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Abstract: Special surface properties of nano range particles have great interest now a day’s. In
this rapidly growing field, many nano size materials are produced for diverse applications starting
from cosmetics to sensors. Possible occupational and accidental adverse health effects of these
materials are so far scarcely investigated. Although dermal toxicity has been analyzed many
times, this review emphasizes the local and systemic toxicity caused after dermal absorption of
nanoparticles. Mechanism of absorption of nanoparticles and its co-relation with size have been
discussed in this review. On the basis of existing literature, the potentially most relevant cellular
target sites of nanoparticles, starting with nanoparticles uptake across the cell membrane,
mechanisms of generation of reactive oxygen species and the activation of redox-sensitive
signalling cascades are described. Finally, the precautions and safety measures require at the
time of nanoparticle dermal usage have been discussed.
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INTRODUCTION
Nanotechnology is one of the fastest developing areas
of scientific research. Due to advanced development
in the field of nanotechnology various nanomaterials
are coming in contact with human in different
applications. Nanoparticles can be divided into two
large groups: not intentionally produced and engineered nanoparticles [1,2]. These are nanotubes,
nanowires, nanoshells, niosomes, nano-emulsions,
nanocapsules, nanosomes, liposomes, nanoparticles,
quantum dots, dendrimers, fullerene, fluorescent
dextran beads, soil particles (0.4-0.5μm) and
biopolymers [3,4]. Presently, they are in use for many
commercially available products like cosmetics and
sunscreens, pharmaceuticals, stain resistant clothing,
sports equipment, automobile catalytic converters,
dental bonding, cleanings products, dressings for
specific wound care strategies, but many are the fields
of possible future applications of nanotechnologies

as drug delivery systems, nano-medicine, environmental remediation, and cell imaging. Among these,
nanoparticles could play an important role in cell
labeling /targeting, skin wound healing therapies, nanomedicine, cosmetics and sunscreens etc. where skin
is the target organ [5]. Such materials typically
possess nanostructure dependent properties (e.g.,
chemical, mechanical, electrical, optical, magnetic,
biological), which make them desirable for commercial
or medical applications. Reports suggest that these
properties are due to nanostructure-dependent biological activity that differs from bulk properties of the
constituent chemicals and compounds as they have
big surface-to-volume ratios, but such properties may
lead to adverse effects on human health and environment too [1,2]. Royal Society and the Royal Academy of Engineering (2004)reported that nanop-articles
should be treated as new chemicals from a risk-point
of view because they can overcome with the body’s
normal protective barrier that is skin [2,6-8].
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DERMAL ABSORPTION OF
NANOPARTICLE
Major possible route of entry of nanoparticles is the
absorption through skin [9], but other modes of entry
can be inhalation, ingestion, voluntary injection,
absorption, or implantation for drug delivery systems
[10-]. Skin is often considered less permeable and
the risk associated to this route is very low [14] but
literature survey suggests that it is an important route
of entry for nanoparticles both in occupational and
accidental contact and it should be considered as risk
evaluation [2,15-17]. Four pathways of penetration
across the skin have been identified depending on
physicochemical properties of the compound:
intercellular, trans-cellular, and transappendageal like
through hair follicles and sweat glands [2]. Various
factors that influence the dermal absorption of
nanoparticles can be divided into three groups: (i)
location and skin conditions at the application site,
(ii) physicochemical properties of the penetrating
molecule, and (iii) physicochemical properties of the
vehicle dispersing the penetrating molecule [27].
Location and Skin Conditions at the Application
Site- The nature of the site of application of
nanoparticle plays important role in absorption. It
includes: (i) skin integrity and regional variation (ii)
dimensions of orifices, aqueous pores, and lipidic fluid
paths (iii) density of appendages set the basic
conditions affecting the absorption of any agent. Skin
integrity (i.e. thickness, presence of pores and follicles
etc.) differs according to the site of the body [27].
Working with hairless animals did not show any
penetration into the skin clearly indicating that the
hair follicles might be an important pathway for skin
invasion of particulate materials [18]. Skin or stratum
corneum integrity may also be compromised by
dermatological (e.g., atopic dermatitis,psoriasis,
ichthyosis) and other pathological conditions (e.g.,
inflammation, burn, infections), damage and trauma,
extensive use of detergents, and/or prolonged
exposure to air conditioned, non-humidified
environments [19-21]. The effects of flexing
movement on uptake of nanoparticles on normal skin
shows that mechanical flexion facilitated the
penetration of micrometer-sized particles that were
observed in deeper dermal layers. Also, other factors
like lipophilic-hydrophilic gradient, pH gradient and
isoelectric point have their vital role which influences
dermal absorption of nanoparticles [5,22,23].

Physicochemical Characteristics of the
Penetrating Molecule: Other important properties
are of the nanoparticle itself which also effect the
penetration of nanoparticle through the dermal barrier.
Most important is the size, in healthy individuals nanoparticles of size 40 nm in diameter and smaller have
been successful in penetrating the skin stratum
corneum through the lipidic intercellular route or
aqueous pores, while larger nanoparticles i.e. larger
than 40 nm do not penetrate the skin stratum
corneum. Most particles that do penetrate will diffuse
through skin cells, but some will travel down hair
follicles (trans-follicular route) and reach the dermis
layer [24-27]. The shape of the nanoparticle affects
the permeability showing that spherical particles have
a better ability to penetrate the skin than ellipsoidal
particles because spheres are symmetric in all three
special dimensions. One study compared the two
shapes and recorded data that showed spherical
particles located deep in the epidermis and dermis
whereas ellipsoidal particles were mainly found in
the stratum corneum and epidermal layers [26]. Other
factors are as fallow:
(a) pKa of the penetrating molecule and pH of vehicle
should be chosen accurately, since only the
unionized fraction of a penetrating molecule will be
transported to viable epidermis [27,28];
(b) Solubility and dissolved amount of the penetrating
molecule in its vehicle [27,28];
(c) The partition coefficient of the penetrating molecule
should be adequate as lipophilic molecule
will easily partition in stratum corneum but will leave
it with difficulty, whereas a hydrophilic m o l e c u l e
will suffer poor penetration [27-29];
(d) The molecular weight of a penetrating agent should
be less than 600 Da to significantly permeate
skin [27,30];
(e) The potential for binding and metabolism [31,32];
(f) The diffusion coefficient (D) of the penetrating
molecule in its vehicle and in the skin [27].

Physicochemical Properties of the Vehicle
Dispersing a Penetrating Molecule: There is a
possibility of potential synergisms/interactions
between dispersing vehicle, dispersed nanometric
agent, and skin components . Therefore, the
physicochemical properties of the dissolving or
dispersing vehicle are of great importance [27]. The
viscous formulations reduce the diffusion coefficient
of the molecule in the vehicle, resulting in retardation
of skin partitioning, and hence absorption. In addition,

2704

Gautam et al.

Fig. 1: Schematic presentation of dermal absorption of nanoparticle. Less than 10 nm nanoparticles can cross stratum
corneum through diffusion and reached to dermis by intercellular or transcellular route while particle more than 20 nm can
only be absorbed by transappendageal routes like hair follicle or aqueous pores. In d” 10 nm diameter nanoparticles,
endocytosis hardly occurs, because the adhesion energy is too low to compensate for the bending energy. These nanoparticles
do not engulfed by phagocytes and reached to blood circulation. Smaller nanoparticles (d” 10 nm) can easily cross cell
membrane and interact with subcellular compartments

2705

J. Cell Tissue Research
extremely lipophilic formulations compete with
stratum corneum lipophilicity, hampering the SC
partitioning of the penetrating agent but occlusive
formulations may favor a moderate increase in
absorption [27,33]. The presence of molecules such
as solvents, surfactants, enhancers, and others may
alter or damage SC by different processes thus
causing a potential increase in the absorption of all
or selected ingredients of the applied formulation
[27,34,35].
Insertion of foreign agents in the stratum corneum
(as well as their further progression toward the viable
epidermis) is limited by stratum corneum nanoporosity and gradients. Accordingly, most important
physicochemical parameters of penetrating agents
appear to be dimensions, partition coefficient, and
superficial properties. When penetrating agents are
molecules, this reasoning leads scientists to indicate
small (<600 Da) lipophilic and uncharged compounds
as the best candidates for a successful percutaneous
absorption [36-40]. The analysis of stratum corneum
structure and nanoporosity firstly suggests that, in
healthy individuals, these agents have to be smaller
than 5–7 nm to have chances to diffuse— intact—
throughout the fluid portion of the lipidic bilayers
[39,41] or smaller than 40 nm to potentially use the
aqueous pores [4244] (Fig.1).
In addition, composition and physicochemical
properties of tested nanometric agents as a whole,
or of their components may further improve or limit
the ingress and diffusion into/through the skin. These
same properties may also be responsible for the
maintenance of nanoparticle/nanomaterial integrity,
when these agents enter in contact with skin
components. In fact, it is reasonable to estimate that
lipidic particles may interact to different extents with
skin lipids, with which they may also fuse. It seems
that trans-follicular penetration may be used by those
agents whose dimensions are below follicular
openings (i.e., 10–210 µm) and able to disperse
themselves into sweat or sebum. Nonetheless, hair
thickness should be subtracted from orifice diameter
to evaluate the actual area (and volume) of the
infundibulum that could be used for penetration or
excretion. A homogeneous dispersion (without
nanoparticle/ nanomaterial aggregation) seems to be
a prerequisite for trans-follicular diffusion to occur.
However, no stability or dispersibility data in sweat
or sebum are reported in published articles.

DERMAL TOXICITY OF
NANOPARTICLES
Dermal exposure of lesser size (< 10 nm) of
nanoparticles is more disastrous than greater ones
(> 30nm). It appears that lesser size nanoparticles
can penetrate more easily than larger one. Reports
suggest that nano-particle less than 10 nm showed
prolonged erythema, oedema and eschar formation.
Hyperkeratosis and papillomatosis in irregular
epidermis and fibrosis, hyperemia, erythema,
intracellular edema and hyelinisation of collagen in
dermis are some histological observations in rabbit
after exposing with nanoparticles of smaller size
(<10nm). Further, bigger size nano-particle do not
enter in skin even through transappendageal routes.
Possible pathways of cellular uptake of nanoparticles
includes phagocytosis, macropinocytosis, clathrinmediated endocytosis, nonclathrin-, non-caveolaemediated endocytosis, caveolae-mediated endocytosis
or diffusion [45-48]. During phagocytosis particles
become engulfed via specific membrane receptors
(e.g., scavenger receptors), leading to the formation
of an early phagosome. Subsequent particle
processing includes phagosome maturation which is
described to be dependent on the involved receptor
and may include the formation of a late phagosome
and a lysosome. During particle ingestion via
pinocytosis, a macropinosome is formed which also
passes various maturation steps resulting into the
formation of a lysosome. Clathr in-mediated
endocytosis is performed due to specific membrane
regions, referred to as clathrin coated pits. Following
formation of a clathrin-coated vesicle and its
uncoating with clathrin monomere recycling, particles
are subsequently processed by early endosomes,
multivesicular bodies and late endosomes.
Endocytotic processes without involvement of clathrin
or caveolin are referred to as non-clathrin
noncaveolar- mediated endocytosis . Better known
is the particle uptake via so called lipid rafts, leading
to the formation of caveosomes with possible particle
transcytosis, and transfer of the particles into the
cytosol, endoplasmatic reticulum etc. Finally, particles
may translocate into cells via diffusion, which in
contrast to all aforementioned pathways, is a nonactive process.
Physical interaction of nanoparticles with subcellular
compartments are determinant of the type of reactive
oxygen species generated. Interaction of nano-
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particles with NADPH oxidase (NOX) complexes,
mitochondria, or the endoplasmic reticulum, are
reported [49]. Ca2+ion release from calcium stores
such as mitochondria and endoplasmic reticulum may
be induced by local ROS-dependent loss of organelle
membrane integrity and may result in activation of
Ca2/calmodulin-dependent enzymes, such as certain
nitrogen monoxide (NO) synthase isoforms. There
is a potential implication of ROS-mediated DNA
damage by nanoparticles in mitochondria and the
nucleus. Because of their ability to induce ROS and
elicit oxidative stress within cells, nanoparticle may
cause damage of the mitochondrial and nuclear
genome respectively. Mitochondrial DNA damage
may either result from direct actions of nanoparticle
or by their interference with the electron transport
chain, and has been implicated in the induction of
apoptosis. Damage to the nuclear DNA can trigger
various responses including cell cycle arrest,
apoptosis or mutagenesis. Mitochondrial-derived
ROS, or other signalling pathways may also impact
on the integrity of the nuclear DNA [50].
CONCLUSION
Nanotechnologies are more a tool than a discipline,
dedicated to manipulate the matter at nanometerlength scales, in order to produce new materials,
structures, and devices. At this size range materials
can have different mechanical and chemical properties
than the same ones at larger size because of an
increased relative surface area and quantum effects.
It is becoming essential to assess nanomaterial skin
absorption potential and its toxicity as, it is highlighted
that the general public could come into contact with
nanomaterial intentionally (e.g., drug delivery systems,
various decontaminants, cosmetics etc). Even without
entering into the details of exposure dose, length and
repetition, it is clear that skin could be healthy,
diseased, inflamed, hot, scratched/damaged, hydrated,
moisturized and so on. These conditions offer different
degrees of barrier impairment, and hence it cannot
be excluded that nanomaterials could penetrate/
permeate skin better in one of these situations or can
have various degree of effect. Therefore, special
attention should be given to those formulations
containing nanoparticles and intentionally applied to
diseased skin to provide some therapeutic effects.
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