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A bstract: Both hydrophilic and hydrophobic core nanogel are currently being developed for 
immobilization and delivery purposes in Malaysian Nuclear Agency. Hydrophilic nanogel is produced 
by using inverse micelles irradiation of polyethelyne glycol diacrylate (PEGDA). The hydrophobic 
nanogel is produced via irradiation of acrylated form of palm oil. These nanogels will be used to 
immobilize bio actives such as curcumin, tyhmoquinone, oryzanol and chitosan. Preliminary 
investigation of the nanogel size using dynamic light scattering (DLS) shows that nanogel with sizes 
below 100nm can be obtained.

1. INTRODUCTION

The applications o f nanogel in biomedical fields have been a subject o f interest in 
recent years due to extensive development o f bioactive materials. While it is use for targeting 
specific cell type, it also known to act as a protection layer to the bioactive macromolecules it 
contained from enzymatic degradation [1]. There are various possible ways to synthesize such 
system including the classical chemistry route [2-3] or radiation route [4]. The latter have 
proven to be advantageous in term o f safe o f use in biomedical applications due to non 
involvement o f hazardous chemical additives. This work is aimed to synthesize nanogel from 
irradiation o f water in oil (w/o) and oil in water (o/w) micelles from polyethylene glycol 
diacrylate (PEGDA) in n heptane and acrylated palm oil in water. These two types o f nanogel 
will then be immobilized with bioactives such as chitosan, curcumin, thymoquinone, oryzanol 
or charged drug in the formed nanogel for delivery purposes.
Chitosan is a natural polysaccharide. It is a deacetylated form o f chitin which can be obtained 
from crustaceans, insects, fungi etc. Some of the interesting properties o f chitosan such as 
film forming ability, gelation properties, penetration, biodegradability, biocompatibility make 
it a suitable candidate for biomedical purposes [5]. In biomedical fields, it is also developed 
into production o f microparticles for encapsulation o f drugs and biological substances [6-8].

2. HYDROPHILIC CORE NANOGEL

For the first part, a hydrophilic nanogel will be synthesized by ionizing irradiation of 
inverse micelle system. Inverse micelles or also known as reverse micelles are micro 
emulsion that involves three or more components in the system. The external part o f inverse 
micelles is made up o f the more hydrophobic part o f a surfactant (hydrocarbon), while the 
more hydrophilic (polar or charged) part is directed to the internal part o f the aggregates. The 
system can be applied to impregnate hydrophilic polymers, thus is useful for synthesis of 
nano polymeric gel. The final size o f inverse micelles can be adjusted by varying the molar 
ratio o f water to surfactant. The more surfactant is used, the smaller the micelles will be due 
to suppression o f hydrophobic part o f the surfactant inward the aggregates.

In our work PEGDA nanogel are produced. Firstly, inverse micelles are formed by addition of 
AOT into a series o f PEGDA and n-heptane until clear micro emulsions are formed. These
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clear micro emulsions contain micelles that are smaller than 100nm [9]. The series o f micelles 
are then measured for sizes by using Dynamic Light Scattering (DLS). The preliminary result 
for sizes o f micelles produced are between 2-12nm (Fig.1).

S ize  of M icelles vs Am ount o f A O T  0 kGy

L i t
L« I ' | ' I ' I ' I ' I ' ! ' I •

Am ount of AOT [M]

Fig. 1 .

A  series o f micelles with 0.1M AOT was then irradiated at 1, 3, 5,10,15, 20 and 30kGy and 
the size were measured using DLS (Fig.2), it shows that formation o f nanogel started at 5kGy 
with the size o f about 100nm. The size of nanogel produced can be controlled with varying 
the irradiation dose. This gives opportunity for selection o f different applications depending 
on requirements.

Fig. 2.

We proposed 2 ways o f  immobilization o f  bio actives. The fir s t one is to directly crosslink bio 
actives in the produced micelles. In this way bio actives will be dispersed in the water phase 
with A O T  as surfactant. Upon irradiation, PEGDA in the micelle are expected to crosslink 
and bind the bioactives, this process is expected to yie ld  nanogel containing chitosan. The 
other way is to immobilize bio actives by way o f  resuspension and precipitation it into the 
nanogel. The release profile o f  the nanogel will be studied as well as other important 
properties.
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3. HYDROPHOBIC CORE NANOGEL

A modified product o f palm oil, known as Epoxidised Palm Oil Acrylate (EPOLA) 
has been used for nanogel synthesis using radiation method i.e. electron beam  (EB). Basically, 
the EPOLA is chemically synthesized by local researchers from Nuclear Malaysia. It was 
found that EPOLA undergoes internal crosslinking when subjected to ionizing radiation 
source. This internal crosslinking property allows us to produce micro and nano particle using 
this product by emulsion polymerization using radiation technique. In our preliminary 
experiments, we had collaborated with Prof.J.M .Rosiak’s group from the M ITR of Technical 
University o f Lodz, Poland (2006/2007) to develop this EPOLA micro/nano particle and the 
curcuminloaded EPOLA micro/nano particle using EB ’s pulse radiolysis system as our 
radiation tool. The results, particle shape is found ununiform (tendency to form round shape) 
and obtained big sized particle i.e. 25^m  to 2mm (for drugfree EPOLA particle) and 1mm to 
3mm (for Curuminloaded EPOLA particle) (see Figure 3 and Figure 4 below ).

a )  D ru g -fre e  em ulsion  b ]  EPOLA m ic ro p artic les  

Fig.1. fo rm a tio n  of EPOLA m ic ro p ar tic les  w ith  em u lsifier, irrad ia ted  a t  3  kGy.
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fig ,2 . Form ation of C urxum in-loaded  EPOLA m ic ro p ar tic le s  w ith  em u lsifier , irra d ia te d  a t  2 5  kGy.

Fig. 3. Fig. 4.

Further experiments are under progress in M alaysian Nuclear Agency using EB facility. There 
are three parts o f research activities have been planned to achieve nano sized gel particle:

i) Screening and developing the E P O LA ’s emulsion using different type o f  surfactants i.e.
Sodium Dodecyl Sulfate (SDS), sodium bis(2ethylhexyl) sulfosuccinate (AOT) and  
Pluronic 127 (PF127), follow ing by Immobilization o f  bioactive compound i.e. 
1,7-Bis(4hydroxy3methoxy phenyl)16heptadiene3,5dione (Curcumin) into the 
E P O LA ’s emulsion system, and

ii) Preparation and form ulation o f  the emulsion system o f  nanogel (Water 
/EPOLA/Surfactant) and their measurement and analysis

iii) Study on the radiation synthesis o f  bioactive compoundimmobilized/loaded 
E P O LA ’s emulsion system by EB radiation at different doses o f  irradiation 
(1,5,10,15 and 20kGy) and their characterization.

The result, size particle o f the nano emulsion is found in the range o f 2-20 nm for the 
curcumin free nanoparticle and in the range o f 30-400 nm for the curcumin loaded nanogel, in 
the present o f surfactant respectively. Combination o f emulsion polymerization technique and 
ionizing radiation is a promising tool for the production o f the drug carrier and the drugloaded 
micro/nano particle based on the local product, palm  oil product such as (EPOLA).
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4. CONCLUSION

Ionizing radiation is proven to be clean and relatively simple way o f producing 
hydrophilic and hydrophobic nanogel for immobilization o f drug and/or bioactives such as 
curcumin, thymoquinone, oryzanol or charged drug such as diclofenac sodium for delivery 
purposes. It is also important for radiation chemist or engineer to understand thoroughly the 
process as it will be mandatory for upcoming and future technology or sciences.

W orkp lan
Preparation o f nanogel (Year 1):

• Determination o f best formulation for synthesis o f nanogel (effect o f concentration, 
dose rate etc)

• Determination o f best dose for synthesis o f the nanogel
• Development o f method for sample collection and purification procedures 

Evaporation and dialysis

Analysis o f nanogel (Year 2):
• Study o f chitosan amount immobilized in nanogel 

CHNS analysis to determine quantities o f amine group
• Immobilization o f chitosan in PEGDA nanogel 

Precipitation o f nanogel in chitosan and drug solution
• Measurement o f nanogel size using dynamic light scattering and TEM

Characterization o f bioactive compounds loading properties (Year 3):
• Calculation o f model bioactive compounds entrapment efficiency
• Study o f bioactive compounds release profile
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