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Abstract

Griseofulvin is an antifungal agent with poor solubility and low bioavailability. The aim of this work was to prepare poly-
e-caprolactone nanospheres and nanocapsules of griseofulvin by nanoprecipitation and to characterize them. Nanoparticles of
griseofulvin were obtained with high encapsulation efficiency. The particle size was about 250-326 nm for nanospheres and
390-400 nm for nanocapsules.

The dissolution rate of griseofulvin nanoparticles was higher than that of micronized griseofulvin therefore recourse to nanoen-
capsulation of griseofulvin should enhance its bioavailability and possibly its efficiency for the treatment of dermatomycosis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction water makes formulation and delivery difficult. How-
ever, this molecule still interests researchers. To en-
Griseofulvin is an antifungal drug once used widely hance griseofulvin bioavailability, several trials are
for the treatment of the dermatophytoses. Today it made in order to improve both its solubility and its dis-
is used rarely because of the emergence of more ef-solution rate. Indeed, it was proven that GF dissolution
fective antifungal drugs such as imidazoles and al- rate could be enhanced by micronizati@@h@umeil,
lylamines Baran and Richert, 2003and because 1998, complexation of griseofulvin with cyclodex-
the physicochemical properties of griseofulvin as a trin (Dhanaraju et al., 1998 preparation of griseo-
lipophilic molecule which is practically insoluble in  fulvin nanoparticles from water-dilutable microemul-
sions {Trotta et al., 2003gand preparation of griseoful-
"+ Corresponding author. Tel.: +216 98 951 542: vin nanosuspensions from triacetin?in-wate_r emulsion
fax: +216 73 461 830. (Trotta et al., 2003p The use of bioadhesive poly-
E-mail addressjameleddine.zili@rns.tn (Z. Zili). mer increases griseofulvin bioavailabilitiKifalid et
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al., 1997. Similarly griseofulvin solubility increases if
solid solutions of griseofulvin are used with polyethy-
lene glycol and sodium dodecy! sulphaté/((ff et
al., 1995. It also increases when used in a
preparation of vinylpyrrolidone/vinylacetate copoly-
mer microspheres with griseofulvivgjnovic et al.,
1993.
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be used must be of good solvent property for the drug
and must not degrade the polymer. Griseofulvin solu-
bility was tested in different oils. Benzyl benzoate was
found to be the best with a level of solubility of about
13.5mg/ml.

Nanosphere suspension formulas were established
(Table J with different griseofulvin concentration lev-

The main purpose of this piece of research was els in order to obtain a higher encapsulation efficiency
to prepare and characterize griseofulvin nanospheresof nanosphere suspension. The nanocapsule formulas
and nanocapsules and to study the impact of na- are shown irifable 2

noencapsulation on griseofulvin dissolution rate and
solubility.

Griseofulvin nanoparticles were prepared by nano-
precipitation according to the method developed by
Fessietal. (1987, 1988} by adding an acetone solu-
tion of polymer to a non-solvent solution. This method
suits griseofulvin because of its lipophilic property and
its solubility in acetone. Nanoparticles were character-
ized by determining their size, their external morphol-
ogy and encapsulation efficiency.

2. Materials and methods
2.1. Raw materials

e griseofulvin in a micronized state (Sigma),

e polycaprolactone (PCL) with molecular weight of
80000 (Aldrich),

acetone (RP Normapur Prolabo),

Tweer® 80 (Seppic),

Spar? 80 (Seppic),

benzyl benzoate (Merck),

acetonitrile (HPLC Prolabo).

2.2. Preparation of nanoparticle suspensions

PCL, Spaf 80, and griseofulvin were dissolved in
acetone at 45C. This organic solution was injected at

2.3. Nanoparticle characterization

2.3.1. Size analysis

The experiment was carried out on water dispersed
micronized GF and PCL nanoparticle samples.

In order to analyze particle size, each suspension
was diluted in distilled and filtered water solution with
20% of polysorbate 80. Particle size and polydispersity
were determined by laser scattering light (Malvern S
Instruments, UK), which allows sample measurement
in the range 0.05-900m.

Polydispersity was determined according to the
equation below:

D(0.9) — D(0.1)
D(0.5)

whereD(0.9) corresponds to particle size immediately
above 90% of the samplB(0.5) corresponds to parti-
cle size immediately above 50% of the sampé0.1)
corresponds to particle size immediately above 10% of
the sample.

Nanoparticle size and polydispersity were deter-
mined both after stirring particle suspensions and after
centrifugation at 3000 rpm during 15 min to eliminate
excess polymer and free griseofulvin. Each sample was
measured in triplicate.

Polydispersity=

the rate of 48 ml/min in an aqueous phase containing 2.3.2. External morphological study

water diluted Tweef 80 under magnetic stirring and at

External morphology of nanoparticles was deter-

room temperature. Nanospheres were instantaneouslymined using transmission electron microscopy (TEM)

formed by rapid solvent diffusion. Acetone and a large
proportion of water were eliminated at 40 under re-

duced pressure to a final suspension volume of 30 ml.

Topcor® EM 002B, 200 kV. Usually the samples are
prepared by placing one preparation drop on a collo-
dion supporton copper gridsi@laiya and Vyas, 1988

Nanocapsules were prepared using the same methodollowed by negative staining with an aqueous sodium

with the addition of oil to the organic phase in which
GF had been dissolved. It is worth noting that the oil to

phosphotungstate solutiol\l¢(Khouri Fallouh et al.,
1986; Rollot et al., 1986; Seijo et al., 199(®hos-
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Table 1
Formulas of nanosphere suspensions
Samples Griseofulvin (mg) PCL (mg) SPAB0 (mg) Acetone (ml) Tweéh80 (mg) Water (ml)
NS 0 138 50 25 100 50
NSy 1.38 138 50 25 100 50
NS, 2.76 138 50 25 100 50
NSz 4.14 138 50 25 100 50
NS, 5.52 138 50 25 100 50
NS5 6.90 138 50 25 100 50
NS 8.28 138 50 25 100 50
NS; 9.66 138 50 25 100 50
NSg 11.04 138 50 25 100 50
NSy 1242 138 50 25 100 50
NS0 13.80 138 50 25 100 50

photungstic acid Kessi et al.,, 1989 or uranyl
acetate.

2.4. Encapsulation efficiency of nanoparticles

Total griseofulvin was determined after full dissolu-
tion of a specific amount (1 ml) of griseofulvin-loaded
PCL nanoparticle suspension in 20 ml of acetonitrile
and filtration with a 100 nm filter syringe.

Free griseofulvin was determined in the sediment
after centrifugation of the samples at 9000 rpm dur-
ing 30 min (Sigma K 16). The sediment was then dis-
solved in acetonitrile and free griseofulvin dose was
determined after filtration with a 100 nm filter syringe.

All free griseofulvin precipitates after centrifuga-
tion of the samples at 9000 rpm during 30 min due to
the larger size of micronized griseofulvin and also its
very poor water solubility. However, nanoparticles re-
main floating.

GF encapsulation efficiency was calculated as indi-
cated below:

Encapsulation efficiency (%)

total amount of griseofulvir- free griseofulvin
total amount of griseofulvin

2.5. Storage stability

Nanoparticle suspensions were stored under static
conditions at 4 and 25C during a period of 6 months.
Stability was assessed by comparing the initial encap-
sulation efficiency and particle size with those obtained
after 6-month storage at 4 and 25. The results of ex-
periments were checked for statistical significance us-
ing the statistical analysis (Student-¢est) where the
differences are considered insignificant wipen0.05.

2.6. Griseofulvin solubility

A study of solubility was made for micronized
griseofulvin as well as griseofulvin-loaded PCL
nanospheres and nanocapsules to investigate the effect
of nanoencapsulation on the solubility of griseofulvin.
Based on the results of the nanosphere encapsulation
efficiency, we retained the sample with the largest quan-
tity of encapsulated griseofulvin.

Three suspensions were used. The first one contains
excess of micronized griseofulvin in distilled water, the
second one a concentrated suspension of nanospheres
in water and the third one is a concentrated suspension
of nanocapsules in water. The suspensions were stirred
at 25°C during 48 h and filtered with a 100 nm mem-

x100 brane (Millipore) under reduced pressure. The solu-
Table 2
Formulas of nanocapsule suspensions
Samples  Griseo-fulvin (mg) PCL(mg) Benzyl benzoate (ml) $p8d(mg) Acetone (ml) Tweéh80 (mg)  Water (ml)
NCo 0 138 0.5 100 25 100 50
NC1 6.5 138 0.5 100 25 100 50
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tions were then assayed for griseofulvin concentration 40 7

by HPLC after acetonitrile extraction. Each griseoful-
vin batch was analyzed in triplicate.

2.7. Dissolution study

—a— Nanospheres (NS 0)

This study is carried out on three suspensions:
the first one contains nanospheres with the largest
guantity of encapsulated griseofulvin; the second one
contains griseofulvin nanocapsules and the third one
contains micronized griseofulvin. The suspensions
were diluted in distilled water to a final volume of
1000 ml so that griseofulvin concentrations were -5 7
about 6ug/ml in compliance with the sink conditions.

The Sample_s _Were incubated at“Z5 under gentle Fig. 1. Typical size distribution of PCL nanospheres and PCL
magnetic stirring at 500 rpm. We removed 10ml of nanocapsules.

the medium at regular intervals and replaced them

by 10ml of fresh water. The aliquots were filtered shown inFig. 1 After centrifugation the mean size of
with a 100 nm membrane (Millipore) under reduced particles was in the range 250-326 nm for nanospheres
pressure. Concentration of dissolved griseofulvin was and 390—-400 nm for nanocapsul@alfle 3refers).
determined by HPLC after extraction with acetonitrile. According to available research and literature, three
The assays were carried out in triplicate. factors are deemed essential in the ultimate determina-
tion of nanoparticle size; namely, the concentration of
polymer in the organic phasé&dssi et al., 1997 the
polarity of the solventsThioune et al., 1997and the

The quantitative determination of griseofulvin in internal/external phase ratigvehrle et al., 1996
acetonitrile was performed by high performance liquid
chromatography HPLC (Hewlett Packard). A UV de- 3.2. External morphological study
tector was used for spectrophotometric analysis. Sepa-
ration was achieved by using a reversed-phase column  The external morphological study revealed that all
(25 cmx 4.6 mm; C18 Spherisorb ODS 2) with a flow nanoparticles were spherical and all ofthem were amor-
rate of 1.5ml/min. The mobile phase consisted of a phous Fig. 2).
mixture of acetonitrile and water in the ratio of 65:35.  In Fig. 2a the arrows show the nanocapsules on the
The UV detector was set at 291 nm. A standard curve carbon layer. Their apparent diameter was higher than
was constructed for griseofulvin in the concentration their real diameter, most probably because of their flat-
range of 0.5-5Q.g/ml. A linear relationship was ob-  tened shape.
served between the concentration of griseofulvin and  In Fig. 20 the arrows A and B show the nanospheres
the peak arearf=0.9996). The retention time was capturedinthe hole of carbon. Arrow C shows an empty
found to be 2.4 min. Anamount of 20 of each sample  hole of carbon without any nanosphere.
was injected after filtration with a Oydm filter syringe.

—a— Nanocapsules (NC 0)

1
500 1000 1500
Particle size (nm)

2.8. HPLC determination of griseofulvin

3.3. Encapsulation efficiency of the nanoparticles

The percentages of nanosphere encapsulation effi-
ciency are inversely proportional to griseofulvin con-
3.1. Particle size analysis centration Table 4refers). However, sample N8on-

tains the largest quantity of encapsulated griseofulvin.

Nanoparticle suspensions revealed a unimodal size Therefore, Ng was used as a reference to study grise-
distribution. Two typical size distribution curves are ofulvin dissolution rate and solubility.

3. Results and discussion
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Table 3
Particle size and polydispersity of micronized griseofulvin and of nanoparticles
Samples Size after stirring of the Polydispersity after stirring of  Size after centrifugation Polydispersity after
suspension (nm), sizeS.D2  the suspension, Bt S.D2 (nm), sizetS.D2 centrifugation, P S.D2
Micronized 4330 + 121 1.970+ 0.24 - —
griseofulvin
NSy 406 £ 11 2.676+ 0.712 266+ 11 0.4632+ 0.049
NS; 356+ 11 1.165+ 0.062 296+ 5 0.3483+ 0.063
NS, 416 £ 15 1.941+ 0.604 293+ 15 0.4507+ 0.075
NSz 403+ 5 3.256+ 0.020 310+ 10 0.3284+ 0.063
NSy 390+ 10 1.745+ 0.529 250+ 17 0.3056+ 0.032
NSs 463+ 5 1.858+ 0.359 306+ 5 0.4299+ 0.035
NSs 383+ 5 3.123+ 0.135 313+ 5 0.3358+ 0.029
NS; 403+ 5 1.104+ 0.793 286+ 15 0.3361+ 0.014
NSg 426+ 5 1.481+ 0.499 293t 5 0.3373+ 0.026
NSy 393+ 5 2.794+ 0.332 303+ 15 0.4007+ 0.017
NS0 410+ 10 3.992+ 0.698 326+ 5 0.3891+ 0.011
NCo 506 + 11 1.083+ 0.140 400+ 10 0.2527+ 0.012
NC; 523+ 5 1.542+ 0.286 390+ 12 0.2635+ 0.045

2 n=3; SD: standard deviation between the three assays.

The percentage of nanocapsule encapsulation effi- ficiency after six months of storage at 4 and°25
ciency is more important than that of nanospheres with respectively § > 0.05).
the same quantity of drug; but in the case of nanocap-
sules the quantity of griseofulvin is limited by its sol-  3.5. Griseofulvin solubility
ubility in the benzyl benzoate.
According toTable 5 the solubility of griseofulvin
3.4. Storage stability after encapsulation decreased despite particle size re-
duction of griseofulvin and the presence of TWB&0
Nanoparticle suspensions maintained the initial and Spafi 80 in the nanoparticle suspensions. This
properties with respect to size and encapsulation ef- can be explained by the fact that bulk of griseoful-

Fig. 2. Transmission electron microscopy of: (a) nanocapsule suspension and (b) nanosphere suspension.
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Tabled4 N _ In sink conditions the release of griseofulvin from
Encapsulation efficiency of nanoparticles nanospheres and nanocapsules was very rapid and com-
Samples Encapsulation efficiency Quantity of encapsulated plete. In fact 100% of the drug was released after

(%), %=+S.D? griseofulvin (mg) 15 min. For nanocapsules, the release is only governed
NSo - - by the partition coefficient of the drug between the oily
msl gg-ggi i-gg ;32? core and the aqueous external medium and the rela-
Ng; 9789+ 177 4052 tive volumes of both phases. The rate of diffusion of
NSs 91.01+ 1.32 5023 the drug through the thin polymeric barrier does not
NSs 89.02+ 0.89 6.160 seem to be a limiting factot égrand et al., 1999For
NS 85.93+ 2.09 7.115 nanospheres the release depends, on the one hand, on
NSy 8221+ 1.49 7.941 the mechanism of encapsulation (the release is faster
NSg 80.60+ 1.23 8.898 if the d dsorbed by th h han if i
NS, 7820+ 0.65 9.712 if the drug was adsorbed by the nanospheres than if it
NS5 68.90+ 1.02 0.508 was entrapped inside thg matrix) anq on the other hand
NCo - - on the rate of polymer biodegradability.
NC; 98.36+ 1.92 6.431 The presence of Sp&B0 and Tweefi 80, respec-

tively in the organic phase and in the aqueous phase
should intervene in the rate of release of the drug from

vin was adsorbed or trapped inside the nanoparticles €ncapsulated drug. Indeetiaohong etal. (199%ave
and smaller quantity of the drug remained free in the demonstrated that the rate of release of Leptospira In-

2 n=6; SD: standard deviation between the six assays.

medium and moved to a molecular state. terrogans antigens from poly:-lactide-poly (ethylene
glycol) microspheres can be enhanced when the con-
3.6. Dissolution study centrations of Twe€h80 and Spafi 80 in the medium

are increased. Nanoparticle size influences the disso-
According to Table 6 the dissolution rate of the lution rate which increases as particle size decreases,
griseofulvin was enhanced by recourse to encapsula-due to an increase of the available surface area of the

tion compared to that of micronized griseofulvin. drug particles Trotta et al., 2003}
Table 5
Griseofulvin solubility in water at 25C (.g/ml) 4. Conclusion
Solubility (g/ml)
Micronized griseofulvin 30.56 0.26 This study confirms that nanoprecipitation is suit-
Nanocapsules of griseofulvin 11.480.51 able for the preparation of griseofulvin nanoparticles,
Nanospheres of griseofulvin 1221032 in view of the fact that high encapsulation efficiency
was obtained.
Table 6 For nanosphere suspensions, the quantity of encap-
Percentages of dissolved griseofulvin from micronized griseofulvin, sulated griseofulvin depends on its concentration vis-
griseofulvin nanospheres and nanocapsules a-vis the polymer. In this case, the optimal percentage
Time (min)  Percentages of dissolved griseofulvin (%) of griseofulvin compared with polymer was found to
0,
Micronized Griseofulvin Griseofulvin be 9%. .
griseofulvin  nanospheres  nanocapsules For nanocapsule suspensions, however, the quan-
5 13.85% 0.54  87.04f 212  98.50% 052 tity of enc_ap_sulated drug depends on the solubility of
10 19.63+ 1.00  99.17+ 0.90  100.91k 1.27 griseofulvin in benzyl benzoate.
15 25.86+ 0.72  101.36t 1.09  100.42+ 0.65 Griseofulvin nanoparticles showed a higher disso-
ig gg-g?i i-gg 182-?& i-gg 183-2? é-gg lution rate of the drug which suggests that lower doses
87+ 1. . : 67+ 0. ; o
60 4318+ 252 10032t 0.75  10164% 061 ofdthl.; mor!ecqle c%uld flf:>e used for oral applications
90 56.70+ 2.83 100.79+ 0.63 10115t 059  reducingthusits side effects.
120 61.23+ 1.64 100.66+ 1.93  100.62+ 0.51 On the basis of the finds of this research and con-

sidering that percutaneous absorption was improved
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when the drugs were nanoencapsulated — as demon-_egrand, P., Barrat, G., Mosqueira, V., Fessi, H., Devissaguet, J.P.,

strated by some authordiihenez et al., 2004; Richart
and Simmonet, 20Q3we can conclude that there is a
large scope for improving the use of griseofulvin for
dermatophytose treatments either through oral admin-
istration or by percutaneous application.
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