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Introduction

Results – LM

Liposomes can serve as nano-carriers of anti-tumor, anti-fungal and analgesic
drugs, gene therapeutics, and vaccines. Liposomes are composed of phospholipids
which are the main component of biological membranes. Hence, they are highly
biocompatible for use in the pharmaceutical industry. Phospholipids are amphiphilic
molecules composed of a hydrophilic phosphate head and two hydrophobic fatty
acid tails. They typically arrange into a bilayer in aqueous solutions, where the
hydrophilic phosphate head is facing the water molecules and the hydrophobic tails
are caged inside the bilayer and away from the water (Fig.1).1 n
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LM results showed that sonicated samples and 0.1%SiNP had big aggregates,
indicating that extrusion and SiNP levels above 1% might yield better results –
un-aggregated liposomes (Fig.4).
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Figure 1: Illustrations of phospholipid, bilayer, liposome, aggregated and stabilized nano-particles.

Objective

Figure 4: Light microscopy images of samples 1-12.

This research was conducted to create small round liposomes of ~100
nanometers (nm) in size. Nano-carriers of 50-250 nm are
preferable for speed and efficiency of their absorption
by cells. Liposomes have a tendency to aggregate,
causing subsequent instability. A way to overcome
this is to engineer lipid carriers functionalized
with inorganic stabilizing nanoparticles (NP),
such as silica (SiNP). A cohesive layer of
SiNP that forms on the surface of the
liposomes, surrounding them, could
solve the problem of instability
and aggregation (Fig.1).2
Sample 2 - DOPC 1%SiNP

Results – TEM
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TEM technique reveals the sizes and arrangement of the
liposomes and SiNP. 3 We could clearly see the 13 nm
SiNP around the 100nm liposomes. 0.1% SiNP
(sample 1) showed clustered liposomes. At 10%
SiNP (sample 3), the liposomes did not
cluster, but there was an abundance of
unbound SiNP. 1% SiNP (samples 2 & 8)
tested best; the SiNP covered the
liposomes, preventing aggregation,
while having limited SiNP in the
surrounding solution (Fig.5).

Sample 8 - DPPC 1%SiNP
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Procedure
Vesicles of DOPC or DPPC
phospholipids were obtained using
extrusion or sonication techniques.
Each sample was incubated with
0.1%, 1%, or 10% SiNP. The results
were analyzed through light microscopy
(LM), Electron Microscopy (EM), and
Dynamic Light Scattering (DLS) (Fig. 2).

• Samples prepared by extrusion
consisted of smaller particles
than by sonication.
• Samples with 0.1% SiNP had
aggregates, and therefore shouldn’t
be used in further experimentation.
• Samples with 1% and 10% SiNP were
successful at encompassing the
liposomes, consequently stabilizing and
preventing aggregation.

Methods

Results – DLS
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Figure 2: Equipment and methods.

• 1% of SiNP proved to be a more ideal concentration
than the 10% concentration because it had notably
less un-bound SiNP in the surrounding solution.

The DLS results showed that
Figure 5: TEM Results
samples with 0.1% SiNP had large
structures of 1-2 μm, confirming that low concentrations
Discussion
of SiNP do not prevent aggregation. At 1% and 10% SiNP,
We found for the first time that SiNP can stabilize and
structures’ size was ~200 nm, indicating that the sample
prevent aggregation of liposomes. We set the optimal
was composed of single stable liposomes (Fig.3).
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Sample Number
Size (nm)

.

Conclusions

References
1.
2.
3.

Li J, et al. A review on phospholipids and their main application in drug delivery systems, Asian J. Pharm. 10(2): 81-98 (2015).
Koroleva, M.Y., A.M. Tokarev, and YurtovE.V. Simulations of emulsion stabilization by silica nanoparticles. Mendeleev
Commun. 27(5): 518-520 (2017).
Danino D. Cryo-TEM of soft molecular assemblies. Curr Opin Colloid Interface. Sci. 17(6):316-329 (2012).

Figure 6b: Liposome cross section.
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