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Abstract

The aim of this work was to produce and characterize triclosan-loaded nanoparticles (NPs) by the emulsification—diffusion
process, in an attempt to obtain a novel delivery system adequate for the treatment of periodontal disease. The NPs were preparec
using polyp,L-lactide-co-glycolide) (PLGA), poly{,L-lactide) (PLA) and cellulose acetate phthalate (CAP). Poly(vinyl alcohol)
(PVAL) was used as stabilizer. Batches were prepared with different amounts of triclosan (TCS) in order to evaluate the influence
of drug on NP properties. Solid NPs of less than 500 nm in diameter were obtained. Entrapment efficiencies were higher than
63.8%. The characterization by scanning electron microscopy and light scattering indicated that high concentrations of TCS
seemingly caused the increase of NP mean size. A decrease in the PLGA glass transition temperature was observed by differential
scanning calorimetry. This could indicate that TCS in PLGA-NPs behaves as a non-conventional plasticizer.

Subsequently, in vitro release studies were carried out under sink conditions using a device designed in our laboratory to allow
a direct contact between the particles and the dissolution medium. A fast release of TCS from NPs was detected. A preliminary in
vivo study in dogs with induced periodontal defects suggested that TCS-loaded NPs penetrate through the junctional epithelium.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

According to the World Oral Health Report 2003
(World Health Organization, 2004), most children
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Although there is no official information in Mexico NPs have a better stability than liposomes in biologi-
concerning the number of people suffering from pe- cal fluids and during storage, and their preparation is
riodontal disease, it is well known that oral diseases more suitable for scaling upQuintanar-Guerrero et
are a health problem in developing countries, espe- al., 1996, 1998a, 1998b; Colombo et al., 2DMore-
cially amongst poorer communitie€érrillo et al., over, microemulsions offer several advantages; for ex-
2000. ample, their solubilization capacity, transparency, high

The most common diseases of tooth-supporting stability, and simplicity of manufacture (they require
structures are plaque-induced inflammatory alterations no mechanical work in their preparation). In view of
in the gingiva and the periodontum. It has been estab- the advantages and disadvantages of these carriers, the
lished that periodontal diseases are caused by bacteriaimost suitable system will have to be chosen depend-
infection. Periodontitis usually develops from a more ing on drug properties and the therapeutic effect sought
or less pronounced gingivitis and is characterized by (Kreuter, 1994
the presence of periodontal pockets, which form asthe It has been demonstrated that the transport of sub-
gingiva detaches from the tooth. Current periodontal stances through the junctional epithelium, which forms
therapy focuses on the removal of the bacterial plaque the epithelial attachment of the gingiva to the tooth
by mechanical scaling and root planning as antimicro- surface, can occur in both directions. (1) From the un-
bial measures. However, the use of systemic antibiotics derlying connective tissue outward into the gingival
or a localized delivery system incorporating antibacte- sulcus, as was reported after intravenous administra-
rialagentsis alsorequireBékeretal., 1988; Friedman tion of carbon particlesRatcliff, 1969 and fluores-
and Steinberg, 1990; Medlicott et al., 1994; Esposito cein Brill and Krasse, 1958 and when fluorescein
etal., 1997. was orally administeredB{ill and Bjorn, 1959. (2)

To date, a great number of local drug-delivering From the gingival sulcus inward to the underlying con-
devices have been proposed, including fibers, strips, nective tissue, as was observed with proteins such as
films, gels, sponges, microparticles, etc. Unfortunately, albumin (Tolo, 1972 and carbon particles-{ne et al.,
the difficulty accessing the periodontal pocket has ren- 1969. More recently, using confocal laser scanning
dered both of these suggested methods only partially microscopy Ganem-Quintanar, 199 &stablished that
successful. On the other hand, systemic administration biodegradable NPs, when gently applied to the porcine
can achieve therapeutic concentrations in the gingival gingival sulcular space, are able to penetrate into the

crevicular fluid only with high dosedvedlicott et al., junctional epithelium. These results suggest that NPs
1994; Drisko, 1996; Schwach-Abdellaoui et al., 2000; can provide a potential intrapocket carrier system for
Pifion-Segundo, 2000 the delivery of active substances to the periodontal

In the last few years, several studies have shown pocket. Ideally, NPs may establish some physical bond-
that an effective approach to optimizing the pharma- ing with the tissue, avoiding their being flushed out
cological action of drugs is to associate the active by the crevicular fluid that fills the periodontal pock-
molecule with a carrier system. Drug carrier systems ets. Additionally, NPs could be a drug-delivery system
may take many forms: liposomes, niosomes, NPs and used to maintain an effective drug release rate in the
microemulsions. The purpose of these colloidal vec- periodontal pocket.
tors is to enhance the therapeutic effect by targeting  For the purposes of this work, triclosan was
the active molecule to its action site and by creating a chosen as the drug to be incorporated into NPs.
high local concentration. Efficiency is increased, while Triclosan (2,4,4trichloro-hydroxydiphenylether) is a
drug dosage and the risk of side effects are decreasednon-cationic antimicrobial agent that has a recog-
Evidently, these carriers have several advantages andnized efficacy against several plaque-forming bacteria
disadvantages. The greatest advantage of liposomes(Rosling et al., 1997a, 199YBICS, is a lipid-soluble
for instance, is that their main components are ma- compound, which can penetrate skin and mucous mem-
terials that are present in the body and thus have abranes \Vaaler et al., 1993 In an experimental gin-
good bioacceptability. On the other hand, they have givitis study,Ramberg et al. (1995Jemonstrated that
some limitations, such as poor stability and low drug triclosan, used in a mouthrinse, inhibited or retarded
entrapment efficiencyKreuter, 1994 Alternatively, the gingival inflammation. Other researche@a(da-
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Godoy etal., 1990; Ramberg etal., 1995; Furuichietal., Resomeé? R 104, MW 2000) were obtained from
1997 have demonstrated that TCS reduced the already Boehringer Ingelheim, Germany. Cellulose acetate
established supragingival plaque and resolved gingival phthalate (CAP, MW 2534.12) was purchased from
lesions. Vita Drug, Mexico. Poly(vinyl alcohol) (PVAL, MW
We have used the emulsification—diffusion tech- 26,000) was purchased from Glomarza, Mexico. Tri-
nique Quintanar-Guerrero et al., 199 order to  closan (TCS) was supplied by Multiquim, Mexico.
obtain NPs that could be used as drug carriers for the HPLC-grade ethyl acetate and methyl ethyl ketone
treatment of periodontal disease. Several polymers were provided by J.T. Baker, Mexico. Distilled water
(Eudragi® E 100, Eudragit RS 100, Resom&  \vas obtained from a RiOs Millipofedistiller, USA.

RG 502, Resomér R 104 and cellulose acetate Al the other reagents were of analytical grade and used
phthalate) and different stabilizers (Plurdfie127, without further purification.

Epikuror£200 and poly(vinyl alcohol)) have been
used in our laboratory. No NPs were obtained when
Epikuror£200 was used as stabilizer. Plurdhic127
allowed preparation of NPs with some of the above-
mentioned polymers, but after freeze-dried aggregates

were detected. The best results were obtained u.'singg'f.fufsI |or:r:echn|qugQU|rtantar-?hu(TrrerCJt ett al., 19)93] |
poly(vinyl alcohol) as stabilizer. Rifdn-Segundo, riefly, the organic solvent (ethyl acetate or methy

2000; Piion-Segundo et al., 2000;#in et al., 200). ethyl ketone).and water were mutually saturate.d.for
In addition, we have reported that Eudr&gRS 100 at least 20m|_n befo_r_e use, in order_ to_ensure initial
could be solubilized in surfactant aqueous solutions, thermodynamlc_equmbrlgm of both liquids. Polymer
for instance, Brip 58 (polyoxyethylene (20) cetyl and TCS were dlssolyed in V\_/ater-saturated_qrganllc sol-
ether) and poly(vinyl alcohol)Huentes et al., 2001 vent, and this organic solution was emulsified with a
Considering these previous results, three polymers 50/.0 (W/V). PVAL organic solvent-saturated agueous so-
were chosen for the preparation of TCS-loaded lution using a stirrer (C_af_ran%RZR-l, Germany) at
NPs (TCS-NPs): polyfi-lactide-co-glycolide) 1700 rpm for 10 min. Distilled water was subsequently
(PLGA, Resomé RG 502), polyp,i-lactide) added to the emulspn to induce d|ffu5|Qn of organic
(PLA, Resomé? R 104) and cellulose acetate soIv.ent into the contm_uous phase, Ieat_jm_g to the for-
phthalate (CAP). mation of NPs. Orgaruc solvent was ellmlnat.ed. frqm
The present study had two principal aims. The first the raw NP suspension by vacuum steam distillation

; - t 35°C. NP suspension was centrifuged (Optfina
one was the preparation and characterization of TCS- a .
NPs obtained by the emulsification—diffusion tech- LE-80K, Beckman, USA) at 20,000rpm for 20 min.

: : . : The NPs were finally frozen at40°C for 10 min
nique. Different TCS/polymer ratios were used in or- ) :
der to analyze the TCS effect on NP properties. Fur- and freeze-dried for 24h (Labcorf¢oUSA). Typi-

thermore, a system to evaluate the TCS release fromc.a”y’ 20ml of organic solvent, 40ml of PVAL solu-
prepared NPs, avoiding the use of membrane diffusion tion, and 160 ml of distilled waterwere used per_400 mg
techniques, was also proposed. Additionally, as a sec- of polymer.Table 1shows the materials used in each
ond aim, a preliminary in vivo study to assess the effects batch.

of TCS-NPs in induced periodontitis in dogs was set

forth. 2.3. Particle size analysis

2.2. Nanoparticle preparation

NPs were prepared using the emulsification—

Mean particle size was determined by photon cor-

2. Materials and methods relation spectroscopy (PCS) using a Coulter N4 Plus
submicron particle analyzer (Beckman, USA). Each
2.1. Materials suspension was diluted with MilliQ water (Millipofe

USA) until the appropriate particle concentration was
Poly(b,L-lactide-co-glycolide) (PLGA, Resonf&r achieved. The analysis was performed at a scatter-
RG 502, MW 8000) and polyL-lactide) (PLA, ing angle of 90 and a temperature of 2&. Val-
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Table 1

Composition of the Batches of NPs produced by the emulsification—diffusion technique

Batch number (%, w/w) Polymer Organic solvent Initial TCS content
1 PLGA Ethyl acetate 00
2 PLGA Ethyl acetate 23
3 PLGA Ethyl acetate 46
4 PLGA Ethyl acetate 99
5 PLGA Ethyl acetate 167
6 PLGA Ethyl acetate 288
7 PLGA Ethyl acetate 333
8 PLA Ethyl acetate @0
9 PLA Ethyl acetate 23

10 PLA Ethyl acetate Z6

11 PLA Ethyl acetate 99

12 CAP Methyl ethyl ketone .00

13 CAP Methyl ethyl ketone 23

14 CAP Methyl ethyl ketone 46

15 CAP Methyl ethyl ketone .09

External phase: PVAL 5%.

ues given inTable 2 are means of three measure-

ments.

2.4. Scanning electron microscopy (SEM) studies

2.5. Stabilizer quantification

The residual amount of PVAL in NPs was deter-
mined in triplicate by a colorimetric method, consider-
ing that PVAL in solution forms stable complexes with

An aqueous dispersion of the NPs was spread over iodine in the presence of boric acidl(émann et al.,
a slab and dried under vacuum at room tempera- 1993. About 10 mg of the lyophilized cake (PLGA-
ture. A thick gold layer £20 nm) was applied on the
dried samples (Fine Coat lon Sputter JFC-1100, JEOL, for 48 h; the solution was then neutralized and filtered.
Japan). The surface morphology of NPs was then ob- The volume was adjusted to 10 ml with water (solution
served by SEM using a JSM-25 S |l scanning electron A). Two milliliters of a 0.65 M boric acid solution and

microscope (JEOL, Japan).

NPsor PLA-NPs) were digestedin 5 mlof 0.1 M NaOH

1 ml of an iodine solution (0.05M iodine and 0.15M

Table 2
NP properties: mean size, drug loading (DL), residual PVAL, entrapment efficiency (EE) and process efficiency (PE).
Batch number Mean size (na)S.D. DL (%)+S.D. Residual PVAL (%} S.D. EE (%) PE (%)
1 176+ 4.4 - 2.14+ 0.05 - 99.0
2 219+ 4.7 0.84+ 0.06 2.85+ 0.06 70.04 99.1
3 246+ 5.1 3.93+ 0.08 3.04+ 0.08 85.12 99.0
4 272+ 7.1 5.62+ 0.09 3.22+ 0.09 63.88 99.0
5 308+ 4.4 11.46+ 0.10 3.70+ 0.10 71.40 99.1
6 354+13.3 16.18+ 0.06 2.93+ 0.06 72.23 99.1
7 458+ 11.1 23.75+ 0.06 2.45+ 0.06 73.04 99.2
8 219+ 3.5 - 2.74+ 0.07 - 99.1
9 207+ 15 1.06+ 0.06 2.99+ 0.06 88.51 99.0
10 215+ 3.5 4.10+ 0.08 3.69+ 0.08 89.40 99.1
11 286+ 2.5 7.03+ 0.07 2.76+ 0.07 79.52 99.0
12 222+ 9.6 - 2.35+ 0.06 - 99.0
13 219+ 5.2 0.98+ 0.09 3.52+ 0.09 82.28 99.2
14 192+ 3.2 4.07+ 0.07 2.77+ 0.07 87.90 99.1
15 235+ 14.5 7.92+ 0.07 2.34+ 0.07 89.21 99.0

S.D.: standard deviatiom,= 3.
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potassium iodide in water) were added to 5ml of so-
lution A. The absorbance of the resulting samples was
measured at 640 nm (DU64, Beckman, USA), us-
ing as blank a solution of 5ml of water with 2 ml| of
boric acid solution (0.65M) and 1 ml of iodine solu-
tion (0.05 M iodine and 0.15 M potassium iodide). The
calibration curve for PVAL quantification was linear
over the 2—4@ug/ml range R2 = 0.9999.

For the residual stabilizer of CAP-NPs;10 mg
of lyophilized NPs were dissolved in methyl ethyl

ketone; the solvent was evaporated, and water was d
added. The suspension was then filtered and adjustedt

to 10 ml with water; this solution replaced solution
A, following the same process to form the compl-
exes.

2.6. Drug loading, entrapment efficiency, and
process efficiency

Approximately 10 mg of lyophilized (PLGA-NPs
or PLA-NPs) were digested in 5ml of 0.1 M NaOH
for 48 h and then filtered. The volume was adjusted
to 10 ml with 0.1 M NaOH. For CAP-NPs;y10 mg of
lyophilized NPs were dissolved in methyl ethyl ketone.
The solvent was evaporated arl ml of 0.1 M NaOH

were added. This suspension was filtered and the vol-

ume was adjusted to 10 ml with 0.1 M NaOH. TCS

content was assayed spectrophotometrically at 290 nm

(DU® 64, Beckman, USA). Samples of unloaded NPs

of each polymer were tried in the same way and used

as blanks.

The calibration curve for the quantification of
TCS in NaOH was linear RR=0.9998, range of
4-80p.g/ml). Additionally, amounts of TCS and poly-
mer, equivalent to those included in NPs, were pro-
cessed as described earlier for PLGA-NPs, PLA-NPs
and CAP-NPs, in order to determine the TCS re-
covery efficiency. As a result, approximately 100%
of the original amount of TCS was detected in the
assays.

Drug loading (DL) and entrapment efficiency (EE)
were calculated according to Eq4) and(2), respec-
tively:

amountof TCSin NPs
amount of NPs

DL (%) = x 100 1)

221

DL (%)
percent of the initial TCS content

x (1 — fraction of residual PVAL)
2

100

EE (%)=

Because of the adsorption of a certain amount of
PVAL onto the NPs during the manufacturing pro-
cess, the correction factor 1/dfraction of residual
PVAL) was introduced in Eq(2) to avoid an un-
erestimation of the entrapment efficiency. The ini-
ial TCS content corresponds to the theoretical TCS
loading in the batch. These quantities are displayed in
Table 1 Determinations of DL was done in triplicate.
EE was calculated from the DL and residual PVAL
averages.

The process efficiency was calculated from ).
after the preparation and freeze-drying of NPs.

weight of recovered NPs 8
weight of TCS+ weight of polymer
—weight of residual PVAL

100

PE (%)=

3)

The weight of TCS included in Eq(3) corre-
sponds to the loaded TCS into the NPs and the weight
of the polymer is the amount of polymer used in
the NP preparation. The weight of residual PVAL
was determined from the average of residual PVAL
assays.

2.7. Differential scanning calorimetry (DSC)
studies

DSC analyses were carried out on samples of
individual substances as well as on unloaded NPs,
and TCS-NPs. The dried samples were weighed di-
rectly in aluminum pans (3-5mg) and scanned be-
tween 0 and 200C at a heating rate of I@/min
or between 0 and 25@ at the same heating rate,
under nitrogen, using a DSC Q10 (TA Instruments,
USA).

2.8. In vitro release kinetics

The release properties of NPs were studied in a 2%
(w/v) Brij® 58 (polyoxyethylene (20) cetyl ether) aque-
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Fig. 1. Schematic representation of the device used in the in vitro

E. Pifidn-Segundo et al. / International Journal of Pharmaceutics 294 (2005) 217-232

2.9. Preliminary in vivo study

This study used beagle dogs (15-20 kg) with surgi-
cally created intrabony periodontal defects. The exper-
iment was conducted in compliance with the Mexican
Regulations for Animal Care and Maintenanb&M-
062-Z00-, 199%

Periodontitis was induced in three healthy mature
male dogs by surgically created intrabony periodontal
defects Lawter et al., 1990 Bone immediately ad-
jacent to the interproximal surfaces of the teeth was
removed by a slow speed dental hand piece, under ster-
ile saline irrigation. The exposed root surfaces were
encircled using a stainless steel wire. Later than, the
flaps were replaced onto their original sites. The wire
was left in place for 6 weeks, in order to suit plaque
accumulation. Meanwhile, the dogs were fed with a
soft diet. Two weeks after removing the ligatures, the
defects were measured with a periodontal probe to con-
firm the presence of defects with a minimum depth of
5mm. Before NP administration, mechanical scaling
and root planning were applied in control and experi-
mental sites.

Approximately 100 mg of lyophilized TCS-loaded
PLGA-NPs (Batch 4, 9.09% of TCS) were suspended
in sterilized water (1 ml). The dogs were put under

release experiments. (1) Thermometer, (2) paddle, (3) syringe, (4) general anesthesia and the suspensions of TCS-loaded

filter with membrane of 0.fum, and (5) container.

ous solution as dissolution medium to keep sink con-
ditions. An accurate weight of lyophilized NPs was
suspended in 500 ml of this solution using the de-
vice shown inFig. 1 This device was especially de-

PLGA-NPs were injected into the bottom of the experi-
mental pockets with a syringe (29-gauge needle). Only
sterilized water was applied to the control periodontal
pockets. The dogs were observed at days 1, 7 and 15
after the treatment. Gingival index (GI) and bleeding
on probing (BOP) were determined for experimental

signed to be easily adapted to a paddle dissolution and control sites.
apparatus (Apparatus 2, USP). The suspension was

paddle-stirred at 25 rpm. The temperature was main-

tained at 37C using a water bath. At selected time
intervals, 3 ml of the suspension were withdrawn us-
ing a syringe adapted to a O.jkin-filter and replaced

3. Results and discussion

The emulsification—diffusion technique allowed the

by fresh medium. The replaced volume was added preparation of polymeric submicron particles. All NPs

through the filter with the purpose of rinsing and clean-

obtained were less than 500 nm in size. Process ef-

ing it. The absorbance of the samples was measuredficiency was higher than 99.0% and entrapment effi-

spectrophotometrically at 282 nm and interpolated in
a previously prepared calibration curve (ranging from
5 to 100pg/ml, R2=0.9999). The amount of drug re-

leased at each time point was corrected for the dilu-

ciency (EE) was between 63.8 and 89.4%al{le 2.

Fig. 2 shows the influence of TCS on NP mean size.
As shown, the higher the quantity of TCS in the PLGA-

NPs, the greater the NP mean size. A similar relation-

tion effect. Release experiments were carried out in ship was not clearly found for PLA-NPs and CAP-NPs

triplicate.

because only small quantities of TCS were used.
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to lower temperatures. That is why PLGA-NPs with
high content of TCS tended to form films. On the other
hand, the stabilizer did not have a significant influence
on the thermal properties of polymeric material. DSC
thermograms also showed that thg of pure PLGA
was 47.27C. When this polymer was formulated in
NPs containing 9.09, 16.67, and 23.08% of theoret-
ical TCS loading, theTy decreased to 41.72, 35.31,
and 28.75C, respectively. IrFig. 4 (Batch 1), when
the PLGA was in nanospheres, fiigtemperature was
slightly higher (50.00C), but after the addition of dif-
ferent amounts of TCS (Batches 2-7) to the PLGA-
NPs, theTg falls around 23.03C in NPs with 33.33%
of TCS.Fitzgerald and Corrigan (199@yepared NPs
with PLGA and levamisole. They found an endotherm
associated with the glass transition of the co-polymer
at 51°C; this value is similar to that obtained in this
work. In contrast, results ifrig. 4 differed with data
obtained byOkada et al. (1994Wwho reported that the
Tg of the PLGA matrix increased, as the loading of a
corresponds to the batch with the lowest theoretical basic drug increased, due to the electrostatic interac-
content of TCS (1.23%) an#ig. 3F shows PLGA- tion between the basic drug and the carboxylic acids at
NPs with the highesttheoretical TCS content (33.33%). the polymer terminal.
These results supported the increase of NP mean size Fig. 5 shows the DSC thermograms of unloaded
as the TCS/polymer ratio is increased. An interest- PLA-NPsand PLA-NPsloaded with TCS. The thermo-
ing aspect is that a high TCS concentratiéig( 3 grams of pure TCS, PLA, and PVAL are also included.
and F) causes the PLGA-NPs fusion and film for- As previously mentioned, no peaks of TCS melting
mation. This behavior suggests that TCS works as a were detected in thermograms of PLA-NPs. Ther-
plasticizer. mograms of unloaded and loaded PLA-NPs (Batches
DSCthermograms of free TCS, polymers, stabilizer, 8-11) showed an exotherm that was not detected for
unloaded NPs and loaded NPs were obtained to definepure PLA. This exotherm could be related to a crys-
the physical state of the drug and the polymer in the NPs tallization process. It has been reported that PLA can
and to detect any drug-polymer interactions within the be obtained at the amorphous state by abrupt cooling
polymeric network of the NP&igs. 4—6show the DSC of the melted product; nevertheless, crystallites of the
thermograms of PLGA-NPs, PLA-NPs and CAP-NPs, polymer could appear after 24—72 h when the poly-
respectively, with different TCS/polymerratios, andthe mer is placed in a humid environmeitgelker, 198%.
thermograms of stabilizer and polymers used in each During the NP formation process, a rapid diffusion
formulation. Pure TCS showed an endothermic peak of of solvent from the globules of the emulsion carries
melting at 63 C. There was no peak observed at this molecules into the aqueous phase, forming local re-
temperature for TCS-NPs. DSC studies did not detect gions of supersaturation, from which new globules or
any crystalline drug material in the nanosphere sam- polymer aggregates (not totally desolvated) are formed
ples. This confirmed the molecular level dispersion of (Quintanar-Guerrero et al., 1998bt is possible for
TCS. After the process, TCS could be in an amorphous this process to cause a different accommodation of the
or disordered-crystalline phase of a molecular disper- polymer chains, and crystallites could be detected after

450

350

Mean size (nm)

2504

1504 ‘ .
0 10 20
Initial TCS content (%w/w)

30

Fig. 2. Influence of the percentage of TCS on NP mean size}j.
PLGA-NPs @#); PLA-NPs @) and CAP-NPs()).

Using SEM, it was shown that all NPs had a ho-
mogeneous solid matrix structure, with no evidence
of crystals on the surfacétig. 3 shows the PLGA-
NPs loaded with different quantities of TCBig. 3A

sion or a solid solution state in the polymer matiiiy
and Feng, 2002

The increase of TCS concentration in PLGA-NPs
caused a shift of the glass transition temperatiligg (

PLA-NP formation. The thermograms of pure PLA and
PLA-NPs also showed an endothermic process that be-
gan around 100C, with the maximum around 14,
which could be related to PLA decomposition.
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Fig. 3. Scanning electron micrographs of loaded PLGA-NPs with different theoretical loadings (bar)=@) Batch 2 (1.23% of TCS), (B)
Batch 3 (4.76% of TCS), (C) Batch 4 (9.09% of TCS), (D) Batch 5 (16.67% of TCS), (E) Batch 6 (23.08% of TCS) and (F) Batch 7 (33.33% of
TCS).

In Fig. 6, thermograms for CAP, unloaded CAP- is technically difficult to achieve. This could be at-
NPs and TCS-loaded CAP-NPs are shown. Theoreti- tributed to the inability to separate successfully the
cal CAP glass transition temperature ranges from 160 particles from the dissolved or released drug in the
to 170°C. It was not possible to clearly detect thg sink solution due to the very small size of the par-
of the polymer. Thermograms of pure CAP and CAP- ticles. Attempting to evaluate the drug release from
NPs did not show well-defined transitions or peaks. The colloidal carriers, diverse techniques have been used;
results only confirmed that TCS was dispersed molec- for example, diffusion cells, where the undiluted col-
ularly into NPs since no endothermic peak of TCS was loidal drug carrier suspension is separated from the
detected. sink solution by a porous membrane or a dialysis

The characterization of in vitro drug release from membrane. Several release studies using the dial-
a colloidal carrier, especially under sink conditions ysis bag technique under either dynamic or static
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50 100 150

Temperature (°C)

200

Fig. 4. DSC thermograms of TCS; PVAL; PLGA; unloaded PLGA-
NPs (1) and TCS-loaded PLGA-NPs, Batches 2—7 (2-7).

conditions have been reportedlefyy and Benita,
1990.

It has been recommended as a rule of thumb that
drug concentration in the sink phase in dissolution ex-
periments be kept below 10% of saturation. If the drug
is poorly soluble in water, it may be permissible to add
nonaqueous solvents or solubilizing agents to the dis-
solution medium\{/ashington, 1990 In this study, we
proposed a system to evaluate the in vitro release of
TCS from NPs adapted to a conventional dissolution
apparatus. An amount of lyophilized NPs equivalent to
~30 mg of TCS was suspended in a 2% (w/v) Bi58
agueous solution, allowing the experiments to be car-
ried out under sink conditions (TCS solubility in disso-
lution medium =9.7 mg/ml). The release rate was not
controlled by a membrane or dialysis bag and the NPs

225

50 100 150

Temperature (°C)

200

Fig. 5. DSC thermograms of TCS; PVAL; PLA; unloaded PLA-NPs
(8) and TCS-loaded PLA-NPs, Batches 9-11 (9-11).

were in direct contact with the dissolution medium. It
is important to point out that the selection of the sink
medium and its volume were optimized in a previous
work (Pifibn-Segundo, 2003The kinetic release pro-
cess is very sensitive to the prevalence of sink condi-

100 150
Temperature (°C)

200 250

Fig. 6. DSC thermograms of PVAL; CAP; unloaded CAP-NPs (12)
and TCS-loaded CAP-NPs, Batches 13-15 (13-15).
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tions. Any factor able to perturb sink conditions will lution experiment. In all release studies, the maximum
alter the release profilé.évy and Benita, 1990 amount of TCS released was higher than 97% of the
Calvo et al. (1996analyzed the in vitro release of  drugloadedinto NPs, accordingtothe DL. The residual
several colloidal systems (nanospheres, nanocapsule@amount in NPs was not determined; it was impossible
and nanoemulsions) as indomethacin carriers. Theseto recover all NPs after dissolutiofig. 7 shows the
studies were carried out by the bulk equilibrium reverse release of TCS from PLGA-NPs. A burst effect was
dialysis bag technique, at 3. The release profiles observed in all Batches. The profiles of Batches 2-5
obtained were similar for all formulations and 85% of (1.23-16.67%, w/w theoretical loading) showed that
drug diffused out from the colloidal systems within2h at least 75% of the TCS was released from PLGA-NPs
and practically all the drug was released within 4 h. In- at 30 min and, approximately 90% of TCS was released
domethacin was rapidly and completely released only from NPs of Batch 6 (23.08% of theoretical TCS) in the
when sink conditions were maintained. Therefore, they same time. It was observed that NPs with a greater con-
concluded that with higher volume of the dissolution tent of TCS released more quickly than Batch 2, which
media, a faster and complete release of the drug takescontained only 1.23% of TCS. It has been reported that
place. Considering the above-mentioned results andan increase in the amount of drug in the nanospheres
that a high volume of the dissolution medium (500 ml) not only increases the porosity of the system as the drug
was used during our experiments, a fast release of TCSdissolves, but also, as in TCS-NPs, reduces the relative

from NPs could be expected. amount of polymeric material acting as a diffusional
The mean values of the in vitro release studies are barrier Radwan, 199p

shown inFigs. 7-9whereM; is the cumulative amount With regard to PLA-NPs and CAP-NPs, TCS was

of TCS at predetermined time intervals a¥g is the also quickly released. In fact, more than 90% of TCS

maximum amount of TCS released during the disso- was released from CAP-NPs (Batches 13 and 14) at
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Fig. 7. Release profiles of TCS from PLGA-NPs. Mean values and their standard deviations(ba&rdercentages of TCS: Batch 2, 1.23%
(#); Batch 3, 4.76%M); Batch 4, 9.09%4); Batch 5, 16.67%¢); Batch 6, 23.08%l{}) and Batch 7, 33.33%).
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Fig. 8. Release profiles of TCS from PLA-NPs. Mean values and their standard deviationsn(b&slpercentages of TCS: Batch 9, 1.23%
(#); Batch 10, 4.76%M®) and Batch 11, 9.09%().
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Fig. 9. Release profiles of TCS from CAP-NPs. Mean values and their standard deviationsa8rd)ercentages of TCS: Batch 13, 1.23%
(#); Batch 14, 4.76%MR) and Batch 15, 9.09%().
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20min. Apparently, PLA-NPs released the drug at a  The rapid initial release of TCS can be attributed
slightly slower rate than PLGA-NPs with similar pro- to the large surface to volume ratio of the NP geome-
portions of TCS. Actually, analysis of variance showed try. Due to their size, a burst effect was observed for
no significant differences during the first 30 min. The drug molecules entrapped into all of the NPs prepared.
cumulative amounts of TCS released were not signifi- Taking this into consideration, in the case of a matrix
cantly differentamong TCS-NPs with theoretical loads device, drug is uniformly distributed/dissolved in the
of 1.23, 4.76 and 4.09%-(= 0.84;F¢ 05:2,4= 6.94); in- matrix and the release occurs by drug diffusion or ero-
dependently of the polymer with which they have been sion of the matrix. If drug diffusion is faster than matrix
obtained E =5.58;F¢ o5:2,4= 6.94). degradation (as in this work), the mechanism of drug
Although no statistical differences in the release release occurs mainly by diffusiohiwa et al., 1993;
profiles were detected, it is necessary to explain the Soppimath et al., 2001
observed differences in the percentages of TCS re- Higuchi's equation ifliguchi, 1961 was originally
leased. Poly-glycolide acid is highly crystalline be- developed to explain the drug release from an ointment
cause it lacks the methyl side groups of the PLAiQ, base.
2000. In contrast, PLA is amorphous. Therefore, the In view of the fact that prepared TCS-NPs can be
addition of increasing proportions of glycolide to PLA  considered as a homogeneous polymer matrix-type de-
lowers glass transition temperature and generally in- livery system, with the drug (TCS) molecularly dis-
creases polymer hydrophilicittMarkland and Yang, persed, Higuchi's equation can be extensive for these
2002. With this in mind, we can say that the release matrix systems, considering that the depletion zone
of TCS from PLA-NPs was slower than the release of moves to the center of the NPs as the drug is released.
TCS from PLGA-NPs because water access throughout The equation® = (2ADCst)2indicates that the cumu-
PLGA-NPs is easier than throughout PLA-NPs. Fur- lative amount of drug releaseM() per unit surface9)
thermore, DSC studies suggested that TCS could be-is proportional to the square rootsAfthe total amount
have as a plasticizer, so that the relaxation of the PLGA of drug in a unit volume of the matrixD, the diffusion
chains favors the TCS release from PLGA-NPs. coefficient of the drug in the matrixCs, the solubil-

25 ~
20 ~

15 A

Mt(mg)

t "2 (min'?)

Fig. 10. Higuchi’s model for TCS released from PLGA-NPs. Percentages of TCS: Batch 2, #23Baich 3, 4.76%M); Batch 4, 9.09%
(A); Batch 5, 16.67%¢); Batch 6, 23.08%({) and Batch 7, 33.33%).
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Fig. 11. Higuchi's model for TCS released from PLA-NPs. Percentages of TCS: Batch 9, #234ich 10, 4.76%M) and Batch 11, 9.09%
(4).
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Fig. 12. Higuchi's model for TCS released from CAP-NPs. Percentages of TCS: Batch 13, ®23atch 14, 4.76%M) and Batch 15,
9.09% @).
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Fig. 13. Experimental sites after the administration of TCS-loaded PLGA-NPs (9.09% of TCS) in dogs; (A) 8 days and (B) 15 days.

ity of drug in the polymeric matrix; and, the time. ter probing at all time periods. With respect to GlI, at
The factor (ADCs)Y2S is the drug release rate con- days 1 and 8, a severe inflammation was detected in
stant K4). When the Higuchi’'s equation was applied control and experimental sites (Gl = 3). Gingival struc-
(M versug??) to the TCS-NPsKigs. 10-19, straight tures had clearly visible redness, edema ulceration,
lines (R% > 0.99) were always obtained, suggesting that and a tendency to spontaneous hemorrhage. At day
the release rate can be satisfactorily described by this15, a clear difference between control and experimen-
model. The ensuing rate constants and their correlationtal sites was detectedrig. 13. All the experimental
coefficients are shown ifable 3 This behavior sug-  sites showed only a moderate inflammation (Gl =2),
gests that the diffusion is the controlling factor of the with less redness than control sites, although BOP was
release. positive. Thus, it could be possible that NPs have a

The in vivo study was performed in dogs accord- certain effect over the reduction of the inflammation
ing to the Mexican Regulations for Animal Care and in the experimental sites. However, a complete study
MaintenanceN|OM-062-Z0O0-, 1993 In this prelim- is necessary to find statistical differences that could
inary study, only the gingival index (GI) and bleeding support that idea. In vivo experiments are in progress
on probing (BOP) were determined. Gl is a measure in order to confirm the therapeutic value of this de-
of gingival inflammation and is evaluated on a scale: 0 livery system as a new option in periodontal treat-
(no inflammation, healthy gingiva) to 3 (severe inflam- ment. Parameter measurements of plaque score, gingi-
mation) at four sites of each tooth. A positive BOP val bleeding, gingival inflammation and pocket depth
indicates sites that showed bleeding within 10-30s should also be recorded. Besides comparisons between
after probing Schwach-Abdellaoui et al., 20P0In TCS-NPs, TCS solutions and TCS suspensions should
this study, all control and experimental sites bled af- be evaluated.

Table 3
Release rate constants of TCS released from NPs according to the

Higuchi’s model 4. Conclusion

Batch numb K /mint/2 Correlati . e
ateh number H (mg/min™™) C;er;f?c?eftn The emulsification—diffusion process allowed the
obtainment of submicron polymeric particles charged

2 1.010 0.992 ; o i

3 2106 0994 with TCS. The entrapment efficiencies were higher
4 1.908 0.996 than 63.8% for all Batches. The TCS incorporated
5 1.224 0.992 into the PLGA-NPs increased the mean size diameter
6 0.790 0.997 and decreased the glass transition temperature of the
g ggi; g'gg; polymer. The in vitro release studies were carried
10 3.400 0993 out using a device designed in our_Iaboratory, which
11 3.335 0.991 allows a direct contact between medium and NPs. TCS
13 0.204 0.981 released quickly from all NP Batches. This behavior
14 0.810 0.991 was mainly attributed to the large surface area of
15 2.374 0.996

NPs. The release data followed the model proposed
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by Higuchi for matrix systems. A preliminary in vivo

231

Esposito, E., Cortesi, R., Cervellati, F., Menegatti, E., Nastruzzi,

study suggested that TCS-NPs could help decrease C., 1997. Biodegradable microparticles for sustained delivery

gingival inflammation, but it is necessary to conduct

of tetracycline to the periodontal pocket, formulatory and drug
release studies. J. Microencapsulat. 14, 175-187.

several studies to evaluate the capacity of these carriers;; . ' Pechersky, J.L., McKibben, D.H., 1969, The penetration

as drug delivery systems for periodontal treatment.
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