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Utility of Drug Loaded Nanoparticles in the Treatment
of Inner Ear Pathology
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The lack of drug specificity for inner ear structures and the side effects of systemic administration have
determined the treatment strategies to evolve from systemic administration to local application of drugs.
The disadvantages of systemic or local administration of drugs for the inner ear, have led to the development
of nanoparticles with specific activity. The study presents current research advances regarding the use of
nanoparticles (liposomes, PLGA, dendrimers, silica or magnetic nanoparticles, etc.) in inner ear pathology
treatment.
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On demand drug delivery at disease-specific site with
minimum side effects represents a great challenge for
nanomedicine, hence the efforts are now focused on
designing multi-functional nanocarriers to release drugs
(nanoparticles) at the particular location.

In case of congenital hearing loss the speech
development isis affected with an important impact on
academicachievements and further on in adulthood when
might play a role on restricted career choice and possible
lower earnings[1]. Furthermore, in the adult, the hearing
loss leads to social isolation and behavioral disturbance up
to depression. Thus the consequences of deafness may be
devastating.

The prevalence of hearing loss was first assessed in
1985. At that time it was appreciated that approximately
42 million (0,9%) of people of the world population have
disabling hearing impairment[2].Disabling Hearing Loss
(DHL) is defined as the loss of hearing greater than 40dB in
the better hearing ear in adults and greater than 30dB in
the better ear in children. The estimation made 25 years
later shows that 360 million (5,3%) people worldwide have
DHL[3]. Of these, approximately 32 million (9%) were
children, 7,5 millions being younger than 5 years[4]. The
escalation of DHL prevalence starting from 1985 until 2011
has several explanations. Starting from the year 1978 the
problem of hearing loss screening was emerged at a large
scale. The Saskatoon Conference on Early Diagnosis of
Hearing Loss recommended in 1978 the registration of
neonates as being at high risk for hearing impairment, a
resolution requesting provincial and local governments to
make registration mandatory was passed with that
occasion[5]. On the other end are the elderly. The rise of
mean life expectancy from many countries leads to
increased prevalence of presbyacusis and not at least the
increasing exposure to the. The occupational and
environmental noise might be also an important cause of
hearing impairment. To these 3 factors that explain the
rise of prevalence of hearing loss there has to be added the
fact that none of the previously known factors to cause
hearing loss has been removed, these factors still
contributing in hearing loss. These classic factors that lead
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to hearing loss development are: ototoxic drugs (more
important the aminoglicosid antibiotics and citostatic
drugs) – so useful in treatment of serious illnesses, the
infectious – especially viral ones – but not only: urlian virus
– responsible for mumps, rubella virus, etc. In this field,
important progress has been made regarding the
prophylaxis. Genetic factors are responsible for more than
50% of congenital deafness. Although real progress has
been made in detecting gene mutations responsible for
deafness, the development of a prophylactic and/or
curative treatment is still on the wish list. Sensorineural
hearing loss is nowadays one of the most common
diseases accounting for about 50% of all disabling
diseases[6].

Treatment for sensorineural hearing loss (SNHL) has
evolved from systemic administration of drugs (ex.
Ototoxic drugs for intractable MD) to local application of
pharmaceutical agents. The systemic administration of
medications was started in the middle of the 20th century
when Fowler 1948 gave streptomycin to his patients for
control of vertigo[7]. After more than half of a century
systemic administration of ototoxic drugs (streptomycin)
continues to be possible in the treatment of bilateral
Meniere’s disease by intramuscular drug delivery and the
dose calculated by the clinical effect[8]. Among the
systemic use drugs there are: steroids as standard
treatment in sudden deafness, alone or combined with
antiviral drugs [9-12] – although  there are authors that
question the efficacy of systemic steroid use [13,14] –
diuretics used in Meniere’s disease treatment [15],
biphosponates in otosclerosis [16, 17], vasodilators
intravenous in sudden deafness and tinnitus treatment [18],
Vitamin E and vitamin C in the treatment of idiopathic
sudden sensorineural hearing loss [19, 20] and Betahistine
[21,22] (H1 receptor agonist and H3 receptor antagonist)
or Arlevert [22 - 24] (combination of cinnaryzine -and a
calcium channel blocker and dimenhydrinate –an inverse
agonist of the histamine a H1 receptor) given oraly are
used in the chronic treatment of Meniere’s disease, in
vertebrobasilar insufficiency or vestibular neuritis.
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All above mentioned therapies are in current clinical use
although they have significant limitations. The main
concern regarding systemic administration is represented
by the potential undesirable side effects that may range
from minor to life threatening effects – like in, but not limited
to, systemic steroid therapy[25,26]. The second important
limitation of systemic route for inner ear delivery of
medication is the highly variable pharmacokinetic profiles
that result in variability in concentrations of the drug at the
level of the cochlea[27]. This variability is determined by
the patient (age, renal and liver problems, genetic
predisposition). Regarding the anatomical condition of the
targeted organ – inner ear in our case – it is important to
emphasis the anatomic inaccessibility of the cochlea due
to the blood-cochlear barrier [28].

To overcome this obstacle, the round window (RW)
approach was proposed. Although adverse effects
associated with systemic administration are eliminated,
the transtympanic administration raises some problems.
The most important seems to be the necessity of repeated
administration – even in the same day [29,30] because of
drug loss through the Eustachian Tube (ET) and different
diffusion rate of the drug through the RW membrane
according to the individual structure and thickness [28,30].
Added to this is the slow diffusion towards the cochlear
apex, with the risk of failure to reach therapeutic
concentration.

Administration of different drugs like steroids [31] or
insulin like grow factor type I (IGF I)[32] through RW to
treat sudden hearing loss or neurotrophic factors to restore
synaptic connection and to promote neuron outgrowth
after noise trauma show promise[33], but specific delivery
methods of drug delivery towards the inner ear are
necessary.

One other problem consists in the lack of the specificity
of the drug for the sensorineural structures. In this regard,
the European Union Consortium (NanoEar) developed
some nanoparticles (Np) for specific targeting the
sensorineural structures from the inner ear. The specific
organ targeting is possible using the tropomyosin receptor
kinase B (TRK B) which is a specific receptor for brain-
derived neurotrophic factor (BDNF)[34].

Nps are particles of very small size, with nanometric
range dimensions. Generally the term of Np is referring to
particles with the size ranging from 1 to 100 nm. The
structure of a Np has to be constructed according to the
function that they have to accomplish. To fulfill a certain
function, the size and the shape of the Np is of major
importance.

Nps have different properties from the bulk solid of the
same material. The changes of the characteristics are due
to the small size of the Np – and this phenomenon is known
as size effect. There are two reasons for these differences.
Firstly the molecules located at the surface of the Np are
more active because of the free hand and thus they can
bond easier with different materials. Secondly, the specific
surface area in a Np is increasing in reversal proportion to
the particle size and eventually they can load and carry
more active substance to the diseased target. In order to
use Np for medical purpose they have to disassemble in
the components that will be utilized by thehuman body.

The most studies regarding the use of Nps in
otorhinolaringology are related to the inner ear diseases.
The interest in the use of Np in the pathology of the cochlea
derives from the necessity of a targeted therapy at this
level. Np might improve drug delivery to the inner ear
facilitating crossing the blood labyrinth barrier and targeting
more specifically the inner ear. There are Nps described to

cross the RW membrane[35] to reach the sensory cells in
the cochlea. Tipically the size of Nps used for drug delivery
to the inner ear is in the range of 200nm or less[36].

The RW membrane in humans consists of three main
layers (epithelial, connective tissue and cellular), with a
variable thickness across different species[37-39] that
behaves as a semi permeable membrane, protecting
against substances washing out from the inner ear towards
the middle ear[40,41]. Furthermore the permeability of the
RW membrane is also variable, depending on what vehicle
or method is used to cross it[41]. For example the
permeability is increased by local anesthetics like
tetracaine[42] or by histamine[43] or by lowering the
humidity at the level of the RW niche[44]. Once the drugs
are passing the RW membrane, the presence of a basal-
apical gradient in the scala tympany was reported by
numerous studies, with a higher concentration in the basal
turn than in the apex[45-47]. These differences are due to
the slow rate of the perilymph and endolymph flow inside
the cochlea and also to the loss of drugs to the adjacent
compartments[48].

Crossing the RWM might be done by passive diffusion
and also by active targeting mechanisms using some
proprieties of the Np (ex. magnetically guided NPs in drug
delivery for the inner ear application shows
promise[49,50,51] or ligands directed against receptors of
the surface of targeted cells[52-54].

On demand drug delivery at disease-specific site with
minimum side effects represents a great challenge for
nanomedicine, hence the efforts are now focused on
designing multi-functional nanocarriers to release drugs
at the particular location – referred as NanoCure[55].

To facilitate enhanced drug delivery from the Np, some
methods of stimulation have been proposed: thermal,
optical, electrical or acoustic activation[56].

Biodegradable as well as non-biodegradable Nps were
investigated for inner ear drug delivery purposes. The best
known biodegradable particles are those generated from
poly-lactic glycolic acid (PLGA). PLGA was approved for
human use by the US FDA and has been established as the
best NP drug carrier[57]. PLGA administered at the level
of the RW was found in high concentration in the cochlea
of chinchilla showing good capabilities for delivery of drugs
to the inner ear[58]. The next step was to demonstrate
that Dex-Ac has a good loading in PLGA[59].

In 2015 Sun C have demonstrated that PEG-PLA Np
loaded with Dexamethasone has a hearing protection
effect against cisplatin induced deafness[60]. The authors
have applied PEG-PLA-Np (labeled with coumarin 6 – a
fluorescent labeling dye) and also free cumarin into RWM
in guinea pigs through a bulla opening to determine the
distribution of Nps in the cochleea after RWM delivery. They
found that in guinea pigs treated with Nps labeled with dye
the fluorescence was strong in all cochlear turns and also
in modiolus compared with free administration of the dye
when the fluorescence in the cochleea was weak. In the
second experiment they have compared the concentration
of drug in the cochlea after free Dexamethasone vs
Dexamethasone Nps administration through the RWM of
the guinea pigs. They found that the concentration of free
Dexamethasone was significantly lower than that of
Dexamethasone Nps. When otoprotective effects of
Dexamethasone Nps were evaluated, a significant
attenuation of cisplatin-induced hearing loss in guinea pigs
was found, proven by both functional and histological
evaluation[60].

The final aim was to prove that targeted delivery of a
drug (dexamethasone) into the inner ear through RWM is
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possible in mammalian using PLGA magnetite
nanopaticles under an external magnetic field. It was
demonstrated that in association with PLGA and magnetite
and in the presence of an external magnetic field
Dexamethasone Acetate reaches significant higher
concentrations in cochlea when compared to passive
diffusion[51].

Some other particles that have shown promise for inner
ear delivery are silica Nps. Amorphous silica based Np are
a new class of mesoporous materials with a large surface
area and pour volume for high drug loading. The particles
are biodegradable and biocompatible. Placed against RWM
of mice, silica Nps were found in the cochlea without any
toxic effect on inner hair cells or vestibular hair cells[61].
Silica particles can be functionalized with different surface
modification. Glueckert et al. had tested silica Nps with
surface modification by peptides mimicking tropomyosin
receptor kinase (TrkB) activating antibodies. They found
that agonistic antibodies linked to silica nanoparticles
showed TrKB activation and enhanced binding to inner ear
cells[34].

Liposomes are the most common used Nps[62]. They
are phospholipid two layer vesicles with the size in rage of
50 to 200nm. They can be composed of Sph, egg PC, DSPE-
PEG-2000, peptide – PEG-lipidic conjugate and DPPRho.
The main advantage of liposomes derives from their
amphiphilic nature that allows them to carry both
hydrophobic and hydrophilic molecules. Other important
advantages of liposomes are: greater stability of large
compounds, extended circulation lifetime when coated
with PEG with prolonged systemic drug exposure and high
cellular penetration[63]. New generations of liposomes are
represented by: pH sensitive liposomes (used to deliver
the drugs to intracellular target site), thermo sensitive
liposomes – that require the addition of an external stimuli
– hence their use might be limited to local treatment,
magnetic liposmes (lipid coated nanomagnetic particles)
– that also require external application of an magnetic field
to attract the drug carrier to the diseased site.
Multifunctional liposomes – combine several of all possible
properties in a single nanosystem to finally facilitate the
accumulation of drug to target site and to minimize side
effects. Various side effects were reported for liposomes
such as: different types of skin reactions – most common
being hand-foot syndrome[64] and hypersensitivity
reaction like hypotension or hypertension, dyspnea,
flushing, rash and feeling of chocking were found in 30.8%
of patients treated with doxorubicin[65,66]. Liposome
reactions in such patients can be life threatening[67] Jing
Zou et al in 2015 validate a delivery system of liposomes
for inner ear therapy. They found that liposome nanocarriers
containing gadolinium tetra-azacyclo-dodecane-tetra-
acetic acid enters in the cochlea through both oval and
round window reaching therapeutic doses[68]. In 2013
Okada et al found that liposome encapsulated hemoglobin
(an artificial oxygen carrier) might be utilized in preventing
hearing loss due to cochlear ischemia[69]. In 2016 Kechai
shows that local administration of corticosteroid embodied
in hyaluronic acid liposomal gel is efficient for sustained
drug delivery to the inner ear[70]. Delivery of DNA in the
inner ear using liposome was also subject of evaluation.
One study conducted by Wareing demonstrates the
potential of liposome as drug carriers for gene therapy[71].

Dendrimers are water soluble tree-like branched
polymers. At the end of their branches are located
functional groups that can have positive, negative and
neutral charge. Poliamidoamine (PAMAM) dendrimers have
ideal properties for gene delivery: high positive charge, a

high flexible structure, an internal cavity surface shell, fast
biodegradation[72].

Conclusions
The high incidence of deafness and the consequences

on the pacient at an individual level but also socialy
represents a significant impact in socieconomic matters.

Clasic used drugs do not offer a satisfactory resolution
at this moment. The discovery of different types of drug
carrying Np translates in a better dose control for the active
component, higher drug concentrations in the target organ,
the possibility of releasing the drug on a desired schedule,
no side effects from sistemic administration. This can be
acheived by designing Np that can be activated by different
kind of stimuli in order to guide the drug administration
process.

Experimental research on animals provide proof of their
efficiency in the treatment of deafness but further studies
on human patients still need to be performed to acheive
results towards better treatment options for inner ear
pathology.
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