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Surface Modification of Polymers and Colloidal Particles

for Biomedical Applications
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This research project consists of 4 subprojects. Subproject 1 focused on the surface
modification of natural rubber (NR) glove for increasing the surface roughness and, hence,
reduction of the surface friction by depositing poly(methyl methacrylate; PMMA) latex
particles onto the NR or sulphur prevulcanized (SP)NR film. It was found that the
adsorption of both large and small sizes of PMMA particles effectively reduced the surface
friction of rubber film. Since the direct contact between skin and the modified SPNR film
was decreased, it was expected that the cytotoxicity caused by the leachable proteins or
other additives in SPNR glove and the allergic problem to certain sensitive individuals
would be lowered. The culture medium of 1.929 fibroblasts was used for extracting the
modified SPNR film and subjected to the in vitro cytotoxicity evaluation. Results showed
that at the extract concentration of < 13% for 24h at 37°C, no toxicity potential was
detected. In order to improve both the binding ability with SPNR and antimicrobial
activity, the PMMA -chitosan core-shell particles were prepared for further depositing onto
the ungrafted SPNR film. In parallel, we prepared the medical gloves consisting of three-
layer thin film where the outermost and inner layers were prevulcanized NR and the active
middle layer containing the polymeric capsule of disinfectant agent (chlorhexidine
digluconate; CHD). The effects of types and molecular weight (MW) of the polymeric
shell on the encapsulation efficiency were studied. The deposition of CHD-poly(methyl
acrylate) (PMA) (550K) capsules having > 90% encapsulation efficiency onto the
prevulcanized NR film was achieved by using the coagulant dipping process. The CHD-
PMA capsules in the second layer were then coated with another prevulcanized NR layer
to finally furnish a three-layer film. In order to reduce the preparation step, the composite
particle composing of prevulcanized skim particles surrounding a CHD-PMA capsule was
prepared and then used for coating the prevulcanized NR substrate in one step.

The rest part of subproject 1 emphasized on the employment of NR film or
colloidal particles as a template for the construction of sensing material, i.e., chemical
sensor, by using the synthesized organic molecules. The sensor benefits from high
sensitivity and amplified output signal for the selective detection of nucleotides, metal ions
and amino acids. For the sustainability purpose, the NR glove residue was blended with
polystyrene foam waste to obtain the semi-IPNs structure. The material was reinforced
with cellulose obtained from sugar cane and corn leaves and would be potentially used as
artificial wood. .

Subproject 2 aimed to utilize the biodegradable and biocompatible polylactide
(PLA) based polymer for biomedical applications. The PLA and their copolymers could
be fabricated in the form of nanofiber or used for coating magnetic nanoparticle (MNP)
surface or medical devices including NR sheet for the preparation of medical gloves or an
adhesive patch for drug controlled release. The PLA block copolymer was also applied as
a crosslinking agent of epoxidized NR (ENR) which offered good mechanical property
and biodegradability.



Subproject 3 focused on the study and development of transdermal drug delivery
(TDD) which could be used as an alternative option apart from normal intake and
injection. This subproject focused on the development of NR or prevulcanized NR as a
backing material which must have good chemical property (i.e., chemical resistance to the
external environment during the usage), miscibility with the drug (blending) and contact
feeling (comfortable). From the mechanical properties, oxygen and water vapor
transmission rates, it was found that the modified NR, i.e., ENR, attained the requirements
for a backing material in the TDD system. In addition, the NR film surface adsorbed with
the PLA block copolymer could be used as a sensitive adhesive patch containing
controlled release drug and provided less toxicity to cells and good biocompatibility.

Subproject 4 involved the preparation of magnetic polymeric nanoparticle (MPNP)
whose surface was immobilized with proteins and/or biological molecules. These particles
could be employed for the separation of proteins from the biological matrix or for the
detection of microorganisms, e.g., bacteria or parasite. The adsorption of malaria antigen
or antibody onto the functionalized MPNP or the preparation of immunolatex was
attempted for the diagnostic and separation purposes. A novel tool for the detection of
BCR/ABL fusion gene in chronic myelogenous leukemia by the immobilization of MPNP
with oligonucleotides was successfully developed. Our technique, named a “Magneto-PCR
enzyme linked gene”, provided the detection with high specificity and its sensitivity was
commensurate to the current Real-time PCR method. The technique also minimizes the
exposure to the toxic chemicals. Since the MPNP acted as peroxidase mimic, it could be
used in the PCR protocol and further employed for the detection of Vibrio cholerae and
Enterotoxigenic E. coli. This prompts the preparation of efficient method for the detection
of food-borne pathogen with high efficiency and the sensitive compromising to the PCR-
ELISA technique.
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