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A B S T R A C T

This study investigated the effect of the topical treatment with meloxicam-loaded nanocapsules (M-
NC) on symptoms, inflammatory response and oxidative parameters in an atopic dermatitis (AD) model
in BALB/c mice. 2,4-Dinitrochlorobenzene (DNCB) was applied to the dorsal skin on days 1–3 for
sensitization. Mice were challenged with DNCB on the ear (on days 14–29) and dorsal skin (on days 14,
17, 20, 23, 26, and 29). Treatments with blank nanocapsules (B-NC), free meloxicam (M-F) or M-NC
were applied to the backs of the mice from days 14 to 29. On the day 30, skin severity scores and
scratching behaviour were determined. After that, ears and dorsal skin were removed for
determination of inflammatory parameters (edema and myeloperoxidase (MPO) activity) and
oxidative parameters (thiobarbituric acid reactive species (TBARS) and non-protein thiol (NPSH)
levels), respectively. DNCB increased the severity of skin lesions, scratching behaviour, edema andMPO
activity of ears and dorsal skin TBARS levels. M-NC reversed skin severity scores, scratching behaviour
and inflammatory response induced by DNCB. B-NC and M-F did not have effect in this model. In
summary, meloxicam carried by polymeric nanocapsules reversed inflammatory response and
ameliorated symptoms in an AD model.

© 2018 Faculty of Health and Social Sciences, University of South Bohemia in Ceske Budejovice.
Published by Elsevier Sp. z o.o. All rights reserved.
Introduction

Atopic dermatitis (AD) is a complex chronic inflammatory skin
disease that affects up to 18% of children and up to 5% of adults
worldwide, with up to 90% of patients presenting with mild to
moderate disease (Bruin Weller et al., 2012; Shaw et al., 2011). This
disease is characterized by erythematous and eczematous lesion,
intensepruritus,dryandhypersensitivityskin(Bieberetal.,2012;Galli
et al., 2008). The patient’s skin with AD is very sensitive and has an
appearance of chronic redness, after skin will thicken gradually
becoming harsh, affecting their appearance and contributing signifi-
cant psychological, social and quality-of-life burdens to patients
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(Berke et al., 2012; Tokura, 2010). In addition, AD is often associated
withcomorbidities, suchasallergic rhinitis andasthma(Bieber, 2010).

Topical treatments are commonly prescribed to improve AD
symptoms and reduce inflammation (Carr, 2013). Recommended
therapy has been the use of corticosteroids, calcineurin inhibitors,
or both (Eichenfield et al., 2014). Although available topical agents
are generally well tolerated and despite their efficacy, effectiveness
of the their treatments is limited, their applications may cause
cutaneous and systemic side effects with long-term use (Eichen-
field et al., 2014; Ring et al., 2012). No new treatment has been
approved for the AD therapy in the past 15 years. Thus, there is a
need for searching of new effective topical treatment options
without such safety concerns.

A new alternative treatment of AD is the use of non-steroidal
anti-inflammatories. Recently, several studies showed the efficacy
and safety of a non-steroidal anti-inflammatory, the crisaborole,
for the topical treatment of AD in children and adults (Jarnagin
et al., 2016; Paller et al., 2016; Tom et al., 2016; Zane et al., 2016a,b).
However, studies using non-steroidal anti-inflammatory drugs
in Ceske Budejovice. Published by Elsevier Sp. z o.o. All rights reserved.



338 D.M. Weber et al. / Journal of Applied Biomedicine 16 (2018) 337–343
(NSAIDs) on the AD are still scare. This study provides a new
proposal for the treatment of AD using a NSAID, given that AD is an
inflammatory disease.

Meloxicam is a highly potent NSAID that selectively inhibits the
cyclooxygenase-2 (COX-2), blocking the prostaglandin synthesis
and arachidonic acid metabolism (Honma et al., 2014). Its main
limitations include poor aqueous solubility, poor incorporation
into formulations and poor skin permeation (Jantharaprapap and
Stagni, 2007; Lee et al., 2016). In this context, several studies have
been carried out in order to improve the percutaneous absorption
and bioavailability of meloxicam, avoiding the systemic side effect
associated with oral route (Ah et al., 2010; Jantharaprapap and
Stagni, 2007; Kasliwal et al., 2008; Lee et al., 2016; Ruiz et al., 2007;
Yuan et al., 2007a,b). Importantly, the anti-inflammatory, analgesic
and antipyretic properties of the meloxicamwere investigated in a
variety of studies that evidenced the action of the pharmacological
substance in the skin and subcutaneous tissues from studies
involving dogs, horses and laboratory animals (Engelhardt et al.,
1995; Lees et al., 1991; Viking and Frendin, 2002), as well as in
humans (Bayerl et al., 1998). In dermatology, polymeric nano-
particles have been used as an interesting andmodern approach to
improve drug solubility and efficacy, allowing sustainable distri-
bution within the skin besides reducing dose and frequency of
administration (Kumari et al., 2010). However, there is a lack of
studies showing the influence of nanoencapsulation of meloxicam
in polymeric nanoparticles on its effect in skin diseases, such as AD.
Importantly, previous studies from our research group demon-
strated that meloxicam-loaded nanocapsules (M-NC) showed
higher pharmacological effect than free meloxicam (M-F) in
different experimental inflammatory models (Ianiski et al., 2012,
2016a,b; Villalba et al., 2014).

Based on the above considerations, the aim of this study was to
investigate theM-NC effects on the topical treatment of symptoms,
inflammatory response and oxidative stress in an ADmodel and to
compare with those effects observed for M-F.

Materials and methods

Animals

Female adult BALB/c mice (6–8 weeks old) were obtained from
a local breeding colony. The animals were kept in a separate animal
room, on a 12 h light/dark cycle with light on at 7:00 a.m. and
acclimatized room (22� 2 �C). Commercial diet (GUABI, RS, Brazil)
[(Fig._1)TD$FIG]

Fig.1. Experimental protocol scheme. The dorsal skin ofmicewas shaved and sensitized
dorsal skin on days 14,17, 20, 23, 26, and 29 and the right ear on days 14–29. Mice were tr
(B-NC) or meloxicam-loaded nanocapsules (M-NC) on days 14–29. Finally, mice were s
and tap water were supplied ad libitum. We applied strict ethical
criteria in our study to minimize pain and suffering and to reduce
the number of animals used. Animals were used according to the
guidelines of the Local Committee for Care and Use of Laboratory
Animals of the Federal University of Pelotas (Pelotas, Brazil), under
number 4294-2015. Mice were allowed to acclimatize to the
holding room for 2 h before the behavioural procedure. All
manipulations were conducted in the light phase.

Drugs

2,4-Dinitrochlorobenzene (DNCB), sorbitan monostearate,
polysorbate 80 and poly (e-caprolactone) MW= 80,000 were
obtained from Sigma (St. Louis, MO). All other chemicals and
solvents used were of analytical or pharmaceutical grade. All
reagents were used as received.

Nanocapsules preparation

Suspensions of M-NC were prepared by the method of
interfacial deposition of preformed polymer (Fessi et al., 1989),
at a concentration of 0.3mg/ml. Organic phase was composed by
meloxicam (0.03 g), poly-e-caprolactone (1.0 g), sorbitan mono-
stearate (0.766 g), Miglyol 8101 (3.102 g) and acetone (267ml).
Aqueous phase was composed of water (533ml) and polysorbate
80 0.766 g. Organic phase was added under magnetic stirring into
an aqueous phase. Suspensions of blank nanocapsules (B-NC) were
prepared using the same protocol of M-NC suspensions, without
the presence of drug. Meloxicam was dissolved in sorbitan
monostearate, polysorbate 80 and water to obtain the solution
of M-F. After preparation of suspensions, polymeric nanoparticles
were incorporated into semisolid formulations (Ianiski et al.,
2012). Hydrogel of M-NC was formed by the dispersion of
Carbopol1 940 6% (5.0 g), the preservative solution of methyl/
propylparaben (1.0ml), sorbitol (5.0ml), triethanolamine (pH 7.0)
and suspension of M-NC (89ml). Hydrogel of M-F was prepared
with meloxicam (0.0267 g), sorbitan monostearate (0.766 g,
polysorbate 80 (0.766 g)) in addition to components previously
described for the preparation ofM-NChydrogel, but usingMilli-Q1

water in place of the suspension colloid. Hydrogel of B-NC was
prepared using the same protocol of hydrogel of M-NC.

The particle diameter was 247–212 nm for M-NC and blank B-
NC, respectively. The polydispersity index was around 0.14 for
M-NC and 0.10 for B-NC. The zeta potential was approximately
with topical 0.5% DNCB on days 1–3. Next, themicewere challengedwith 1%DNCB at
eated with a topical application (0,5 g) of freemeloxicam (M-F), blank nanocapsules
acrificed on day 30.
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�36mV forM-NC and�35mV for B-NC. The content of meloxicam
nanocoated was 99.9%.

Experimental design

Fig. 1 described experimental protocol of induction and
treatment of AD. Mice were randomly divided into five groups
(n = 7–8 per group). Mice belonging to group I (control group) were
sensitized and challenged with acetone/olive oil (3:1). Animals of
group II (DNCB group) were sensitized and challenged with DNCB.
Animals belonging to groups III (B-NC + DNCB group), IV (M-
F + DNCB group) and V (M-NC + DNCB group) were sensitized and
challengedwith DNCB and received topical treatment on the dorsal
skin with of B-NC, M-F or M-NC, respectively.

AD-like pathology in mice was induced by DNCB as previously
described byChan et al. (2013).Micewere shaved of dorsal hair and
DNCB (200 ml of 0.5 v/v% in acetone/olive oil (3:1 ratio)) was
applied to the area on experimental days 1–3 for sensitization. On
days 14, 17, 20, 23, 26, and 29 mice were challenged with DNCB
(100ml of 1 v/v%) on the dorsal skin, while on days 14–29 animals
were challenged with DNCB (100ml of 1 v/v%) on the ear (right).
Treatments with B-NC, M-F or M-NC were applied to the backs of
themice (0.5 g), daily, from days 14 to 29. Control animals received
200 ml acetone/olive oil (3:1).

Assessment of the severity of skin lesions

On the day 30, the skin severity scores were measured
according to Park and Sook (2014). Five signs of skin lesions were
described: (1) pruritus/itching, (2) erythema/hemorrhage, (3)
edema, (4) excoriation/erosion, and (5) scaling/dryness. The
above-mentioned symptoms were graded as follows: 0 (no
symptoms), 1 (mild), 2 (moderate), and 3 (severe).

Scratching behaviour

AD-like behavioural changes were investigated using scratch-
ing behaviour. Time that mice spent rubbing their nose, ears, and
dorsal skin with their hind paws for 20min was measured and
recorded on the day 30 (Kim et al., 2014). The results obtained are
expressed in seconds (s).

Inflammatory parameters

Ear edema
On the day 30, after scratching behaviour, mice were sacrificed

and both ears were cut at the base and the weight difference
between the samples of the control ear (left) and the DNCB-treated
ear (right) was established on an analytical balance. The results
obtained are represented in weight (mg). Subsequently, ears were
used to determine the myeloperoxidase (MPO) activity.

MPO activity
MPO activity was assayed according to the method previously

described by Suzuki et al. (1983) with somemodifications. The ears
were homogenized in PBS (20mmol/l, pH 7.4) containing ethyl-
enediaminetetraacetic acid (0.1 mmol/l). After the homogeniza-
tion, samples were centrifuged at 900 rpm at 4 �C for 10min to
yield a low speed supernatant fraction (S1). Then, S1 fraction was
centrifuged at 20,000 rpm at 4 �C for 15min to yield a final pellet
(P2). P2 fractionwas resuspended inmedium containing potassium
phosphate buffer (50mmol/l, pH 6.0) and hexadecyltrimethyl
ammonium bromide (0.5wt/v%). Samples were finally frozen and
thawed three times prior the posterior enzymatic assay. For the
MPO activity measurement, an aliquot of resuspended P2 (100ml)
was added to a medium containing the medium of resuspension
and N,N,N0,N0-tetramethylbenzidine (1.5mmol/l). The kinetic
analysis of MPO was started after addition of hydrogen peroxide
(0.01 v/v%), and colour reaction was measured at 655 nm
(spectrophotometer U-2001 Hitachi-Japan) at 37 �C. Results are
expressed as optic density (OD)/mg protein/min.

Oxidative parameters
Dorsal skin was removed and homogenized in 50mM Tris–HCl,

pH 7.4 (1:10 w/v) to determination of oxidative parameters. The
homogenate was centrifuged at 2000 rpm for 10min, and a S1 was
used for the following determinations: levels of thiobarbituric acid
reactive species (TBARS) and non-protein thiol (NPSH).

TBARS levels
TBARS levels, a measure of lipid peroxidation, were determined

as described by Ohkawa et al. (1979). An aliquot (200ml) of S1 was
incubated with 0.8% thiobarbituric acid, acetic acid buffer pH 3.4
and 8.1% sodium dodecyl sulfate at 95 �C for 2 h. The colour
reaction was measured at 532 nm (spectrophotometer U-2001
Hitachi-Japan). TBARS levels were expressed as nmol MDA/mg
protein.

NPSH levels
NPSH levels were determined by the method of Ellman (1959).

A sample of S1 was mixed (1:1 v/v) with 10% trichloroacetic acid.
The samples were centrifuged at 3000 rpm for 10min. After the
centrifugation, the protein pellet was discarded and free-thiols
groups were determined in the clear supernatant. An aliquot of
supernatant (200ml) was added in 1M potassium phosphate
buffer pH 7.4 and 10mM 5,50-dithio-bis (2-nitrobenzoic acid). The
colour reaction was measured at 412 nm (spectrophotometer U-
2001 Hitachi-Japan). NPSH levels were expressed as mmol NPSH/g
tissue.

Protein quantification
Protein concentrationwasmeasured by themethod of Bradford

(1976), using bovine serum albumin (1mg/ml) as the standard.

Statistical analysis

Data were expressed as mean� standard derivation (SD). Data
were analyzed by Graphpad Prism1 5 using one-way ANOVA
followed by the Newman–Keuls test when appropriated. Values of
p< 0.05 were considered statistically significant.

Results

Assessment of the severity of skin lesions

Effects ofM-NC treatment on severity of skin lesions inmice are
demonstrated in Fig. 2a and b [F4,31 = 43.01, p< 0.0001]. One-way
ANOVA followed by Newman–Keuls’ post-hoc test showed that
DNCB significantly increased skin severity scores, when compared
with the control group (Fig. 2a, b). M-NC treatment partially
reduced (around 51%) the severity of skin lesions induced by DNCB
(Fig. 2a, b). In addition, no significant difference in severity of skin
lesions was observed after treatments with B-NC or M-F, when
compared to DNCB group (Fig. 2a, b).

Scratching behaviour

Effects of M-NC treatment on scratching behaviour are showed
in Fig. 3 [F4,31 = 16.22, p< 0.0001]. One-way ANOVA followed by
Newman–Keuls’ post-hoc test revealed that DNCB-exposed
animals increased the scratching time, when compared with the
control group (Fig. 3). M-NC treatment partially decreased (around
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Fig. 3. Effect of meloxicam-loaded nanocapsules (M-NC), free meloxicam (M-F) or
blank nanocapsules (B-NC) on DNCB-induced scratching behaviour. Scratching time
was evaluated on day 30. Data represent the mean� standard deviation (SD) (one-
way ANOVA followed by the Newman–Keuls’ test); (*) p< 0.05 compared to the
control group, (#) p< 0.05 compared to the DNCB group and (&) p< 0.05 compared
to the M-F.

[(Fig._2)TD$FIG]

Fig. 2. Effect ofmeloxicam-loaded nanocapsules (M-NC), freemeloxicam (M-F) or blank nanocapsules (B-NC) on DNCB-induced AD-like symptoms inmice. (a) Images of skin
and ear lesions from the groups of mice taken on the last day of the experiment (day 30); (b) Skin lesions scores evaluated on day 30. Data represent the mean� standard
deviation (SD) (one-way ANOVA followed by the Newman–Keuls’ test).; (*) p< 0.05 compared to the control group, (#) p< 0.05 compared to the DNCB group and (&) p< 0.05
compared to the M-F.
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46%) DNCB-induced scratching behaviour, whereas B-NC or M-F
treatments were not effective (Fig. 3).

Inflammatory parameters: ear edema and MPO activity

Fig. 4a illustrates the effects ofM-NC treatment on ear edema in
mice [F4,31 = 22.11, p< 0.0001]. One-way ANOVA followed by
Newman–Keuls’ post-hoc test demonstrated that DNCB substan-
tially increased right ear swelling, when comparedwith the control
group (Fig. 4a). Topical application of M-NC partially reduced
(around 44%) the ear swelling induced by DNCB (Fig. 4a). No
significant difference in the ear swelling was observed after
treatments with B-NC or M-F, when compared to DNCB group
(Fig. 4a).

Results depicted in Fig. 4b show effects of M-NC administration
on the ear MPO activity [F4,31 = 28.63, p< 0.0001]. One-way
ANOVA followed by Newman–Keuls’ post-hoc test revealed that
DNCB significantly increased the MPO activity in the mouse ear,
when compared to the control group (Fig. 4b). NC-M treatment
completely restored the ear MPO activity to the control levels,
while B-NC or M-F treatments did not have effect (Fig. 4b).



[(Fig._4)TD$FIG]

Fig. 4. Effect of meloxicam-loaded nanocapsules (M-NC), free meloxicam (M-F) or
blank nanocapsules (B-NC) on DNCB-induced inflammatory parameters inmice: (a)
edema (day 30) and (b) myeloperoxidase (MPO) activity in the ears of mice. Data
represent the mean� standard deviation (SD) (one-way ANOVA followed by the
Newman–Keuls’ test); (*) p< 0.05 compared to the control group, (#) p< 0.05
compared to the DNCB group and (&) p< 0.05 compared to the M-F. #p< 0.05
compared to the DNCB group and &p< 0.05 compared to the F-M group.

[(Fig._5)TD$FIG]

Fig. 5. Effect of meloxicam-loaded nanocapsules (M-NC), free meloxicam (M-F) or
blank nanocapsules (B-NC) on DNCB-induced oxidative stress parameters in mice:
levels of (a) thiobarbituric acid reactive species (TBARS) and (b) non-protein thiol
(NPSH) in the dorsal skins of mice. Data represent the mean� standard deviation
(SD) (one-way ANOVA followed by the Newman–Keuls’ test). (*) p< 0.05 compared
to the control group.
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Oxidative parameters: TBARS and NPSH levels

Fig. 5a demonstrates the NC-M effect on dorsal skin TBARS
levels ofmice [F4,31 = 2.794, p< 0.05]. One-wayANOVA followed by
Newman–Keuls’ post-hoc test showed that DNCB increased TBARS
levels in dorsal skin of mice, when compared with the control
group (Fig. 5a). NC-M, M-F or B-NC application did not have effect
in reducing the TBARS levels increased by DNCB (Fig. 5a).

As verified in Fig. 5b, statistical analysis demonstrated that
NPSH levels of dorsal skin were not altered by DNCB or by NC-M,
M-F or B-NC treatments, when compared to the control group
[F4,31 = 1.503, p> 0.05].

Discussion

In the present study, we proposed a new therapy for AD using
nanotechnology and the meloxicam (a NSAID). Our results
confirmed that DNCB induced the AD-like pathology in mice.
The most important finding of this study is that topical application
of M-NC was effective in attenuate DNCB-induced inflammatory
response and subsequently ameliorated AD symptoms in mice.
However, B-NC or M-F treatment did not have effect in this model.
Therefore, our current results indicate that M-NC could be an
alternative for treatment of AD.
AD is a complex chronic inflammatory skin disease character-
ized by erythematous and eczematous skin lesions, often intense
pruritus, an impairment of the skin-barrier function, increased
oxidative stress, and dysfunctional immune system (Bieber et al.,
2012; Sivaranjani et al., 2013). AD model induced by DNCB is
widely used to study this disease, once it mimics the clinical
symptoms this pathology (Berke et al., 2012; Fang et al., 2015; Jin
et al., 2009; Kim et al., 2014, 2015; Lin et al., 2015; Park and Sook,
2014; Tokura, 2010; Yoon et al., 2015). In this view, the present
study confirmed that DNCB caused AD-like symptoms (as
evidenced by increase on the severity of skin lesions and scratching
behaviour), inflammatory process (as showed by increase in the
ear edema and ear MPO activity) and lipid peroxidation (as
evidenced by increase of dorsal skin TBARS levels) in BALB/c mice,
causing AD-like pathology.

Considering the numerous side effects resulted of long-term
use of therapies to AD, there is a great need to develop new and
effective therapeutic strategies for AD. In this context, researchers
have sought to identify new treatments to AD (Choi et al., 2017a,b;
Jiang et al., 2017; Lee et al., 2016; Lin et al., 2017; Voss et al., 2018;
Yoon et al., 2015). Here, we demonstrated that meloxicam carried
by polymeric nanocapsules topically applied was efficient in the
treatment of AD induced by DNCB in mice. In fact, M-NC partially
reduced DNCB-induced skin lesion severity, while M-F or B-NC
treatments did not have effect in this parameter, indicating
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effectiveness ofM-NC against AD-like skin damage. Indeed, clinical
skin severity scores have been used to evaluate the progression/
treatment of AD (Park and Sook, 2014).

Moreover, topical treatment with M-NC partially decreased
DNCB-induced scratching behaviour, whereas B-NC or M-F treat-
ments were not effective against the pruritus/itching. Itching is a
characteristic symptom of AD and analysis of spontaneous
scratching behaviour is useful for evaluating of effectiveness of
anti-pruritus/itching (Park and Sook, 2014). The reduction of
pruritus/itching is very important for the treatment of AD, given
that the act of scratching aggravates the skin lesions and causes
more itching ensues. These finding indicated that the treatment
with meloxicam into nanocapsules form was effective in attenu-
ating scratching behaviour, reducing the itching, preventing
aggravation of the skin lesion in AD.

Another important finding of this study was M-NC treatment
reduced the ear edema and earMPO activity, indicating a reduction
severity of inflammation in AD. However, M-F or B-NC treatments
did not have effect in these parameters. It is well established that
DNCB causes a skin irritation and local inflammation due to
increase vascular permeability, developing edema in the ear (Kim
et al., 2014; Park and Sook, 2014). Thereby, polymorphonuclear
leukocytes migrate to the inflammation local, increasing the MPO
activity in the site, given that this enzyme is used as a marker of
leukocytes infiltration (Odobasic et al., 2016). Moreover, melox-
icam inhibits COX-2 activity, blocking prostaglandins production,
arachidonic acid metabolism and cytokine production, reducing
the vasodilatation andmigrationpolymorphonuclear leukocytes to
the inflammation site (Ah et al., 2010; Mazario et al., 2001). In this
context, we can suggest that M-NC treatment could cause a
reduction of inflammation by inhibiting the COX-2 activity,
reducing the vasodilatation and consequently the edema, and
reducing the leukocytes infiltration into the ear tissues that
corroborate with the inhibition on the MPO activity.

Oxidative stress has been associated with AD, leading to
increase in production of reactive species (Li et al., 2016). In the
present study, it was demonstrated an increase in the lipid
peroxidation of mouse dorsal skin induced by DNCB, but treat-
ments with M-NC, B-NC or F-M did not have effect in this
parameter. A previous study by our group showed the cerebral
antioxidant effect of M-NC in a neurodegenerative disease model
(Ianiski et al., 2012). However, here, we can rule out the
involvement of M-NC antioxidant effect in the protection against
lipid peroxidation in this model of AD.

Taking everything into consideration, results of the present
study demonstrated that meloxicam into nanocapsules form
showed a better effect in restoring symptoms and inflammatory
process in a mouse AD model than M-F. Previously, our group
demonstrated that M-NC were more powerful than M-F in several
inflammatory models (Ianiski et al., 2012, 2016a,b; Villalba et al.,
2014). Some hypotheses main explain the pharmacological effect
more pronounced of M-NC than F-M in AD-like pathology. First,
polymeric nanocapsules promoted a sustained release by slowly
deliver the meloxicam, prolonging the release of drug. In
accordance with the results demonstrated in this study, other
authors have reported a superior efficacy of polymeric nano-
capsules, when compared to free drug, in different experimental
models (Badran et al., 2014; Bernardi et al., 2009a,b, 2010; Ianiski
et al., 2012, 2016a,b; Khachane et al., 2011; Villalba et al., 2014).
Second, meloxicam into polymeric nanocapsules contributed to
the reduction of skin dryness, reducing the damage caused by
DNCB. In accordance, Wissing and Mu ̈ller (2003) demonstrated
that nanopaticles increased the cutaneous hydration degree,
reducing transepidermal water loss. Moreover, a clinical symptom
of AD is skin dryness and the use of substances that increase the
cutaneous hydration are important (Eichenfield et al., 2014).
Based in our results, we recognize that M-NC technology can be
used in any inflammatory response in the dermis where an anti-
inflammatory treatment is justified (e.g. superficial burnwound or
sunburn are indications close at hand, besides trauma). Proving the
clinical benefit in these situations is indeed further down the line,
but we believe in its potential, thus, more studies are necessary to
elucidate these applications. Indeed, previous studies of our
research group revealed enhanced anti-inflammatory benefits of
M-NC in a mouse pleurisy model, as well as, antinociceptive and
antiedematogenic effects in acute models of nociception (Ianiski
et al., 2016b;Villalba et al., 2014).

Although promising results have been obtained here, it is
important to note that one of the limitations of this study is the
great leap from an experimental inflammatory mice model for the
treatment of AD in humans. Indeed, AD is a chronic non-contagious
disease with no known causes that has no cure but can be treated.
Topical application of hapten in mice, such as DNCB, is commonly
used to induce skin contact hypersensitivity and it is widely used
as animal model for allergic contact dermatitis. This model mimics
the inflammatory process of the skin involved in development and
maintenance of AD, however, an inflammatory process is a very
broad entity, whereas the allergic background of AD has a more
specific mechanism. In addition, no studies on the toxicity of M-NC
have been performed in these clinical settings. In this context,
further studies are needed to investigate pharmacological appli-
cations of M-NC and its toxicity in the skin.

Conclusions

In summary, the data reported herein clearly demonstrated that
meloxicam carried by polymeric nanocapsules attenuated inflam-
matory response and subsequently ameliorated symptoms in a
mouse model AD, while F-M treatment did not have effect.
Additional investigations will be performed to determine the
transdermal penetration of M-NC.
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