
Review Article

Emerging Nanomedicines for the Treatment of Atopic Dermatitis

Khushali Parekh,1 Tejal A Mehta,1,4 Namdev Dhas,1 Pavan Kumar,2 and Amirali Popat3

Received 15 October 2020; accepted 4 January 2021

Abstract. Globally, the prevalence of Atopic dermatitis (AD) is significantly increasing
and affecting around 20% of population including children. Complex interactions amongst
abnormality in epidermal barrier function, environment, infectious agents and immunological
defects are considered as key factors in the pathogenesis of AD. Although the role of
oxidative stress has been studied in some skin diseases, investigation of the same in AD is
intermittent. Calcineurin inhibitors and/or topical corticosteroids are currently available;
however, it causes atrophy of the skin, burning sensation, and systemic side effects which
leads to poor patient compliance. These limitations provoke the strong need to develop an
innovative approach in managing AD. Nanomaterials for effective drug delivery to skin
conditions such as AD have attracted a lot of attention owing to its ability to encapsulate,
protect, and release the cargo at the diseased skin site. However, there are lots of unmet
challenges especially in terms of development of non-toxic formulations and clinical
translation of established nanomedicines in the form of accessible products. Numerous
formulations have emerged as carrier for poorly soluble and permeable drugs, viz., lipidic,
polymeric, metal, silica, liposomes, hydrocarbon gels and this field is evolving. This review is
intended to provide an insight incidences associated with pathophysiology of AD and
challenges with existing treatments of AD. Focus is kept on reviewing current development
and emerging nanomedicines for effective treatment of AD. The review also inculcates
merits of several nanomedicines in overcoming challenges of existing products and its future
implications.

KEY WORDS: nanomedicines; atopic dermatitis; topical drug delivery; skin targeting; novel
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INTRODUCTION

Atopic dermatitis (AD) is a very common skin
disease with chronic and relapsing immunological
abnormalities in the skin (1,2) characterized by recurrent
eczematous lesions and intense itch. AD is a potentially
enervating skin disease which demonstrates substantial
socioeconomic influence on mankind worldwide (3). The
phrase AD is a combination of two syndromes, i.e., atopy
and dermatitis. Coca and Cooke invented the term
“atopy” in 1923, which is directly related with IgE-
mediated reaction. Before the development of hypersensi-
tivity reaction, there might be exposure to an allergen,
although it involves a genetic component (4). Atopy can
be present as asymptomatic sensation in any form of the

disease like AD, fever, and asthma. Redness, swelling,
and skin soreness are linked with the development of
dermatitis. The presence of small blisters are observed
due to direct irritation by an external allergen (5). AD is
also known as “Prurigo Besnier (Besnier’s itch) over the
years, named after the French dermatologist Ernest
Besnier (1831–1909).”

Distinctive symptoms of AD include mild to severe
erythema, scaling, and excoriations to acute flare ups of
eczematous pruritic lesions and intense itch (6). In AD, skin
becomes red, brownish, dry, scaly or cracked, and itchy due to
decrease in the hydration of stratum corneum. This condition
is mainly observed at night (6,7). In infants, AD is manifested
as an eczema associated with tiny bumps on the cheeks,
where in the case of children and adults, it is observed often
as rashes in the joint folds, on the rear part of the hands and
often on the scalp (7). History of typical sequence of AD in
the childhood indicates the initial step of the “atopic march”
and often remits the chances of allergic disorder development
in the later phase of life. This term is also known as “allergic
march” (8). The prevalence of AD is increasing day by day,
and literature shows rising number of patients suffering from
AD during the past decade (9). Treatment of skin diseases
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using topical formulations is being accepted widely because
very less concentration of the drug is absorbed systemically
which ultimately reduces the side effects as compared to the
conventional (parenteral or oral) drug administration. Cur-
rently available topical treatments have limited penetration
into the deeper layers of the skin due altered skin condition
during AD. This provoked the need to develop novel
formulations with enhanced penetration into the deeper
layers of the skin, i.e., epidermis, and provide more effective
local drug release with low systemic toxicity. Moreover, the
ability of the formulation to encapsulate various hydrophobic
anti-inflammatory drugs is also considered a challenge
especially when hydrophilic topical dosage forms are used in
the treatment of atopic dermatitis. Therefore, a lot of efforts
have been devoted in development of new carriers including
nanoparticles for the treatment of AD. This review is aimed
to provide an insight on incidences associated with patho-
physiology of AD and challenges with existing treatments of
AD. It also includes review of current development and
emerging nanomedicines for effective treatment of AD.

Epidemiology

A study on distribution and regional variance in the
occurrence of AD was performed internationally on 1 million
subjects with three different phases (10). The prevalence of
AD and the region where highest prevalence of AD is found
vary continuously around the world. It was found that around
1/4th of the world population is affected by AD during their
lifespan. Between 1950 and 2000, the prevalence of AD
increased approximately up to threefolds mainly in so called
industrialized countries that it was referred as “allergic
epidemic” (6,11). However, eczema symptoms have been
settled or reduced in some countries having huge prevalence.
Nigeria, the UK, and New Zealand were the region of
maximum prevalence previously; however, Latin America is
now leading as most prevalent region for AD (12). Never-
theless, AD is a major health concern and the disease is still
augmenting particularly in the developing world. During last
few years, quite high occurrence of AD has been observed in
India and it was the most common amongst children (13).

Natural history of AD suggests that almost 50% of
influenced patients develop characteristic features within
initial years of life and probably 95% experience an onset at
the age below five (12). Around 75% with onset of AD early
in the life have an extemporaneous retardation before
adolescence, whereas the rest of 25% will continue experienc-
ing a relapse of disease symptoms after few years with
temporary recovery. Rare cause of exacerbations in AD
may be food intake or contact with airborne allergens (14,15).
The chances of developing AD are more prominent in those
having family history of occurrence of the disease. For
example, if the cotwin is affected, the risk of the disease
increases by 75% and 30% in the case of monozygotic and
dizygotic twins respectively. This shows that susceptibility of
AD has correlation with genetic factors (16,17).

Increased prevalence of AD in the past few years has
enforced a high socioeconomic burden in many developing
countries in terms of medical management and patients’ living
standards. As a result, there has been an intensified interest in

distinguishing environmental threats and precautionary mea-
sures (6).

According to the Global Burden of Disease survey 2010
conducted by The World Health Organization (WHO), AD
was ranked first amongst common dermal diseases in terms of
“life-years adjusted with disability” and “years lived with a
disease” (8).

Pathogenesis

The researchers are unsure about the pathogenesis of
AD for decades. There is still a lacuna in revealing
consolidated proof of concept of AD. By elucidating the
mechanism of occurrence of AD in inherently susceptible
individuals, researchers have already achieved a salient
milestone. Histology reveals the presence of eosinophils,
macrophages, and T cells in the case of relapsing itch and
inflammation (observed as overgrowth of dermis and epider-
mis) in AD (6). Pathophysiology of atopic dermatitis is
described in Fig. 1.

Overall, multiple factors are affecting the development
of AD which includes multifaceted interactions amongst
ecological factors, defective epidermal barrier function, and
susceptibility genes (19). The primary cause of AD is an
abnormal skin barrier due to mechanical injury as a result of
scratching which aggravates dry itchy skin. It is proven that
the inherent and adaptive immune system interactions have a
role to play in the AD pathological indications (20).

In recent years, the role of oxidative stress (OS) is being
studied in the pathogenesis of AD. It is very well in
knowledge that due to OS, genes coded for proinflammatory
cytokines are up regulated which in turn promote tissue
inflammation. Release of free radicals takes place from
inflammatory cells when activated. From its prominent
inflammatory compound, OS could be considered as one of
the key role players in pathogenesis of AD (21). Factors
influencing the pathogenesis of AD are described in Fig. 2.

Inflammatory lesions in AD are explained by two hypoth-
eses: (i) imbalance in the adaptive immune system and (ii)
abnormal skin barrier. The proposed two hypotheses may
complement each other although they are not totally
unrelated. Immunological Hypothesis. According to the
theory of immunological inequity, it is claimed that imbalance
of particularly 1, 2, 17, and 22 type of T helper cell and
regulatory T cells causes AD (19). In acute eczema, the state of
allergic (atopic dermatitis) predominance of the naive CD4+ T
cells as a result of Th2 differentiation is observed resulting into
the enhancement in the generation of interleukins, viz., IL-4, IL-
5, and IL-13, which are responsible for improved levels of IgE.
Correspondingly, inhibition of Th1 differentiation also takes
place.

The Skin Barrier Hypothesis. According to this theory,
reduced level of filaggrin and ceramides in the epidermis, a
classical representation of inherited and acquired barrier
function, is considered as the prime pathogenesis of AD
(22–24). Normally, structural proteins of stratum corneum
(SC) and stratum granulosum are encoded by filaggrin gene.
This protein helps in binding the keratinocytes together and
maintaining the integral skin barrier. It also plays role in
stratum corneum hydration. With the faulty gene, filaggrin
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Fig. 1. Pathophysiology of atopic dermatitis [reproduced from reference (18)]

Fig. 2. Factors influencing the pathogenesis of atopic dermatitis
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production is reduced which leads to trans epidermal water
loss (TEWL) and eczema. Barrier defects weaken the
protective function of the epidermis against irritant sub-
stances responsible for aggravating the disease. Additionally,
inhaled allergens penetrate into the epidermis due to
retarded barrier function of SC and thereby they may
contribute to aggravate AD (25,26).

Interestingly, in AD, immunological imbalance and skin
barrier abnormality present a cause and effect dilemma. Due
to disturbed epidermal barrier function and dryness, skin
becomes more susceptible for the internalization of numerous
allergens and irritants into the skin along with other adverse
environmental factors. This action triggers and provokes
allergy with one more episode of inflammation (27,28).
Barrier integrity can be altered by inflammation itself.
Therefore, dry skin is one of the most prominent factor in
damaging the skin and also contributes in pathogenesis of AD
(29). It could be said that barrier function restoration is
essential while designing prevention plan and aggravation of
AD (30).

CURRENT STANDPOINT OF THE TREATMENTS FOR
ATOPIC DERMATITIS

Due to lack of complete cure of AD; several patients
experience a prolonged duration of the disease. The therapies
include prevention of disease by reducing number of flares
and reduction in relapse. Severity of flares are reduced by
treatment with topical corticosteroids and/or topical calcine-
urin inhibitors.

The primary and secondary prevention includes delayed
exposure to antigens. Food avoidance and prevention of AD
have a direct relationship between them and its influence is
still unclear (31); however, sensitization to food allergens is
associated with infantile AD (32). Reports have shown that
involvement of hydrolyzed or amino acid-based products in
management of AD is significant (33).

Tertiary prevention can be achieved by diminishing the
dryness of the skin, principally by means of daily utilization of
skin-hydrating agents like cream or emollients. Care should
be taken towards exposure to unknown irritants, like
allergens and synthetic fiber-based clothing are avoided.
Emollients do not have direct effect during eczema. Further-
more, skin dryness can be prevented by avoiding long, hot
baths. Use of an emollient is endorsed for maintenance of
hydrated epidermis and boost the function of epidermal
barrier.

Currently Available Formulations and their Limitations

Many countries follow an agreement published as series
of guidelines regarding the treatment of AD (34,35). Guide-
lines are meant to help pediatricians and dermatologists in
management of many patients with AD (36) which also
contributes in improving their wellbeing. However, therapeu-
tic management may get failed sometimes in patients with
AD, especially in the case of prolonged treatment. The main
problems are socioeconomic complications, severity, and
extent of activity of AD. It is thus expected that innovation

in the treatment of AD will be essential. Table I covers
currently available therapies for management and the treat-
ment of the AD.

Currently, treatment of AD is managed by “reactive
management” strategy which consists of combative response
to acute flare-up incidents alongside topical agents falling in
an anti-inflammatory category. However, acanthosis and
perivascular lymphatic infiltration are seen histologically or
as subclinical inflammatory change in the normal-appearing
skin. Hence, normal-appearing skin is still a target for anti-
inflammatory drug. This treatment is further continued with
another therapeutic treatment and use of anti-inflammatory
drugs intermittently which is known as “proactive treatment.”
But these therapies may not be effective in all the patients
(38).

Moreover, creams, ointments, and lotions like formula-
tion contain oily vehicle and leave sticky residue on the skin.
Bioavailability of drugs on the skin varies as skin is least
perfused amongst all the tissues. Some secondary infection
may be sub lying in the deeper layer of the skin and gives

Table I. Currently Available Conventional Dosage Forms for the
Treatment of AD (37)

Therapy Drugs Dosage form Few brands

Corticosteroids Hydrocortisone L o t i o n /
o i n t m e n t /
cream/tablet/
injection

Balneol HC, Beta
H C , C o r t r i l ,
A n u s o l H C ,
H i s o n e T a b ,
Efcrolin, Licoid
lipo

Momentasone L o t i o n /
c r e a m /
ointment

Moma t e /MMF /
Elocon/Cutizone

Triamcinolone O i n tmen t /
cream/lotion/
g e l / t a b l e t /
injection

A r i s t o c o r t ,
Aristogel, D-cort,
Ledecort, Cinalife

Prednicarbate O i n tmen t /
cream

D e r m a t o p /
P r e d n i c a r b e t t ,
Dermatop E

Betamethasone C r e a m /
o i n t m e n t /
lotion

A l p h a t r e x ,
B e t a t r e x ,
D e t a d e r m ,
Celestone

Clobetasole L o t i o n /
shampoo/gel/
c r e a m /
o i n t m e n t /
solution

Clobex, Cormax,
Embelline, Impoyz

Fluticasone O i n tmen t /
cream/lotion

Cut ivate /Zoflut /
Molidem/Flutilab

Dexamethasone Gel /cream/
o i n t m e n t
solution

D e c a d e r m ,
Decadorn, Dexair

Ca l c i n e u r i n
Inhibitors

Tacrolimus O i n tmen t /
cream/lotion/
t a b l e t /
capsule

Protopic, Topgrap,
O l m i s F o r t e ,
Tacre l , Cro l im,
Olmis, Tacrograf

Pimecrolimus Cream Elidel, Pacroma
Phototherapy UV light – –
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false symptomatic relief on the skin. Targeting deeper layer of
the skin is also difficult due to protective barrier. Also, issue
of poor penetration of the drug in the skin persists with the
diseased condition.

Ongoing Clinical Trials

Although there are limitations with currently available
therapies, they are treating the disease in current scenario.
Research have been done for incorporation of various new
molecules in the conventional dosage forms. Table II com-
prises of few clinical trials being done with different
molecules for more effective treatment of AD. If these
products pass the clinical trials successfully, many products
with better effectiveness will acquire the market in near
future.

Issues associated with currently available treatments
indicate a compelling need for the development of novel
formulations which can overcome the shortcomings of
conventional therapies. In the following sections, we have
reviewed nanomedicine as one of the emerging technologies
for improving drug delivery to skin with a particular focus on
AD.

NANOMEDICINES FOR ATOPIC
DERMATITIS—CURRENT SCENARIO

Topical corticosteroids are considered as the first-line
treatment of AD. They have anti-inflammatory and anti-
proliferative actions which are responsible for their therapeu-
tic effect as well as side effects like skin atrophy (skin
thinning), telangiectasia, and skin burning. Topical steroids
inhibits the enzyme phospholipase A2 by synthesizing
lipocortin. Inflammation is caused when phospholipase A2
release arachidonic acid from the cell membrane. The
inhibition of phospholipase A2 results in the reduction of
inflammation. This inhibitory actions affect the keratinocyte
proliferation, fibroblasts, and hyaluronan synthase 3 enzyme
resulting in the reduction of hyaluronic acid in the extracel-
lular matrix leading to dermal atrophy. These side effects are
associated with long-term use of topical steroids (40). Hence,
these agents are suitable to use for short-term therapy only
(35,41). The growth of nano-intervention-based drug delivery
is rapidly growing along with impending applications in
healthcare and drug nanoplatform-based delivery sector.
The skin provides inherent protection against entry of foreign
particles, although therapeutic NPs can be delivered in
affected areas of the skin via hair follicle openings. Potential
of NP-based drug delivery needs to be understood deeply
although it has been publicized as a facilitating technology in
the treatment of local diseases. Mechanisms related to the
explanation of infiltration and preservation of NPs across the
epidermal barrier have been thoroughly discussed. One study
result suggests that rate of drug release in the dermal layers
may be controlled by incorporating the drug NP into the lipid
matrix to achieve therapeutic efficacy (42). There are several
distinct properties of nanoparticles, viz., surface properties,
charge, shape, and size, that can affect the release rate and
skin penetration. Furthermore, when NPs are delivered
topically, they are expected to retain in the skin. Hence, the
study of degree and rate of infiltration of NPs is important to

Table II. Details of Clinical Trials Being Done for the Treatment of
Atopic Dermatitis (39)

Molecule S t u d y
population

Phase Status

ZEP-3Na (0.1%
or 1%)

5–75 years old
with mild to
moderate AD

NCT04307862,
Phase II

Ongoing

Ultra Violet A
device.+ topical
betamethasone
d i p r o p i o n a t e
0.05%

6-–16-year-old
children

NCT04444726,
not applicable

Recruiting

Antroquinonol
capsule 50 mg
and 100 mg

20–65 years
o l d w i t h
moderate to
severe AD

NCT04110873,
phase II

Terminated (It
was hard to find
suitable subject
due to str ic t
e n r o l l m e n t
criteria.)

PF 04965842
( J A K 1
inhibitor)

12 to < 18
years old with
moderate to
severe AD

NCT03796676,
phase III

Completed

Diluted sodium
h y po c h l o r i t e
s o l u t i on and
moisturizers

8–65 years old
with healthy
skin or having
AD

NCT02594969,
not applicable

Completed

Crisaborole 2%
ointment

7 months and
o l d e r w i t h
m i l d t o
moderate AD

NCT04498403,
phase III

Ongoing

B a r i c i t i n i b
(LY3009104) in
c om b i n a t i o n
with corticoste-
roid

18 years and
o l d e r w i t h
moderate to
severe AD

NCT03733301,
phase III

Completed

Upadacitinib 12–75 years
o l d w i t h
moderate to
severe AD

NCT04195698,
phase III

Recruiting

T h y k a m i n e )
0.05%, 0.25%,
and 0.1%

18 years and
o l d e r w i t h
m i l d t o
moderate AD

NCT03540043,
phase II

T e r m i n a t e d
( R e a c h e d
r e q u i r e d
a n a l y z a b l e
s amp l e s i z e ;
COVID-19 re-
cruitment chal-
lenges)

Se cuk inumab
3 0 0 m g
subcu taneous
injection

18 years and
o l d e r w i t h
chronic AD (>
6 months)

NCT02594098,
phase II

Completed

Lebrikizumab
subcu taneous
injection

18 years and
o l d e r w i t h
moderate to
severe atopic
dermatitis

NCT03443024,
phase II

Completed

0 . 5 %
R o fl u m i l a s t
cream

18 to 65 years
o l d w i t h
m o d e r a t e l y
s e v e r e AD
lesion

NCT01856764,
phase II

Completed

DS-2741a 20 years and
older

NCT04211415,
phase I

A c t i v e , n o t
recruiting
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get idea about the interactions of NPs with physiological
fluids and thereby their entry into the systemic circulation
(43). Figure 3 is a representation of various mechanisms by
which NPs are delivered to the skin. Solid lipid nanoparticles
(SLN), nanolipid carriers (NLCs) (44), and nanoemulsions
and microemulsions (45) are few lipid-based systems which
have been explored for topical drug delivery. Other than
these systems, polymeric nanoparticles and liposomes have
also been explored as an alternative drug delivery system for
topical route (46,47).

Polymer-Based Nanoparticles

Polymeric NPs have various characteristic features such
as biodegradability, biocompatibility, low particle size, and
greater surface charge for stability which are attractive for its
use for topical delivery. More specifically, polymeric NPs have
been used with several drugs for the treatment of AD, owing
to their exceptional properties such as greater entrapment
efficiency and sustained release, physiological stimuli-
responsive nature, enzymatic degradation prevention, and
targeting specific site which minimize off targeting effects.

For instance, Zhuo et al. (49) fabricated hyaluronic acid-
decorated tacrolimus-loaded chitosan NPs (HA@TCL-
CSNPs) with aim to maximize the dermal targeting and
enhance anti-dermatitis efficiency. The results indicated that
particle size, zeta potential, and entrapment efficiency (%EE)
of optimized TCL-CSNPs were found to be 156 nm, +53 mV,
and 84.11%, respectively. The surface charge, average
particle size, and entrapment efficiency (%EE) of optimized
HA@TCL-CSNPs were found to be 216 nm, +34 mV, and
57.14%, respectively. The size was increased due to coating of
HA onto the CSNPs, whereas zeta potential decreased due to
the negatively charged HA. Furthermore, the release study
confirmed that after 8 h, TCL-CSNPs and HA@TCL-CSNPs
showed 75% and 25% of drug release. This phenomenon
occurred owing to the presence of HA as HA prevents or acts
as a barrier for the release of TCL. Additionally, HA may
restrict the diffusion of water into the polymer matrix which
consequently retards the release rate of TCL. Additionally,
HA@TCL-CSNPs demonstrated greater efficiency in the
maintenance of intact skin throughout the period of induction
and treatment and displayed minimum symptoms of ery-
thema and dryness as compared to TCL-CSNPs. It may be
owing to the optimal localization of TCL into dermis and
epidermis. Histopathological study demonstrated that
HA@TCL-CSNPs restored the skin integrity in the mice and
found to be safe.

In the similar manner, Pandey et al. (50) formulated HA-
coated betamethasone valerate (BMV)–loaded CSNPs
(HA@BMV-CSNPs) for dermal targeting and enhance pen-
etration across the stratum corneum. The results indicated
that particle size, zeta potential, and %EE of optimized
HA@BMV-CSNPs were found to be less than 300 nm, +58
mV, and 86%, respectively. The in vitro release investigation
demonstrated that HA@BMV-CSNPs showed Fickian
diffusion–type release mechanism in simulated skin surface
(pH 5.5). The permeation study concluded that as compared
to HA@BMV-CSNPs, BMV from BMV-CSNPs was signifi-
cantly permeated through the skin. However, more dermal
retention was observed for BMV in the case of HA@BMV-

CSNPs as compared to BMV-CSNPs. Furthermore, Try et al.
(51) studied the effect of size of NPs on skin penetration in
dermatitis models such as porcine and murine. For the same,
the researchers developed PLGA NPs with two different
sizes, i.e., 70 nm and 300 nm. The results indicated that no
skin penetration was found in the case of healthy skin.
However, PLGA NPs with particle size of 70 nm was
significantly accumulated higher (15-folds in mice and
fivefolds in pig) in the inflamed skin as compared to PLGA
NPs with 300 nm of size. Additionally, penetration depth
study revealed that in pig skin model, PLGA NPs with 70 nm
size were found to be greatly penetrated (46 μm) as
compared to PLGA NPs with particle size of 300 nm (23
μm). However, in mice skin, both size of PLGA NPs
demonstrated similar penetration depth 55 μm, but the
penetration depth of NPs decreased over the time in mice
to 20 μm.

Moreover, Siddique et al. (52) developed a cream
containing hydroxytyrosol (HT) and hydrocortisone (HC)-
loaded CSNPs for safe and tolerable efficacy of NPs in
potential treatment of AD. The results revealed that opti-
mized size of HC/HT CSNPs was less than 250 nm and cream
of HC/HT CSNPs was found to be stable when stored at
25°C. Furthermore, erythema intensity transepidermal water
loss (TEWL) for 28-day application did not display any signs
of redness, local irritation, and toxicity. In addition to this, the
similar results were obtained for biochemistry of blood, blood
hematology, and adrenal cortico-thyroid hormone level at 0
and 28 days. Thus, from the aforementioned results, it can be
concluded that HC/HT CSNP cream is safe and well
tolerated, which can be beneficial in the treatment of AD.
Furthermore, considering the stimuli-responsive delivery
system can be an effective platform for dermal application.

Sahle et al. (53) fabricated various types of pH-
responsive dexamethasone-loaded Eudragit® L 100,
Eudragit® L 100-55, Eudragit® S 100, HPMCP-50,
HPMCP-55, and cellulose acetate phthalate NPs and fabri-
cated using nanoprecipitation method (54). The results
indicated that cellulose acetate phthalate NPs were found to
be more pH responsive as compared to other NPs. Cellulose
acetate phthalate NPs when dissolved in 10 mM pH 7.5 buffer
found that greater than 80% of the drug was released within 7
h, whereas acrylate NPs when dissolved in 40 mM pH 7.5
buffer found that 65–70% of the drug was released after 7 h.
The study also concluded that properties of NPs and their
release pattern can be modulated by blending various
polymers and all formulations were found to be safe.

Additionally, Katas et al. (55) investigated for histolog-
ical stabilization and immune-modulatory effects of HT/HC
co-loaded CSNPs via transcutaneously using NC/Nga mouse
model. The ex vivo study confirmed that skin thickness of
AD-induced CSNP-treated mice (456 μm) was significantly
reduced as compared to atopic mice (916 μm). Immune
spectrum analysis revealed that HT/HC CSNPs were capable
of restraining immunoglobulin E (IgE), histamine, T helper
cells (TH1/TH2), VEGF-α, and prostaglandin E2 (PGE2)–
producing cytokines in serum and skin biopsies of tested
mice. In the similar manner, Hussain again investigated the
downregulation of immunological mediators using HC-loaded
CSNPs in 2,4-dinitrofluorobenzene-induced AD-like skin
lesion. The analysis of expression of cytokine in AD-like skin
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lesion indicated that HC CSNPs inhibited the pathological
expression of TNF-α, interferon-γ, IL-4, IL-5, IL-6, IL-12p70,
and IL-13. Additionally, histological study demonstrated that
HC CSNPs inhibited fragmentation of elastic fibers and
fibroblast infiltration.

Yu et al. (56) explored the development of a hybrid skin-
targeting nano system with nicotinamide (NIC) and chitosan
NP (CS@NP) for encapsulating Tacrolimus (FK506), i.e.,
FK506@NIC@CSNP, for the treatment of dermatitis. Results
showed that FK506 containing NIC@CSNP has significantly
enhanced penetration and deposition into the skin as
compared to Protopic®. The results of efficacy studies of
the clinical symptoms in animal model of AD demonstrated
that approximately 1/3rd dose of NIC@CSNP was superior to
that of Protopic alone. The adjuvant therapeutic response and
anti-AD effects to moderate level were observed with NIC–
CS–NP vehicle. Ghosh et al. (57) studied the efficacy of guar
gum nanoparticles (GN) in AD on BALB/c mice. Disease-
induced mice were treated topically with GN. Ear thickness
was found significantly reduced on the 28th day. After the
application of GN on the skin, the total cell count, eosinophil
count, and Th cell and macrophage populations were
decreased and the same was confirmed by histological studies.
Cellular infiltration and epidermal thickness were reduced in
ear tissue after the treatment. Efficacy enhancement of
hydrocortisone acetate was studied in synthetic polymeric
nanoparticles. Rosado et al. used solvent displacement
method in preparation of the hydrocortisone acetate
(HCA)–loaded poly (ε-caprolactone (PCL) nanoparticles
(NPs) to achieve a prolonged release of drug and reduction
of side effects. It was confirmed that the developed formula-
tion indicated minimum side effects and increased its
therapeutic efficacy (58).

Lipid-Based Nanoparticles

It has been known for a long time that lipid-based NPs
such as solid lipid NPs (SLNPs) and nanostructured lipid
carriers (NLCs) have been extensively studied by the
researchers for topical delivery, owing to their ability to load
both hydrophilic and/or lipophilic therapeutic moieties (44).
Additionally, the carriers mimicking physiological lipids have
been attracted lot of researchers owing to their higher
biocompatibility, biodegradability, and follicle delivery. They
have the capability to release the drug in a controlled manner
and provide greater occlusion which in turn is responsible for

improved skin hydration (59). However, NLCs are far better
than SLNs as it overcomes the disadvantages of SLNs such as
leaking of drug/therapeutic moiety during storage caused by
lipid polymorphism, risk of gelation, and limited drug loading
(60). NLCs are formed by utilizing solid lipid and liquid lipid
which ultimately forms the less perfect crystalline structure
with many imperfections providing more space for drug
accommodation (61,62). Many studies came to conclusion
that small-size lipid carrier ensures close contact to the
stratum corneum and can improve penetration of therapeutic
moiety into the skin (63,64). The epidermal targeting may be
exploited using NLCs and SLNs as well as reduction of side
effects can be achieved. Potential side effects due to systemic
absorption of topical corticosteroids (atrophy, skin thinning)
can also be eliminated using such carriers. SLNs have also
demonstrated to facilitate therapeutic moiety retention in the
upper layer of skin and to obtain occlusion, which occurs
owing to the strong adhesion properties of nanocarrier and
small size, leading to the formation of the film on the skin and
reduce the TEWL by helping in restoration of the physical
barrier (65).

Pople and Singh (30) explored the high-pressure homog-
enization technique in the development of tacrolimus-loaded
modified NLC (T-MNLC) with an aim to enhance its
solubility. They used lipophilic solubilizer in carrier lipid
matrix for drug delivery to the skin. T-MNLC formulation
was found stable with reduced total lipid concentration in
carrier. Thus, the study highlighted that novel T-MNLC
prepared using lipophilic solubilizers were very useful in
terms of performance, and improved stability and skin
retention. Pople and Singh also studied the skin hydration
properties, targeted delivery, therapeutic effectiveness, and
toxicity of modified nanolipid carrier. The enhanced targeting
and therapeutic efficacy were studied on in vivo model for
AD-like skin lesions in BALB/c mice. Moreover, improved
safety was observed with T-MNLC-treated group. Thus, it
indicates that novel T-MNLC formulation would get wide
acceptance by the patients to treat large skin areas of AD
with chronic treatment regimen (66).

Maia et al. (67) investigated SLN to increase targeting to
the viable epidermis. SLN of a topical glucocorticoid
prednicarbate (PC) were developed which penetrates almost
30% greater into human skin as compared to PC cream. This
may possibly because of particle size and close interaction of
SLNs with the stratum corneum. Biotransformation of PC did
not change by SLN incorporation and the same was

Fig. 3. Various mechanisms for dermal delivery of NPs. aAnatomy of the skin and b routes of drug penetration (reproduced
from reference (48))
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confirmed by penetration study of prednicarbate PC-SLNs. A
threefold increase in PC permeation after incorporation into
SLNs was reported.

Fang et al. (68) proposed use of betamethasone dipro-
pionate (BD)–loaded NLCs (BD-NLC) in topical ointment
formulation for the treatment of AD. In vitro drug release
results of BD-NLC suggest better skin localization using
without ointment. No evidence of skin irritation was observed
during in vivo studies using rabbits. Moreover, the self-made
topical ointment exhibited required drug retention in skin
tissue of living mice. This study accentuated the development
of BD-NLC as a potential therapy with reduction in adverse
effects induced by systemic absorption.

Elastic liposomes were developed for taxifolin glycoside
(TXG) to be delivered to the skin. Pep-1 peptides were
exposed to thiolmaleimide reaction for conjugation to drug
containing elastic liposome. Prepared formulation was exam-
ined for efficacy and skin permeation. Hence, TXG-loaded
Pep1-EL preparations can be considered as effective measure
for the treatment of AD (69). Nanonization is one of the
approaches to improve solubility; hence, nanomedicines are
most explored for hydrophobic drugs. Lipid-based
nanoformulations are widely explored as compared to other
approaches and due to high affinity of the lipids with skin.
These formulations have proven to be more promising.

Micro-nano Emulsions

Emulsion-based systems are obtained using two or more
immiscible liquids, where one is dispersed phase, and another
is dispersion medium. Emulsion-based systems possess cer-
tain merits such as ease of scale-up with cost effectiveness and
ease of formation and sterilization. However, some disadvan-
tages of this method are complex and time-consuming
development process, phase inversion, drug leakage, and
surfactant-/co-surfactant-related toxicity. It has an ability to
incorporate and enhance penetration of both hydrophilic and/
or lipophilic therapeutic moieties. Therapeutic moieties
having higher solubility are categorized to this performance
as they enhance the concentration gradient towards the skin.
Mechanism of surfactant within the vehicle is penetration
enhancer as well as internal mobility modulator also contrib-
utes to the effective performance of emulsion in skin delivery.
The release of therapeutic moiety from the emulsion depends
on the interaction between surfactant and therapeutic moiety
or/and partitioning of therapeutic moiety in water and oil
phase. In the view to above discussion, Baspinar et al. (70)
developed positively charged prednicarbate nanoemulsion
with physical and chemical stability for the treatment of
AD. Use of positively charged carrier is helpful in dermal
delivery, as adsorption of the same onto the negatively
charged skin. This increases the retention time and thus the
availability of the drug at targeted region. A microemulsion
cream formulation of tacrolimus was developed and com-
pared against ointment in hapten-induced murine model of
dermatitis which enhanced the penetration through skin. The
penetration enhancement was consigned to the possibility of
dose reduction. The results of developed cream was con-
firmed by in vivo studies and it was found that the
formulation significantly reduces expression of cytokine by
more deposition in the targeted site (71).

Alam et al. (72) developed the clobetasol propionate
(CP) topical oil-in-water (o/w) nanoemulsion using aqueous
phase titration method. Anti-inflammatory activity of CP-
loaded nanoemulsion was improved. There was a significant
increase in nucleoside triphosphate diphosphohydrolases
activity in lymphocytes. Use of high amount of surfactant
was proven safe by skin irritation studies on animal model
and hence proved safe for human use.

Yang et al. (73) did comparative studies of triptolide
(TPL) nanoemulsions and nanoemulsion-based gel of TPL to
check their effect on percutaneous permeation enhancement.
TPL nanoemulsion gels and TPL nanoemulsion showed
better penetration as compared to TPL gels in in vitro studies.
Greater AUC was observed with TLP nanoemulsion as
compared to TLP gels during in vivo microdialysis. Derma-
titis and eczema symptoms were significantly reduced with
TPL nanoemulsion gels and can reduce IFN-γ and IL-4
expressions. Obtained results confirm the suitability of
nanoemulsion gel as a promising percutaneous carrier to
provide low toxicity and prolonged release transdermal
formulation for the clinical treatment of AD and eczema.

Nanosuspension

Romero et al. (74) developed a nanosuspension contain-
ing cylosporin A (CyA) with the aim to increase dermal
penetration. They used wet bead milling technique for the
preparation of amorphous nanoparticles. CyA in concentra-
tion of 5% w/v was dispersed in water and vitamin E
polyethylene glycol succinate (TPGS, Kolliphor TPGS) was
added to that dispersion. Average particle size was around
350 nm and D99 (laser diffraction diameter 99%) was 690 nm.
Upon storage at room temperature, the suspension was
retaining amorphous state for almost 1 year. Hence, it was
concluded that the prepared nanosuspension was physically
stable. There was reduction of 5% in the total drug content
over the span of 1 year but that might be because of a large
surface area in contact with water. From that, it was
considered that the formulation is feasible as commercial
product with expiry date. Micron-sized powder and nanopar-
ticles of CyA were incorporated into HPC gels. Both the
formulations were evaluated for penetration and drug reten-
tion using fresh pig ear skin, applying the tape stripping
method. Micron-sized drug powder showed 71.3 μg/cm2 and
nanoparticles of CyA showed 450.1 μg/cm2 which is 6.3 times
higher penetration. From the studies on CyA amorphous
nanoparticles, dermal nanomedicines delivery seems feasible.

Other than the above discussed formulations, many
researchers have worked on the usefulness of different
nanomedicines in the topical drug delivery system. They have
explored various approaches in the preparation method and
delivery systems. Recent development in nanoformulations in
the treatment of Atopic dermatitis is summarized in Table III
along with advantages of developed formulation by various
researchers and few findings are discussed as following.

EMERGING NANOMATERIALS FOR THE
TREATMENT OF AD

Nanoformulations discussed above have the potential to
deliver the therapeutic agents topically for the treatment of
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atopic dermatitis. However, they have many limitations such
as low drug loading capacity due to crystalline structure of
lipid, polymorphic transition, and lipid particle growth in
lipid-based systems (61) and for polymeric systems premature
degradation of polymer, aggregation of toxic monomers and
residual material associated with them (82).

Emerging formulations such as cubosomes, ethosomes,
transferosomes, nanofibers, ionic liquids, nanosponge, and
micelles are now being explored for topical drug delivery as
the potential solution to the limitations associated with
existing formulations. In this section, we have discussed
emerging nanomaterials and their applicability in the topical
drug delivery.

Cubosomes

Cubosomes are generally prepared using monoolein and
are nanoparticle of lipid matrix having inter-crossing water
channels with cubic phase and are effective carriers for
dermal delivery (83). Liposomes and cubosomes have some

common features which includes nano size, feasibility to
incorporate water and oil soluble drugs, and they are made
up of biocompatible lipids. They have a unique thermody-
namic activity which enables loading of water-soluble drug in
lipid carrier and as a result skin permeation is enhanced
(84,85).

Kwon and Kim (86) developed cubosomes of Houttuynia
cordata (HC) to overcome the problem of low skin perme-
ation. The main aim was to enhance the anti-atopic dermatitis
effect of aqueous extract of HC (AEHC). AEHC containing
cubosomal suspension of monoolein and liposomal suspen-
sion of egg phosphotidylcholine were prepared by a thin film
hydration method. The skin permeations of AEHC contain-
ing cubosomes, lipososmes, and AEHC dissolved in PBS
(phosphate buffer saline) were investigated by in vitro
method using Franz diffusion cell-mounted hairless mouse
skin. Furthermore, 1-chloro-2,4-dinitrobenzene (DNCB) was
used to induce AD-like skin lesion in hairless mice and
microscopical evaluation was performed to check the inhib-
itory effects of AEHC-containing formulations. Serum IgE

Table III. Example of Nanoformulations for the Treatment of Atopic Dermatitis

Type of nanoformulation Active Conclusion/novelty

Nanocrystal Dexamethasone (75)
Sirolimus (76)

• Crystals are made up of 100% pure drug and
reduced excipient incompatibility
• Easily scalable
• Stable formulation
• Improves solubility of poorly water-soluble drug.
• Higher penetration as compared to micronized
powder

Nanoemulsion Triptolide (73), clobetasol propionate (72),
prednicarbate (70), plaunoi extract (33,35)

• Better penetration compared to the conventional
topical formulation
• Thermodynamically stable
• Spontaneous emulsification

Nanoparticles Polymeric Tacrolimus (56)
Guar gum (57)
Hydrocortisone acetate (58)
Clobetasol
Quercetin (47)

• Stabilization of compound by physical and
chemical protection.
• Enhanced retention and permeation
• Conjugation of carrier surfaces

S o l i d l i p i d
nanoparticles

Tacrolimus (30) Betamethasone (68) Glucocorticoid
(67) Prednicarbate (70)

• Phase interaction at the interfaces
• Controlled and Targeted drug delivery
• Protection of drug from environmental factors
• Prepared using biological lipids and without use of
organic solvents
• Improved bioavailability
• Carrier for lipophilic as well as hydrophilic drugs
• Improved stability

Metal Silver (77) • Very useful in biomedical imaging
• Resistance against chemical/thermal denaturation
• Suitable for conjugation

Liposome Cyclosporine A (74)
Taxifolin
Glycoside-conjugated with Pep1 peptide (69)

• No chemical modification is required to
incorporate hydrophobic and hydrophi l ic
compounds
• High durability
• Passive drug loading is possible
• Stays longer in circulation
• Easy surface functionalization

Nanostructured lipid carrier Tacrolimus (78), Fluticasone (79,80), Betamethasone
dipropionate (81)

• Incorporates drug in its highly unordered lipid
matrix
• Initial dose dumping can be achieved by providing
trigger impulse to matrix
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level and cytokine expression were also noted. It was
concluded that the cubosomal suspension containing AEHC
would be effective treatment for AD.

Ethosomes

Ethosomes are made up of phospholipids and high
concentration of water and alcohol. They are flexible and
stable. They have the capability to penetrate stratum
corneum and deliver therapeutic moiety into deep skin and/
or blood. It has been reported that ethosomes are safe,
enhance drug efficiency, improve patient compliance, and
display cost-effective treatment. The ethosomes can lead to
dermatitis or skin irritation due the high ethanol concentra-
tion. Nevertheless, Paolini et al. (87) reported that ethosomes
demonstrated better skin tolerability in human volunteers
with 45% of ethanol in the formulation, for 48 h. Addition-
ally, ethanol is responsible for decrease in density of the lipid
multilayer of cell membranes and elevate the fluidity of cell
membrane lipids leading to improved skin permeability. Thus,
it can penetrate to the deeper layers of the skin where they
fuse with the lipids of the skin and release therapeutic moiety.

Nanofibres

Chitin nanofibril (CNF) application was explored as
upcoming technology by Azuma et al. (88) on an experimen-
tal AD model. CNF showed the anti-inflammatory effects via
activation of nuclear factor-kappa B and inducible nitric
oxide synthase suppression. It may be concluded that CNF is
a potential functional biomaterial for suppression of AD.

Transferosomes

Transferosomes is commonly known as ultra-deformable
liposomes and has lot of advantages over liposomes such as
high vesicle deformability and elasticity and superior pene-
tration capability. Thus, this system can be explored and can
be suited for transdermal or/and dermal delivery with
deliberate and controlled release of therapeutic moiety. It
has been reported that transferosomes have an ability to
transfer 0.1 mg lipid per hour per cm2 area across undamaged
skin, which is owing to the osmotic gradient generated by the
difference in water content of the striatum corneum (15%)
and the viable epidermis (75%). Furthermore ,
transferosomes have been proposed as a penetration
enhancer facilitating entry of drugs through the stratum
corneum by disruption of highly ordered lipid structure.

Lei et al . (89) developed tacrol imus- loaded
transferosomes for the treatment of atopic dermatitis. Pre-
pared transferosomes were compared with commercial oint-
ment and liposomal gel of the tacrolimus. Surfactants like
disodium cholate, Tween 80, and Span 80 were explored for
the preparation of transferosomes, out of which Tween 80
showed best results for deformability and drug loading.
Percentage entrapment was different with all the surfactants.
Maximum entrapment into transferosomes was achieved with
Span 80 (83.88%). With Tween 80 and SDC, it was (78.86%)
and (70.60%) respectively. Mean particle sizes of
transferosomes were 135.6, 123.1, and 260.6 nm with SDC,
Tween 80, and Span 80 respectively, where mean particle size

of liposomes was 159.7 nm. Transferosomes and other lipid-
based vesicles can be differentiated by deformability.
Transferosomes spontaneously deform without breaking the
structure off lipid when stress is applied on vesicles to
penetrate the skin pores. The achieved deformability of
transferosomes was the 1.4–2.1 times higher than that of the
liposomes and retention levels in skin was 1.2–1.6 times
higher. Biphasic drug release was observed from
transferosome gel and liposome gel, where initial burst
release may be observed from the surface-adsorbed drug
and the slower release may be from the lipid vesicles (90).
The cumulative drug release after 24 h from transferosome
gel, liposome gel, and ointment were (116.72–7.49) μg,
(95.75–5.89) μg, and (41.34–3.59) μg respectively. In vivo
experiments were performed using mice model of atopic
dermatitis and the results from those experiments were in
support of in vitro studies. Transferosome gel showed quicker
effect than liposome gel and commercial ointment. Ear
swelling was reduced, and skin pathology was also improved
markedly. Hence, transferosomes can be considered as one of
the useful carriers for dermal delivery to treat for atopic
dermatitis.

Ionic Liquids

Ionic liquids (IL) are salts composed with relatively large
asymmetric organic cations and inorganic or organic anions
and having melting point lower than the boiling point of
water. They have the capability to dissolve polymeric,
organic, and inorganic materials and possess high thermal
stability (91). ILs with specific physical or chemical properties
can be synthesized by variation of alkyl chain length or
cationic structure (92,93). Since the past decade, ILs have
gained interest to be explored in pharmaceutical applications
as they have been found to be useful for solubility enhance-
ment of the poorly soluble drugs (94,95). Because of their
property, ILs can be used for drug delivery via topical route
as well.

Dobler et al. (96) explored the use of ionic liquids as
different additives in the topical drug delivery system. They
used hydrophilic IL [HMIM] [Cl] and the hydrophobic IL
[BMIM] [PF6] for the preparation of oil-in-water (O/W) and
water-in-oil (W/O) emulsions. Prepared formulations were
evaluated for the influence of the ILs on emulsion properties.
They found that formulations remain stable after incorpora-
tion of ILs into emulsion structure. Formulations showed
good antimicrobial activity and preservation efficacy in the
concentration range above 5%. Overall, they found that ILs
are safe and show improved penetration if used as carriers for
topical drug delivery.

Mitragotri et al. (97) studied delivery of therapeutic
RANi moieties robed with ionic liquid for treating the skin
diseases. They showed that synthesis of robed siRNAs was a
simple two-step process from bulk materials. Essential
properties like skin transport, octanol water partitioning,
and cell internalization for the dermal delivery of siRNA
were tuneable with robing. They evaluated the safety and
efficacy of robed siRNA by studying its potential to limit the
breakdown of elastin in human skin tissues after UVB
exposure. They concluded that therapeutic RNAi robed with
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ionic liquid moieties are a simple, scalable prodrug platform
for treating skin disease.

Nanosponge

Iriventi et al. (98) developed a topical gel loaded with
nanosponge of curcumin and caffeine. The formulation was
prepared by hot melt method using dimethyl carbonate
(DMC) as and beta-cyclodextrin (β-CD) as crosslinker and
polymer respectively. Curcumin- and caffeine-loaded
nanosponge-based gel showed better therapeutic effect in
comparison with the conventional marketed formulation. The
aim behind the preparation of nanosponge and loading them
in gel was to achieve sustained release of the drug and that
was fulfilled as the formulation showed drug release up to 12
h. In vitro results were supported by in vivo studies and
ex vivo permeation studies. It was concluded that
nanosponge-loaded gel formulation has higher potential to
alleviate psoriasis and thus can be explored for other skin
diseases which involves inflammatory responses and may be
proposed as a promising carrier for an effective local
treatment.

Abbas et al. (99) explored fluconazole-loaded
nanosponge-based hydrogel system for improved topical
delivery. The prepared nanosponge was evaluated for their
entrapment efficiency, particle size, structural properties, and
in vitro drug release. Release pattern indicated the sustained
release of fluconazole from hydrogel and showed Higuchi
model as the best fit model. Key advantages of nanosponge
are better retention, reduced systemic side effects and dosing
frequency which makes it potentially suitable for the treat-
ment and improve patient compliance.

Micelles

Assem et al. (100) developed polymeric micelles of
beclomethasone dipropionate and incorporated them into
biocompatible hydrogel. The formulation was evaluated using
sub-chronic dermatitis animal model. Mixed micelles
intended to target dermal delivery were prepared. Various
concentrations of pluronic L121 were used with either
poloxamer P84 or poloxamer 407. Micelles were incorporated
into hydrogels and evaluated for viscosity and was also
subjected to ex vivo skin permeation study in comparison
with marketed cream Beclozone®. In vivo studies were
performed using rat model and results of histopathology of
the skin showed that the prepared micelles are more effective
in treating atopic dermatitis as compared to the Beclozone®.
Hence, micelles can be considered as promising drug delivery
in the treatment of skin diseases.

Lapteva et al. (101) developed polymeric micelles of
Tacrolimus (FK506) for the treatment of psoriasis. Polymeric
micelles were prepared using biodegradable and biocompat-
ible methoxypoly(ethylene glycol)-dihexyl-substituted
polylactide (MPEG-dihex-PLA) diblock copolymer and the
results proved the efficiency of MPEG-dihexPLA micelles for
the selective cutaneous delivery of FK506, superior to the
marketed formulation (Protopic). Since the FK506 is pre-
scribed for atopic dermatitis, this formulation can be explored
for AD as well.

Although emerging nanomaterials are not widely ex-
plored for the treatment of atopic dermatitis, their potential
for topical drug delivery is quite promising. Hence, they
possess bright future to be explored for the treatment of AD.

FUTURE OF AD USING NANOMEDICINE

Nanomedicines are beneficial in achieving the desired
rate of release and the skin targeting by modifying perme-
ation and penetration of active substances. Improved reten-
tion in the skin ensures a drug localization in the stratum
corneum and protection of drug against chemical or physical
changes. Furthermore, maintenance of normal skin barrier
function is essential while delivering the therapeutic agents.
Use of chemical enhancers like surfactants and organic
solvents may be responsible for reduction in the barrier
function along with higher skin irritancy/damage.

Nanoparticle-based drug delivery systems is beneficial in
overcoming the limitations and adverse effects of existing
delivery system by enhancing the local effect. Researchers
have a big challenge in front of them for identifying a suitable
approach for exponential growth in AD and other skin
diseases. Literature indicates enormous work explored by
scientists on the potential use of antibiotics, corticosteroids,
calcineurin inhibitors, and few natural polyphenolic com-
pounds after suitable incorporation into carrier systems for
effective treatment of AD. The research output is promising
in treating AD effectively. However, there are few challenges
like toxicity of the nanomedicines, dose determination, and
cost effectiveness that are still to be resolved.

CONCLUSION

Nanomedicine is offering various opportunities in the
field of research and business and it is representing the crucial
technology development in the twenty-first century (102).
There are many nanotechnology-based cosmeceutical prod-
ucts capturing the market and potential of products for AD is
being proven at the research level. However, there are
several emerging nanocarriers such as ionic liquids (103),
silica nanoparticles (104), plant- and milk-based proteins, and
silicon nanoparticles (105), which are already explored for
oral delivery and holds enormous potential for topical
delivery of peptides, proteins, and poorly soluble and
permeable small molecules (106). Their untapped potential
needs to be investigated in detail.

Nanomedicines have capability to minimize dosing
frequency, achieve effective therapeutic concentration, re-
duce side effects, and improve patient compliance with
targeted delivery of many drugs peptides and proteins.
However, there is a great need for detailed investigation on
the usefulness of NPs as substantial carrier for topical
administration and its distribution in the skin particularly
when used with the topical gel or cream. With the develop-
ment of technology, there is wider scope for linkage between
instruments and nanotechnology with greater understanding
about easing off the skin diseases by establishing in vitro and
in vivo correlation. However, future studies are still neces-
sary to establish its safety and efficacy in order to ensure
consumer health.
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