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Abstract 
Nanoparticles are novel discoveries which hold a promising role for delivering medications into 
the inner ear in the future. Nanoparticles are formed by the preparation of different biomaterials. 
They are capable of encapsulating various types of medications. The various nanoparticle drug 
delivery systems include polymers, liposomal Nanoparticles, magnetic Nanoparticles, silicon 
dioxide Nanoparticles, gold Nanoparticles and nanogels which will be briefly discussed in this 
narrative review article. 
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Introduction  

Nanomedicine can be defined as a 
complex, multi-disciplinary branch of 
medicine, in which nano-bio-technologies, 
and other nano-sciences are applied at every 
step of disease management which includes 
diagnosis, treatment, prognosis, and 
monitoring of biological parameters and 
biomarkers [1,2]. The term “nanomedicine” 
was coined by the American engineer Eric 
Drexler (1955) and Robert Freitas Jr. (1952) 
in the nineties [3], with the publication of 
the multi-volume textbook entitled 
“Nanomedicine”, released in October 1999. 

Moreover different super-specialties 
such as nano-surgery [4,5], nano-
neurosurgery [6,7] nano-
otorhinolaryngology [8], nano-dentistry [9], 
nano-ophthalmology [10], nano-neurology 
[11], nano-cardiology [12], nano-
orthopedics [11], nano-infectiology [11], 

and nano-oncology [13], among others [11], 
are emerging within nanomedicine. 

The countries with the highest 
percentages of articles in the field of 
nanomedicine were North America (38.3%) 
and Europe (35.1%) [1]. 

In recent years, regions such as 
China, India, and South Korea have been 
productive in this field of nanomedicine [1]. 
In India ICMR is responsible for the 
promotion of biomedical research and has 
funded 154 projects on studies related to 
nanomedicine [14]. 
 
Nanomedicine In Inner Ear Diseases 

Hearing loss is an important health 
issue faced by mankind. Amongst the many 
pathologies causing hearing loss,inner ear 
pathologies have a significant contribution. 
The various types of inner ear disorders 
where the therapeutic interventions are 
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required include Menieres 
disease,ssnhl,acoustic shock etc. These 
therapeutic drugs such as steroids are 
delivered by systemic route and 
intratympanic injection (Figure 1). 

Due to complexity of blood labyrinth 
barrier therapeutic drugs given by systemic 
route find it difficult to reach their site of 
action. In case of direct inner ear delivery 
drugs are delivered directly into the inner 
ear [15]. 

Nanoparticles are novel discoveries 
which hold a promising role for delivering 
medications into the inner ear in the future. 
Various types of biomaterials are used for 
forming nanoparticles. These biomaterials 
have the ability of encapsulating various 
types of drugs used for therapeutic purposes 
[15] Higher biocompatibility, better drug 
stability, high controlled drug release and 
targeting by surface modification are some 
of the advantages of nanoparticles. 

The various types of nanoparticle 
drug delivery systems are as follows: 

 
1. Polymeric Nanoparticle Drug-

Delivery System 
This system includes poly(lactic-co-glycolic 
acid) (PLGA) which is a biodegradable 
polymer. Numerous advantages include 
good biocompatibility and hydrophilicity 
along with controlled degradation [15]. The 
target area of delivery of drugs is scala 
tympani through the trans-Round Window 
Membrane injection. 

The route of diffusion of these 
nanoparticles after the intratympanic 
injections have been reported by researchers 
[16].  

Using guinea pig cochlea a novel 
drug-delivery system has been developed by 
researchers. [17]  

Other examples of polymeric 
nanoparticles include polylactic acid, 
polycaprolactone and PEG. They have been 
used for the treatment of inner ear diseases 
[18-20]  

 

2. Liposomal Nanoparticle Based Drug 
Delivery System 
A. Lipid Nanoparticle 
 
They are biodegradable and both 

hydrophilic and lipophilic drugs can be 
delivered thorugh this type of nanoparticle. 
[15,21,22]. Various diseases have been 
treated by using solid lipid nanoparticles 
(SLNs) as novel drug-delivery systems [23-
25]. 

There are numerous benefits like low 
cost, easy scale-up of SLNs production and 
proven production method [26]. 

Researchers have reported SLNs based 
on stearic acid as excellent nanocarriers for 
drug delivery.[26]  

 
B. Liposomes 
They have numerous benefits like 

improved stability, nontoxicity, high 
biocompatibility etc [15,27]. Recent 
advances in targeting ligand design have led 
to clinically promising and efficient drug-
delivery systems with targeting 
ligands.Examples include peptides [28,29], 
antibodies [30,31], oligonucleotide aptamers 
[32,33] and folic acid [34].  
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Figure 1: Intratympanic injection of steroid. 

It has been shown that drugs can be 
carried across the Round Window 
Membrane by liposomes leading to delivery 
of drugs into the inner ear cells. [35,36]  
 
3. Inorganic Nanoparticle Drug Delivery 

System 
A. Magnetic Nanoparticles 
Various benefits of this type of 

nanoparticle drug delivery system includes 
less toxicity, greater biocompatibility and 
convenient manipulation [15]. The 
representative of this category is 
superparamagnetic iron oxide Nanoparticles 
(SPION). Specific advantages include: 
 
Magnetic responsiveness [37]  

Superparamagnetism [38]  

Small particle size [39]  

An in vitro Round Window 
Membrane model was designed through 
which SPION could be transported thus 
allowing the quantitative assessment of the 

expected targeted drug or gene delivery 
[40].  

Irreversible and bilateral 
sensorineural deafness is a side effect of 
cisplatin used for treating head and neck 
tumors [41,42]. To solve this side effect,. a 
novel nanostructure was designed by 
Kayyali et al composed of SPION [43].  
 
B. Silicon dioxide Nanoparticles 

Numerous advantages include 
greater drug-loading capacity, greater yield 
and less production cost [15]. The 
commonest choice is silica and is being used 
in biomedical applications. Amongst them 
Mesoporous silica Nanoparticles preferred 
over other porous silica Nanoparticles. 
Mesoporous silica supraparticulate delivery 
systems have been used for evaluation of the 
pharmacokinetics and biodistribution of 
exogenous neurotrophin-3 delivered by this 
system in the inner ear [44].  
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Figure 2: NBEMS Model of Nanomedicine Research. 

 
C. Gold Nanoparticles 

These nanoparticles have been used 
in the treatment of tumors and in bioimaging 
[15]. The advantages include their 
distinctive optical properties and higher 
biocompatibility [45]. 

They have been used as an effective 
drug and gene delivery vehicle for treating 
inner ear pathology [46].  
 
4. Nanogel drug-delivery system 

This nanoparticle has distinctive 
hydrogel properties and nanoporous 
structure [15,47]. This makes this 
nanoparticle a potential drug-delivery carrier 
[15,47]. Numerous advantages of this 
system includes high biocompatibility, long 
circulation time, small size of the particle. 

A minimally invasive nanohydrogel 
drug-delivery system was developed by 
researchers in 2015 [19].  

Modifications were performed by 
researchers for introducing a targeting 

peptide to specifically recognize prestin 
[48].  

To address issue of cisplatin 
ototoxicity a dextran–PEG hydrogel delivery 
system was designed and investigated using 
mouse model [49].  

 
Applications [50] 
 Drug Induced Deafness Treatment 

 Noise Induced Hearing Loss Treatment 

 Tinnitus Treatment 

 Gene therapy 

 Tracers 

 Application in the Biological Functional 
Interface Materials of Inner Ear Devices 

Limitations 
 The interaction between nanomedicine 

and various molecules, cells and organs 
of the body is based on a series of 
complex interactions between particles 
and biological media. [50] 

 Sometimes nanoparticles can be toxic 
and damage the immune system. [50] 
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Conclusion 

Nanomedicine drug delivery system 
thus holds a promising role in management 
of inner ear pathologies in the future. More 
research needs to be conducted on this topic. 
A coordinated approach of various centres 
doing research in nanotechnology is 
required. A model is being proposed (Figure 
2) which will help in manufacturing 
nanoparticles in India and their clinical 
application in patients. 
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