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A novel concept of drug delivery —— self-decomposable
nanoparticles as carriers for sustained drug release

Critical features of ideal drug include effective cellular uptake, and sustained release.
Cellular uptake refers to the capability of the drug molecules entering the cells in order to
take effect. This is not as straight forward as one thinks, as a lot of drug molecules have
difficulty to trespass the plasma membrane (e.g. negatively charged DNA drugs have trouble in
cellular uptake as the plasma membrane is also negatively charged). What could make things
worse 1s an effect known as multidrug resistance — the cells may develop abilities that
recognize the drug molecules and keep them out. This is a common problem for antibiotics as
well as cancer therapeutics. On the other hand, sustained release formulation is designed to
release a drug at a predetermined rate to maintain a constant drug concentration for a specific
period of time. There are many clinical benefits for patients using sustained release
formulation drug, including maintenance of effective drug concentration to achieve therapeutic
effect, improved efficiency of treatment with less amount of drug, reduction in side effects
with minimum toxicity, improved patient compliance and convenience with less frequent
administration, stable medical condition because of more uniform drug levels, and reduced drug
accumulation with chronic therapy. Although more than one mechanism has been developed to
achieve sustained drug release, there are problems of instability and cost issue is also a
concern. The technology demand of designing sustained release formulation remains high.

While most of the conventional drugs are struggling to acquire these two characteristics,
nanoparticle carrier based nanomedicine starts to attract researchers’ attention, as it
provides a feasible solution to simultaneously achieving enhanced cellular uptake and sustained
drug release.

Fig. 1: Schematics showing the design of self-decomposable nanoparticle drug

Recently, we developed a novel nanoparticle-drug system that can self-decompose (Fig. 1). In
such a system, enhanced cellular uptake of the drug is easily realized as these carriers enter
cells via endocytosis — an energy consuming process by which cells absorb substance. Problems
of effective cellular uptake of the conventional drugs originating from their negative surface
charge are no longer relevant. The fact that the drugs are hidden in the nanoparticle carrier
also makes it possible for them to evade the multidrug resistance effect to certain extent.

A structural feature of our NP carrier-drug is that the drug molecules are highly concentrated
in the NP center and a loose host network is entangled with the drug molecule in the NP (Fig.
2). By creating a radial drug concentration gradient in the NP, sustained release (Fig. 2) of
the drug molecules is primarily driven by diffusion. Most recently, we have discovered that
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such cellular drug release pattern can help to completely overcome the multidrug resistance
effect, which is a daunting barrier for antibiotics and cancer therapeutics. In fact, we can
also manipulate the loading mechanisms of the drugs, and “create” the desired release pattern
of the drug.
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Fig. 2: The structural feature of NP carrier-drug system and its drug release profile. (a) Filtered
bright field TEM image of single NP and the corresponding chemical maps of (b) Nitrogen and (c)
Silicon, which indicate the drug and silica matrix distributions respectively. The drugs are mostly
accumulated in the center of the nanoparticle. The scale bar is 20 nm. One example of (d) Day-by-day
and (e) cumulative drug release profiles of NPs at 37°C.

Escape of the drug molecules from our NP carrier-drug system then triggers the carrier
decomposition, which starts from the center of the NP and eventually leads to its complete
fragmentation when all drug molecules are released (Fig. 3). The small size of the final
carrier fragments is critical in enabling their easy excretion via renal systems, as supported
by animal model. This unique feature would enable the NP carrier drug avoid renal filtration
at first, leading to prolonged drug residence time in the blood stream. After complete release
of the drug, the carrier structure can be decomposed to small fragments for easy system
excretion. The experimental results suggest a most attractive and promising NPs carrier-drug
system for diagnostic and therapeutic applications.

Fig. 3: Carrier decomposition of NP carrier-drug system. Typical TEM images of the NPs after being
immersed in deionized water for (a) 1 day; (b) 4 days; (c) 9 days; and (d) 14 days respectively. One
can see the carrier decomposition from intact nanoparticles to hollow shells, and eventually to small
fragments. The scale bar is 100 nm.
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[3] Magnetic Fields Play Larger Role in Star Formation than Previously Thought
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Chun-Yin Ho (Christian and Missionary Alliance Sun Kei Secondary School )

The most important message | got is that a teacher has to understand the level of his/her students, to understand
what they need, to apply different styles of teaching to different classes of students. | really learned many
practical teaching skills.
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