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ABSTRACT. Purpose: The aim of this work was to pre-

pare poly n-butylcyanoacrylate (PNBCA) nanocapsules

loaded with indomethacin and to evaluate the ability of

this carrier system to deliver the drug systemically after its

topical application. Methods: Poly n-butylcyanoacrylate

(PNBCA) nanocapsules of indomethacin were prepared by

interfacial polymerization. The physicochemical character-

ization of the PNBCA nanocapsules was performed by

measuring the drug content by HPLC and analyzing the

particle size using scanning electron microscopy. The in

vitro permeation of indomethacin through excised rat skin

and an artificial membrane was determined for PNBCA

nanocapsules in pH 7.4 phosphate buffer (I), and in PLF-

127 gel (II) and were compared against indomethacin

incorporated into 25%w/w Pluronic F-127 (PLF-127) gel

alone (III). The in vivo percutaneous absorption of

indomethacin following the application of the PNBCA

nanocapsules and a 25%w/w PLF-127 gel (III) was moni-

tored by the determination of drug plasma levels in rats.

RESULTS: The drug loading results indicated that

~76.6% of indomethacin was loaded onto the PNBCA

nanocapsules; the average particle size was 188 nm. The in

vitro results indicated a rank order for the three formula-

tions (I, II and III) in both the flux at steady state and the

cumulative amounts permeated at 8 hrs. The higher drug

plasma levels over 6 hrs of indomethacin PNBCA nano-

capsules are in agreement with the determined in vitro per-

meation results. Conclusion: The presented data show

that indomethacin loaded PNBCA nanocapsules can

improve the transdermal delivery of indomethacin com-

pared to a conventional gel formulation using Pluronic F-

127. This might be due to their ultra fine particle size and

their hydrophilic and hydrophobic surface characteristics. 

INTRODUCTION

In recent years, colloidal drug delivery systems such as

liposomes and nanoparticles have been extensively studied

as one of the most promising strategies to achieve site-spe-

cific drug delivery (1). More recently, nanocapsules formed

from lipophilic droplets, as the core, surrounded by a thin

wall of polymeric material prepared by anionic polymeriza-

tion of alkylcyanoacrylate monomer have been proposed

as vesicular colloidal polymeric drug carriers (1-11). Poly-

alkylcyanoacrylate based nanoparticles have been exten-

sively investigated for oral (12, 13) and ocular (14)

administration. The oral use of colloidal carrier systems

for peptide delivery and especially as adjuvant for oral vac-

cination seems to be a promising application for such car-

rier systems (15). Colloidal carrier systems of poly-

alkylcyanoacrylate nanoparticles are one of many drug

delivery systems that have been proposed for improving

the poor ocular bioavailability of ophthalmic medications

(16). 

 Furthermore, colloidal carriers could be useful to deliver

several drugs into the skin and the stratum corneum. This

might cause a drug supply to the skin over a prolonged

time period. A sustained drug release might reduce sys-

temic drug absorption and a local treatment of inflamma-

tion might reduce systemic side effects. Because of their

ultra fine particle size and their oily vesicular nature, alkyl-

cyanoacrylate nanocapsules can sustain drug release, and,

as a result, this colloidal carrier system has great potential

as a topical controlled drug delivery system. However,

their utility in topical drug delivery has been questioned.

As nanoparticles can cross the eye corneal epithelium, it

would be interesting to investigate the ability of nanoparti-

cles to pass through the skin (17). If nanoparticulate carri-

ers can across the stratum corneum then they can act as

micro-reservoirs of a drug in the horny layer and provide a

sustained drug delivery. However, no specific information

on the uptake of poly-alkylcyanoacrylate nanoparticles by
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corneocytes has yet been presented. 

In previous publications (18, 19), thermally reversible gels

of Pluronic F-127 were evaluated as vehicles for the percu-

taneous administration of NSAIDs (indomethacin).

Therefore, a drug delivery to the skin could possibly be

realized if this colloidal carrier system of indomethacin is

incorporated into a Pluronic F-127 gel formulation. 

The aim of this work was to prepare poly n-butylcy-

anoacrylate (PNBCA) nanocapsules of indomethacin, and

to incorporate them into a Pluronic F-127-based gel to

evaluate its ability to deliver the drug systemically after its

topical application.

MATERIALS AND METHODS

Materials

Indomethacin, Pluronic F-127 and Pluronic F-68 were

purchased from Sigma Chemicals (Saint Louis, MO, USA).

The n-butylcyanoacrylate monomer (Lot.02GD9236) used

to prepare the nanocapsule membrane was a gift from

Loctite Ltd. (Dublin, Ireland). Phospholipid (first grade

soybean lecithin) was obtained from Wako Pure Chemical

Industries (Tokyo). All other chemicals and solvents used

were reagent grade.

Nanocapsule preparation

The indomethacin-loaded PNBCA nanocapsules were

prepared according to a method described previously (12,

20) with slight modifications. An alcoholic solution (100

mL) containing the monomer, indomethacin, benzyl ben-

zoate and phospholipids was slowly injected through a

syringe with a needle into an aqueous solution (200 mL)

containing the poloxamer and subjected to magnetic agita-

tion at 600 rpm. The nanocapsules were formed by inter-

facial polymerization over 10 hours. The resulting colloidal

suspension was concentrated by rotor evaporation under

vacuum at 40°C to a final volume of 40 mL, and then fil-

tered through sintered glass (10-16 µm). A typical com-

position of a nanocapsules suspension in the final form

consisted of indomethacin 0.05g, n-butylcyanoacrylate 0.5

mL, benzyl benzoate 2 mL, phospholipid 1.0 g, Pluronic

F-68 1.0 g and water to 40.0 mL. 

Determinations of drug content 

An ultracentrifugation technique (21) was used to separate

the free drug from the nanocapsules and to estimate the

drug loading of the nanocapsules. The final colloidal sus-

pensions were ultracentrifuged at 80.000 g at 4°C for 1.5

hrs (Hitachi SCP 70H2, Tokyo, Japan). The drug concen-

tration was determined by high-performance liquid chro-

matography as described previously (22) after dissolving

the nanocapsule sediment in chloroform. 

Morphological analysis 

For morphological examinations, nanocapsules were ana-

lyzed with a scanning electron microscopy (Hitachi type

X-650, Tokyo, Japan). Photographs were taken after being

fixed on a sample support and gold metallized.

In vitro permeation study

The in vitro permeation of indomethacin was studied by

using a plastic diffusion cell similar to that described previ-

ously (23). The capacity of each half-cell was 2 mL and the

surface area of the membranes was 2.0 cm2. After the

ultracentrifugation, the nanocapsule formulations were

dispersed in pH 7.4 phosphate buffer (I) or PLF-127 gel

(II) and placed into the donor compartment. All perme-

ation studies were performed at 37°C. An equal volume of

the pH 7.4 phosphate buffer was placed into the receptor

compartment. The donor and the receptor compartments

were separated by a freshly-excised, full-thickness, piece of

rat skin or an artificial cellulose membrane with an average

pore size of 50Å (Viskase Sales Co., Chicago, USA). The

assembled cells were shaken horizontally at the rate of 60

strokes min-1 in an incubator. The total volume of the

receptor solution was removed at predetermined intervals

throughout the experiment and replaced by fresh medium.

The drug concentrations were determined by high-perfor-

mance liquid chromatography as described previously (22). 

Confocal laser scanning microscopy (CLSM)

The skin distribution of rhodamine-loaded poly-iso-butyl-

cyanoacrylate nanoparticles was determined by CLSM.

Nanoparticles were chosen over nanocapsules for this

experiment to ensure that no fragments or possibly rup-

tured capsules were detected in the skin. The particles

were prepared by an emulsion polymerization method. 500

mL of a rhodamin 6G stock solution (0.1 mg/mL) (Sigma,

St. Louis) was added to 10 mL of a 0.01 N hydrochloric

acid solution containing 50 mg of Pluronic F68 (BASF,

Ludwigshafen) as emulsifier. 100 mL of monomer were

added drop wise to the solution under constant stirring at

600 rpm. The nanoparticle suspension was neutralized

after 4 hours using 10 mL of a 1 N sodium hydroxide solu-
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tion. The particles were purified from unbound dye and

polymerization residuals using centrifugation. 

The nanoparticle size was measured using a Zetasizer

(Zetasizer 3000HSA, Malvern Instruments). The mean

particle size of the resulted nanoparticles was 132.7 nm +/

- 13.1 with a polydispersity index of 0.213 (the extent of

the rhodamine 6G encapsulation was not determined).

Vertical slicing of frozen skin after an in vitro skin perme-

ation study at 2 hours was used to study the skin distribu-

tion of the fluorescent-labeled nanoparticles and a control

solution. The skin was removed from the diffusion cells

and frozen in a bedding medium containing 2% methylcel-

lulose (Methocel, Dow Chemicals). The orientation of the

skin in the bedding medium was fixed in a way that vertical

cross-sections of the rat skin could be cut. The slicing was

performed in a way which prevented any carryover of the

fluorescent label from the stratum corneum to the dermis

or subcutaneous tissues. The skin was cut in a cyo-micro-

tom. 25 mm thick tissue slices were cut and transferred to

glass slides. The slices were observed with a Confocal

Laser Scanning Microscopy (CLSM) (Leica TCS-SP2 Mul-

tiphoton Confocal Laser Scanning Microscopy). The stra-

tum corneum, epidermis, dermis and subcutaneous tissues

were identified in each tissue slice. Representative pictures

were taken.

Animal experiments

Male Wistar rats weighing 280-380 g were used in the in

vitro permeation and in vivo percutaneous absorption

studies. 

The Animal Ethics and Research Committee of the Health

Sciences University of Hokkaido previously approved the

protocols for the animal experiments. 

The experiments were performed in a constant tempera-

ture room (21-22° C). The day before the experiment the

hair of the abdominal parts was carefully removed with an

electric clipper and a razor without breaking the skin. 

The rats were anaesthetized with an i.p. injection of ure-

thane, 1 g/kg, and the jugular vein was cannulated to facil-

itate the removal of blood samples. The animals were kept

anaesthetized over the duration of the experiment to avoid

that they can remove the applied formulations. A portion

of nanocapsules containing 10 mg indomethacin were sep-

arated by ultracentrifugation from the suspension as

described above in Section 2.2 and applied to a 3-cm diam-

eter circular site, (surface area 7.1 cm2), on the abdominal

skin. After drug administration, blood samples were col-

lected from the jugular vein at hourly intervals and centri-

fuged at 11750 g for 3 min. 

The drug plasma concentration was determined by high-

performance liquid chromatography. The area under the

plasma concentration curve (AUC), up to 6 h post admin-

istration, was calculated by moment analysis (24).

RESULTS AND DISCUSSION

Characteristics and drug content of nanocapsule 

Figure 1 shows a scanning electron micrograph of

PNBCA nanocapsules containing indomethacin prepared

by interfacial polymerization.

Figure 1: Scanning Electron Micrograph of indomethacin-

loaded PNBCA nanocapsules.

The PNBCA nanocapsules were spherical with a smooth

surface. The sizes of 50 nanocapsules were determined

from the photographs. The resulting nanocapsules were in
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the size range of 100-360 nm, with a mean diameter of

188±7 nm (mean±S.E. n=50). The drug content analy-

sis showed that about 76.6%±1.2%(mean±S.E. n=8) of

the total indomethacin concentration was encapsulated in

the PNBCA nanocapsules. 

In vitro permeation through excised rat skin

In order to study the permeation of PNBCA nanocapsules

through the rat skin, the nanocapsule formulations con-

taining 0.5%w/v indomethacin were dispersed in a pH 7.4

phosphate buffer (I) or 25%w/w a PLF-127 gel(II) and

placed in the donor compartment and the permeation

experiment was carried out. The control experiment was

0.5%w/v indomethacin incorporated into 25%w/w PLF-

127 gel (III).

The cumulative drug amounts permeated through the rat

skin were plotted against the time as shown in Figure 2.

Figure 2: Cumulative amount of indomethacin (initial

loading 0.5% w/v) per unit area, permeating through

excised rat skin when released from PNBCA

nanocapsules dispersion in pH 7.4 phosphate buffer,

PNBCA nanocapsules dispersion in Pluronic F-127 gel

and 25% w/w Pluronic F-127 gel. Each value is the mean

±S.E. of 4 determinations.

The plots were linear after an initial lag time. The skin per-

meation parameters of indomethacin are listed in Table 1.

Table 1: In vitro permeation studies: Flux and cumulated

amount of indomethacin through rat skin from different

formulations

The results indicated a rank order for all three formula-

tions (I, II and III) in regard to both the flux at steady state

and the cumulative amounts permeated at 8 hrs. The flux

of formulation I at steady state (3.29 µg/cm2 hr) and the

cumulative amount at 8 hrs (13.43 µg/cm2) were about

13.8 and 9.3 times greater than those of formulation III

(0.24 µg/cm2 hr and 1.44 µg/cm2), respectively. The

nanocapsules of indomethacin, when dispersed in 25%w/

w PLF-127 gel (formulation II), showed a smaller flux and

cumulative amounts, due to the viscous environment pro-

vided by the PLF-127 gel. These results suggested that

PNBCA nanocapsules are able to permeate through rat

skin in a period of 8 hrs. 

Figure 3: Cumulative amount of indomethacin (initial

loading 0.5% w/v) per unit area, permeating through

cellulose membranes when released from PNBCA

nanocapsules dispersion in pH 7.4 phosphate buffer and

25% w/w Pluronic F-127 gel. Each value is the mean

±S.E. of 3 determinations.
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Figure 4: Percutaneous absorption in rats of

indomethacin from PNBCA nanocapsules and 25% w/w

Pluronic F-127 gels loaded with an initial drug

concentration of 1% w/v. Each value is the mean ±S.E. of

6 determinations.

Figure 5 shows a CLMS picture of rat skin tissue 2 hrs

after the treatment with nanoparticles.

Figure 5: Fluorescence photomicrograph of vertical

slicing of rat skin after application of Rhodamine loaded

PIBCA NP for 2 hours. SC. Stratum Corneum: NP.

Nanoparticles

The nanoparticles were clearly visualized in the stratum

corneum, epidermis and dermis. When a rhodamine solu-

tion was applied to the skin (Figure 6), only the red back-

ground corresponding to the free probe was observed.

Figure 6: Fluorescence photomicrograph of vertical

slicing of rat skin after application of Rhodamine solution

for 2 hours. SC. Stratum Corneum: NP. Nanoparticles.

These results revealed that nanoparticles can penetrate

through the stratum corneum and reach the epidermis.

The in vitro release of indomethacin was negligible when

the pH in the receptor compartment was kept below pH

5(25). At physiological pH 7.4, at which indomethacin

becomes water-soluble, the release was slow and incom-

plete as a result of drug partition between the inner lipo-

philic phase of nanocapsules and the aqueous phase. 

The influence of the in vitro release of indomethacin at

pH 7.4 from PNBCA nanocapsules was investigated using

a cellulose membrane. The nanocapsules with a mean

diameter of 188 nm used in this study were not able to per-

meate through the cellulose membranes with an average

pore size of 5 nm; the permeation of the drug from the

donor to the acceptor compartment was only induced by

the free drug released from the nanocapsules.

The cumulative amounts of the drug permeation through

a cellulose membrane were plotted against the time as

shown in Fig. 3. A linear relationship was obtained for two

formulations; PNBCA nanocapsules dispersed in a pH 7.4
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phosphate buffer (I) and 25%w/w PLF-127 gel (III),

showing that the permeations were well described by zero-

order kinetics. Release rates calculated from the gradients

of the linear plots were compared and show significantly

higher values when indomethacin was released from

PNBCA nanocapsules (formulation I, 7.2 ±0.7x10-2 mg/

cm2 hr, mean ±S.E., n=3) compared to its release from

the gel formulation of PLF-127 (formulation III, 2.6

±0.3x10-2 mg/cm2 hr). Only ∼12.4% of the initial

amount of the encapsulated drug was released within 8 hrs

from the PNBCA nanocapsules.

These results indicated that the indomethacin release from

the nanocapsules in the donor compartment was not suffi-

cient to account for the total appearance of the drug in the

acceptor compartment when rat skin was used. The per-

meation of the drug through rat skin must mostly be

induced following the permeation of the intact nanocap-

sules.

In vivo percutaneous absorption in rats

The in vivo percutaneous absorption of indomethacin, fol-

lowing the application of the intact PNBCA nanocapsules

and the 25%w/w PLF-127 gel (III) containing 1%w/v

drug to a defined area of the abdominal rat skin, was mon-

itored by the determination of drug plasma levels. Fig. 4

compares the plasma concentrations achieved following

the application of each formulation up to 6 hrs post-

administration. Table 2 summarizes the AUC values calcu-

lated from the plasma concentration–time data using a

model-independent analysis (24).

Table 2: Comparison of bioavailability parameters.

The higher indomethacin plasma levels over 6 hrs follow-

ing the application of intact PNBCA nanocapsules is in

agreement with the in vitro permeation results, which

show a higher permeation rate for this drug through

excised rat skin compared to that of a 25%w/w PLF-127

gel (III). The higher plasma concentrations using nanopar-

ticles result in an increase in the AUC values by factor 3.3

compared to the AUC values of the Pluronic F-127 gel

formulation. 

The topical application of nanocapsules on the skin sur-

face was observed over the duration of the experiment and

compared with the PLF-127 gel (figure not shown). When

the PLF-127 gel was applied to the skin, it formed a thin,

smooth film on the skin surface. This is due to the evapo-

ration of water from the gel. The lower drug plasma con-

centrations observed with the PLF-127 gel may be due to

this evaporation effect, but might be also attributed to a

high affinity of the drug to the hydrophobic domains of

the PLF-127.   However, an interesting observation was

that the intact nanocapsule formulation gradually disap-

peared from the skin surface over time.

These results suggested that the PNBCA nanocapsules

could penetrate through the stratum corneum and the epi-

dermis and reach the blood circulation. This observation is

due to their ultra fine particle size and their hydrophilic

and hydrophobic surface characteristics. However, the

penetration mechanism of the nanocapsules through the

skin is not known and requires more research. Previous

papers have explored the use of microparticles for topical

application. Rolland et al. (26) reported that adapalene

loaded microspheres (5 µm mean diameter) were spe-

cially targeted to the follicular ducts and did not penetrate

via the stratum corneum. Recently, Jaron et al. (27) showed

that the PLGA microparticles (1-10 µm) could effectively

penetrate into the porcine skin through the stratum cor-

neum and reach the epidermis, although the larger parti-

cles remained on the skin surface.

The PNBCA nanocapsule carriers described in this work

can be used as vehicles for topical drug delivery, in order

to improve the skin permeation of drugs such as

indomethacin and presumably other more hydrophobic

drugs. The results showed that the application of the nano-

particles increased the systemic availability of indometha-

cin and did not reduce it as was initially expected. It is

suggested that a rapid onset of a pharmacological effect is

sufficiently induced by free indomethacin in the skin and

plasma followed by the absorption of the intact nanocap-

sules. The increased skin permeation of indomethacin may

be explained by a modification of the lipid organization in

the skin due to the presence of nanocapsules. Indeed some

of the nanocapsule components (benzyl benzoate) are

known to act as absorption enhancers. Further studies are

necessary to evaluate if indomethacin loaded nanocapsules
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can be used for the systemic or local treatment of diseases

like arthritis and other inflammatory conditions. 

CONCLUSION

The presented data show that indomethacin loaded

PNBCA nanocapsules can improve the transdermal deliv-

ery of indomethacin compared to a conventional gel for-

mulation using Pluronic F-127. The in vitro and in vivo

evaluation of the PNBCA nanocapsules indicate that the

increased drug concentrations measured in the plasma are

due to the penetration of intact nanocapsules through the

rat skin. Colloidal drug carriers such as nanocapsules are

promising delivery systems for dermal formulations of

drugs and have a high potential for local and presumably

systemic drug delivery of anti-inflammatory substances

such as indomethacin. This has important implications for

the treatment of diseases like arthritis. 
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