine 

serum while CMWS is similar with CM except that it does not 

contained foetal bovine serum. DMEM is a modification of 

Basal Medium Eagle (BME) that contains four-fold higher 

concentration of amino acids and vitamins along with 

additional components. Amino acid compound encompasses 

both a carboxyl (-COOH) group and an amino (-NH2) group. 

Since DMEM contains high ionic concentration, it causes the 

electrostatic interactions to be screened. In addition, stabilized 

particle might become unstable through loss of surface 

functionality or molecule or protein adsorption subsequently 

causing the formation of aggregation. Serum in the CM forms 

a protective shell around the particles and this interaction 

affects the surface charge of the particles, which in change 

causes a better stability as mentioned by Nafee et al.[27].  

 

Preliminary Drug Extraction Studies 

In order to determine the drug loaded in PLGA-TAM-

OAMNPs, a standard curve must be plotted. Therefore, a 

known concentration of stock solution made up of fully 

dissolved TAM inside acetonitrile was analyzed using a UV-

Vis spectrophotometer and followed by serial dilution of the 

stock solution. From the analysis, it was known that the lambda 

max (𝜆𝑚𝑎𝑥 ) for TAM is 236 nm as shown in Figure 10. A 

graph of the concentration versus absorbance was plotted in 

Figure 11 and it correlation coefficient, R2 is 0.9992. The 

loading percentage of TAM in PLGA-TAM-OAMNPs was 

determined via the UV-Vis spectroscopy. From the standard 

curve, the %LC of TAM inside PLGA-TAM-OAMNPs is 

0.1602±0.0239 mg, which is around 6% while its %EE was 

determined to be 80% via Equation 2 and 3.  

 

Figure 10. Lambda max of TAM dissolve in acetonitrile 

 

Figure 11. Standard curve of TAM dissolve in acetonitrile 
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In vitro controlled-release study 

The in vitro drug release experiment was conducted for 96 

hours in PBS (pH=7.4) displayed in Figure 12. PLGA-TAM-

OAMNPs followed a typical biphasic drug released behavior 

for many PLGA particles. Initially, PLGA-TAM-OAMNPs 

suffer from burst released then followed by sustained drug 

released. The rapid release of TAM might be caused by the 

release of the drug adsorbed at the surface of the nanoparticle. 

In addition, due to its small size, it has larger surface to volume 

ratio, which stimulates the burst release as suggested by Joshi 

et al., [28]. The second phase of drug release which is a 

sustained drug release pattern that was recorded for the next 96 

h releasing 89% of the drug. The drug released was determined 

by using the standard curve as shown in Figure 13. 

 

Figure 12. Standard curve dissolve in mixture of PBS and 

MeOH 

 

 

Figure 13. Cumulative drug released of PLGA-TAM-

OAMNPs 

 

The in vitro drug release was fitted into different kinetic models 

consisting of Zero order, First order, Higuchi model, Hixson 

Crowell, Korsmeyer–Peppas and Pseudo-second order 

presented in Figure 14.  

 

 

Figure 14. Kinetic model of drug released plotted in Zero order, First order, Pseudo-second order, Hixson Crowell,  Korsmeyer 

Peppas, Higuchi model and accordingly. 
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The Zeroth order release of drug (Equation 4) is where the rate 

of the drug release is independent of its concentration. On the 

other hand, the First order release (Equation 5) system is 

dependent on its concentration [29]. Higuchi (Equation 6) 

states that the drug release from insoluble matrix as a square 

root of time owing to Fickian diffusion [30]. Korsmeyer-

Peppas described the drug release that occurs in polymeric 

system using a mathermatical relationship (Equation 7 and 8) 

[31]. Pseudo-second order can be express in Equation 9 and the 

release is chemically rate controlling [32]. Hixson-Crowell 

model describes the release from systems where there is a 

change in diameter and surface area of particles or tablets,  and 

mathematically describe in equation 10 [31] 

𝐶 = 𝑘𝑜𝑡 (4) 

Where, C is the concentration of drug at time t, t is the time and 

k0 is zero-order rate constant expressed in units of 

concentration/time. 

𝑙𝑜𝑔 𝐶𝑜 − 𝑙𝑜𝑔 𝐶 =
𝑘1𝑡

2.303
 

(5) 

Where, C0 is the initial concentration of drug and k1 is the first 

order rate constant. 

𝐶 = 𝐾𝐻√𝑡 (6) 

Where, KH is the constant reflecting the design variables of the 

system. 

𝑀𝑡

𝑀∞

= 𝐾𝐾𝑃𝑡𝑛 
(7) 

𝑙𝑜𝑔 
𝑀𝑡

𝑀∞

= log 𝑘 + 𝑛 log 𝑡 
(8) 

Where Mt/M∞ is the fraction of drug released at time t, KKP is 

the rate constant and n is the release exponent.  

𝑡

   𝑞𝑡

=
1

𝑘2𝑞𝑡
2 +

1

𝑞𝑒

𝑡 
(9) 

Where 𝑞𝑒 is the drug release at time t,  𝑞𝑡  𝑖𝑠 cumulative drug 

release at time t, and 𝑘2 is  Rate constant of the pseudo-second 

order kinetics.  

3√𝑄𝑜 − 3√𝑄𝑡 = 𝐾𝐻𝐶𝑡 (10) 

Where 𝑄𝑜 is the Initial amount of drug, 𝑄𝑡 is the cumulative 

amount of drug release at t, and 𝐾𝐻𝐶  is Hixson-Crowell release 

constant. 

 

Based on the release kinetic analysis, the release data was best 

fitted with Pseudo-second order, with the highest R2=0.989. 

Several work had report the pseudo-second order kinetic model 

that occur to PLGA [33, 34]. In this case, the ester and 

carboxylic bond concentration differ while the concentration of 

the water is expected to be constant during the degradation of 

PLGA.  Therefore, the drug release was subjected to the 

autocatalysis of PLGA caused by the increase in ester and 

carboxylic concentration from hydrolysis process. 

 

CONCLUSION 

OAMNPs and TAM were able to be encapsulated together 

inside PLGA (75:15) using O/W emulsion and evaporation 

technique. TAM was successfully loaded inside the PLGA and 

it was released by following a biphasic phase. The drug 

released were fitted into several kinetic models where it 

displayed the highest R2 in Pseudo-second order model. 

Therefore, TAM was released due to the autocatalysis of PLGA 

owing to increase of ester and carboxylic bond concentration 

after PLGA undergo hydrolysis. The colloidal stability 

correlates well with the particle size. PLGA-TAM-OAMNPs 

dispersed in all of the physicological buffer has the least 

amount of aggregation when the sonication time is set 90 

minutes at 30°C when dispersed in all of the physiological 

buffer. Besides that, concentration at 0.1 mg/mL produces the 

least amount of aggregation. In the future, these type of PLGA-

TAM-OAMNPs have the potential to be applied in biomedical 

field as long as both their toxicity and the colloidal stability is 

carefully assessed. 

Acknowledgments: The author would like to acknowledge 

Mansor Hasim and Toshiki Miyazaki for the support and 

supervision in term of magnetic materials. The part of this work 

was supported by the programs in “Promotion and 

Standardization of the Tenure-Track System (Kojinsenbatsu)” 

financed by Ministry of Education Culture, Sports, Science and 

Technology (MEXT), Student Exchange Support Program 

financed by Japan Student Services Organization and Putra 

Group Initiative (IPB) Research Grant financed by Universiti 

Putra Malaysia. 

 

Conflicts of Interest: The authors declare no conflict of 

interest. 

 

REFERENCES 

1. Jordan, V.C., Designer Estrogens. Scientific 

American, 1998. 279(4): p. 60-67. 

2. Traboulsi, T., et al., Antiestrogens: structure-activity 
relationships and use in breast cancer treatment. 
Journal of molecular endocrinology, 2017. 58(1): p. 

R15-R31. 

3. Aronson, J.K., Meyler's Side Effects of Drugs: The 
International Encyclopedia of Adverse Drug 
Reactions and Interactions. 2015: Elsevier Science. 

4. Goswami, M.M., Synthesis of micelles guided 
magnetite (Fe3O4) hollow spheres and their 
application for AC magnetic field responsive drug 
release. Scientific reports, 2016. 6. 

5. Coelho, J.F., et al., Drug delivery systems: Advanced 
technologies potentially applicable in personalized 
treatments. EPMA journal, 2010. 1(1): p. 164-209. 

6. Motoyama, J., et al., Size dependent heat generation 
of magnetite nanoparticles under AC magnetic field 
for cancer therapy. Biomagnetic Research and 

Technology, 2008. 6: p. 4-4. 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 5360-5369 

© Research India Publications.  http://www.ripublication.com 

5368 

7. Parikh, N. and K. Parekh, Technique to optimize 
magnetic response of gelatin coated magnetic 
nanoparticles. Journal of Materials Science: Materials 

in Medicine, 2015. 26(7): p. 202. 

8. Li, G.-y., et al., Preparation and properties of 
magnetic Fe 3 O 4–chitosan nanoparticles. Journal of 

alloys and compounds, 2008. 466(1): p. 451-456. 

9. Li, Z., et al., Solid-phase hybridization efficiency 
improvement on the magnetic nanoparticle surface by 
using dextran as molecular arms. Journal of 

biomedical nanotechnology, 2013. 9(11): p. 1945-

1949. 

10. Gao, F., et al., Pullulan acetate coated magnetite 
nanoparticles for hyper-thermia: preparation, 
characterization and in vitro experiments. Nano 

Research, 2010. 3(1): p. 23-31. 

11. Lee, M.-H., et al., Synthesis of magnetic molecularly 
imprinted poly (ethylene-co-vinyl alcohol) 
nanoparticles and their uses in the extraction and 
sensing of target molecules in urine. ACS applied 

materials & interfaces, 2010. 2(6): p. 1729-1736. 

12. Yang, J., et al., Antibody conjugated magnetic PLGA 
nanoparticles for diagnosis and treatment of breast 
cancer. Journal of Materials Chemistry, 2007. 17(26): 

p. 2695-2699. 

13. Huang, J., et al., Effects of nanoparticle size on 
cellular uptake and liver MRI with 
polyvinylpyrrolidone-coated iron oxide 
nanoparticles. ACS nano, 2010. 4(12): p. 7151-7160. 

14. Cole, A.J., et al., Polyethylene glycol modified, cross-
linked starch-coated iron oxide nanoparticles for 
enhanced magnetic tumor targeting. Biomaterials, 

2011. 32(8): p. 2183-2193. 

15. Kumar, R.V., et al., Preparation of amorphous 
magnetite nanoparticles embedded in polyvinyl 
alcohol using ultrasound radiation. Journal of 

Materials Chemistry, 2000. 10(5): p. 1125-1129. 

16. Gupta, A.K. and M. Gupta, Synthesis and surface 
engineering of iron oxide nanoparticles for 
biomedical applications. Biomaterials, 2005. 26(18): 

p. 3995-4021. 

17. Cheng, J., et al., Magnetically responsive polymeric 
microparticles for oral delivery of protein drugs. 
Pharmaceutical research, 2006. 23(3): p. 557-564. 

18. Shafiu Kamba, A., et al. Synthesis and 
Characterisation of Calcium Carbonate Aragonite 
Nanocrystals from Cockle Shell Powder (Anadara 
granosa). Journal of Nanomaterials [Research article] 

2013 2013 

2018/01/09/01:44:16; Available from: 

https://www.hindawi.com/journals/jnm/2013/398357

/. 

19. Zaki, N.M. and M.M. Hafez, Enhanced antibacterial 
effect of ceftriaxone sodium-loaded chitosan 
nanoparticles against intracellular Salmonella 
typhimurium. AAPS PharmSciTech, 2012. 13(2): p. 

411-421. 

20. Jain, D. and R. Banerjee, Comparison of ciprofloxacin 
hydrochloride-loaded protein, lipid, and chitosan 
nanoparticles for drug delivery. Journal of 

Biomedical Materials Research. Part B, Applied 

Biomaterials, 2008. 86(1): p. 105-112. 

21. Dillen, K., et al., Factorial design, physicochemical 
characterisation and activity of ciprofloxacin-PLGA 
nanoparticles. International Journal of Pharmaceutics, 

2004. 275(1-2): p. 171-187. 

22. Lu, W., et al., Brain delivery property and accelerated 
blood clearance of cationic albumin conjugated 
pegylated nanoparticle. Journal of Controlled 

Release: Official Journal of the Controlled Release 

Society, 2007. 118(1): p. 38-53. 

23. Ahsan, F., et al., Targeting to macrophages: role of 
physicochemical properties of particulate carriers—
liposomes and microspheres—on the phagocytosis by 
macrophages. Journal of Controlled Release, 2002. 

79(1): p. 29-40. 

24. Xu, X., et al., Cancer nanomedicine: from targeted 
delivery to combination therapy. Trends in Molecular 

Medicine, 2015. 21(4): p. 223-232. 

25. Kodama, R., Magnetic nanoparticles. Journal of 

Magnetism and Magnetic Materials, 1999. 200(1): p. 

359-372. 

26. Singh, G., et al., Processing, Properties, and Design 
of Advanced Ceramics and Composites. 2016: John 

Wiley & Sons. 577. 

27. Nafee, N., et al., Relevance of the colloidal stability of 
chitosan/PLGA nanoparticles on their cytotoxicity 
profile. International Journal of Pharmaceutics, 2009. 

381(2): p. 130-139. 

28. Joshi, V.B., S.M. Geary, and A.K. Salem, 

Biodegradable Particles as Vaccine Delivery 
Systems: Size Matters. The AAPS Journal, 2012. 

15(1): p. 85-94. 

29. Dash, S., et al., Kinetic modeling on drug release from 
controlled drug delivery systems. Acta Poloniae 

Pharmaceutica, 2010. 67(3): p. 217-223. 

30. Arora, G., et al., Formulation and evaluation of 
controlled release matrix mucoadhesive tablets of 
domperidone using Salvia plebeian gum. Journal of 

Advanced Pharmaceutical Technology & Research, 

2011. 2(3): p. 163-169. 

31. Gouda, R., H. Baishya, and Z. Qing, Application of 
Mathematical Models in Drug Release Kinetics of 
Carbidopa and Levodopa ER Tablets. J Develop 

Drugs, 2017. 6(171): p. 2. 

http://www.hindawi.com/journals/jnm/2013/398357/
http://www.hindawi.com/journals/jnm/2013/398357/


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 5360-5369 

© Research India Publications.  http://www.ripublication.com 

5369 

32. Versypt, A.N.F., D.W. Pack, and R.D. Braatz, 

Mathematical Modeling of Drug Delivery from 
Autocatalytically Degradable PLGA Microspheres—
A Review(). Journal of controlled release : official 

journal of the Controlled Release Society, 2013. 

165(1): p. 29-37. 

33. Antheunis, H., et al. Autocatalytic Equation 
Describing the Change in Molecular Weight during 
Hydrolytic Degradation of Aliphatic Polyesters. 

[research-article] 2010 

2010/02/26/2017/08/08/03:53:09; Available from: 

http://pubs.acs.org/doi/full/10.1021/bm100125b 

34. Haruo Nishida, et al. Theoretical Prediction of 
Molecular Weight on Autocatalytic Random 
Hydrolysis of Aliphatic Polyesters. [research-article] 

2000 2000/07/29/2017/08/08/03:54:17; Available 

from: http://pubs.acs.org/doi/full/10.1021/ma992102j 

 

http://pubs.acs.org/doi/full/10.1021/bm100125b
http://pubs.acs.org/doi/full/10.1021/ma992102j

