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Current research had successfully encapsulated magnetic nanoparticles (MNP) 
with selective estrogen receptor drug tamoxifen citrate (TAM) using Poly (d,l-
lactice-co-glycolide acid) (PLGA 75:25) via oil in water emulsion technique. TAM 
is a good example of a drug that is difficult to dissolve. TAM is currently approved 
for the treatment of hormone-sensitive and early-stage breast cancer as an 
adjuvant endocrine therapy. The majority of the prescription medicine in today 
market is made up of poorly soluble, bioavailable, and quickly metabolized and 
eliminated drug which is a continuously challenges up to these days.  Therefore, 
it is imperative to overcome this disadvantage by encapsulating TAM inside PLGA 
together with MNP for improved drug delivery. The MNP coated with oleic acid 
(OA) was synthesized using co-precipitation method and it is known as OAMNP. 
The fabricated nanohybrid is known as TAM-PLGA-OAMNP where the TAM was 
encapsulated together with OAMNP within PLGA. XRD results showed that 
OAMNP is Fe3O4. FTIR spectra revealed that the TAM was successfully encased 
into the PLGA structure. TAM-PLGA-OAMNP average size is about 131 ± 28 nm 
as shown in TEM results. The nanohybrid nanoparticles showed the absence of 
hysteresis loop indicative of superparamagnetic properties. 
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INTRODUCTION
Nanoscience is among the most prominent 

scientific areas of contemporary science. Currently, 
nanotechnology is being used in the medical, 
pharmaceutical, robots, computing and tissue 
engineering sector. It has a numbers of advantages 
owing to its unique characteristic and small sizes 
of the   nanomaterials   [1]. Amongst the unique 
nanoparticles is magnetic nanoparticles (MNPs) 
which is a  nanoparticles that can be manipulated 

by the application of external  magnetic fields [2]. 
Nickel (Ni), Iron (Fe), Zinc (Zn), Cobalt (Co) and 
their chemical compositions are commonly found 
in magnetic  particles. Furthermore, the MNPs’ 
composition is determined by their expected 
application. The magnetic cores of MNPs are made 
up of elements including cobalt (Co), nickel (Ni), 
and neodynium-iron-boron (NIB), which boost 
magnetic properties however  it is easily oxidized 
and harmful to the human body  [3,4]. 

Nowadays, the most extensively studied MNPs 

http://creativecommons.org/licenses/by/4.0/.
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are ferrite nanoparticles. In general, when the 
size of the ferrite particle exceeds a critical size, it 
becomes superparamagnetic, which indicates it can 
spontaneously become magnetized or demagnetize 
when external magnetic field exposed or removed 
to it respectively. As MNPs are incorporated 
into a living thing, they become magnetized 
only in the presence of external magnetic fields, 
which confers on them their special properties 
and enables their use in biological settings. The 
MNPs superparamagnetism offer countless 
advantages, including selective attachment to 
functional molecules, the ability to provide 
magnetic properties to the object, and the ability 
to manipulate and move to a specific position by 
manipulating the magnetic field generated by an 
permanent magnet or an electromagnet [5].

MNPs have been used in biomedical 
applications extensively such as  magnetic cell 
sorting, hyperthermia, MRI contrast agents, and 
immunoassay pathology laboratories. MNPs 
were first developed in 2003 for the treatment of 
hyperthermia and the controlled drug delivery [6]. 
MNPs and chemotherapeutic drug molecules 
(doxorubicin) were conjugated using multifunctional 
magneto-polymeric nanohybrids (MMPN), which 
are amphiphilic block copolymers. By focusing 
on the overexpressed HER2/neu cancer marker, 
the MMPNs is utilised to portray the tumour of 
breast cancer. In mice implanted with breast cancer 
xenografts, higher tumor growth suppression is 
observed when targeted drug delivery are combined 
in MMNP [7].  

Other studies have discovered that drug 
molecules combined with MNPs were directly 
triggered in cancer cells. MNPs are used to transport 
doxorubicin drug  to malignant tissue of breast cancer 
activate them in the tumour setting, resulting in a 
more targeted and specific breast cancer therapy; the 
therapeutic impact, in particular, can be monitored 
using noninvasive MRI. [8]. According to previous 
studies, MNPs have a promising potential, especially 
for targeted drug delivery systems.   Lipophilic 
medications were stabilised in circulation thanks to 
the usage of MNPs as a targeted drug transporter. 
Furthermore, owing to their superparamagnetic 
properties, MNPs may be localised at a specific site 
by utilising an active magnetic field, making MNP a 
good carrier for selective drug distribution.

Bare  MNPs are unsuitable as a drug carrier 
due to certain constraints, including a limit on the 
amount of drug transported by the carrier and its 

drug release speeds. Hence, the MNP is encased with 
oleic acid (OAMNP) to shield it from degradation 
and to prevent it from escaping into the body [9,10]. 
Furthermore, the OA coating minimise the MNP 
size while also rendering it hydrophobic, allowing it 
to be integrated in the suggested method of preparing 
the multifunctional nanocomposite. Furthermore, it 
may improve the entrapment performance of the 
MNP within the polymer of preference (PLGA) 
[11]. The drug is  encased in the  biodegradable 
polymer, and the rate of release of the drug can be 
regulated by the polymer  degradation rates  [12]. 
Thus, the  MNPs are often coated with silicone as 
a result of this. Chitosan, gelatin, pullulan, and 
dextran are examples of natural polymers that can 
be use for coating MNPs. Additionally, synthetic 
polymers include poly (ethylene-co-vinyl acetate) 
(PEVA), PLGA, poly (vinylpyrrolidone) (PVP), poly 
(ethyleneglycol) (PEG), and poly (vinyl alcohol) 
(PVA) [13].

Magnetite is commonly encapsulated with 
PLGA. PLGA was used in nano-emulsion 
methods to encapsulate MNPs with an anti-cancer 
medication (Doxorubicin) [14]. Cheng and a 
colleague encapsulated MNPs with insulin inside 
PLGA in 2005. Sphere microparticles with average 
sizes of 4.6 ± 2.2 μm were successfully synthesized 
[15]. Another studies used PLGA to encapsulated 
different types of drug such as Methotrexate (MTX) 
and paclitaxel (PTX) which yield a spherical shape 
nanoparticles with particle size of 212 nm [16].

Patients with estrogen receptor (ER) positive 
breast cancer have been treated for more than three 
decades with tamoxifen citrate (TAM). It inhibits 
the estrogen receptor from binding to estradiol, 
thus preventing the receptor from binding to the 
estrogen-response factor on DNA [17]. Numerous 
studies have been experimenting with encapsulating 
MNPs with other  drugs. In 2005, PLGA is used 
to encased MNPs [18], while TAM had been 
encapsulated using chitosan modified PLGA as in 
the previous researches [19].  The primary objective 
of this project is to create a multifunctional 
nanoparticle with superparamagnetism and 
therapeutic ability  by enclosing  MNPs together 
with TAM in an oil in water emulsion evaporation 
technique for biomedical purpose.

MATERIALS AND METHODS
Materials

Iron species such as Iron (II) chloride 
tetrahydrate (FeCl2.4H2O, 99 %), and iron (III) 
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chloride hexahydrate (FeCl3.6H2O, 99 %) were 
bought from Sigma-Aldrich, Oleic acid (C18H34O2, 
99 %), Ammonium hydroxide (NH4, 32%) 
purchased from R&M Chemicals. Nitrogen gas (N2) 
was supplied from Air Product Malaysia.  Polyvinyl 
alcohol (PVA) (MW: 30 000-70 000), Poly(d,l-
lactide-co-glycolide) (PLGA, 75:25) (MW: 66 000-
107 000), Tamoxifen citrate (99%), Hydrochloric 
acid (HCl, 37 %), Dichloromethane (CH2Cl2, 90%) 
obtained from Sigma-Aldrich. 

Preparation of Magnetite Nanoparticle and 
Magnetite Nanoparticles coated with Oleic acid

MNPs were formulated following co-
precipitation method  with slight modification. 
Two types of iron salt; FeCl2.4H2O and FeCl3.6H2O 
were used as the iron species. Fe2+ (ferrous ion) 
and Fe3+ (ferric ion) chloride is dispersed in 150 
mL of deionized water in a molar ratio of  1:2 to 
produce MNPs. Following that, NH4 (25 mL) was 
slowly added to the mixture and agitated at 45 oC 
at an 800 rpm stirring velocity. The precipitation 
was of a dark brown. A surfactant was added to 
avoid magnetite from oxidizing and to inhibit 
aggregation. OA was used as a surfactant. This 
reaction is about 1 hour. As with the oxidation rate 
of the iron salt, the particle formation must take 
place in an environment free of oxygen hence the 
solution was bubble with N2 to prevent oxidation. 
Thus, the particle size would be reduced compare 
to the one in which no N2 gas is introduced into the 
solution [20]. The MNPs encapsulated with OA are 
called OAMNPs.

Synthesis of Magnetic Polymeric Nanoparticles
The samples were prepared slightly differently 

than described in previous work [11]. OAMNPs 
is encapsulated in PLGA using the O/W emulsion 
technique (75:25). The prepared OAMNPs were 
then ultrasonically combine with Dichloromethane 
(DCM) for 5 minutes in an ice bath. Then, PLGA 
(200 mg) was vortexed until completely dissolve in 2 
mL of DCM. Following that, the OAMNPs mixture 
was mixed with the PLGA solution accompanied by 
a 3.0 % (w/v) PVA solution via ultrasonication for 5 
minutes until the mixture become homogenous. 
The resulting O/W emulsion solution was diluted 
by adding 50 mL of a 0.3 % (w/v) aqueous PVA 
solution. The solution was agitated at 500 rpm 
for 8 hours to ensure that all organic molecules 
evaporated completely. PLGA hardened, trapping 
the OAMNPs within the entangled PLGA. The 

prepared PLGA-OAMNP was washed with DI 
water and centrifuge at 9000 rpm for 50 minutes 
Then the final product was collected and stored in 
desiccator. The final product is denoted as PLGA-
OAMNPs.

Tamoxifen Citrate Loaded into Magnetite Polymeric 
Nanoparticles

TAM-loaded magnetic polymeric nanoparticles 
(TAM-PLGA-OAMNP) was prepared using the 
O/W emulsion evaporation technique. The organic 
phase was formed by adding around 2 mg of TAM 
to the PLGA solution and then adding OAMNP. 
For an additional 5 minutes, the organic phase 
was sonicated with a 3.0% (w/v) PVA solution. 
After that, a PVA solution of 0.3 % (w/v) was 
added to the preceding sample. Since TAM is light 
sensitive, the evaporation procedure was carried 
out in the dark. The nanocomposite was washed 
by centrifugation  at 9,000 rpm in order to aid 
in the removal of impurities and residues.  The 
TAM-PLGA-OAMNPs were prepared through 
lyophilization for 48 hours, and they were then 
placed in a desiccator to eliminate moisture. Finally, 
it was kept in the dark for extended shelf life.

Characterization of MNP, OAMNP, PLGA-OAMNP 
and PLGA-TAM-OAMNP

The properties of each samples; MNPs, 
OAMNPs, PLGA-OAMNPs and TAM-PLGA-
OAMNPs will be assessed using various instruments 
such as Fourier transform infrared spectroscopy 
(FTIR) (Spectrum 100,Perkin Elmer, USA), X-ray 
diffraction (XRD) (Xpert pro, PANanalytical 
Philips, The Netherlands), thermalgravimetric 
analysis (TGA) (TGA/DSC 1 HT, Mettler Toledo, 
Schweiz), transmission electron microscopy (TEM) 
(Tecnai TF20 X-Twin, FEI Company, USA), and 
vibrating sample magnetometer (VSM) (Model 
7404, Lake Shore, USA). 

XRD is used to analyze atomic spacing and 
crystal structure of the samples.  All powdered 
samples were placed on quartz plate and exposed 
to CuKα radiation at wavelength of 1.5406 nm. 
The samples were measured at room temperatures 
ranging from 20° to 80°. The data collected were 
processed using Xpert Software.

The FTIR is used to investigate the functional 
groups in all the samples. All samples in powder 
form and placed on the ZnSe crystal. Measurement 
was taken from 4000-550 cm-1 for 4 minutes. The 
functional band were studies with the aid of IR 2.0 
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software.
The VSM is used to reveal the magnetization 

of the prepared MNP targets. The samples were 
inserted in a thin circular shaped sample holder and 
then put inside the VSM machine. Measurements 
conducted at room temperature.

The thermal and physical properties can also be 
measured using the TGA.  All samples are in powder 
form. The samples were inserted inside the furnace. 
The furnace was heated at ambient temperature 
until 800oC with 1K for 1 minute rate, purged with 
purified N2 gas. During the measurement, the 
weight was tracked and recorded.

The shape, surface morphology and size of the 
samples were investigated using TEM. All samples 
were dispersed using bath sonicator.  The copper 
mesh was placed inside the solution followed by 
air drying them. Then, the sample were observed 
at 200kV of magnification. All images were studies 
using imageJ software.

RESULTS AND DISCUSSION
 X-ray Diffraction Analysis 

The crystallinity and purity of the phase of 
MNPs, OAMNPs, as well as the nanocomposite 
(TAM-PLGA-OAMNPs and PLGA-OAMNPs) 
were tested using XRD. Fig. 1 depicts the XRD 
result of all of the samples in the experiment.  The 
XRD pattern contains diffraction peak at (220), 
(311), (422), and (440) and (511) indicatives 
of spinel cubic structure of Fe3O4 (JCPDS: 19- 
0629). It is apparent that the MNPs and OAMNPs 
have strong crystalline structure displayed 
by  the intense  peaks. XRD data showed that OA 
and PLGA coating on the MNPs does not have 
significant effect to the MNPs crystal structure, but 
the XRD peaks reduced. The XRD peak intensity 

reduced moderately after OA coating and reduced 
considerably when it is coated with PLGA. The 
reason for this is attributed to the OAMNPs being 
encased by the PLGA. Additionally, the less intense 
peak is due to the little amount of OAMNP inside 
PLGA-OAMNPs and TAM-PLGA-OAMNPs 
supported by the TGA results.

Fourier Transform Infrared Spectroscopy 
FTIR studies were carried out on each of them in 

order to completely comprehend the OA adsorption 
process on the surface of MNPs. The FTIR spectra 
of MNPs and OAMNPs is display in Fig. 2. MNPs 
band at 580 cm-1 corresponded to magnetite Fe-O 
bond, but that it appears at 573 cm-1 in OAMNPs 
which is supported by previous research [21]. 
Water molecule bands were also found at 1630, 
1449, and 3401 cm-1, as documented in the past 
[22]. In OA, the symmetric and asymmetric CH2 
stretching that was discovered in the previous study 
relates to two distinct sharp bands at 2918 cm-1 and 
2849 cm-1 [23]. The merger of the carboxyl groups’ 
and OA’s double bonds’ absorption bands resulted 
in a strong band at 1710 cm-1 in OAMNPs. This 
indicates that the MNP surface of the OAMNPs has 
a bilayer cover.

The surface of MNPs is wrapped in OA, as 
evidenced by the appearance of a band at 1431 cm-1 
(Vas: COO-) and 1525 cm-1 (Vas: COO-) owing to 
the OA immobilization on the surface of MNPs, 
in agreement with a previous research [11]. The 
difference between these two wavenumbers (v) 
can be used to assess their bonding. Three sorts of 
interactions may occur between the carboxylates 
head of OA and the metal atom of MNPs:

· unidentate complex (v = 200-320 cm-1) 
containing one metal ion bound to one carboxylic 

Fig. 1. XRD pattern for (A) MNPs; (B) OAMNPs; (C) PLGA-OAMNPs and (D) TAM-PLGA-OAMNPs
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oxygen atom.
· bidentate complex (chelating) (v < 110 cm-

1) one metal ion binds to two carboxylate oxygen 
molecules.

· bridging complex (v = 140-190 cm-1) consisting 
of two metal ions bound to two carboxylate oxygen 
atoms.

It was discovered that the v is 94 in this project, 
means that they have  a bidentate complex.   The 
carboxylate on the surface of MNPs has a covalent 
bonding pattern hence  it was established that the 

surface of MNP has chemisorbed OA. 
Additionally, the FTIR is used to determine 

the bond interaction between the TAM, OAMNPs, 
and PLGA as shown in Fig. 4. The PLGA bands 
significantly dominate the FTIR spectra of the 
TAM-PLGA-OAMNPs and PLGA-OAMNPs. The 
TAM and OAMNPs FTIR bands were masked by 
the strong PLGA bands, which is corroborated by 
the TGA data, indicating that the nanoparticles are 
mostly composed of PLGA. The prominent bands 
at 1754 cm-1 in the TAM-PLGA-OAMNPs are 

Fig. 2. FTIR spectra of MNP and OAMNP.

Fig. 3. FTIR spectra of TAM-PLGA-OAMNP, PLGA-OAMNP, PLGA, OAMNP, and TAM at 1150-650cm-1 including the chemical 
structure of Tamoxifen citrate
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caused by the ketonic group, belonging  to  PLGA 
and OA. 

Small bands found in TAM-PLGA-OAMNPs at 
825 cm-1 and 756 cm-1 pertain to TAM’s 1, 4-benzene 
substitution and mono-substitute benzene, 
correspondingly. Another small bands of 825 cm-1 
and 756 cm-1 observed in TAM-PLGA-OAMNPs 
correlate, accordingly, to 1, 4-benzene and mono-
benzene substitution belonging to TAM. Fig. 3 
demonstrates that the chemical structure of TAM 

includes both benzene replacements, suggesting 
that the PLGA encapsulated TAM. Moreover, the 
bands of over 3000 cm-1, which are found in both 
PLGA and OA, might attribute to the CH2 stretch 
which indicates, OA presence in OAMNP inside 
the PLGA matrix.

Magnetic Properties 
The magnetic characteristics of MNPs, 

OAMNPs, TAM-PLGA-OAMNPs, and PLGA-

Fig. 4. VSM curve for (A) MNPs, (B) OAMNPs, (C) PLGA-OAMNPs, and (D) TAM-PLGA-OAMNPs

Table 1. The temperature attribute to the percentage weight loss of the MNP, OAMNP, TAM-PLGA-OAMNP, and PLGA-OAMNP
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OAMNPs were investigated using VSM. 
About  57.923 emu/g and 54.356 emu/g magnetic 
saturation (Ms)  were reported for MNPs and 
OAMNPs, accordingly. The Ms value was slightly 
reduced owing to the non-magnetic feature of 
the OA layer on the MNP surface consistent with 
previous work [24]. The electron transfer between 
its Fe atoms in OAMNPs shifted the surface 
spin and magnetic anisotropy of the Fe atom. 
The observed findings, as shown in Fig. 6, were 
consistent with those previously published [25]. 
All of the samples had superparamagnetic curves 
based on the VSM findings. Additionally, they do 
not exhibit coercivity and remanence. The absence 
of a hysteresis loop in all samples confirms the 
materials’ superparamagnetic properties, which 
makes them ideal for biological applications. 

For PLGA-OAMNPs, the Ms value is 10.812 x 
10-3 emu/g. In contrast, for TAM-PLGA-OAMNPs, 
the Ms value is 8.3096 x 10-3 emu/g as seen in Fig. 
4. Once nanoparticles are enclosed in PLGA, the 
Ms value is decreased substantially. Following 
encapsulation in PLGA, the Ms value was reduced 
significantly due to the presence of non-magnetic 
materials and the exchange of electrons between 

Fe atoms in OAMNPs, as described in the past 
research [26]. As expected, these particles exhibited 
superparamagnetic behaviour, which is required for 
medical application, such as magnetic resonance 
imaging (MRI) and is demonstrated by the absence 
of a hysteresis loop and negligible coercivity. These 
particles also indicated that they behaved as a 
single-domain MNPs in as supported by previous 
research [27].

Thermogravimetric Analysis 
TGA was used to determine the weight loss of 

all samples as the temperature increases gradually 
to 800 oC in the presence of Nitrogen gas as shown 
in Fig. 5. MNPs lose about 12.3 % of their weight at 
temperatures below 282 oC owing to the loss of water 
at the nanoparticle’s surface and water bound inside 
the MNPs in relation to the DTG peaks at 163 oC 
and 260 oC. Likewise, OAMNPs lose roughly 11% of 
their weight at temperatures ranging from 25 until 
269 oC.  The two metal sites (Fe) interacting with 
the carboxylate cause two weight losses for  OA in 
OAMNPs at 270 to 323 oC and 324 to 423 oC. DTG 
peak at 262 oC and 323 oC corresponded to a weight 
loss of 7.3 % consistent with earlier studied [28]. At 

Fig. 5. TGA/ DTG curve of A) MNP, B) OAMNP, C) PLGA-OAMNP and D) PLGA-TAM-OAMNP at 25oC to 800oC.
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temperatures ranging from 423 to 800 oC, a weight 
loss of around 2.6 % was reported. This is due to 
Fe3O4 being reduced to FeO which corresponds to 
the DTG maxima at 701 oC. 

OAMNPs lose around 28 %, while MNPs lose 
around 16 %. OAMNPs lose more weight than 
MNPs because of the OA coating. The initial weight 
loss occurred between 25 and 279 oC, and around 
7.6 % of the PLGA-OAMNPs weight was lost. 
TAM-PLGA-OAMNPs weight reduce by around 
4 % between 25 and 262 oC attributed to moisture 
loss. Another weight loss occurred between 263 
and 303 oC, and about 60.5 % in agreement with 
the DTG maxima at 285 oC. 

The increase in temperature causes the 
degradation of PLGA as anticipated. The PLGA-
OAMNP lose about 57.0% because it exhibits same 
thermal trend between 280 and 303 oC at 294 oC 
of DTG peak. Previous studies indicated a one-
step degradation of PLGA (75:25) which is similar 
to the current project [29]. The degradation of 
PLGA mainly due to the non-radical backbiting 
ester interchange which include the OH chain 
end, which is mostly linear cyclic oligomers and 
monomers, acetaldehyde belong to polylactic acid, 
methyl glycolate from polyglycolic acid, PLGA 
are consist of carbon dioxide, polylactic acid and 
polyglycolic acid so the second output are from the 
decarboxylation of terminal carboxyl. 

PLGA decompose to carbon monoxide, 

methylketene, ketene, and formaldehyde through 
the radical chain scission process when the 
temperature rises. The breakdown output of PLGA 
are comparable to polylactic acid and polyglycolic 
acid polymers [30]. Additionally, TAM-PLGA-
OAMNPs begin weight loss  at 263 oC earlier 
compared to PLGA-OAMNPs degraded at 280 oC. 

At 147 oC TAM deteriorates, whereas at 236 
oC PLGA degrades. TAM-PLGA-OAMNPs have 
nearly comparable thermal behavior to PLGA-
OAMNPs, but its degradation begins earlier, 
indicating the presence of encapsulated medication 
on the nanosphere and due to TAM low melting 
point of around 256 oC. 

After the degradation of TAM, PLGA, and 
OA, only MNP remains.  The presence of TAM 
inside TAM-PLGA-OAMNP is linked to the fact 
that TAM-PLGA-OAMNP loses more weight 
than PLGA-OAMNP. The obtained TGA curve is 
comparable to those previously reported [27,31]. 
After the breakdown of PLGA, TAM, and OA in 
the composite particles, finally MNP decompose 
further; hence, the percentage of MNPs can be 
estimated, which is approximately 33 % for TAM-
PLGA-OAMNPs and 26 % for PLGA-OAMNPs.

Transmission Electron Microscopy 
TEM was employed to characterize the shape 

and size features of MNPs, OAMNPs, TAM-PLGA-
OAMNPs, and PLGA-OAMNPs as in Fig. 6. MNPs 

Fig. 6. TEM images of MNP, OAMNP, PLGA-TAM-OAMNP, and PLGA-OAMNP.
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were found to be polydisperse and aggregated 
owing to their high surface to volume ratio, in order 
to minimize their surface energy. steric repulsion 
is often used to avoid aggregation as supported by 
previous research [9].

OAMNPs were scattered to some extent owing 
to the OA coating, as evidenced by the TEM 
picture. MNPs and OAMNPs have a spherical 
structure with a diameter of around 10±2 nm and 
8±1 nm, respectively. Due to the thin covering of 
the OA, the size decreased which is in alignment 
with previous finding [32].

The OAMNP aggregates within the PLGA 
matrix in TAM-PLGA-OAMNPs and PLGA-
OAMNPS.   OAMNPs were successfully 
encased  within  PLGA. OAMNPs also have an 
inclination toward the surface of the PLGA matrix, 
which might be due to surface tension. Chen et 
al. (2020) and Zumaya et al. (2020) have recently 
published work with a similar morphology, in 
which the MNPs are encased within spherical PLGA 
nanoparticles [33,34]. TAM-PLGA-OAMNPs and 
PLGA-OAMNPs were found to have sizes of about 
131±28 nm and 80±28 nm, respectively. TAM 
encapsulation resulted in TAM-PLGA-OAMNPs 
increasing size is in agreement with previous work 
which indicated the increase in size when the drug 
is added [35]. As a result, the TAM-PLGA-OAMNP 
sizes are suitable for targeted medication delivery 
to cancer locations because the majority of cutoff 
diameter of porous  blood arteries in majority of 
tumors are 380-780 nm as stated in previous work 
[36].

CONCLUSION
MNPs and OAMNPs were produced 

successfully using the co-precipitation technique. 
MNPs and OAMNPs have an exceptionally 
small size, less than 11 nm, and therefore possess 
superparamagnetic characteristics. The OA coating 
was effective in reducing MNP agglomeration. 
OAMNPs and TAM were successfully encapsulated 
in PLGA (75:15). They were encapsulated using 
an O/W emulsion and evaporation method. 
The Ms of the TAM-PLGA-OAMNPs decreased 
following encapsulation with PLGA, but their 
superparamagnetic characteristics remained. 
Additionally, the size of TAM-PLGA-OAMNPs 
was determined to be about 132 nm using a TEM 
which is smaller in comparison to the findings by 
previous researchers, indicated the appropriateness 
for biological applications [33-34].
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