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Abstract

Abstract

Since the hydrophobic group is essential to the synthesis of the drug-loaded
nanoparticles, a majority of the methods rely heavily on organic solvents. These organic
solvents might be residual within the particles and could not be completely removed by
conventional methods, such as reduced pressure distillation or freeze drying. As a result,
trace of organic solvents would remain in the medicine, which are called residual
solvents. Although residual solvents are extremely little and always meet the special
directions published in pharmacopeias that have been strictly controlling the maximum
allowable amounts of the residual solvents in pharmaceutical products, the residual
solvents would be accumulating in the body, and might accentuate the disease or cause
other serious issues to the patients. Hence,all the manufacturers have been aspiring to
minimize the amount of the organic solvents used in drug production process. Therefore,
it will be a pretty major leap for the human health to use “green” chemistry into the
pharmaceutical industry, although facing amounts of difficulties.

10-hydroxycamptothecin (HCPT) is a promising broad-spectrum antitumor agent
which targets nuclear enzyme topoisomerase I and has achieved remarkable success in
the early clinical trials. MTX is also a commonly used clinical antitumor drug, which
works by affecting folate metabolism. The function mechanism of the two drugs is
different, which will lead to good synergistic effect when combined the two drugs.
Moreover, MTX can function as a tumor-targeting agent as well. Promisingly,
interfacial integration of MTX with another anticancer drug in the nanohybrid could
result in the dual-drug delivery system with improved therapeutic efficiency, compared
with that of traditional formulations.

In the current study, an aqueous drug nanoformulation, composed of 10-
hydroxycamptothecine (HCPT) and the MTX-chitosan/FA-chitosan conjugate, was
fabricated in a green coprecipitation process driven by the abrupt pH switch in the
aqueous mixture. The hybrid nanorods are characteristic of bearing a nanocrystalline

HCPT core integrated with a MTX-chitosan/FA-chitosan conjugated shell.
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Nanohybrids with high HCPT loading showed the prolonged and sustained release
property due to the presence of the conjugated protection layer. In vitro and in vivo
studies will be then systematically carried out to examine the effect of the nanorods
against cancer cells.

The contents are summarized as follows:

(1) Preparation and characterization of Folate-modified, HCPT-loaded
nanorods (HFNDs). Firstly, we conjugate folate to chitosan via an amido bond. The
FTIR spectrum illustrated that the amido bond was exist and the conjugate CS-FA was
successfully synthesized. Then, the HCPT and the CS-FA were dissolved in alkali and
acids, respectively. When the two solutions were mixed, neutralization reaction would
happen. The produced mixture was controlled to be neutral, which would be a poor
solvent for both HCPT and CS-FA. The decrease of the solubility triggered by pH
changes provided an opportunity for the nucleation of HCPT nanorods and the
accompanying coprecipitation of CS-FA onto the growing HCPT nanorods. To optimize
the formulation conditions, a condition experiment was designed to study the effect of
the ratio of HCPT to CS-FA, ultrasonic power, pH of the produced mixture, and
concentration of the produced mixture on the the morphology of HFNDs. The results
were as follows: the ratio of HCPT to CS-FA was 1:1; the pH of the produced mixture
was 7.0; the power of the sonication was 200 W; the sonication time was sonication for
3 s, interval for 3 s and repeated for 150 times in ice-bath. The obtained nanorods were
characterized by scanning electron microscopy (SEM)/transmission electron
microscopy (TEM), dynamic light scattering (DLS), and X-ray diffraction (XRD).
Based on these experimental results, it was proposed that HFNDs exhibited well
dispersed, fairly uniform size and a pointed-end, needle-like shape with a length of
about 800 nm and a width of about 80 nm. The DLS analysis illustrated that the size of
HFNDs was 104.3+ 5.7 nm, the zeta potential was + 16.3 + 1.9 V. The drug-loading
and entrapment efficiency of HFNDs were 70.2 + 3.1% and 83.1%, respectively. The
release behavior in vitro showed that HFNDs could slowly release the drug in 48 h in
PBS (pH=7.4).

(2) The in vitro and in vivo studies of HFNDs. The in vitro and in vivo studies
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were then systematically carried out to examine the effect of HFNDs against cancer
cells. The cellular uptake test was carried out with HeLa cells and used HCPT-chitosan
nanorods (NDs) with the same size as control. The cellular uptake of HFNDs was much
faster and higher than that of the NDs. The in-vivo fluorescence test also stated the
targeting property of HFNDs was better than that of NDs. These tests stated that
enhanced cellular uptake of HFNDs was caused by the modification of folate, which
would lead to the receptor-mediated endocytosis. The cytotoxicity test indicated that
the killing ability of HFNDs was stronger than that of the individual drugs, or NDs. The
in-vivo antitumor experiment showed the excellent anticancer property and the slight
side effect. These two tests illustrated the good anticancer effect of HFNDs.

(3) Preparation and characterization of MTX-modified, HCPT-loaded
nanorods (MHNDs). Firstly, we conjugate MTX to chitosan via an amido bond. The
FTIR spectrum illustrated that the amido bond was exist and the conjugate CS-MTX
was successfully synthesized. We calculated the percentage of the MTX in the
conjugation via ultraviolet spectroscopy. Then, the fast mixing of an alkaline HCPT
solution (pH = 13) with an acidic CS-MTX one (pH = 2.0) in the presence of ultrasound
led to coprecipitation of both ingredients. Thus, the dual-drug loaded nanorods was
successfully prepared. The obtained nanorods were characterized by scanning electron
microscopy (SEM), dynamic light scattering (DLS), and X-ray diffraction (XRD).
Based on these experimental results, it was proposed that MHNDs exhibited well
dispersed, fairly uniform size and a pointed-end, needle-like shape with a length of
about 600 nm and a width of about 80 nm. The DLS analysis illustrated that the size of
HENDs was 101.0 + 5.8 nm, the zeta potential was +21.4 + 2.1 mV. The drug-loading
and entrapment efficiency of HCPT in MHNDs were 68.8 + 2.5% and 80.1%,
respectively. The drug-loading of MTX was 8.9+0.3%. The release behavior in vitro
showed that MHNDs could slowly release both drugs in 48 h in PBS (pH=7.4).

(4) The in vitro and in vivo studies of MHNDs. The in vitro and in vivo studies
were then systematically carried out to examine the effect of MHNDs against cancer
cells. The cellular uptake test was carried out with HeLa cells and used NDs as control.
The cellular uptake of MHNDs was much faster and higher than that of the NDs. And
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this enhancement would disappear, when the folate receptors on the cell membranes
were blocked with folate. This stated that the enhanced cellular uptake of MHNDs was
caused by the affinity between MTX and the folate receptors in target cells, which
would also lead to the receptor-mediated endocytosis. The cytotoxicity test indicated
that the killing ability of the dual drug loaded nanorods was stronger than that of the
individual drugs, the mixture of individual drugs, or the mixture of MTX and the NDs.
This illustrated the good synergistic effect and targeting property of MHNDs. The in-
vivo fluorescence test also stated the good targeting property of MHNDs. The in-vivo
antitumor experiment showed the excellent anticancer property and the slight side effect.

Keywords: HCPT - MTX - Chitosan * Nanorods - pH switch - Sonication
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