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Abstract

The objective of this work was to study the in vitro skin penetration of a drug model (nimesulide) from semi-solid topical formulations containing
nanospheres, nanocapsules or nanoemulsion. Nanoprecipitation, interfacial deposition and spontaneous emulsification methods were used to prepare
the nanostructured suspension. The hydrodynamic diameters were 252 nm for the nanoemulsion, 277 nm for the nanocapsules and 202 nm for the
nanospheres containing nimesulide. The different nanocarrier systems were incorporated in the hydrophilic gels and their ability of delivering
the drug into the human skin were investigated using stripping technique and Franz-type diffusion cells. The amount of nimesulide released into
the stratum corneum (SC) from the gel containing nanocapsules (GNM-NC) and the gel containing nanospheres (GNM-NS) was similar. On the
other hand, for the gel containing nanoemulsion (GNM-NE), the nimesulide was not quantified in SC, but it has been directly permeated for the
dermis. The penetration of the nimesulide using the gel containing nanocapsules (GNM-NC) was larger in the deeper skin than using the gel
containing nanospheres (GNM-NS) or the one containing nanoemulsion (GNM-NE). The gels containing nanocarriers (GNM-NC, GNM-NS and
GNM-NE) were able to release the drug in the viable layer of the skin, comparing to a non-particulated nimesulide-loaded formulation at the same
concentration.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction tant pharmaceutic and cosmetic applications, such as topical

formulations of lipophilic encapsulated drugs for a homoge-
Nanoparticles and microparticles have been increasingly  peous release (Bouchemal et al., 2004).

investigated to achieve targeted and sustained release of drugs These carriers present some advantages for topical appli-
(Couvreur et al., 2002; Schaffazick et al.., 2003; J alon et al,  cation since sustained release is important to supply the skin
2001a). These systems have been extensively studied for oral  jth the drug over a prolonged period of time (Jalén et al.,
and parenteral administration, and they are also useful to deliver  7001b). The mechanism of action of nanoparticles can be
drugs into the skin. Besides, some investigations have shownthat  ygributed to their association with the skin surface. The small
the nanoparticles and liposomes present the tendency to interact  particle size ensures close contact with the stratum corneum.
with inflamed tissues. Additionally, nanometric systems present  That is why the amount of encapsulated agent penetrating
an enormous surface area, which makes them suitable forimpor- it the viable skin facilitates drug transport by changing
the vehicle/stratum corneum partition coefficient (Jenning et

- ) o al., 2000a; Alvarez-Roman et al., 2004). Studies have been
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Rio Grande do Sul, CEP 90610-000, Porto Alegre, RS, Brazil. conducted 1n orcer 1o explain the mechansm in which the
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from solid—lipid—nanoparticles into the upper skin layers, but
did not penetrate into the deeper skin strata (Jenning et al.,
2000b). Quantification of octyl methoxycinnamate (OMC) in
the skin using tape-stripping technique has showed that its
nanoencapsulation increased 3.4-folds of the level of OMC into
the stratum corneum. The confocal images showed that the flu-
orescence profile observed in the skin after application of Nile
Red-loaded nanoparticles was different from that visualized
after application of Nile Red dissolved in propylene glycol.
The modified distribution of Nile Red-loaded nanoparticles
was due, at least in part, to its altered thermodynamic activity
(relative to that in propylene glycol) that resulted in a partition
coefficient in the SC increased (Alvarez-Roman et al., 2004).
Taking into account those considerations, the objective
of this work was to evaluate the ability of nanocap-
sules, nanospheres and nanoemulsion in modulating the skin
penetration of a drug model, the nimesulide. Nimesulide (4-
nitro-2-phenoxymethanesulfonamide) is an anti-inflammatory
non-steroidal drug, which selectively inhibits cyclooxygenase-
2. It is widely used for the treatment of rheumatoid arthritis
and inflammatory conditions (Rabasseda, 1997; Bernareggi,
1998). This analgesic presents a very low solubility in water
(0.01 mg/mL), an octanol-water partition (log P) of 2.60 and a
pK, value of 6.46 (Gupta et al., 1996; Piel et al., 1997; Fallavena
and Schapoval, 1997). Semi-solid topical formulations con-
taining nimesulide-loaded nanocapsules, nimesulide-loaded
nanospheres or nimesulide-loaded nanoemulsion were evalu-
ated using Franz diffusion cells and a tape-stripping technique
in order to investigate if these formulations would be able to
modify the distribution of nimesulide in the different strata of
the full-thickness human skin. The influence of the nanocarriers
was compared to a similar gel formulation containing the free
drug in the absence of nanocarriers. Additionally, the flux and
permeability coefficient of the gel containing nimesulide-loaded
nanocapsules, using heat-separated human skin membrane, were
also evaluated. As far as we know, this is the first report conse-
crated to compare the ability of different nanocarriers in modu-
lating the penetration of a lipophilic drug in the human skin.

2. Materials and methods
2.1. Materials

Nimesulide was obtained from Henrifarma and poly(e-
caprolactone) (Mw =80,000) from Aldrich (Strasbourg,
France). Caprylic/capric triglyceride, sorbitan monostearate,
polysorbate 80, methylparaben, propylparaben, sorbitol and
triethanolamine were supplied by Delaware (Porto Alegre,
Brazil). Carbopol 940® was acquired from B.F. Goodrich (Sdo
Paulo, Brazil). All other chemicals and solvents used were of
pharmaceutical grade. All reagents were used as received.

2.2. Preparation and characterization of nanocapsules,
nanospheres and nanoemulsion (Alves et al., 2005)

Formulations containing nimesulide were prepared by nano-
precipitation and interfacial deposition (nanocapsules and

nanospheres, respectively) (Fessi et al., 1988; Schaffazick et
al.,, 2005; Cruz et al., 2006) and spontaneous emulsifica-
tion (nanoemulsion). Briefly, an acetone solution containing
triglycerides, nimesulide, sorbitan monostearate and poly(e-
caprolactone) was added into an aqueous solution containing
polysorbate 80. Acetone was removed and the suspension
concentrated by evaporation (bath at 40 °C) under reduced pres-
sure (4 bar) and the final formulation was adjusted to 100 mL.
Nanosphere suspensions were prepared omitting the oil and
nanoemulsion omitting the poly(e-caprolactone). Formulations
were made in triplicate. The particle sizes (z-average) and poly-
dispersity were determined at room temperature (20 °C) using
a Zetasizer® (Nano series, Malvern Instruments, UK). Samples
were diluted 500-folds in MilliQ® water.

2.3. Preparation of gels containing nimesulide-loaded
nanocapsules, nanospheres, nanoemulsions, nimesulide or
control gel

Carbopol 940® gels containing nimesulide-loaded nanocap-
sules (GNM-NC), nanospheres (GNM-NS), and nanoemulsion
(GNM-NE) were developed and characterized as previously
described (Alves et al., 2005). The gels were constituted of the
Carbopol 940® (0.2 g), methylparaben (0.2 g), propylparaben
(0.1 g), sorbitol (5.0 mL) and triethanolamine (0.2 mL). A sim-
ilar gel (GC-NM) formulation containing nimesulide (0.13 g),
sorbitan monostearate (0.76 g) and polysorbate 80 (0.76 g), but
using water in the place of the nanocarrier formulation was also
prepared for comparison. In parallel, a gel (GC) with neither
nimesulide nor nanocarriers was also prepared as control. All
formulations were prepared in triplicate.

2.3.1. pH determination

The pH values of the suspensions, nanoemulsions and of
the gels containing nanocarriers were determined directly in the
samples (Micronal B374 potentiometer).

2.3.2. Quantification of nimesulide in the gels

The content of nimesulide in the gels was determined by
HPLC after extraction. Approximately 1.0 g of each formula-
tion was accurately weighed and placed in a 50 mL volumetric
flask. Acetonitrile was added and the flask was heated at 65 °C
until the gel has been completely dissolved. The solution was
cooled to room temperature and properly diluted with acetoni-
trile. After filtration through a 0.45 pum hydrophilic membrane
(Durepore®), the solutions were injected (10 wL). Accuracy was
93.4% (Alves et al., 2005).

2.4. High-performance liquid chromatography (HPLC)
analysis

The samples were analyzed by HPLC. The system con-
sisted of an SPD-10A Shimadzu detector, LC-10AD Shimadzu
pump, SIL-10A Shimadzu injector and Lichrospher® 100 RP-18
(5 pm) column provided by Merck. The mobile phase con-
sisted of acetonitrile/water (55:45, v/v). The flow-rate was
1.0mL min~!; the temperature was 20°C and the detection



M_.P. Alves et al. / International Journal of Pharmaceutics 341 (2007) 215-220 217

at 230nm. The HPLC method for nimesulide quantification
(Nagoji et al., 2002), either in the skin or in the receptor compart-
ment has been previously validated. The detector response was
found to be linear at the concentration range from 0.8 pg/mL
to 40.0 pg/mL (r>0.999). The nimesulide was detected with a
retention time of 5.2 min. Accuracy and precision values have
been calculated and they were below 2% (R.S.D.). The limit of
quantification of the method was 0.24 pg/mL. The selectivity
of the assay was confirmed by the individual analysis of blank
samples from the skin layers and from the receptor compartment
of the diffusion cells (United States Pharmacopoeia, 2006).

2.5. Human skin penetration experiments

2.5.1. Preparation and storage of skin samples

Skin samples were obtained from a female patient, who had
undergone abdominal plastic surgery. Immediately after exci-
sion the subcutaneous fatty tissue of the abdominal region was
removed using a scalpel. The skin was wrapped in aluminum
foil and stored in polyethylene bags at —20 °C until use.

2.5.2. Dermis—epidermis separation

The flux and permeation coefficient of the nimesulide from
the gel containing drug-loaded nanocapsules were determined
using heat-separated human skin membrane. Individual portions
of skin were immersed in water at 60 °C for 55 s. The epidermis
(stratum corneum and viable epidermis) was carefully removed
from the dermis using forceps (Heard et al., 2003).The flux (Jg)
was determined as the angular coefficient of a curve obtained
by plotting the cumulative amount of the permeated drug versus
time. The permeability coefficient (k,) was calculated using the
following equation:

S

kp = (1

c
where c is the initial concentration of drug in the vehicle applied
to the donor phase.

2.5.3. Diffusion cells preparation

Prior the use, the skin specimens were defrosted and the
full-thickness human skin or epidermis were then placed on
Franz-type diffusion cells, with nominal diffusion area of
3.14cm? and a receptor volume contained 6 mL of phosphate
buffer solution (pH 7.4) containing 10% polyethylene glycol 400
(Babu et al., 2003). An infinite dose of nimesulide (1 g of gel) of
each formulation: nimesulide-loaded nanocapsules (GNM-NC),
nimesulide-loaded nanospheres (GNM-NS), nimesulide-loaded
nanoemulsion (GNM-NE), nimesulide gel (GC-NM) or control
gel (GC), were placed with syringe on the skin surface in the
donor chamber. At given time intervals (2h, 4h, 6h, 8h, 12h,
and 24 h) aliquots of 500 p.L were collected and the same volume
of fresh phosphate buffer solution (pH 7.4) was replaced. The
receptor medium was maintained at 37 & 1 °C and magnetically
stirred. The blank vehicles without either nimesulide or nanocar-
riers (control gel, GC) served as reference in the analytical
measurements. Five replicates were used for each formulation.

Additionally, the gel containing nanocapsules (GNM-NC)
was tested in heat-separated epidermal membranes, which were
placed upon filter paper supports, mounted in Franz-type diffu-
sion cells. The receptor phase consisted of phosphate-buffered
(pH 7.4) containing 10% polyethylene glycol 400 (Babu et al.,
2003).

2.5.4. Horizontal skin sectioning and nimesulide extraction

After 24h of the permeation experiments, the skin was
removed and rinsed with distilled water. This procedure was
repeated three times and the drug content in the donor compart-
ment, stratum corneum, epidermis/dermis or receptive solution
was analyzed according to the procedure described in Section
2.5.

2.5.4.1. Determination of nimesulide concentration in the stra-
tum corneum and epidermis/dermis. The determination of
the drug in the stratum corneum and in epidermis/dermis
has been carried out as previously described (Touitou et al.,
1998; Lboutounne et al., 2002; Abdulmajed and Heard, 2004;
Verma and Fahr, 2004). Consecutive layers of stratum corneum
(SC) were removed, adhering to an adhesive (Scotch 3M-
19 x 40 mm) tape in the exposed area to the product. The stratum
corneum was removed using 15 pieces of adhesive tape for
each formulation. The tapes were weighted before and after the
extraction of the layers of the skin and the amount of active sub-
stance kept in the tapes was extracted with acetonitrile at 60 °C
for 60 min and vortexed four times for 30 s. The remaining tis-
sue was cut into small pieces and placed in another vial. The
drug was extracted with 2 mL of acetonitrile, ultrasonicated for
60 min and vortexed four times for 30 s. Samples were filtered
through membranes (0.45 wm Durepore®) and were analyzed
according procedure described in Section 2.5.

2.5.4.2. Determination of the thickness of the SC. For deter-
mination of the thickness of the SC, the adhesive tapes were
accurately weighed before and after stripping. The layer thick-
ness was calculated according to the following equation (Michel
etal., 1992; Verma et al., 2003):

T=" 2)
ap

where T represents the thickness of SC removed (mm); d the
differences in strip weight after and before stripping (pg);
a the area of the strip (mm?); p is the density of the SC
(p=1x10%/1 x 10° pm?) (Michel et al., 1992).

2.6. Statistical analysis

All the results are expressed as the mean value = the standard
deviation of the mean and statistically analyzed using variance
analysis (ANOVA). Results presenting p < 0.05 were considered
statistically different. The comparisons among the averages were
performed using Tukey’s test.
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3. Results and discussion

Formulations showed pH values from 5.1 to 5.3 and diame-
ters were 277, 202 and 253 nm for NC, NS and NE, respectively.
The polydispersity values were below 0.25 indicating narrow
size distributions of the particles and, consequently, good homo-
geneity of these systems (Guterres et al., 1995; Calvoetal., 1996;
Miiller et al., 2001; Milao et al., 2003; Alves et al., 2005).

Hydrogel formulations showed final nimesulide concentra-
tions of 1300 pg/cm?® (nanocapsules: GNM-NC), 1230 pwg/cm?
(nanospheres: GNM-NS) and 1270 ;ng/01113 (nanoemulsion:
GNM-NE). The similar gel formulation (GC-NM) prepared
using water in the place of nanocarrier suspension for compar-
ison presented 1300 wg/cm? of free nimesulide. Furthermore,
all gel formulations presented pH values close to 7.0, which is
adequate for the cutaneous administration.

The ability of the different drug-loaded nanocarriers incor-
porated in the hydrophilic gels (GNM-NC, GNM-NS, and
GNM-NE) in delivering the drug into the human skin was
investigated, using the skin stripping technique and Franz-type
diffusion cells (Franz, 1975). These studies were accomplished
with the objective of evaluating the influence of the composi-
tion and the type of structure of the different nanocarriers on the
nimesulide penetration in human skin.

The drug was detected in the stratum corneum for the
gel containing nimesulide-loaded nanocapsules (GNM-NC)
(1.29 £ 0.52 wg/cm?) (Fig. 1) and the gel containing nimesulide-
loaded nanospheres (GNM-NS) (1.18 +0.28 Mg/cmz) (Fig. 1).
On the other hand, for the gel containing nimesulide-loaded
nanoemulsion (GNM-NE), no drug was detected in this layer.
The formulations prepared with poly(e-caprolactone) (GNM-
NC and GNM-NS) were the only that presented retention in
the stratum corneum. This behavior suggests a higher affinity
of the polymeric formulations (GNM-NC and GNM-NS) with
the horny layer. The stratum corneum is considered to be the
diffusional barrier of mammalian skin for water and the most
solutes (Verma and Fahr, 2004). This external layer of the skin
provides the principal barrier to the percutaneous permeation of
topically applied substances (Maghraby et al., 2000).

The presence of nimesulide in the deeper skin was
significantly higher (p<0.05) for the gel containing drug-
loaded nanocapsules (GNM-NC) (5.09+1.22 }Lg/sz) than
for the gels containing drug-loaded nanospheres (GNM-NS)
(2934+041 p g/cmz) or drug-loaded nanoemulsion (GNM-NE)

Table 1
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Fig. 1. Distribution of nimesulide in the SC (thickness assumed to be equal
to 14.8 um) and deeper skin (epidermis/dermis) following topical administra-
tion of gel containing nimesulide-loaded nanocapsules (GNM-NC), nanospheres
(GNM-NS), nanoemulsion (GNM-NE) and gel containing nimesulide (GC-
NM).

(3.46 % 0.84 pg/cm?) (Fig. 1). For the gels GNM-NE and GNM-
NS the deeper skin presented statistically similar amounts of
nimesulide (p >0.05). The gel containing nanocapsules (GNM-
NC) presented a larger penetration of nimesulide in stratum
corneum and in the deeper skin (Table 1). The differences of
this formulation in relation to the nanoemulsion and to the
nanospheres are the presence of the polymer in the former and
the oil in the latter.

The drug was not detected in the receptor compartment solu-
tion for none of the tested formulations (Fig. 1). This result is
in agreement with previous studies, which reported that partic-
ulated drug carriers (microparticles and nanoparticles) improve
the drug residence in the skin without increasing transdermal
transport (Asbill and Michniak, 2000; Lboutounne et al., 2002;
Alvarez-Roman et al., 2004). Additionally, the high specific area
of the carrier facilitates the contact of the encapsulated molecules
with the stratum corneum (Jenning et al., 2000b; Maia et al.,
2000; Alvarez-Roman et al., 2004). The function of these par-
ticles is to deliver an ingredient to the upper layer of the skin,
and in optimal applications to prolong the time in which this

Amount of nimesulide delivered from different formulations into the strata of human abdominal skin using a Franz-type diffusion cell in vitro after 24 h (mean £ S.D.,

n=>5)

Formulations Total skin® (wg/cm?)

Drug dose applied onto SC (ug/cm?)

Surface skin after 24 h (pg/cm?)

GNM-NC 6.40 £ 1.54 a 414.0
GNM-NS 4.10 £ 0.65b 391.7
GNM-NE 346 £ 0.67b 404.4
GC-NM - 414.0

347.1 £29.53b
356.1 £ 11.35b
3732 £ 30.83b
4242 £2032a

GNM-NC, gel containing nimesulide-loaded nanocapsule; GNM-NS, gel containing nimesulide-loaded nanosphere; GNM-NE, gel containing nimesulide-loaded
nanoemulsion; GC-NM, gel containing nimesulide. The averages signed with different letters (a and b) (inside of the same column) were considered statistically

different in agreement with Tukey’s test (p <0.05).
2 Total skin: stratum corneum + deeper skin.
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Table 2

Assessment by tape stripping of stratum corneum (SC) for nimesulide penetration into human skin (mean £ S.D., n=5)

Formulations Drug absorbed by SC* (pug/cmz) Drug concentration in scb (pg/cm3) Applied drug dose absorbed® (%) Kscven?
GNM-NC 1.29+£0.46 871.6 + 309.7 0.31 £0.11 0.67 £ 0.24
GNM-NS 1.18+0.28 797.3 £ 187.0 0.30 £+ 0.07 0.65 £ 0.15
GNM-NE Not detected - - -
GC-NM Not detected - - -

GNM-NS, gel containing nimesulide-loaded nanosphere; GNM-NE, gel containing nimesulide-loaded nanoemulsion; GNM-NC, gel containing nimesulide-loaded

nanocapsule; GC-NM, gel containing nimesulide.

2 Amount of drug (nimesulide) absorbed into the SC after 24 h exposure treatment.
b Concentration of drug in the SC after 24 h exposure. Calculated as the ratio of the amount of nimesulide (ug/cm?) in the SC to the SC thickness assumed to be

equal to 14.8 pm.

¢ Applied drug dose absorbed calculated as the ratio of the amount of nimesulide (p.g/cm?) in the SC to the nimesulide dose applied.
4 Partition coefficient (Kscyven) of the nimesulide between the SC and the formulation: calculated as the ratio of the nimesulide concentration in the SC (footnote

b) to nimesulide concentration in the vehicle (NC-1300 pg/cm?®; NS-1230 wg/cm?).

ingredient remains on the skin (Magdassi, 1997; Jenning et al.,
2000b; Barratt, 2000; Alvarez-Roman et al., 2001; Lboutounne
et al., 2002).

Table 1 shows the concentration of the drug applied on the
surface of the skin (donor compartment) for each formula-
tion. These formulations were maintained in contact with the
skin for 24h, and nimesulide was quantified at the end of
the experiments. The concentration of the nimesulide in the
skin surface after 24 h for the gels containing nanocapsules
(GNM-NC), nanospheres (GNM-NS), nanoemulsion (GNM-
NE) and gel without nanocarriers (GC-NM) were 347.1 wg/cm?,
356.1 pg/em? and 373.2 pg/cm?, and 424.2 pg/em?, respec-
tively (Table 1).

The results showed that 100% of the drug was retained in the
gel without nanocarriers (GC-NM), indicating that the nime-
sulide was not diffused from the vehicle to the skin surface in
the formulation without nanocarriers. The modified distribution
of nimesulide when delivered via nanoparticles is probably due
to alterations in the thermodynamic activity, increasing the drug
diffusion through the vehicle. The ability of a drug in a topical
formulation to permeate the skin and to exert its effect depends
on two consecutive events. The drug must first diffuse out from
the vehicle to the skin surface and then it must permeate this
barrier. When a drug molecule diffuses from an aqueous donor
phase through a lipophilic membrane to a receptor phase it expe-
riences two types of resistance: the resistance of diffusion in
the aqueous phase and the resistance of diffusion through the
membrane. Both steps are dependent upon the physicochemical
properties of the drug, vehicle and barrier (Nishihata et al., 1988;
Kriwet and Miiller-Goymann, 1995).

The apparent partition coefficient (Kscpen) of nimesulide
was determined alter successive tape stripping of the stratum
corneum (Table 2). The nimesulide concentration after 24 h
of treatment was calculated for a thickness of approximately
14.8 wm of the horny layer. The apparent partition coefficients
(Kscyveh) of nimesulide between stratum corneum and the gel did
not show significant difference (p > 0.05) between the GNM-NC
(1300 pg/cm?) and the GNM-NS (1230 pg/cm?).

Since the gel containing nimesulide-loaded poly(e-
caprolactone) nanocapsules (GNM-NC) showed the higher
drug penetration in the skin compared to the nanospheres and

the nanoemulsion, it was used for determining the flux and the
permeability coefficient of nimesulide.

The gel containing nimesulide-loaded nanocapsules (GNM-
NC) demonstrated favorable skin penetration characteristics.
The flux (Jis) and permeability coefficients (kp) were
0.39 pg/cm?/h and 9.42 x 10~% cm/h, respectively. The results
showed that nimesulide permeated the heat-separated human
skin more easily than the whole skin. The analyses of in vitro
skin absorption of lipophilic compounds, based on receptor fluid
levels only, should be treated with extreme caution. All informa-
tion on the fate of the drug in the skin is required to demonstrate
whether it remained in the stratum corneum and/or in deeper
layers of the skin (Sandt et al., 2004; Wilkinson et al., 2006).

4. Conclusions

The gels containing nimesulide-loaded nanocarriers were
able to promote the drug penetration in the stratum corneum
and/or in the layer of viable skin compared to a nimesulide-
loaded non-particulated formulation. The gel containing
nimesulide-loaded nanocapsules (GNM-NC) and the gel con-
taining nimesulide-loaded nanospheres (GNM-NS) presented
significant similar drug penetration into the stratum corneum. On
the other hand, the gel containing nimesulide-loaded nanoemul-
sion (GNM-NE) showed no drug in the stratum corneum, but
the drug has permeated directly for the dermis. The gel contain-
ing nanocapsules (GNM-NC) showed the higher penetration of
nimesulide in the skin as compared to the nimesulide-loaded
nanospheres and nimesulide-loaded nanoemulsion. Briefly, for
the first time, this comparative study demonstrated the influence
of the presence of the polymer and of the type of nanocarrier
(matricial, vesicular or emulsion) on the penetration of a drug
through the human skin.
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