
Working Document

A N TIO X ID A N T-C O N JU G A TED  O N TO  G A M M A -G EN ER A TED  C H ITO SA N  
N A N O PA R TIC L E F O R  R A D IA TIO N  ST E R IL IZ E D  M ED IC A L PLA STIC

W. Pasaphan
The Department o f Applied Radiation and Isotopes 
Faculty o f Science Kasetsart University 
Bangkok, Thailand

1. CURRENT STATUS OF WORK AND RESEARCH ACTIVITIES GOING ON IN 
THE RESPECTIVE DEPARTMENT

The Department o f Applied Radiation and Isotopes, Faculty o f Science, Kasetsart 
University, Bangkok, THAILAND mainly gives the course o f study in the field o f radiation 
and nuclear science and technology. The research activities relevant to the department are 
about nuclear instrument and analytical technique by nuclear methodology, radiation 
chemistry and processing technology, and radiation biology and agriculture. My work going 
on in the department is separated into two main responsibilities, i.e. (i) teaching courses and
(ii) research activity. For (i), in the present time, there are 5 courses (i.e., radiation detection 
technique, radiation health protection, nuclear method o f analysis, radioisotope tracer 
techniques in biology and seminar) for bachelor degree and 4 courses (Radiation chemistry 
and processing, radiation detection and dosimetry, nuclear facilities and utilization, research 
method in applied radiation and isotope) for master degree. In the case o f (ii), my research 
interests head on the radiation chemistry and processing applicable to material and 
nanomaterial development for industrial applications, e.g. nanofilter and metal absorbent 
material; for medical applications, e.g. bio-additive for medical material, nanoparticle for drug 
delivery system, radiosensitizer for radiotherapy; for agricultural applications, e.g. pest 
controlled compound and plastic. The researches are also attended to biopolymer especially 
chitin-chitosan including functional polymer. The material for radiation dosimeter based on 
EPR one is furthermore interesting to look for.

2. BACKGROUND OF RESEARCH PROJECT

Chitin, poly[P-(1-4)-2-acetamido-2-deoxy-D-glucopyranose] is well-known as a most 
abundant organic material, being second only to cellulose in the amount produced annually by 
biosynthesis. It occurs in animals, particularly in crustacean, mollusks and insects where it is 
an important constituent o f the exoskeleton, and in certain fungi where it is the principal 
fibrillar in the cell wall. The principal derivative o f chitin is chitosan, poly[P-(1-4)-2-amino-2- 
deoxy-D-glucopyranose] (Fig. 1), produced by
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alkaline deacetylation o f chitin. Chitosan also occurs naturally in some fungi but its 
occurrence is much less widespread than is that o f chitin. Chitin was also isolated from 
shrimp shells, crab crusts, and squid pens and deacetylated to give chitosan.

The most important resource o f chitosan in Thailand mainly comes from the shell o f shrimp. 
Thailand has the edge over any other countries in having a huge resource from frozen seafood 
industry, which is a principal raw material for chitin-chitosan production. Therefore, to 
support the production o f chitin-chitosan from shells o f shrimp in high standard quality 
process as well as its value-added will permanently develop the country. Additionally, the 
members o f college faculty and researchers paid more interests in the development o f chitosan 
to advanced products as one o f the country technologies. This will bring chitosan to the 
practical uses in a wide variety o f applications, e.g. agricultural, medical, food, cosmetic, and 
pharmaceutical applications. For this research, thus, we expect that it may be a part to alter 
this kind o f material from waste product to invaluably advanced material.

As in the case o f cellulose and other biopolysaccharides, chitin-chitosan has a high molecular 
weight and a strong network o f inter- and intramolecular hydrogen bonds. This structure 
results in poor solubility in most organic solvents and makes it chemically inert for 
derivatization. Since only a few chemical modifications can be made in chitosan-carboxylic 
acid aqueous solution (acetic acid or citric acid), most reactions of chitosan are carried out in 
heterogeneous systems o f organic solvents.

The trend o f value-added chitosan to advance material when considering its chemical 
structure can be divided into two main methods. For the first method, chitosan is directly used 
based on its own unique properties. In this way, chitosan can be improved its feature to 
appropriated purpose through simple physical modification, e.g. gel creating, film or 
membrane casting, fiber spinning, bead forming, and low-molecular weight oligomerizing. 
The applications are therefore limited to use only in some applications such as a plant growth 
promoter, chelating agent, paper coating, moisture preserved additive for cosmetic, and filter 
membrane, etc. For the second one, the chemical structure modification o f chitin-chitosan to 
achieve its derivatives with specific properties requires for particular purpose. W ater soluble 
chitin and chitosan like CM-chitin and CM-chitosan1 were developed by suitably chemical 
modification. Although chitosan shows good chelating ability by its own functional groups of 
amino and hydroxyl, strongly electrostatic molecule containing oxygen and nitrogen atom 
was used to modified chitosan in order to improve its metal ions adsorption capacity.11 Up to 
now, there have been several reports about a well-defined colloidal structure at the micro 
and/or nano scale where novel properties are discovered. For this issue, it will then be 
described later on.

According to our works based on this kind o f biopolymer, there are many studies from the 
past until now. In the past ten years, chitosan is basically developed by using gamma radiation 
via degradation process and chemical separation method to achieve the suitable molecular 
weight applicable for antibacterial and plant growth promoter activity. Subsequently, it has 
been improved in term o f bio-additive for surface functionalization onto commercial plastic 
film. The improvement to antioxidant compounding was also studied to approach bio-additive 
for food and cosmetic as well as bio-additive compounding for food packaging and medical 
sterilized-plastic.

Here, the current status o f our research work focuses on the advanced development o f chitin- 
chitosan cooperated with the use o f radiation processing or nuclear science and technology. In 
the present time, our research work based on this kind o f material is still prominently in term
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of bio-additive. It is laid on two objectives, i.e. bio-additive for commercial plastic and bio
additive based nanoparticle.

For the first purpose, chitosan is grafted onto polyethylene film surface using radiation grafted 
copolymerization technique. The material obtained has been proposed as a metal ions 
adsorbent. In the prior study, copper ions could be formed complex on the surface of 
polyethylene film via amino group o f grafted chitosan.111 This material was proposed as a pest- 
controlled film as well as a metal adsorbent plastic. This work is still expanded for further 
study on the chitosan solution quality, the metal ions adsorptivity and its stability. 
Additionally, biocompatibility o f material-biological contact may also be one o f our future 
studies. The bio-additive for commercial plastic not only in term o f bio-surface 
functionalization as mentioned but also in term o f antioxidant compounding. The later is the 
most important background and motivation o f the research project under the CRP. According 
to our previous related work, the research comes from the fact summarized as follow.

Plastics are the most commonly used materials for the medical device, pharmaceuticals and 
cosmetics.1v Among the plastic polymers, polyolefins exhibit several advantages including 
low production cost, good resistance and protection o f the content and reduced environmental 
impact.v In addition, because o f their inertness, polyolefins are suitable for applications 
requiring compliance w ith health and safety regulations, such as food packaging and medical 
delivery systems.v1 Based on the fact that the material applied for medical device need to be 
sterilized before used according to the safety concerning. Gamma radiation has been 
recognized since the 1950s as a safe and effective method o f sterilizing medical products. 
However, radiation interacts with polymers in two basic ways: chain scission, which results in 
reduced tensile strength and reduced elongation, and crosslinking, which results in increased 
tensile strength and reduced elongation. Both reactions occur simultaneously. Therefore, 
commercial polyolefins need the addition o f stabilizers, primarily antioxidants, to preserve 
their chemical and physical-m echanical properties both during processing and under the 
conditions o f use.v11 Hindered phenol antioxidant and hindered amine light stabilizer are 
commonly used in order to prevent o f hydrogen abstract from the polymer chain and scavenge 
the radical intermediate formed in the photo-oxidation process, respectively. Since 
international regulatory authorities require that pharmaceutical and food packaging should not 
interact physically or chemically with their contents, the possible release o f the polymer 
additives by the plastic containers should be monitored and minimized. From the past until 
now, there are some reports about the toxically concern o f the traditional antioxidants. 
Migration o f free small antioxidant molecule may play an important role in carrying a toxin 
from the polymer matrix to the food and body contact. Depending on the actual use o f plastic 
products, they can gain access to the body via the gastrointestinal system, transdermally, or 
through the bloodstream.

In an article in the Journal o f  the American Medical Association, investigators report that 
increased exposure to the commonly-used plastic additive bisphenol may be associated with 
an increased risk o f cardiovascular disease and diabetes. Bisphenol A  (BPA) is widely used in 
plastic liners for food and beverage containers, in hard plastics used in bottles, and in many 
other consumer products. It significantly raise the chances o f also having diabetes or a history 
o f cardiovascular events, according to a study based on the 2003-2004 by National Health 
and Nutrition Examination Survey (NHANES). v111 Sotonyi et al. (2004)1x reported that a light 
stabilizer Tinuvin 770 can induce toxic injury o f adult rat cardiac myocytes.Tinuvin 770 
[bis(2,2,6,6-tetramethyl-4-piperidinyl) sebacate], is a UV light stabilizer plastic additive used 
worldwide. It is a component o f many plastic materials used in food and medical plastic 
industries. One o f the literaturesx presented that Tinuvin 770 not only displays L-type Ca2+
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channel blocking properties, but can also lead to catecholamine release, similar to effects of
2+the first generation o f L-type Ca channel blockers. Morphological results correspond to 

catecholamine-induced myocardial damage. They also indicate that more detailed toxiological 
analysis o f Tinuvin 770 should be required, and current regulations in medical and food 
industries should adopt the new results.

From the feasible problem reported, we previously proposed the model conjugated 
antioxidant based biopolymer.xl This work was based on a molecular design o f chitosan as a 
novel biopolymer-based antioxidant by demonstrating the preparation steps o f conjugating 
with deoxycholic acid (DC) and gallic acid (GA) to obtain chitosan-DC-GA (Fig. 2). The 
work also studies the use o f chitosan-DC-GA as an antioxidant additive by showing the 
antioxidative potential o f chitosan-DC-GA via a DPPH free radical model and the 
compatibility o f chitosan-DC-GA with polyethylene as a commodity polymer model.

13Structural characterization by IR-FTIR, C-NMR, and C F[ N  analysis and morphological 
investigation by TGA, XRD and SEM could be confirmed the successful preparation o f this 
derivative. It is important to clarify whether chitosan-DC-GA shows the ability to scavenge 
free radicals or not. Comparative studies on the antioxidant capacity o f chitosan-DC and 
chitosan-DC-GA were studied by using DPPH model free radicals and ESR technique.
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Fig. 2 : Chemical structure of chitosan-DC-GA.

The decrease o f the DPPH free radical intensity in ESR signal indicates the ability of 
chitosan-DC-GA to scavenge DPPH free radical related to the concentration. Chitosan-DC- 
GA exhibits antioxidant capacity, whereas no significant antioxidant capacity is observed in 
the case o f chitosan-DC. This verifies that the conjugated gallate group o f chitosan-DC-GA 
assists chitosan in stabilizing free radicals. W hen we consider the use o f chitosan-DC-GA as 
an additive for medical grade LDPE, we need to confirm the stability and the functioning of 
the antioxidant at high temperature (as high as 160°C, the processing temperature). Chitosan- 
DC-GA was incubated at 190°C for 5 and 15 min before treating with DPPH free radical. The 
result indicates that there is no change in the DPPH free radial scavenging capacity o f that
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compound, even after thermal treatment, as compared to the compound without incubation. 
This implies the durability o f the antioxidative function o f chitosan-DC-GA derivative. The 
aim o f this work also intended to design a chitosan bio-additive antioxidant for medical grade 
LDPE. Thus, clarification o f its compounding with LDPE, especially its compatibility, is 
important. The result showed that LDPE with chitosan powder, white traces along the 
samples can be observed, indicating phase separation. For the blends o f chitosan-DC and 
chitosan-DC-GA with LDPE, the samples obtained show homogeneous sheets, implying the 
miscibility o f the system. Even though it is difficult to elucidate the mechanism for how 
chitosan-DC and chitosan-DC-GA are miscible with LDPE, we suspect that the steroid 
structure with the high hydrophobicity o f the DC may bring the hydrophobic site to the 
chitosan and initiate the miscibility. SEM was also used to confirm the miscibility o f the 
blend. In the case o f LDPE with 2 wt % o f chitosan, the result clearly show the phase 
separation between the LDPE and the chitosan, whereas 2 w t % o f chitosan-DC-GA shows 
the miscibility with LDPE. The miscibility between chitosan-DC-GA and LDPE is still 
observed when the concentration o f chitosan-DC-GA is increased to 7 w t %.

Accordingly, the previously development and investigation described bring us to continue the 
study. Some additional result in the morphology and particle size o f chitosan-DC was 
investigated by TEM. The result demonstrates that it form like a particle with the size in the 
range o f 150-350 nm (n=50) (Fig. 3). Regarding to the issue pointing out in the current status 
o f our research work in term  o f bio-additive, one another objective is focused on bio-additive 
chitosan based nanoparticle, which is a little bit mentioned above. For the past few years, 
nanotechnology has been increasing as it has the potential to create many new materials and 
devices with wide-ranging applications, such as in medicine, electronics, and energy 
production. Generally nanotechnology deals w ith structures o f the size 100 nanometers or 
smaller, and involves developing materials or devices within that size. Up to now, several 
reports try to approach chitosan nanoparticle in various possible forms, for example, 
nanosphere, nanoparticle, and nanoscaffold. The most average size reported is still higher than 
hundred nanometers. To approach the definite nanoscale product, the appropriated preparation 
method should be studied. In this fashion based on the new generation o f the chitosan 
development, we are focusing on finding out an effective, selective, and simplest protocol to 
achieve nanoparticle chitosan. The important role is on the basic o f high energy radiation 
initiate nanoscale product. The value-added nanoparticle chitosan will be proposed in wide 
verity applications, e.g. drug delivery system, bio-additive for food, plant, and cosmetic as 
well as for commercial plastic like food packaging and medical plastic.

Fig. 3: TEM photograph of chitosan-DC nanoparticle.
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Hence, the research project under CRP will be combined between our previous research 
reported and the new generation o f nanoparticle bio-additive chitosan. In this way, the 
nanoparticle is supposed to improve thermal and mechanical properties and bring more 
perfectly efficient and miscible blending o f radiation stabilizer compound for medical plastic.

3. W ORK PLAN FOR THE RESEARCH PROJECT

The systematic preparation o f chitosan nanoparticle by gamma radiation and chemical 
modification is proposed. The chitosan nanoparticle will be developed into two objectives that 
are nanoparticle for radiation stabilizer and nanoparticle for drug delivery system. For the first 
objective, chitosan nanoparticle may contain hydrophobic portion and radiation stabilizer 
portion to approach chitosan nanoparticle based radiation stabilizer for radiation sterilized 
medical plastic. In the second, chitosan will contain hydrophobic and hydrophilic group and 
then will form self-assembly molecule (Fig. 4). According to our earlier research mentioned, 
non-modified long chain chitosan was used as a base-conjugated polymer. In the present 
work, the development o f chitosan nanoparticle using gamma-ray initiated nanoscale product 
is an important role. Even if  chitosan has been developed and specified as a particle and/or 
nanoparticles in many previous researches, it is important to develop chitosan nanoparticle in 
acceptably definite nanoscale, which would be in the range o f 1-100 nm. The research focuses 
on the systematic preparation condition and characterization. An effective, selective, and 
simplest procedure are preferable to discover. The research plan can be divided into two main 
parts, i.e. (i) physical modification, i.e. gamma irradiation process, and (ii) chemical 
modification one.

Chitosan

Hydrophilic or radiation 
stabilizer group

Fig. 4 : Formation of chitosan nanoparticle.

For (i), chitosan will be degraded into short chain polymer via high energy gamma-ray 
irradiation. The radiation doses will be varied to 5, 10, 20, 40, and 100 kGy. The experiment 
will be also extended to study the effect o f chitosan feature, i.e. solid, colloidal, and acidic 
forms, during gamma-ray irradiation on the formation o f nanoparticle in a well-defined 
colloidal structure. This process is expected to be the simple, effective, and selective method 
in preparing chitosan nanoparticle. The characterization is not only the molecular weight 
reduced but also the feature and the size o f the particle formed.
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In the case o f (ii), chitosan nanoparticle obtained will then be modified by chemical 
conjugating with appropriated molecules. Radiation stabilizer group will be conjugated onto 
that o f chitosan nanoparticle to serve as a part o f free radical scavenger. The deoxycholic acid 
according to our previous work still be used as a part o f hydrophobic molecule to serve as a 
compatibilizer with polyolefin matrix based on like-dissolved-like concept. In the case of 
chitosan nanoparticle for drug delivery system, both hydrophobic and hydrophilic groups will

13be modified onto chitosan. The chemical structure will be characterized by IR-FTIR, C - 
NMR, and %C H N analysis. The morphology will be observed by SEM, TGA, and XRD. 
The antioxidant activity and the thermal stability o f its function will be evaluated by DPPH 
standard free radical including EPR and/or UV-Vis. The particle feature and size will be 
measured by TEM and appropriated characterization.
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