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Abstract: This study encompasses the development and comparison of nanosilica-supported
liposome (protocells), conventional liposome, and polyethylene glycol (PEG)-liposome. An effort
was made to study the drug encapsulation efficiency and the in vitro release of the drug, and
whether protocells (nanovesicles) could sustain the release of the drug by increasing the resi-
dence time, which could reduce the dose-related systemic toxicity of the drug, that is, vincristine
sulfate. Nanovesicles had a good encapsulation efficiency (71%), which was comparable to the
conventional and PEG-liposome, which were 74% and 78%, respectively. The obtained vesicles
were in the size range 100—150 nm, and the drug release efficiency of conventional, PEGylated,
and protocells liposome was about 67%, 42%, and 52%, respectively, in 150 minutes. The inter-
mediate value of nanosilica-supported liposome indicates the ability for stable and controlled
release of the drug, which prevents the rapid burst or slower release of the drug. This study reveals
that protocells as nanovesicles could be a better choice for the delivery of cancer drugs such as
vincristine sulfate.
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Introduction

Cancer is the leading cause of death in economically developed countries and the
second leading cause of death in developing countries. Cancer chemotherapy is
generally accompanied by side effects. If an anticancer drug could deliver only the
right site in the right concentration at the right time, cancer could be cured without
side effects. One of the main goals of nanomedicine is to develop a nanocarrier that
can selectively deliver anticancer drugs to target tumors and affect as few healthy
cells as possible. Several different types of drug carriers or “vehicles” have been
developed for this task, including polymers, liposomes, dendrimers, and inorganic
nanoparticles.! Utilizing these vehicles has several advantages over conventional
dosage methods, including decreased drug inactivation, increased efficacy, and
reduced nonspecific interactions. Recently, one type of inorganic nanoparticle that
has been successfully applied as a controlled-release drug delivery system is mes-
oporous silica nanoparticle materials.> Amorphous mesoporous silica particles were
suggested as useful carriers because of their stability, controllable pore diameter, and
biocompatibility.’ Therefore, in continuation of our previous work,*> we prepared
and characterized vincristine sulfate-encapsulated nanosilica-supported liposome
(protocells) as nanovesicles and compared it with conventional and polyethylene
glycol (PEG)-coated or stealth liposomes to evaluate the encapsulation efficiency
and in vitro performance (Figure 1).
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Figure | (A) Scanning electron micrograph (SEM) of MNS; (B) XRD crystallography of MNS; (C) FTIR spectra of MNS; (D) MNS loaded with dye FITC (orange) and
vincristine sulfate (white); (E) fluorescent image of MNS encapsulated in liposome. (F) Fluorescent image of MNS — FITC complex; (G) SEM images of MSN-encapsulated
liposomes (protocells) and (H) in vitro drug release in conventional, PEGylated and MNS supported protocells.

Abbreviations: MNS, mesoporous nanosilica; XRD, X-ray diffraction; FTIR, fourier transform infrared spectroscopy; EHT, electron high tension; FITC, fluorescein

isothiocyanate; VINC, vincristine sulfate.

Materials and methods

The conventional liposomes were prepared using a rapid
evaporation method. The polyethylene glycol (PEG-2000)
was attached to phosphatidylcholine (PC) by dissolving
them in a ratio of PC:PEG (4:2) in 10 mL of chloroform
(organic solution). The solution was then evaporated using
rotatory evaporator at 60°C for 45 minutes at 200 rpm. After
preparing the PC-PEG complex, the PEG liposomes were
prepared by mixing PC:CH:PC-PEG in the ratio of 5:3:2
in 10 mL of organic solution, and dried to form a thin lipid
film in rotary evaporator as explained above and same was

reconstituted in HBSE buffer (10 mM HEPES, 150 mM
NaCl, 9.1 mM EDTA; pH 7.5). The solution was then incu-
bated overnight with continuous stirring. After overnight
incubation, the free drug was removed by multiple rounds
of centrifugation, supernatant removal, and washing, until
no or little drug was detectable in the supernatant. Prepara-
tion of FITC-mesoporous silica nanoparticle-encapsulated
fluorescence liposome (protocell) was done as per the method
prescribed.’ Removal of free drug, determination of drug
encapsulation efficiency and drug loaded in mesoporous
nanosilica, characterization of mesoporous nanosilica,
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characterization of liposome, and study of in vitro drug
release from the liposomes were done by standard estab-
lished methods.

Results and discussion

The drug release mechanisms of conventional liposomes,
stealth liposomes, and mesoporous nanosilica-loaded drug
were comparable. The release rate was highest for the drug
encapsulated in the conventional liposome, while the rate of
release from PEG-liposomes was less than that of conven-
tional liposomes and mesoporous nanosilica-loaded drug.
Thus, it can be concluded that by adding PEG to the
liposomes, the release rate of the drug from the liposomes
is decreased due to some steric hindrance. This is due to
the barrier against diffusion of the hydrophilic drug, cre-
ated by the hydrophobic long alkyl chains of the polymer,
and the drug was effectively entrapped in the polymers.
Mesoporous nanosilica shows in vitro release of the drug
between conventional and stealth liposomes which show a
stable in vitro release of the drug, and can be used to deliver
the drug to cancer cells and tumors. The burst effect varies
with the liposome type and lipid in case of liposome, and in
case of mesoporous silica, it depends upon the pore size on
the surface of mesoporous silica. The ability to control the
release of anticancer drugs can provide mesoporous silica
nanoparticles with advantages over other drug delivery
systems such as PEGylated liposomal particles or con-
ventional liposomal particles.® On the basis of the above
results, it can be suggested that the drug would be stable in
the blood circulation and would be released slowly at the
cancerous site. It is also evident from the above study that
our PEGylated liposomal formulation and drug-loaded mes-
oporous nanoparticles meet the requirements for an effective
drug delivery system.’

Conclusion
The results suggest that the encapsulation of vincristine
sulfate and its release from the nanosilica-supported
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liposome occur for a prolonged period of time. The value
is comparable with the PEGylated liposomal formulations.
Since the PEGylated nanosilica supported protocells are of
nanosize, they can load different dyes for color contrast to
distinct in visualization during imaging, and also have longer
residence time in body fluid under circulation which can help
them to reach the targeted tissues. Nanosized silica-supported
liposomes may be promising delivery systems for cancer
drugs in cancer therapy. These studies are preliminary, and
therefore, further studies are needed including in vivo experi-
ments to show the suitable role of such nanoscale protocells
in drug delivery.
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