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In this research, nanomaterials containing melamine units were designed and
synthesized for the absorption of excess 5-FU in the patient tears for relieving its side effects.
Melamine-nanoparticles which showed hydrophobic nanocavity and high porosity were effective in
absorbing about 50% of 5-FU at a concentration of 200 ng/mL; However, the melamine-nanoparticles
were poorly dispersible in CL monomers. Self-assembled nanotubes were finely dispersed in CL
monomers and formed clear hybrid CL, and the hybrid hydrogel showed increased mechanical strength
and sustained released property. However, introducing melamine units into the nanotube nanospace did

not observe any 5-FU absorption. As research achievements, the related results have been published
in four peer-reviewed international papers.



One of the most significant ocular side effects of fluorouracil (5-FU), excessive lacrimation,
has dramatically decreased the QOL of patients who receive 5-FU treatment. Wearing contact
lens to absorb and remove excess 5-FU from the patient tears can provide a novel approach for
resolving this problem. Therefore, the design of nanomaterials that can selectively absorb 5-FU
and compatible with contact lens are the key issue in this research proposal .

Theams of thisresearch proposal are to design such (1) 5-FU absorbing nanomaterials and (2)
hybridize the nanomaterials with contact lens.

(1) Melamine-nanoparticles (MNP) containing different alkyl chain length were synthesized and
evaluated for their 5-FU absorbing efficiencies (Fig. 1A). Since the hydrogen bonding
between 5-FU and melamine unit depends significantly on the microenvironments, MNP
having different nanocavity characteristics will be synthesized and optimized for high 5-FU
absorption.

Self-assembled nanotubes are nanocapsul es having cylindrical nanochannels connected with
open-ends, which allow small molecules diffusing into the nanochannels. The melamine units
will be chemically conjugated on the inner surface of nanochannelsfor 5-FU absorption (Fig.
1B). Importantly, the nanotubes can be specifically designed at a size less than 20 nm, which
may guarantee a high dispersibility and transparency of the consequent hybrid contact lens.
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Figure 1Melamine-containing nanomaterials
(2) Provided these nanomaterials can absorb 5-FU in water, they will be fabricated into hybrid
contact lens prototypes to confirm their absorption capability in gel state (Fig. 2). Further the
hybridization of nanotube with hydrogel is an important issue to explore their biomedica
applications.
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Figure 2 Hybridization of nanomaterials with hydrogel



MNP was simply synthesized by one-pot crosslinking of the cyanuric chloride with diamine
linker, with an aim of achieving nanoparticles less than 100 nm and large porosity. Melamine-
modified nanotubes were constructed from the nanotube-forming lipid and melamine lipids, by a
routine co-assembly method as established in my laboratory. The MNP and nanotubes dispersions
will be incubated with 5-FU solution at different ratios, and the 5-FU amount in the residue after
specific incubation time was measured by HPLC analysis.
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absorption efficiencies. It was

found that MNP containing long alkyl chain, which has been proved to have high porosity
and highly hydrophobic nanocavity, showed excellent 5-FU absorbing capability at a
concentration of 250 ng/mL (Fig. 4). For example, at a melamine to 5-FU ratio of 1600, the
most hydrophobic MNP (MNP-C12) showed about 80% absorption while hydrophilic MNP-
C602 only showed about 10% absorption. This result suggested that hydrophobic nanocavity
was more favorable for the hydrogen bonding formation between melamine and 5-FU.
However, at low 5-FU concentration such as 20 ng/mL which is near the lacrimation condition,
all the MNPs did not show any absorption capability. Further, the dispersion of MNPs in
HEMA were quite white and turbid, preventing its application in contact lens. Melamine-
modified nanotubes were also fabricated by co-assembly method, and the melamine group
were anchored on the inner surface of nanotube nanochannels, which can be tuned as
hydrophilic or hydrophobic. However, no absorption phenomenon was observed in the
melamine-modified nanotubes even at high concentration. One plausible reason can be the
low modification density of melamine groups in nanotubes.
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Figure 4 Melamine nanoparticles and their 5-FU absorption

(2)Nanotubes without or with methacrylate crosdinking group were finely dispersible in
HEMA or polyethylene glycol dimethacrylate as semi-clear solution (Fig. 5). After
polymerization, clear contact lens having 98% transparency were achieved. The methacrylate
crosslinking group on nanotube surface greatly improved the mechanica strength of hybrid
hydrogel and contact lens (Fig. 6).
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Figure 5 Nanotubes hybrid contact lens
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Figure 6 SEM of nanotubes hybrid hydrogel and its rheological behavior
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