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Abstract

The purpose of this study was to develop the bioactive-loaded polymeric nanoparticle by radiation-induced crosslinking 
technique. The polymeric micelles consist of acrylated palm oil (APO), anionic surfactant and aqueous solution was prepared 
for immobilization of bioactive compound i.e. the Thymoquinone (TQ). The TQ-loaded APO micelle was subjected to ionizing 
radiation to induce crosslinked polymeric structure of the TQ-loaded APO nanoparticle. The formation of TQ-loaded APO 
micro micelle and nano particle were evaluated by the Dynamic Light Scattering (DLS), the Fourier Transform Infrared 
(FTIR) Spectroscopy and the Transmission Electron Microscopy (TEM) for characterization the size, the shape, the chemical 
structure and the irradiation effect of the micelle and the nano particle. The results indicate that the size of APO micro and 
nanoparticles varies from 120 to 270 nanometer (nm) upon gamma irradiation at doses ranging from 1 to 25 kilogray (kGy). 
In addition, size of the particle was found decreasing upon irradiation due to the crosslinking interaction. The study 
demonstrated that the APO micro-and nanoparticle can retained and controlled the release rate of the thymoquinone at up to 
24 hours as determined using ultraviolet-visible (UV-Vis) spectrophotometer. These findings suggested that the ionizing 
radiation method can be utilized to prepare nano-size APO particles, with the presence of TQ.

Abstrak

Kajian ini dijalankan untuk tujuan membangunkan partikel nano polimer yang mengandungi kompoun bioaktif 
menggunakan teknik sinaran pencetus taut-silang. Misel polimer yang dibangunkan adalah terdiri daripada minyak sawit 
akrilat (APO), surfaktan ionik dan larutan akueous adalah disediakan untuk kegunaan penyekatgerakan kompoun bioaktif 
contohnya Thymoquinone (TQ). Misel yang mengandungi TQ adalah disinar kepada sinaran mengion untuk mencetuskan 
taut-silang pada struktur misel polimer tersebut. Pembentukkan misel yang bersaiz mikro dan juga partikel yang bersaiz 
nano adalah dinilai menggunakan Penyelerakan Cahaya Dinamik (DLS), Spektrokospi Lembayung Merah (FTIR) dan 
Mikroskop Transmisi Elektron (TEM) untuk mencirikan saiz, bentuk, struktur kimia dan kesan penyinaran pada misel dan 
partikel nano. Keputusan kajian menunjukkan saiz partikel mikro dan nano APO adalah berukuran daripada 120 hingga 
270 nanometer (nm) selepas penyinaran gama pada dos 1 hingga 25 kilogray (kGy). Disamping itu, saiz partikel didapati 
menurun selepas terdedah kepada sinaran akibat daripada tindak balas taut-silang. Kajian ini juga menunjukkan partikel 
mikro dan nano APO boleh menahan dan mengawal pembebasan TQ sehingga 24 jam seperti yang ditentu menggunakan 
Spektrofotometer Ultraungu/Sinar Tampak (UV-Vis). Penemuan kajian ini menunjukkan kajian sinaran mengion boleh 
digunakan untuk penyediaan partikel APO bersaiz nano dengan kehadiran TQ.
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INTRODUCTION

A natural polymer, such as vegetable oils has been used in developing nanoparticle as a colloidal drug carrier for 
controlled drug delivery system. This nanoparticle is known as polymeric micelle and normally formed spherical 
micelles in the aqueous solution which the size is below 100 nanometer (nm). There are many studies that showed 
the polymeric micelle as one of a great promise to be used as a drug carrier delivery systems (Kaparissides et al., 
2006). For example, it has been used to encapsulate or incorporate the active substances i.e. drugs, vaccines and 
deoxyribonucleic acid (DNA) and the results showed an effective delivery of those active substances to the targeted 
cells and tissues.
Furthermore, there are studies which reported that the nanogels and microgels i.e. nanoparticle and microparticle can 
be synthesized by combination of polymerization and cross-linking process, usually in the emulsion system (Daly et 
al., 2000; Ulanski et al., 2002; Kreuter, 2004). Ulanski and co-workers (1998) reported that the nanogels and 
microgels produced using radiation technique are suited for biomedical applications. They described that this 
radiation-induced initiator method is free of initiators, monomers and other additives compare to the chemical- 
initiator method that use toxic monomers, crosslinking agents, initiators and other auxiliary substances that have to 
be removed from the system after the synthesis.
Generally, drug carriers nowadays in the market are formulated and prepared using synthetic polymers and 
chemical-initiator methods. Thus, the disadvantage of nanoparticles produced via these starting material and 
chemical-initiator process are known to be toxic materials and costly.
Hence, in this study, our group develops an innovative system that may have potential to incorporate a drug or a 
bioactive component using the indigenous natural polymer, a palm oil, which is a modified palm oil product and 
known as acrylated palm oil (APO). Radiation-induced method will be used in this study to incorporate a drug or 
bioactive component into the microemulsion system that mainly contains the water, the APO and the surfactant. 
Finally, in this study, the product properties and the bioactive compound (i.e. Thymoquinone) release profile from 
the APO nanoparticle will be evaluated and developed.

METHODOLOGY 

Materials
The APO was produced in the Radiation Technology Division’s laboratory, Nuclear Malaysia, Bangi, 43000 
Kajang, Selangor, Malaysia. The sodium dodecyl sulfate or SDS (Sigma Aldrich) and the Thymoquinone or TQ 
(TCI, Japan) was used as a surfactant and bioactive compound, respectively. The double-distilled deionized water 
and ultrapure water were used as an aqueous solution. Potassium dihydrogen phosphate (Fisher Scientific) and 
Sodium hydroxide (Merck) were used to prepare the potassium buffer saline (PBS) solution.

Preparation of the thymoquinone-loaded APO nanoparticle
About 150 millilitre (ml) of the thymoquinone loaded APO microemulsions were prepared in the micellar 
concentration using SDS solution. About 1.8 % weight per volume (w/v) of the APO were poured in a 500 ml glass 
bottles. Then, 0.06 % w/v of the thymoquinone was added into the 500 ml glass bottle. The samples were stirred to 
form the thymoquinone/APO matrix. Then, the double-distilled deionized water consist of the SDS was poured into 
the glass bottle. The mixtures were again stirred. Afterwards, the glass bottles were tightly closed using para film 
before degassing. Then, the samples were then irradiated at 1, 5, 10, 15 and 25 kilogray (kGy) using gamma source 
at gamma irradiation facility in Nuclear Malaysia. In other hand, the above procedure was repeated where the 
samples were unloaded with the thymoquinone.

Characterization of the thymoquinone-loaded APO nanoparticle
The filtrate consist of the Thymoquinone-loaded APO nanoparticle was collected from the irradiated samples which 
are had been filtered using a disposable Polytetrafluoroethylene (PTFE) Teflon filter. The mean diameter of the 
filtrate samples were determined by photon cross correlation spectroscopy (PCCS) using a dynamic light scattering 
(Sympatec Nanophox, German). Infra-red spectrum was performed using Fourier Transform Infrared spectroscopy 
(FTIR) spectrometer (Perkin Elmer, Japan). Dried samples for FTIR were analyzed using Attenuated Total 
Reflectance (ATR) method. The Spectrophotometer was setting up at spectra in the range of 4000 cm-1 to 400 cm-1. 
The TEM images were produced using a Zeiss microscope (Jeol, Japan) and analyzed at the voltage range of 80-120 
kilovolt (kV).



Release profile of a drug-thymoquinone from the thymoquinone-loaded APO nanoparticles
About 1 liter (L) of 0.2 mol of the potassium buffer saline (PBS) solution was prepared at pH 7.4 as a media for the 
thymoquinone release study. The calibration plot of the thymoquinone in the PBS solution was analysed using UV 
Spectrophotometer (Shimadzu, Japan) at wavelength of 258 nm. About 0.01 gram of the dried samples from 
Thymoquinone/SDS/APO matrixes were poured into a 1L flasks, followed by a 500 ml of 0.2 mol PBS solution. 
Then, the flasks were put into the water bath and stirred with the temperature set up at 37oC. The water bath is 
equipped with stirrers and the speed was setting up at 100 rpm. Then, about 10 ml of the sample was taken from the 
solution according to the time arrangement between 1, 3, 5, 30, 45, 60, 120, 240, 360 and 1440 minute(s). For every 
10 ml of the sample that was taken; it will be refilled by 10 ml of 0.2 mol PBS solution. Then, the samples were 
analyzed using UV Spectrophotometer (Shimadzu, Japan) at a wavelength of 258 nm to get the absorbance 
maximum peak value. The amount of the thymoquinone release from the thymoquinone-loaded APO nanoparticle 
was calculated based on the calibration plot. Then, the percentage of the thymoquinone release was calculated in 
accordance with the following equation.

drug release, milligram (mg) = (mt/mOT ) x 100 .................................................................(Equation 1)

Where;
mt= the amount of drug release in time t, m<»= the maximum release

RESULTS AND DISCUSSION

Particle Size of Thymoquinone-loaded APO Nanoparticle
Table 1 tabulated the size of the APO nanoparticle, (loaded and unloaded with the Thymoquinone), before and after 
irradiation as characterized by the DLS, respectively. As shown in Table 1, the particle sizes were found increased 
after loading with the thymoquinone due to the interact of the thymoquinone in the organic phase (the oil phase or 
the APO liquid) (see Figure 2). Therefore, in this study, it could be concluded that the thymoquinone was 
particularly partitioning into the APO/SDS nanoparticle, which resulted in the increase of the particle size of the 
thymoquinone-loaded APO nanoparticle when thymoquinone is loaded (see Table 1).
Furthermore, the data showed that the particle size of the macromolecules decreased after the systems exposed to the 
gamma irradiation. The current study reveals the effects of the irradiation on the thymoquinone-loaded APO 
nanoparticle where the interaction in the thymoquinone/SDS/APO macromolecules was dominated by the radiation- 
induced crosslinking (Tajau et.al., 2011; 2012). As results (Table 1), the particle size of the APO nanoparticle, 
loaded and unloaded with the Thymoquinone, decreased when the irradiation dose increased. This crosslinking 
polymerization leads to the formation of smaller particles, due to the intraparticle crosslinking and to the hampered 
diffusion of the APO molecules to the structure (Tajau et.al., 2011; 2012). Hence, at higher dose, forms a more 
tightly APO molecule structure where it internally bound entities and consequently forming a networking structure 
(Figure 2).

Table 1. Size (nm) of the SDS/APO nanoparticles upon irradiation.
APO  —  TQ _ hydrogen bonding

Dose, kGy TQ-free TQ-loaded
0 246.19 446.93
1 118.33 267.00
5 108.39 198.00
10 114.47 171.51
15 113.72 180.28
25 77.30 116.68

Figure 1. Molecular structure of the thymoquinone, TQ.
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Figure 2. Radiation crosslinking reaction.
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Fourier Transform Infra-red (FTIR) Spectra Analysis
The infrared (IR) spectrum and the detail analysis of the thymoquinone’s spectrum are shown in Figure 3. 
Meanwhile, Figure 4 showed the spectrum characteristic between the thymoquinone-free and thymoquinone-loaded 
APO nanoparticles, respectively. As a result, the thymoquinone-free spectrum [Figure 4 (a)] showed similarity in 
absorbance with that thymoquinone-loaded [Figure 4 (b)]. As has been shown by the mechanism reaction in Figure
2, the APO molecular structure does not affected by the thymoquinone or the SDS due to the attractive electric force 
of the hydrogen bonds. So, from this study, it could be concluded that the presence of the thymoquinone does not 
influence the APO structure, but, it affects the macromolecular dimension.
Moreover, after the system was irradiated at the dose 1 kGy under the gamma irradiation, disappearance of -C=C- 
peaks at 1647 and 1620 cm-1 and the appearance of -C=O nujol at 1663 cm-1 which represent the APO confirmed 
that the macromolecules undergone crosslinking process [see Figure 5(b)]. The -C-O-C- duplet transform to singlet 
after irradiation and the sulfate group at peaks 593 and 634 cm-1 are still in the same position as at 0 kGy.
Then, at the dose of 25 kGy, with the thymoquinone/SDS/APO nanoparticle, results disappearance of -C=C- peaks 
at 998 cm-1, increasing of height peak of the -OH group and the -C=O nujol group at 3480 and 1663 cm-1 
respectively and transformation of the -C-O-C from duplet peaks to singlet and broad peak which represent that the 
APO macromolecules approaching the maximum dose to crosslinks and polymerizes [see Figure 5 (c)]. Appearance 
of the sulfate group at peaks 593 and 634 cm-1 represents that the SDS is still remain in the TQ/APO/SDS 
nanoparticle, but, their height peak become shorter compared to at 0 kGy and at 1 kGy which is higher and this 
represent that the SDS molecules is degradable. Also, the -CH3 rocking group which correspond to the TQ is still 
occurs in the spectrum [Figure 5 (b)]. This showed that the TQ is stayed partitioning in the TQ/APO/SDS 
nanoparticle, at the same time represent that the APO nanoparticle was able to protect the TQ upon irradiation.

Figure 3. Thymoquinone spectrum.
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Figure 4. (a) Thymoquinone-free and (b) Thymoquinone-loaded APO/SDS spectrums.
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Figure 5. The TQ-loaded APO/SDS nanoparticle spectrums, before and after irradiation.

Transmission electron microscopy (TEM) images
Figures 6 showed the TEM images of TQ-free and TQ-loaded APO nanoparticle before and after exposure to 
gamma irradiation i.e. 0 kGy and 25 kGy, respectively. In this SDS system, the structural image of the TQ-loaded 
APO/SDS nanoparticle is sphere with the size of the particle is in the range of 52 to 100 nm before loading with the 
TQ and is in the range of 52 to 130 nm after loading with the TQ as showed in Figure 6. In this system, the study 
agreed that, incorporation of the TQ into the APO systems increased the macromolecular dimension (Figures 6). 
However, the TEM result disagreed with the size analyzed by the DLS, where in TEM the size is smaller. The 
particle size detected by the DLS method is in the range of 246.19 nm to 446.93 nm before and after loading the TQ 
respectively (Table 1). In this study, size of the particle is found larger when analyzed by DLS was due to the 
samples which swells in solvent, on the other hand, when analyzed using TEM, size of the particle is shrinks due to 
solvent evaporation (Tajau et al., 2012). The study showed that the SDS system was able to load and carry the TQ in 
the APO macromolecule.



Figure 6. TEM images of the (a) TQ-free and (b) TQ-loaded APO/SDS nanoparticle before and after 
irradiation.

Thymoquinone release profile from the thymoquinone-loaded APO nanoparticle
Figure 7 reveals the release profile of the TQ. The TQ release rate was found directly proportional to the size of the 
thymoquinone-loaded APO nanoparticles (Figure 7). In this study, the two different sizes of the thymoquinone- 
loaded APO nanoparticles were irradiated at different dose of gamma irradiation i.e. the particle size of 117 nm was 
irradiated at 25 kGy, whereas, the particle size of 198 nm was irradiated at 5 kGy. It is expected that, the size of the 
APO nanoparticles and the absorbed dose i.e. 5 and 25 kGy played major role in controlling the release rate of the 
thymoquinone from the SDS/APO nanoparticle. A larger particle of 198 nm showed faster release of the 
thymoquinone compared to that of small particles (see Figure 7). So, the study also revealed that smaller particles 
i.e. 117 nm retained and showed slow release of the active substance compared to that larger particle i.e. 198 nm 
(see Figure 7). Thus, the smaller particle (irradiated at 25 kGy) showed the compactness and tightly crosslink of a 
molecular structure networking which allowed the structure to hold the thymoquinone compared to the larger 
particles (irradiated at 5 kGy) with loose networking structure which prevent them from effectively holding the 
bioactive material. Besides that, smaller particle will give rise to the bigger surface area which allows its structure 
to increase the molecular payload.



Table 2. Weight of the TQ released from the 
TQ/APO/SDS matrix.

Figure 7. Release profile of the TQ from the TQ- 
loaded APO/SDS nanoparticle.

Time,
minute(s)

TQ release, mg/L
Particle size 

117 nm
Particle size 

198 nm
1 6.31 7.49
3 6.74 7.55
5 7.01 7.38

30 7.05 7.31
45 7.15 8.19
60 7.15 8.45
120 7.95 7.82
240 7.72 7.65
360 8.05 7.48
1440 10.00 ± 0.95 8.09

CONCLUSION

The study concluded that the nonionic surfactant SDS, promotes the incorporation of the thymoquinone in the APO 
nanoparticle cum drug delivery system. Besides that, gamma irradiation induced compact structure on the 
thymoquinone-loaded APO nanoparticle, in the presence of the SDS. This study revealed that the radiation-induced 
method was able to control the size on the formation of the nanoparticle. In addition, the use of irradiation on the 
thymoquinone/SDS/APO matrix allowed the crosslinked structure to hold the thymoquinone, and at the same time, 
the structure could control the release of the thymoquinone from the nanoparticle.
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