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Abstract

Over the past few years, nanoparticles and their role in drug
delivery have been the centre of attraction as new drug delivery
systems. Various forms of nanosystems have been designed,
such as nanoclays, scaffolds and nanotubes, having numerous
applications in areas such as drug loading, target cell uptake,
bioassay and imaging. The present study discusses various types
of nanoparticles, with special emphasis on ceramic nanocarriers.
Ceramic materials have high mechanical strength, good body
response and low or non-existing biodegradability. In this article,
the various aspects concerning ceramic nanoparticles, such as
their advantages over other systems, their cellular uptake and
toxicity concerns are discussed in detail.

Keywords: ceramic nanocarriers, cellular uptake, nanoparticles,
nanosystems, toxicity

Introduction

The latest innovation of this decade in the field of science,
involving the medical, technological and pharmaceutical
fields, isthe development ofnanotechnology. Nanotechnology
is a rapidly expanding field, encompassing the development
of man-made materials in the 5-200 nm size range. Nanotech-
nology specifies a system whose structures and components
impart novelty and significant properties at the nanoscale,
specifically, <100 nm/<10-7 m. Indeed, their various advan-
tages including size, structural advantages, highly active sur-
faces, unique physical and chemical properties and ease of
modification serve as excellent platforms for drug transpor-
tation and controlled release (Rawat et al. 2006, Singh et al.
2013). The application of nanotechnology to medicine has
created an interdisciplinary research field, often referred to as
nanomedicine, which has the potential to significantly treat
many diseases (Ferrari 2005). The application of nanomateri-
als to medical problems has already demonstrated a clinical
impact in terms of delivery strategies for a range of bioactive
molecules, including therapeutic agents, nucleic acids and
imaging contrast agents (Sakamoto et al. 2010).

There are already examples of nanomedicine in clinical
use. Doxil®, a PEGylated liposomal doxorubicin formula-
tion, was the first nanosized therapeutic in the market in
1995 and was used as an effective treatment for metastatic
breast cancer and recurrent ovarian cancer (Barenholz 2012).
Numerous other systems are in various stages of preclinical
and clinical advancement. In recent years, a targeted thera-
peutic nanoparticle, named BIND-014, which accumulates
in tumours while avoiding uptake by the healthy cells, has
shown promising results in an ongoing clinical trial (Hrkach
etal.2012). Another example is a lipid nanoparticulate deliv-
ery system (Oncoprex®) containing plasmid DNA encoding
the TUSC2 tumour suppressor that is being studied in com-
bination with erlotinib, a human epidermal growth factor
receptor (EGFR) inhibitor, in lung cancer patients who were
otherwise unresponsive to erlotinib or lacking the EGFR
mutation (Zhang et al. 2012).

Nanotechnology: A technological boom
in drug delivery

A drug delivery system must positively impact the rate of
absorption, distribution, metabolism and excretion of the
drug or other substances in the body. The drug delivery
material must be compatible and bind easily with the drug,
and be bioresorbable (i.e. degrade into fragments after use,
which are either metabolized or eliminated via normal
excretory routes).

Nanotechnology provides a wide range of new tech-
nologies for developing customized solutions that opti-
mize the delivery of pharmaceutical products and has
brought significant advancement in the diagnosis and
treatment of disease (Sanvicens & Marco 2008). The
medical applications include drug delivery, both in
in vitro/in vivo diagnostics, improved biocompatible mate-
rials and nutraceuticals (Duncan 2003, Wu et al. 2014). The
major areas of focus associated with smart delivery systems
are drug targeting, maintaining therapeutic efficacy and
development of full-fledged safe medications. Furthermore,
drugs need to be protected during their transit to the target
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action site in the body while maintaining their biological
and chemical properties, to be therapeutically effective. The
transit time and delivery challenges can be greatly different
depending on the location of absorption of drug, like the
colon or small intestine, and whether certain natural defense
mechanisms need to be passed through such as the blood-
brain barrier (LaVan et al. 2003).

The basic pre-requisites for drug design of new materials
comprise knowledge on drug incorporation and release, for-
mulation stability and shelf life, biocompatibility, biodistri-
bution, targeting, functionality and possible adverse effects.
The miniature size of nanoparticles promotes penetration
through cell membranes, stabilization of proteins, and lyso-
somal escape after endocytosis.

Types of nanocarriers

With the recent advancement in nanocarriers, various types
of nanocarriers viz. ceramic, polymeric, liposomal, solid
lipid, dendrimers, nanotubes, nanocrystals and nanobots
are available. Polymeric nanoparticles are biodegradable
and biocompatible, and are made from gelatin, chitosan,
PLA, PLGA etc. Ceramic nanoparticles are typically com-
posed of inorganic compounds such as silica and alumina.
The solid lipid nanoparticle is yet another type, having a
solid lipid core with controllable pharmacokinetic param-
eters and ease of biodegradation. The detailed description
is listed in Table I.

Advantages of nanocarriers

Particulate drug carriers possess various advantages for use in

drug delivery and are probably the most common ceramic drug

delivery platforms today (Quan et al. 2009, Boris et al. 2013).
The advantages are as follows:

a. Particulate carriers could easily penetrate inside cells
with large surface area: volume or surface area: mass
ratio that allows high payload and a prolonged drug
release profile.

b. They are cheap to manufacture especially in mass
production. Advancement in nanotechnology has
strengthened these nanoparticles to be of high purity
and high surface area-to-volume ratios as well as
developed affordable fabrication processes with a
high control of particle size, morphology or porosity.
Li et al. developed a nanofibrous system having ultra-
fine morphology of polyvinyl alcohol as a filament
forming polymer for the delivery of caffeine and ribo-
flavin; 100% release of caffeine and more than 40% of
riboflavin has been found (Li et al. 2013).

c. Nanoparticles are highly advantageous because they
facilitate deeper penetration into capillaries and
through fenestrations to enhanced cellular uptake.
These systems have been also widely used for topical
delivery of drug for treatment of various topical issues.
Paveer et al. reported effective wound and burn treat-
ment by a polymeric nanofibrous system prepared by
electrospinning of soluplus (polyvinyl caprolactam
polyvinyl acetate polyethylene glycol) polymer. These
systems possess an ultra-fine structure, large surface

are to volume ratio and high porosity with small pore
size which makes them more effective for topical
application of abrasion treatment (Paveer et al. 2014).

d. High surface area-to-volume ratios of nanoparticles
and surface activity aid in adsorption of high amount
of drugs in them. This implies better drug control and
sustained release.

e. Moreover, novel approaches lead to precise, targetable
drug release patterns. For example, Quan et al. dem-
onstrated a thermosensitive nanogel with the ability
to target tumours. The poly (N-isopropylacrylamide-
co-propyl acrylic acid) nanogel, conjugated with
an arginine-glycine-aspartic acid (RGD) containing
peptide and transferrin, has a dual ability: it can target
tumour cells and release embedded doxorubicin-a
DNA interacting anticancer drug, in response to tem-
perature changes above 34.4°C.

Ceramic nanoparticles

There are various types of nanocarriers which have shown
promising output in drug delivery such as polymeric nano-
particles, nanotubes, fullerenes, dendrimers, micelles etc
(Shi et al. 2013). Among these, a newer class of nanoparticles
have evolved- ceramic nanoparticles which are highly resis-
tant to environmental changes. Ceramics can be described as
having a definite solid core, structured by application of heat
orbothheatand pressure, comprising a combination of metal
and nonmetal - for instance, at least one metal and a non-
metallic elemental solid or a non-metal, a combination of at
least two non-metallic elemental solids or a combination of
at least two non-metallic elemental solids and a non-metal
(Wu et al. 2010). Ceramic nanoparticles are basically com-
prised of inorganic compounds such as silica or alumina.
However, the nanoparticle core is notlimited to just these two
materials; rather, metals, metal oxides (Armatas and Kanatz-
idis 2006, Zou et al. 2005) and metal sulphides can be used
to produce nanosystems of varying size, shape, and poros-
ity. Mostly, inorganic nanoparticles are designed to evade
the reticulo-endothelial system by altering size and surface
composition. The porous nature of nanoparticles gives them
physical protection from degradation and degranulation.
Hollow silica nanoparticles have been reported with surface
pores and calcium phosphate-based nanoshells leading to
a central reservoir. Ceramics comprised of calcium phos-
phates, silica, alumina, zirconium, iron oxides, carbonates
and titanium dioxide are nowadays used for various medical
applications due to their positive interactions with human
tissues. For instance, in the field of dentistry, where calcium
phosphate and calcium hydroxide-based materials are used
as endodontic filling materials and metal-ceramic alloys are
applied for crowns (Whitters et al. 1999). Also in the field of
orthopaedics (invertebral disks, joints) and plastic surgery
(cranial defects) ceramics are frequently employed. Charac-
teristics of these ceramic materials are often high mechani-
cal strength, good body-response and low or non-existing
biodegradability (Block and Thorn 2000, Gladstone et al.
1995). The basic concept behind the preparation of a nano-
system is discussed in Table II.
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o Classification of nanophase ceramics
2 § &g Nanophase ceramics can be classified on the basis of their
§ = = ’é architectural differences into three general categories: nano-
«© . .
% 2 Cae particles, nano scaffolds and nanoclays (Figure 1).
|5 £ 28
5 T3S . .
2 = Ceramic nanopatrticles
© These are the nanoparticles made up of inorganic (ceramic)
2 - compounds such as silica, titania and alumina (Rawat et al.
1< @» = . . .
_qg 0T Y 8 E 2008). These particles provide the complete protection to the
] SE8Egs .
e g g § Z 237% entrapped molecules such as proteins, enzymes and drugs
2|8 S5823 A against the denaturing effects of external pH and tempera-
g2 XS e e . . . .
% 2 SSEESS B ture, as they involve no swelling and porosity changes with
5ey . . e L
g5 5 % EEFEE the change in pH (Singh et al. 2013). The efficient sensitivity
= ] s - ! . . . . . . .
2 Gl 39 8 E 529 and high selectivity for donating and detecting a nitric oxide
2875 . . . .
2 ®E % gé %S system by hybrid nanospheres with cadmium-selenide
172} ju .
=} A quantum dots has been reported (Liu 2014).
>
& g -~ .
E8, @ wE Ceramic nano-scaffold
® > 2 CwETOBw
kel —_ 0 . .
go g% & EESEB Lo f@ A scaffold is defined as a structure that allows cells and
= e Bo S =s0 S 9 s . . . .
= “E’ S e 3 é‘ z £23 5 % extracellular matrices to interact, and provide the mechani-
E=E S| & . £ . .
-§ €8Sy 2o % 8 % § £ % cal support for growing cells and tissues. A scaffold can have
: FE=2 298 =g e : :
= 5 § ?,E g S §§ S w two types of porosity: macroporosity (pore size > 50 nm) and
%8 §8 §ECEEE3ST microporosity (pore size <10 nm).The ceramic nano-scaf-
& A folds are advantageous in term of high porosity, high surface
area, high structural stability and long degradation times.
o 8 g deg
w
< § 2 s These properties suit them for the storage and controlled
g g § E ‘é’ 8z g - §’§ g release of drug, thus solving the in-situ purpose (Singh et al.
= 2 E g < < £3g23F E g 2013). Lo et al. reported the success of nano-scaffold den-
= L QO O oy B . . .
§ E% S22 83 %"g g3 < 5 drimers as a potential system for theranostics of prostate
[ =1 o »w . . . . .
2 _q;j % é g g %"‘_; § E 352 cancer; it employed an imaging agent for the diagnostic
o] <) = .
E g 8 E S5 E _‘g g Q‘S; g i 8 purpose and a therapeutic agent for the target treatment of
EEREEHS55ATEE prostate cancer. Similarly, many more scaffold systems have
~ = been designed (Lo et al. 2013).
Q
S 3 - 2
£O g T s Nanoclay
L 32 8o o
= 2E & & = Nanoclay architecture resembles thin layers with each layer
2|58 5E LEE¢g Y Y Y
323 £S g Egs having a thickness of a few nanometers and a length from a
|2 @ ES 5%g® 8 g
HE § SESE ki =7 few hundred to a few thousand nanometers. There has been
7] > > . . . .
=g b= 3 &5 :D =279 an increased surge of interest for clay minerals in pharmaceu-
= 2o e en . - oo . s .
25 SELZEIE tical applications due to their high adsorption ability, high
&7 R internal surface area, high cation exchange capacity, interlayer
reaction, chemical inertness, and low or null toxicity. Some of
- g 2w 0 2 the widely used nanoclays are based on porous silica, zeolites,
Rl . . . I -
§ k= go%é’ > g 8 i = halloysite nanotubes, montmorillonite, titanium dioxide, etc.
—_ o o —
gl & 8% 2 £ EzSER (Yuri et al. 2013). Kevadiya and Bajaj (2013) reported con-
o = .
g % g 2EHC S‘ %-;é £ trolled delivery of encapsulated drug from layered nanostruc-
= 1%} = =) . . . .
glesf e § o :’; g ° % tures and material at high concentration to the target site by
- Q — - > —_— . . ope . .
El8E 3 3y g E S o crossing the cell membrane in a specific period of time.
Cl£5828E2E8g S
E528E5g2823 .
EERGE85285588 Mechanism of cellular uptake
~ 8 For effective drug delivery, only organ or cell targeting is
_ not sufficient, as the fate of the nanoparticles within the
[%2) . . .
&l 2 ” cells is also important. Intracellularly, particles are engulfed
—_ = .
SN § _qg E 2 by endosomes or lysosomes, followed by degradation. For
K z § § g 5 activity to happen, release of drug into the cytosol is needed.
g Ei § Ev g Surface modifications of nanoceramics serves possibilities
O - . L .
= of applications like drug targeting in terms of cellular bind-
2 ZO' ing, uptake and intracellular transport. The mechanism of
S sl o cellular uptake has been shown in Figure 2.



Table II. Methodology for nanoceramic preparation.
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Methods for
S.No. synthesis Starting materials Principle Advantages References
1. Microemulsion Metal salts, surfactant This method involves addition Prevents agglomeration of Lade et al. (2000)
precipitation (and co-surfactant), of appropriate amounts of the particles formed in the
organic solvent surfactants to a water oil system individual bubbles
(w/o) for the preparation of
thermally stable emulsion
systems
2. Hydrothermal Metal salts, alkoxides, This method is based on the Offers direct oxidation of Riman et al. (2002)
synthesis hydroxides, organic principle of liquid nucleation powders, having narrow
solvent model including theories of size distribution thus avoid
chemical equilibrium, chemical calcination step
kinetics and thermodynamic
properties of aqueous systems
under hydrothermal conditions
3. Sol-to-gel process Metal alkoxides, organic Solution of appropriate Gives high degree of Zhang (2004)
solvent precursors such as metals/ homogeneity, less
metal organic compounds is requirement of atomic
converted into homogeneous diffusion during the solid-
oxide networks i.e gel form by state calcinations
hydrolysis and condensation
4. Aerogel method Metal salts, organic The ultrafine particles are Itis a convenient and cost Gash et al. (2001)
solvent prepared by solid-to- particle effective method for large
conversion and liquid-to- scale industrial production
particle conversion of multifacet materials
5. Pechini -Citrate Metal nitrates, citrate This involves polyesterificationof ~ Gives good homogeneity and Zhang (2004)
gel method acid, ethylene glycol chelates between carbonyl control of stoichiometry
ligands of citric acid and for preparation of
metal ions while heating with multi-component
polyalcohols compositions with lowered
minimal decomposition
temperatures
6. Low temperature  Metal nitrates, citrate This is based on gelling and A novel, extremely facile, time Zhang (2004)
combustion acid, sucrose(in sucrose subsequent combustion of an saving and energy-efficient
(LCS) method method) aqueous solution containing method for synthesis of

desired metallic salts and some
organic fuel

ultra fine powders

Nanoparticle uptake by tissues

Nanoparticles act just like other cell structures or antigens.
Nanoparticles face an obstacle due to several successive
membrane layers, in attempting to target intracellular
structures. During this process, the compound is lost due to
ineffective partitioning across biological membranes. The
extent of partition across a membrane is related directly to
the polarity of a molecule; nonpolar or lipophilic molecules

easily bypass this obstacle with greater membrane penetra-
tion, generally via diffusion. Endocytosis is the process by
which cells envelop and absorb materials, and involves three
subtypes: phagocytosis, pinocytosis, and receptor-mediated
endocytosis. Phagocytosis involves the ingestion of mate-
rials up to 10 um in diameter and can be accomplished by
few cell types of the reticuloendothelial system, such as mac-
rophages, neutrophils, and dendritic cells (Kohane 2007).

Ceramic Nanoparticles

Ceramic nanoparticle

Ceramic nanoscaffolds

Ceramic nanoclays

o Consist of inorganic core.

¢ Provide high
of fragile molecules.

¢ Give complete protection to
drug molecule from pH and
temperature.

o Give control release of drug.

¢ Promote cell targeting and
deep penetration of drug into
capillaries.

drug payload

e Posses 3 or 2-Dimensional e Thin layered structured with

structure.

Provides mechanical support for
interaction and growth of matrix
and cells, thus mimics cellular
environment.

Structure provides high porosity,
high surface area, high structvral
stability, and long degradation
times.

nanometer thickness.

High internal surface arma, ion
interchange capacity, interlayer
reaction and chemical inertness.
Depending on the size of the
pores, hydrophobicity, and the
proteins and peptides can be
easily adsorbed on the surface of
the porous layer.

Figure 1. Classification of ceramic nanoparticulate systems on the basis of their composition and construct.
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CELLULAR ASSOCIATION ...
OF NANOPARTICLE %

ENDOCYTOTIC

INTERNALIZATION OF
NANOPARTICLES
RECYCLING
ENDOSOME .
ENDOSOME ""‘ . .
x EXOCYTOSIS ‘
ENDOLYSOSOME

ENDOSOMAL
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NANOPARTICLES

4
\'O

\ 0.00/

¢y O
MITOCHONDRIA 9?06
THERAPEUTIC

AGENT
k CYTOPLASMIC TRANSPORT TO

LYSOSOME

TARGET ORGANELLES J
Figure 2. Cytosolic delivery of therapeutic agents through nanoparticle
carriers: The uptake of nanoparticles is mediated by clathrin
endocytosis, by the formation of endosomes. In the presence of
organelle lysosomes, endosomes get degraded and nanoparticles
freely release the drug into cytoplasm at the targeted site.

Larger microparticles provide selective access to phagocytic
cells, while smaller nanoparticles provide access to virtually
all cell types. Pinocytosis is an uptake mechanism that can be
conducted by virtually all cell types, and normally involves
ingestion of sub-micron material and substances in solution.

Cellular phagocytosis/endocytosis

Receptor-mediated endocytosis affords the potential for
even greater selectivity in cellular targeting. The cell mem-
brane consists of various receptors that are specific in their
functions, and binding to receptors generates signals. This
signal can trigger a multitude of biochemical pathways;
however it may also cause internalization of the ligand
and its appended nanoparticle via endocytosis. Typically,
clathrin coats generate a membrane indentation with a
radius of curvature as small as approximately 50 nm, and
invaginate further upon binding of the ligand. Cross-linking
of receptors via ligands attached to nanoparticles results
in a more pronounced membrane crater with subsequent
enfolding and reunification of the cellular membrane
to form an endosome (Gao et al. 2005) It has been shown
that nanoparticles sized between 25 and 50 nm are a
requisite for optimal endocytosis and intracellular local-
ization (Chithrani et al. 2006).

Interaction of nanomaterials with a biological system
There is a complex relationship between the physico-
chemical properties of nanomaterials (e.g., size, charge,

surface properties) and their interactions with a biological
system. Minute variance related to size, surface modifica-
tion, charge and chemical composition can lead to radi-
cally active interactions with living systems (Harper et al.
2008). The active interactions of nanomaterials thus affect
the biocompatibility, stability, biological performance and
side effects of the nanomaterial. Major aspects of the inter-
actions between nanomaterials and proteins are generally
protein-binding, ligand-mediated interactions, and inter-
actions during intracellular processing (Roy et al. 2014).

Binding of nanocarriers with protein components
Whenever a drug is taken in any form, the first interac-
tion occurs with the blood or systemic circulation before it
reaches its target site. Blood contains various proteins which
interact with the drug carrier’s protein or other moiety,
forming new complexes. The protein that binds significantly
to particulates like liposomes, polymeric nanoparticles, iron
oxide nanoparticles and carbon nanotubes are basically
albumin, immunoglobulins, fibrinogen, apolipoproteins
and proteins (Nel et al. 2009, Zhou et al. 2014).

Ligand- directed nanocarrier-receptor interaction
Nanomaterials are designed specifically to recognize a target
with a surface ligand. The ligands used can include antibod-
ies, engineered antibody fragments, proteins, peptides, small
molecules, and aptamers (Peer et al. 2007).

The surface modification could be utilized to make the drug
concentration appropriate in the target area or to detect a bio-
marker for diagnostic purposes. The presence of a ligand at the
target site of nanoparticles initializes receptor-mediated endo-
cytosis by cells expressing the right target on their membrane,
leading to targeted delivery (Farokhzad and Langer 2009).

Cellular internalization, further processing and interaction
Once the nanoparticles are engulfed, they are entrapped and
transported by vesicles. Intracellular trafficking and the fate
of nanomaterials are linked to their physicochemical prop-
erties and endocytic pathways (Miller et al. 2009, Ulbrich
and Subr 2004). For example, nanoparticles taken up by
clathrin-dependent receptor mediated endocytosis (RME)
are typically destined for lysosomal degradation; whereas
clathrin-independent RME internalization leads to endo-
somal accumulation and sorting to a non-degradative path.
While some drug delivery systems aim to avoid lysosomal
degradation, recent studies have utilized delivery to this
environment for the enzymatic release of therapeutics (Dun-
can 2006). Appropriate design and engineering of nanocarri-
ers could therefore allow for controlled intracellular delivery
of therapeutics to individual intracellular compartments,
which provides benefits to therapies associated with these
unique organelles, including cancer therapy, gene therapy,
and lysosomal storage disease (LSD) treatments.

Intracellular drug release

The nanosized drug delivery systems are based on the covalent
conjugation of chemotherapeutics to hydrophilic polymers,
which markedly improves solubility as well as alters drug
biodistribution and pharmacokinetics. Conjugates have lon-
ger half-life (typically > 1 h) than free drug when circulating in



the blood, leading to significantly increased drug concentra-
tions in tumors (Singer et al. 2005). A wide range of delivery
systems have been developed, for example dendrimers, lipo-
somes, cationic lipid compounds, cyclodextrin and others, to
facilitate endosomal escape and ensure cytosolic delivery of
bioactives. Nano ceramic constructs can be further engineered
with specific ligands for the targeting of therapeutic agents to
specific organelles. Muro et al. demonstrated that the specific
delivery of recombinant ASM to lysosomes, by nanocarriers
coated with an antibody against the intercellular adhesion
molecule-1 (ICAM-1), could improve the efficacy of enzyme
replacement therapy (Muro et al. 2006, Jinjin et al. 2013).

Toxicity concerns

Nanoparticles are associated with enormous advantages
which overwhelm their disadvantages. The most concerning
factor preventing their universal use is the toxicity concerns
due to the health hazard potential of nanomaterials and the
consequent hurdles for regulatory approval and commer-
cialization of nanomedical products.

The properties of nanomaterials, like their miniature
size,increasedreactivity, and high surface-to-volumeratio,
are likely to provide health benefits, along with associated
hazardous effects on cells and tissues (Marchant 2009).
These hazardous effects of nanomaterials result due to the
size of the nanoparticles being similar to organelles found
in the cell, thus causing interference in vital cellular func-
tions, resulting in potential toxicity (Shvedova et al. 2010).
Some researchers have even revealed the fact that most of
the nanoparticles cause oxidative stress and inflammation
by the RES (reticuloendothelial system). The toxic effect
of ceramic nanoparticles varies from tissue to cell. The
effects on inflammatory and immunological systems may
include oxidative stress/cytotoxic activity in the lungs,
liver, heart, and brain. The effects can also include pre-
thrombosis in heart function, genotoxicity, carcinogenic-
ity, and teratogenicity. Many a times it has been reported
that nanoparticles pass the blood-brain barrier and cause
brain toxicity. The toxic effects of nanoparticles on vari-
ous organs are shown in Figure 3 (Muhlfeld et al. 2007,
Yacobi et al. 2007).

Important factors affecting toxicity
of nanoparticles

There are various factors that are crucial determinants of the
toxicity of nanoparticles. These factors are discussed below.

Size

Toxicity effects are highly associated with two basic factors,
namely the size and chemical components. The particle size
plays a more crucial role than its chemical properties (Fubini
1997). The size of any particle is crucial, as the smaller the size,
the greater will be its surface area available to adsorb chemi-
cal molecules on its surface, which enhances its interaction
and results in increased toxic effects (Linkov et al. 2008).
After absorption, nanoparticles reach the blood stream and
then spread through the tissue. Hyuk et al. reported that 33%
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Figure 3. Toxicity of nanoparticles to specific organs: The nature
of central elements such as cadmium and selenium, together with
surface modifications, could cause collateral damage of various organs
and alter the plasma membrane of the cell.

(50 nm), 26% (100 nm), and 10% (500 nm) particles were
discovered in mucosal and lymphatic tissues of the intestine
(Suh et al. 2009). Nanoparticles larger than 1 um were weakly
observed and nanoparticles larger than 3 pm were occasion-
ally seen in lymphatic tissues. Researchers have concluded
that nanoparticles in the range of 100-300 nm are absorbed by
intestinal cells whereas nanoparticles of 100 nm are absorbed
greatly in the lymphatic tissue, more than in intestinal cells.
Intestinal cells cannot absorb nanoparticles larger than
400 nm and nanoparticles smaller than 500 nm can enter the
circulatory system. In vitro studies have shown that very small
particles demonstrate more pathological and destructive
potential over the lungs rather than the particles of smaller
size, due to the larger surface area (Oberdorster et al. 2010).

Surface chemistry

The various surface related factors are important in toxicity
studies. The degree of hydrophobicity and hydrophilicity of a
nanocarrier surface is the major feature used to estimate the
toxicity. The absorption of nanoparticles produced by hydro-
phobic polymers is greater than that of nanoparticles pro-
duced by hydrophilic polymers. This absorption difference
can alter their concentration in the cell and thus toxicity due
to overdose can occur. In addition, the presence of a reac-
tive group on the surface modifies their biological effects.
For example, it has been shown that surface modification of
quartz affects its cytotoxicity, inflammogenicity, and fibroge-
nicity. These differences are mainly due to particle surface
characteristics (Schins et al. 2002). The toxicity of silica is due
to its interaction with ROS, causing cancer in the lungs.

Chemical components

Another important factor is the chemical component pres-
ent on the particle’s surface. It can react with metals like iron.
Iron can be affected by nanoparticles, which increases the
induction of ROS in the free cell system. Researchers have
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also shown that the toxicity of super paramagnetic iron oxide
nanoparticles could be reduced by coating them with pul-
lulan (Clift et al. 2008). This implies that surface modification
can alter structure toxicity.

Dosage

This factor is well known in the conventional system of drug
delivery, and has similar effects in the case of nanoparticles.
Overdose of nanoparticles is a serious threat to the human
body. Research has shown that a high dose of nanoparticles,
whether they are small or big particles, could be harmful to
health (Singh et al. 2007).

Free radical production

Most or all pathogenic particles produce free radicals in
the free cell system and this ability causes oxidative stress,
which givesrise to inflammation, cell destruction, and geno-
toxicity. The particle surface of free radicals can activate the
redox cycle and cause particle toxicity (Hussain et al. 2009).

Cytotoxicity

Ceramic nanoparticles are able to enter cells due to their
small size. Cellular uptake, subcellular localization, and the
ability to catalyze oxidative products, depend on the nano-
particle’s chemistry, size, and shape (Xia et al. 2006). The
mechanism by which nanoparticles penetrate cells without
specific receptors on their outer surface is assumed to be
by passive uptake or adhesive interaction. This uptake may
be initiated by Van der Waals forces, electrostatic charges,
steric interactions, or interfacial tension effects, and does
not result in the formation of vesicles (Geiser et al. 2005).
After this type of uptake, the nanoparticles are not necessar-
ily located within a phagosome (which offers some protec-
tion to the rest of the cellular organelles from the chemical
interaction with the nanoparticle). For example, C60 mol-
ecules enter cells and can be found along the nuclear mem-
brane and within the nucleus (Porter et al. 2006). This type
of uptake and free movement within the cell makes them
very dangerous by giving them direct access to cytoplasmic
proteins and organelles. Upon non-phagocytic uptake,
nanoparticles can be found in various locations inside cell,
such as the outer-cell membrane cytoplasm, mitochondria,
lipid vesicles along the nuclear membrane or within the
nucleus. Depending on their localization inside the cell, the
nanoparticles can damage organelles or DNA, or cause ulti-
mately cell death (Stefani et al. 2005).

Conclusion

Ceramic nanoparticles, with their superiority over synthetic
counterparts, have proved to be a good alternative for drug
delivery compared to traditional systems. The foremost
advantage of ceramic nanoparticles is that they are unaffected
by pH and temperature. Moreover, they can be moulded into
the desired size, shape and form. These characteristics pro-
pose them as ideal delivery systems but lack of research is the
biggest hurdle in the way of their clinical use. The major issue
preventing their use is their toxicity concerns. Even though
they possess many advantages, their side effects are still in

scrutiny, mainly the toxic effects they may possibly have in
the body. Although quality research has been carried out
in this field, the road ahead is still long, till full and adequate
knowledge about ceramic nanoparticles will be available.
However, with the positive direction that research is follow-
ing, and with so many privileges offered by ceramic nanopar-
ticles, they could be the future prospect of drug delivery.
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