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1 Introduction

Treatment of auditory and vestibular dysfunction is becoming

Magnetic Assisted Transport of
PLGA Nanoparticles Through a
Human Round Window
Membrane Model

The lack of an effective method for inner ear drug delivery is a clinical problem for the
prevention and treatment of hearing loss. With technology advances in nanomedicine and
the use of hydrogels, more drug delivery options are becoming available. This study
tested the feasibility of using a tripartite layer round window membrane (RWM) model to
evaluate the effectiveness of a magnetic assisted transport of poly(lactic-co-glycolic acid)
(PLGA)/superparamagnetic iron oxide nanoparticles (SPIONs). A RWM model was con-
structed as a three-cell-laver model with epithelial cells cultured on both sides of a small
intestinal submucosal (SIS) matrix with fibroblasts seeded within the matrix. PLGA en-
capsulated coumarin-6/SPION nanoparticles 100 nm in diameter were formulated by an
oil-in-water emulsion/solvent evaporation method and pulled through the RWM model
using permanent magnets with a flux density 0.410 T at the pole face. Independent
variables such as external magnetic force and exposure time, composition of hyaluronic
acid (HA) hydrogel suspending media, and particle characleristics including magnetic
susceptibility were studied. Magnetic assisted transport of coumarin-6 labeled magnetic
nanoparticles through the RWM inserts increased 2.1-fold in 1 h compared with the
controls. HA hydrogel did prevent particle accumulation on the surface of RWM in a
magnetic field but also impaired the mobility of these particles. Greater particle suscep-
tibility or stronger external magnelic fields did not significantly improve the transmem-
brane transport. A RWM model was designed consisting of a SIS membrane and three
co-cultured layers of cells, which was structurally and physically similar to the human.
PLGA particles (100 nm) with encapsulated ~15 nm SPIONs were transported through
this model with the assistance of an external magnet, allowing quantitative evaluation of
prospective targeted drug delivery through the RWM via the assistance of a magnetic
field. [DOL: 10.1115/1.4002043]

Keywords: SIS membrane, inner ear drug delivery, poly(lactic-co-glycolic acid), super-
paramagnetic nanoparticles, hyaluronic acid hydrogel

porate into membranes and cells of the organ of Corti. Ge et al. [S]
investigated augmentation of RWM transfer with magnetic fields
using PLGA-encapsulated iron oxide nanoparticles placed on the

increasingly dependent on targeted inner ear drug delivery. Recent
advances in molecular therapy and nanotechnology have stimu-
lated the development of a varicly of delivery methodologies in-
volving both transtympanic and direct intracochlear infusions
[1,2]. Hearing loss is a major public health problem, and its treat-
ment with traditional therapy strategies is often unsuccessful due
to limited drug access to the cochlea because of the blood-
labyrinthine barrier. Drug-carrying nanoparticles may help resolve
this problem because they allow for quantifiablc and controlled
drug release, with the potential for targeting specific cell popula-
tions, and, in some instances, can be imaged in vivo [3].
Nanoparticles (natural and synthetic) are capable of physiologi-
cally traversing the round window membrane (RWM) and
cochlear membranous partitions and are likely to become useful
drug delivery platforms. Tamura et al. [4] found rhodamine-
encapsulated poly(lactic-co-glycolic acid) (PLGA) nanoparticles
in basal and middle portions of the scalae tympani after applica-
tion to the guinca pig RWM via gel foam. Nanoparticles have
been demonstrated to readily cross the RWM and quickly incor-
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RWM in chinchilla. Nanoparticles were subsequently identified in
the scalae tympani and vestibuli, the stria va:cularis, and within
the organ of Corti including inner and outer hair cells and sup-
porting cells. The mechanisms of transport have not been fully
elucidated although particle size has been shown to be important
in diffusion and transport across membranes in gencral.

The round window membranes of humans, monkeys, and ro-
dents have comparable ultrastructures, which include three basic
layers: an outer epithelium, a middle layer of connective tissue,
and an inner epithelium. Interspecics variations are mainly in
terms of thickness, being thinnest in rodents and thickest in hu-
mans [6]. Layers of the round window participate in absorption
and seeretion of substances to and from the inner ear, and the
entire membrane could play a role in the drug delivery system of
the ear [ 7,8]. Our round window membrane model is a three-layer
in vitro model of the human round window membrane and con-
tains epithelial cells cultured on both sides of a porcine small
intestinal submucosal (SIS) collagen matrix (Cook Biotech) with
fibroblasts (Swiss 3T3) seeded in bistween the epithelial layers [9].

Magnetite-PLGA superparamagnetic nanoparticles with fluoro-
chrome coumarin-6 labeling were evaluated for transmembrane
transport using the RWM model. PLGA nanoparticles with encap-
sulated ~15 nm superparamagnetic iron oxide nanoparticles
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