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Abstract 

Polyethylcyanoacrylate (PECA) nanoparticles were prepared in the presence of three different non-ionic 
surfactants: Triton X-100, Tween 80 and Pluronic F68. The influence of the surfactant, employed during the 
nanoparticle preparation process, on drug loading, size and storage stability was evaluated. The amount of Cefaclor 
(CFR) and Cefsulodin (CFN) entrapped in the colloidal system was not influenced by the presence of the three 
different surfactants, achieving a mean loading value of about 1.6% (w/w). PECA nanoparticles prepared in the 
presence of Tween 80 and Pluronic F68 and entrapping the two drugs showed no dependence of the mean particle 
size on the various components present in the polymerization medium. Only the system obtained in the presence of 
Triton X-100 showed an increase in particle size compared to the nanoparticles prepared in the absence of the active 
compound. Storage at room temperature, as dried powder, caused a drastic increase in size and polydispersity index 
values of the PECA nanoparticles containing CFN or CFR. The PECA nanoparticle colloidal suspensions prepared 
in the presence of Pluronic F68 provided much greater values of the retention capability for CFN and CFR, followed 
by the systems prepared in the presence of Tween 80 and Triton X-100, respectively. For each nanoparticle 
formulation, the retention of CFR was higher than that of CFN. The permeability through a biological membrane 
model was greater for CFN loaded nanoparticles than for the free drug. In contrast, no noticeable difference was 
observed between free CFR and that loaded in PECA nanoparticles, prepared with Pluronic F68 or Triton X-100. 
Only the system prepared in the presence of Tween 80 showed a high diffusion rate of CFR compared to the free 
drug. 
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1. Introduction 

Several  s tudies  on con t ro l l ed - re l ease  technol -  
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Much energy has been spent in pharmaceutical 
research to improve and to develop new thera- 
peutic dosage forms: transdermal patches, modi- 
fied-release oral dosage formulations, liposomes 
and microspheres. Of course, no single technol- 
ogy would suit every indication because of the 
diversity of the drugs, dosages, administration 
routes, and duration of action. The challenge, 
therefore, is to select the most suitable con- 
trolled-release technology for each particular drug 
and therapeutic application. In the meantime, it 
should be borne in mind that an ideal drug deliv- 
ery device should imply selective distribution with 
minimal or zero uptake other than at the site of 
action, and this is extremely important when there 
is only a small margin between effective and toxic 
concentrations (Couvreur et al., 1980; Kreuter 
and Hartmann, 1983; Prescott, 1989). 

Colloidal nanoparticles have attracted consid- 
erable attention. In fact, some degree of selectiv- 
ity is possible (Davis et al., 1984; Kreuter 1985; 
Douglas et al., 1986), by the appropriate choice of 
particle size and surface characteristics. An im- 
portant requisite in the realization of an in- 
jectable nanoparticle delivery system is the proper 
choice of the polymeric substrate. The polymeric 
bulk must fulfill many requirements as well as 
have suitable mechanical properties, biodegrad- 
ability, high biocompatibility, drug compatibility 
and permeability. Suitable polymers that meet 
these requirements are polyalkylcyanoacrylates 
(PACA). 

It is possible to obtain, by means of PACA, 
drug delivery systems with improved colloidal 
properties (100-200 nm in size) (Couvreur and 
Vauthier, 1991), which could have high tissue 
selectivity if coated with the appropriate non-ionic 
surfactant. In fact, it is possible to avoid uptake 
by the reticuloendothelial system, the major limit- 
ing factor in colloidal system therapy, by varying 
the physico-chemical characteristics of the parti- 
cle surface, e.g., providing, by means of a coating 
with block copolymers of the Poloxamer series, a 
highly hydrophilic and sterically protected outer 
layer (Ilium et al., 1982, 1986a,b; Ilium and Davis, 
1983, 1987). The possibility of retaining freely 
biocompatible colloidal particles in the blood cir- 
culation then opens up various therapeutic op- 

portunities with anti-infective, thrombolytic, im- 
munomodulator or antitumor drugs. Further- 
more, by virtue of their improved colloidal di- 
mension, the PACA nanoparticles could, in the 
presence of inflammation (the endothelial wall of 
the blood vessels could be disrupted), escape 
from the vascular compartment either via a pas- 
sive process or be carried to the site of inflamma- 
tion by white ceils. In this way, highly colloidal 
nanoparticles containing anti,inflammatory drugs 
or antibacterial drugs could be employed for 
site-specific targeting to deep-seated sites of in- 
flammation or infection. 

The application of PACA nanoparticles in an- 
timicrobial therapy through parenteral adminis- 
tration should not be the only route but also 
antibiotic local delivery seems quite promising. 
The topical administration of antibiotics to pre- 
vent infection in wounds is possible by means of a 
shaker-type dispenser or an aerosol spray. The 
capability of retaining antibiotic at the wound site 
for an extended period ensures efficacy. In fact, a 
single application may allow controlled release, 
whereby an initial burst is followed by prolonged 
release to maintain effective levels for prolonged 
periods (up 2 weeks). The treatment of ocular 
infection disease should be also possible consider- 
ing the amenable adhesive properties of the 
PACA polymeric bulk (Marchal-Heussler et al., 
1990). 

Successful treatment of infection disease with 
/3-1actam antibiotic-loaded liposomes has already 
been reported (Desiderio and Campbell, 1983a,b; 
Bakker-Woudenberg et al., 1985). In this study, 
the possibility of using polyethylcynoacrylate 
(PECA) nanoparticle as drug carriers for Cefa- 
clor and Cefsulodin was evaluated. In fact, PECA 
nanoparticles could offer the advantage of a spe- 
cific target site depending on their surface coat- 
ing, and the possibility of prolonged stability dur- 
ing storage, which would render this system suit- 
able for immediate application in clinical trials. 
Herein, the loading capacity, size, and release 
behaviour of PECA nanoparticles are reported, 
in addition to the influence of the non-ionic sur- 
factant, used during preparation, on these param- 
eters. 
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2. Materials and methods 

2.1. Chemicals 

Ethyl 2-cyanoacrylate (Sigma, St. Louis, MO, 
U.S.A.) was used as monomer during the poly- 
merization process to obtain PECA nanoparti- 
cles. Polyethylene-polypropylene glycol block 
copolymer (Pluronic F68) was purchased from 
Fluka (Buchs, Switzerland). Polyoxyethylene sor- 
bitan monooleate (Tween 80) and polyethylene 
glycol tert-octylphenyl ether (Triton X-100) were 
supplied by Merck (Darmstadt, Germany). These 
products were used as non-ionic surfactants in 
the nanoparticle preparation. Cefaclor monohy- 
drate (CFR) was kindly provided by Eli Lilly 
s.p.a. (Sesto Fiorentino, Italy). Cefsulodin (CFN) 
was a gift from Laboratories Takeda (Puteaux 
Cedex, France). The purity of these two antibi- 
otics was greater than 90% as assayed by HPLC 
analysis (Lee et al., 1982; Evora-Garcia et al. 
1988). 

Double-distilled water was used. All other 
chemicals were of analytical grade (Carlo Erba, 
Milano, Italy). 

2.2. Preparation o f  CFR- and CFN-PECA nano- 
particles 

PECA nanoparticles were prepared by micel- 
lar polymerization (Kreuter, 1983; Vauthier- 
Holtzscherer et al., 1991) carrying out the incor- 
poration method (Beck et al., 1993). Normally, 
0.6 ml of ethyl 2-cyanoacrylate were poured at a 
flow rate of 60 /zl/min into 50 ml of a filtered 
(0.2 /zm membrane filter, Sartorius, G6ttingen, 
Germany) aqueous solution of a non-ionic surfac- 
tant (Triton X-100, Tween 80 or Pluronic F68) at 
a concentration of 0.5% w/v. The addition of the 
monomer was carried out under mechanical stir- 
ring, at approx. 1000 rpm. The required amount 
of CFR and CFN (600 mg) was solubilized in the 
polymerization medium. The pH value of the 
aqueous solution was adjusted with 0.1 N HC1 to 
3.5 and 4, for CFR and CFN, respectively. These 
pH values were chosen based on the stability of 
these two drugs, which is high in the pH range 
2.5-4.5 (Das Gupta and Stewart, 1984; Fujita and 

Koshiro, 1984; Budavari, 1989). Once the poly- 
merization process had reached completion (usu- 
ally 3 h), the nanoparticle suspension was brought 
to a pH value of 7.0 with 1 N sodium hydroxide 
solution. After buffering, stirring was continued 
for 2 h, from time to time monitoring the pH and 
adjusting it when necessary. Finally, the colloidal 
suspension was filtered through a sintered glass 
filter (grade 4, pore size 9-15) to remove contam- 
ination from particles and unwanted agglomer- 
ates whenever present. The whole preparation 
process was carried out at room temperature. 

2.3. Drug entrapment evaluation 

The unentrapped amount of the two antibi- 
otics, CFR or CFN, was separated by centrifuga- 
tion (model J2-21, Beckman, Fullerton, CA, 
U.S.A.) at 35 100 × g  (Beckman JA-20.1 rotor, 
16 500 rpm) for i h at a controlled temperature of 
4°C. The nanoparticle pellet was resuspended in 
double-distilled water and centrifuged again to 
remove drug residue and any other soluble com- 
ponent from the interparticle spaces. The pellet 
obtained from the initial colloidal suspension was 
resuspended in double-distilled water (10 ml) and 
freeze-dried by connecting a round-bottomed 
flask to a lyophilizer (Edwards Freeze Dryer 
Modulyo, equipped with an Edwards high vac- 
uum pump Serial E 2M8 42810). Usually, 30 mg 
of freeze-dried powder were solubilized in 
CHaCN/CH3OH (9 : i v/v), and filtered through 
0.45 /~m PTFE membrane filters (Sartorius, 
G6ttingen, Germany). The organic solution was 
then injected into a Varian model 5000 liquid 
chromatograph in order to determine the amount 
of drug. The HPLC apparatus was equipped with 
a Hewlett Packard 3394 integrator and a 
Spherisorb ODS 2 C18 column (5/~m, 250 mm x 
4.6 mm i.d., Kontron Analytical, Switzerland). 
The mobile phase, filtered and degassed by means 
of ultrasonication prior to use, was 0.02 M 
NH4OCOCH 3 in HEO/CHaOH/CHaCN (95: 
3.5 : 1.5 v/v) and 1.5% (v/v) CHaCOOH aqueous 
solution/CHaCN (97:3 v/v) for CFN and CFR, 
respectively. The elution flow rate was 1.5 and 2 
ml/min for CFN and CFR, respectively. The 
chromatographic analysis was carried out at room 
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temperature. UV detection was conducted at 254 
and 261 nm for CFR and CFN, respectively. The 
drug content was calculated by recording the 
relative peak height of the drug on an HPLC 
calibration curve constructed with drug solutions 
in methanol at known concentration. The CFN 
calibration curve yielded a linear regression value 
of 0.995 and a straight-line equation of y = 0.558 
+ 666.2543x, while for CFR r = 0.972 and y--  
4.4 + 97.38516x were obtained. The drug content 
of the formulation was expressed as the percent- 
age of drug contained in the dried material re- 
sulting from lyophilization of the nanoparticle 
colloidal suspension. 

2.4. CFN and CFR release from nanoparticles 

An aliquot (40 mg) of the pellet of nanoparti- 
cles containing CFN or CFR was suspended in 6 
ml of pH 7.4 phosphate buffer. This suspension 
was placed within a dialysis membrane (Spec- 
trapor/Por 3 membrane Mol. Wt cut-off 3500; 
Spectrum, Los Angeles, CA, U.S.A.). The dialysis 
bag was put in a vessel containing 500 ml of pH 
7.4 phosphate buffer. Dialysis was carried out at 
a temperature of 37 _+ 0.5°C (I.S. Co. model BTU 
6 thermostated water bath) under gentle mechan- 
ical stirring (200 rpm) (Variomag submersible 
stirrers, Multipoint HI, Munich, Germany). Sam- 
ples of 2 ml of the receiver solution were re- 
moved and replaced immediately with an equal 
volume of the dialysis medium. The amount of 
drug released was determined spectrophotometri- 
cally at 263 nm reporting each absorbance value 
on a calibration curve. The linear regression was 
0.9981 and 0.9975 for CFN (y = 0.322 + 24.653x) 
and CFR (y = 0.095 + 18.982x), respectively. 

2.5. In vitro drug permeation through membrane 

A Sartorius SM 16750 absorption simulating 
apparatus (Membrane Filter GmbH, Germany) 
was used to study the in vitro interaction and 
permeation of CFN- and CFR-loaded PECA 
nanoparticles through biological membrane and 
barrier. The apparatus was equipped with a Sar- 
torius diffusion cell model SM 16754. Diffusion 
of the nanoparticles loaded with the two drugs 

took place from 100 ml of a particle colloidal 
suspension, containing 300 mg in dried powder, 
in pH 7.4 isotonic phosphate buffer (phase I) to 
100 ml of the same isotonic buffer solution (phase 
II). The aqueous phases were thermostated at 
39 + 1°C during the permeation assay in order to 
maintain a temperature of 37 + 1°C within the 
diffusion chambers. The permeation profiles of 
the two types of drug-loaded nanoparticles were 
compared with the permeation of the free drugs, 
in this case 7 and 5 mg of CFN and CFR, 
respectively, being dissolved in phase I. These 
amounts corresponded to the average aliquot of 
both drugs entrapped in the three different parti- 
cle formulations. 

The membrane separating the donor and ac- 
ceptor chambers was a double-layer membrane 
(Sartorius SM 15703; effective diffusion area, 16 
cm2). This membrane barrier was prepared by 
laying a hydrophilic layer (Barrier Foil Sartorius, 
pre-soaked in pH 7.4 isotonic phosphate buffer 
for 1 h) on a hydrophobic layer consisting of a 
cellulose nitrate membrane filter (Sartorius), im- 
pregnated with a liquid paraffin-lauryl alcohol 
(2.1:10 w/w) mixture until its weight had dou- 
bled. Under these conditions, a system simulating 
the biological fluids and membrane was obtained 
(Barrelet et al., 1975; Puglisi et al., 1989). 

The time course of the in vitro permeation 
experiment was followed up to 250 min. At pre- 
determined intervals, 3 ml samples were taken 
and assayed spectrophotometrically at 263 nm in 
order to determine the drug amount. No interfer- 
ence was evident for the materials constituting 
the particle colloidal suspension. Each result rep- 
resents the average of three different experi- 
ments. The results of drug levels recovered in 
phase II were corrected in order to compensate 
for the dilution due to the repetitive sampling, 
and afterwards plotted as a function of time. The 
rate of permeation of the two drugs from the 
colloidal nanoparticle suspension through the 
membrane can be expressed by means of the 
diffusion rate constant (K d = cm min-1), accord- 
ing to the following equation: 

a c  
= X / x  
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where A C  is the increase in concentration 
(mg/100 ml) of drug in phase II during the time 
interval from zero to t ,  A t  denotes the time (min) 
during which the initial diffusion takes place, C O 
is the initial drug concentration, VI~ represents 
the initial volume of phase II (100 ml), and A is 
the effective diffusion area of the membrane (16 
cm2). 

2.6. Particle size determination 

Particle size was determined using light scat- 
tering techniques. For size analysis, the photon 
correlation spectroscopy (PCS) method was em- 
ployed. The scattering angles were 50 and 90 ° . 
Scattering signals were correlated by a Malvern 
4700 particle analyzer connected to an Olivetti 
240 computer. For PCS analysis, the nanoparticle 
sample was diluted with filtered (0.2 /xm Sarto- 
rius filter) double-distilled water until the optimal 
colloidal concentration had been reached. Each 
value was the average of three experiments. 

Further details concerning the light-scattering 
apparatus and the technique employed in the 
present investigation have been extensively re- 
ported elsewhere (Fresta et al., 1993; Puglisi et 
al., 1993). 

3. Results and discussion 

PECA nanoparticles are solid, very porous col- 
loidal delivery devices in which the drug is at- 
tached via a sorptive and/or  incorporation pro- 
cess (E1-Egakey and Speiser, 1982; Beck et al., 
1993). An equilibrium exists between adsorbed/ 
incorporated drug and drug in the surrounding 
solution. The in vivo release of the entrapped 
drug is due to a desorption process from the 
nanoparticle surface as well as degradation of the 
polymeric bulk when the drug is loaded during 
the incorporation method. For this reason, the 
rate of PACA biodegradation, due to the pres- 
ence of enzymes such as esterases (Lenaerts et 
al., 1984), could be the regulating factor in the 
release of drug (degradation rate decreases with 
increasing length of the alkyl side-chain and 
molecular weight). Therefore, the incorporation 

Table 1 
Drug loading capacity of PECA nanoparticles prepared in the 
presence of three different surfactants 

Surfactant Loading capacity (% w/w) a 

Cefsulodin Cefaclor 

Triton X-100 1.68 1.08 
Tween 80 1.7 1.78 
Pluronic F68 2.28 1.52 

a Entrapment efficiency was expressed as the amount of drug 
entrapped in 100 mg of dried material. Each value is the 
average of three experiments. 

method was chosen not only because it should 
offer more readily modulable in vivo drug re- 
lease, but also because it usually leads to a large 
amount of drug entrapped compared to the ad- 
sorption method (Alonso et al. 1991). In fact, the 
incorporation method allows distribution of the 
drug in the PACA polymeric bulk in addition to 
adsorption along the particle surface. In a previ- 
ous paper (Vandelli et al., 1994), we reported on 
the important role in drug disposition played by 
the type of non-ionic surfactant employed during 
the polymerization. In particular, the property of 
Pluronic F68 of entrapping a greater amount of 
drug than other surfactants, by positioning the 
major part of the compound along the shell of the 
PACA nanoparticles, was demonstrated. 

As shown in Table 1, no particular difference 
in drug loading capacity was observed among the 
different preparations of PECA nanoparticles. In 
this case, the amount of drug entrapped by PECA 
nanoparticles prepared in the presence of 
Pluronic F68 is almost the same as that achieved 
with the other two surfactants. Only in the case 
of CFN was a slightly higher loading capacity 
observed. Evidently, not only the surfactant, but 
also the physico-chemical properties of the en- 
trapped molecules, play an important role in the 
loading capacity and drug disposition. 

A good encapsulation capacity for the drug is 
not the only requisite for pharmaceutical formu- 
lations of colloidal systems, since the mean size of 
the nanoparticle suspension is also an important 
factor especially for parenteral administration. In 
fact, particle size could influence the body distri- 
bution (Illum et al., 1982) and hence the biologi- 
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Table 2 
Light-scattering dimensional analysis of PECA nanoparticles prepared in the absence or in the presence of Cefaclor or Cefsulodin 
(the colloidal suspensions were obtained in the presence of different non-ionic surfactants a 

Surfactant Reference Cefaclor Cefsulodin 

Size (nm) PI b Size (nm) PI b Size (nm) PI b 

Triton X-100 104 0.30 205 0.35 190 0.15 
Tween 80 230 1.50 240 0.15 260 1.55 
Pluronic F68 790 1.25 800 0.40 790 3.00 

a Each value represents the average of three different experiments. 
b Polydispersity index value. 

cal response to drug-loaded PACA nanoparticles. 
In a previous paper (Puglisi et al., 1993), it was 
reported that the pH value and the kind of sur- 
factant present in the polymerization medium are 
the two main factors influencing the PACA 
nanoparticle size. It should be taken into consid- 
eration that other factors, i.e., the presence of the 
drug in the medium, may influence the polymer- 
ization process and the polymeric nucleation re- 
suiting in an alteration of the nanoparticle size 
(Alonso et al., 1991). 

As concerns the size of PECA nanoparticles 
prepared in the presence of the two drugs, no 
particular difference was observed between the 
drug-loaded systems and the reference PECA 
nanoparticles (prepared in the absence of the two 
drugs). Only the nanoparticle systems prepared in 
the presence of Triton X-100 showed an increase 
in mean size when CFR or CFN were present in 
the polymerization medium (Table 2). This be- 
haviour could be due to the influence of the two 
drugs on the mieellation process of the surfac- 
tant. In fact, the possibility of achieving larger 
micelles than those obtained in the absence of 
drug could lead, as a consequence, to the forma- 

tion of PECA nanoparticles with a greater mean 
size. 

As shown in Table 2, considering solely the 
mean size of the particles obtained in the pres- 
ence of Tween 80 and Pluronic F68, no particular 
influence of the two drugs on the process of 
nanoparticle nucleation would appear to occur. 
The only effect, which may be ascribed to the 
presence of CFR, is the lowering of the polydis- 
persity index (PI) values for every PECA 
nanoparticle formulation. In fact, as reported in 
Table 2, mean PI values of 0.3 were obtained for 
nanoparticles entrapping CFR, underlining the 
capability of this drug for achieving a colloidal 
suspension with a narrow size distribution range. 
Therefore, CFR was somehow able to influence 
the formation of nanoparticles (PI values). In 
contrast, the presence of CFN in the polymeriza- 
tion medium did not exert any influence on the 
PI values, an even higher PI value for Pluronic 
F68 being attained. In any case, it is noteworthy 
that, under the preparation conditions employed 
in this work, the nanoparticles prepared without 
CFR or CFN also demonstrated rather high PI 
values (except Triton X-100, PI = 0.3). 

Table 3 
Light-scattering dimensional analysis of PECA nanoparticle samples submitted to freeze-drying and storage for 3 months at room 
temperature as dry powder a 

Surfactant Reference Cefaclor Cefsulodin 

Size (nm) PI b Size (nm) PI b Size (nm) PI b 

Triton X-100 110 0.4 1200 2.0 2100 4.0 
Tween 80 360 3.0 2300 3.5 450 2.5 
Pluronic F68 990 1.5 2800 3.0 790 5.0 

a Before analysis, each sample was resuspended in the same starting volume of isotonic phosphate buffer. 
b Polydispersity index value. 
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Fig. 1. Increase factor of mean PECA nanoparticle size. The 
various samples were submitted to freeze-drying and storage 
for 3 months at room temperature. Light-scattering analysis 
was carried out after resuspension of the dried powder. 

In order to evaluate the storage stability, the 
nanoparticle colloidal suspensions were freeze- 
dried and stored for 3 months at room tempera- 
ture. The powder was then resuspended in the 
same starting volume with isotonic phosphate 
buffer, and submitted to light scattering analysis. 
The results, reported in Table 3, demonstrate 
that in the systems containing CFR and CFN 
obtained after resuspension, an appreciable in- 
crease in the mean size of the nanoparticles oc- 
curred. The increase factor (Fig. 1) was greater 
for PECA systems containing the two drugs. 
Among the surfactants employed during the 
preparation process, Pluronic F68 revealed the 
best protecting and stabilising properties. This 
surfactant was able to provide the lowest values 
of the increase factor as compared to the other 
two (Fig. 1). The PI values of the various 
nanoparticle preparations, as well as the size, 
showed a marked increase, indicative of the size 
heterogeneity of colloidal suspensions being 
achieved (Table 3). The increase factor of the PI 
values (Fig. 2) followed the same trend as re- 
ported for the size values. 

Another important factor that should be taken 
into account in the evaluation of the drug carrier 
properties is the profile of release of the drug 
from the polymeric network of the delivery de- 
vice. In fact, the retention capability characteris- 
tics are essential when particular release kinetics 
are desired in order to elicit a suitable biological 

t .  

J 
J 
.S 
r, 

Triton X100 Tween 80 Pluronic F68 

Fig. 2. Increase factor of polydispersity index values of the 
various PECA nanoparticles. The various samples were sub- 
mitted to freeze-drying and storage for 3 months at room 
temperature. Light-scattering analysis was carried out after 
resuspension of the dried powder. 

action of the active substance, ensuring therapeu- 
tic blood or topical levels for a longer period than 
would be possible with the free drug. As reported 
in Fig. 3 and 4, the PECA nanoparticle system 
represents a suitable tool for achieving the modu- 
lated release of the entrapped drug. In fact, the 
presence of the surfactant employed during the 
preparation process, as well as of the monomer, 
was able to influence the release properties of 
the various PECA colloidal suspensions (Vandelli 
et al., 1994). 

1 ~  

--4-- Piuroni¢ F68 I 

50 

0 

0 3 6 9 12 15 18 21 24 27 30 33 

Time (h) 

Fig. 3. Retention of Cefsulodin (CFN) in PECA nanoparticle 
colloidal suspensions prepared in the presence of  three differ- 
ent non-ionic suffactants. Experiments were initiated after 
separation of the unentrapped amount of drug. Release was 
determined at a thermostated temperature of 37~C. Each 
value is the average of three different experiments. 
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Fig. 3 shows the release of CFN from PECA 
nanoparticles prepared in the presence of differ- 
ent non-ionic surfactants. As pointed out else- 
where (Vandelli et al., 1994), Pluronic F68 pre- 
sented a much higher retention capability for 
CFN, followed in order by Tween 80 and Triton 
X-100. In fact, after 31 h almost 35% of CFN was 
still retained by the PECA nanoparticles pre- 
pared in the presence of Pluronic F68. 

Concerning PECA nanoparticles containing 
CFR (Fig. 4), the same trend in drug retention as 
that reported for CFN was found. The only dif- 
ference was the slower release of the CFR than 
that of CFN. After 31 h only the system prepared 
in the presence of Triton X-100 attained 100% 
release. In contrast, after 31 h, the PECA col- 
loidal suspension prepared with Tween 80 and 
Pluronic F68 resulted in about 25 and 45% reten- 
tion, respectively. Besides the influence of the 
surfactant and monomer type on the physico- 
chemical characteristics of PACA nanoparticles, 
the chemical properties of the entrapped drug 
are also capable of influencing the pharmaceuti- 
cal formulation parameters, as well as the release 
profile, dimension, size distribution and storage 
stability. In this case, the much stronger interac- 
tion of CFR with the PECA polymeric network 
ensured greater retention of the drug. This be- 
haviour was probably due to the less hydrophilic 

log 

--i--- Pluroni¢ Ft~l 80 
i 

70 ---l-- Tween 80 
60 • Triton XI00 

10 
0 

0 3 6 9 12 IS 18 21 24 27 30 33 

Time (h) 

Fig. 4. Retention of Cefaclor (CFR) in PECA nanopartiele 
colloidal suspensions prepared in the presence of three differ- 
ent non-ionic surfactants. Experiments were initiated after 
separation of the unentrapped amount of drug. Release was 
determined at a thermostated temperature of 370C. Each 
value is the average of three different experiments. 
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Fig. 5. Influence of the different non-ionic suffactants used 
during PECA nanoparticle preparation on in vitro CFN per- 
meability through a biological membrane model. Results were 
compared with diffusion of the free drug. Experiments were 
carried out in pH 7.4 isotonic phosphate buffer at a ther- 
mostated temperature of 37°C. Each point represents the 
mean of three different experiments. 

nature of CFR (uncharged molecule) than that of 
CFN, which presents a positive charge under the 
nanoparticle preparation conditions employed. 
Therefore, a better interaction between CFR and 
the lipophilic polymer matrix core might be possi- 
ble. 

In order to evaluate the interaction between 
the drug delivery system and the biological mem- 
brane, in vitro permeability studies through a 
model membrane were carried out. When the 
absorption of an active compound is considered 
to occur via a process of passive diffusion, in vitro 
methods can be used by mimicking the character- 
istics of a biological membrane with an artificial 
one. Therefore, the rate of release of the drug 
from the PECA nanoparticle colloidal carrier 
should be carefully evaluated in the preparation 
of systemic or topical delivery devices. Fig. 5 
reports in vitro adsorption experiments of PECA 
nanoparticles containing CFN. The various PECA 
nanoparticle systems showed a slightly higher 
permeability of CFN through the membrane. The 
improved rate of diffusion of CFN (Table 4) from 
the PECA nanoparticles, compared to the free 
drug, was probably due to the facilitation of drug 
delivery in terms of permeation. In fact, the free 
drug, which is able to diffuse freely in the aque- 
ous medium and to interact with the first hy- 
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l'able 4 
Diffusion rate constants for CFN- and CFR-loaded colloidal 
nan•particle suspensions prepared in the presence of three 
different non-ionic surfactants 

Formulation g d (cm min-  x) 

Cefsulodin Cefaclor 

Free drug 0.00284 0.00439 
Triton X-100 0.00589 0.01260 
Tween 80 0.00483 0.01170 
Pluronic F68 0.00367 0.01010 

drophilic layer of the membrane model, must 
pass through the lipophilic layer of the same 
membrane. This process could represent the lim- 
iting step in diffusion through the membrane 
model of a hydrophilic molecule. In the case of 
PECA nan•particles, the outer hydrophilic shell 
of the particles (coated with non-ionic surfactant) 
should ensure interaction with the hydrophilic 
layer of the membrane, while the internal 
lipophilic core of the particle can lead to a closer 
interaction with the hydrophobic layer of the 
membrane, resulting in a greater extent of per- 
meation of the drug. 

No difference was observed in the permeation 
of CFR-loaded nan•particles prepared in the 
presence of Pluronic F68 and Triton X-100, com- 
pared to the free drug. In contrast, the PECA 
system containing CFR and prepared with Tween 
80 provided a high diffusion rate (Fig. 6). 

Permeation through a biological membrane 
model is the result of various positively and nega- 
tively influencing factors, e.g., the physico-chem- 
ical properties of the drug and polymer molecules, 
the strength of interaction between the drug and 
the delivery device, capability of interaction be- 
tween the drug carrier and the membrane, and 
diffusion processes. Therefore, the almost equal 
diffusion rates of CFR both free and entrapped 
in PECA nan•particles (prepared with Pluronic 
F68 and Triton X-100) could be due to a tight 
interaction between the drug and the polymeric 
network (as demonstrated before), in addition to 
the physico-chemical properties that the drug dis- 
plays within its environment. 
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Fig. 6. Influence of the different non-ionic surfactants used 
during PECA nanoparticle preparation on in vitro CFR per- 
meability through a biological membrane model. Results were 
compared with diffusion of the free drug. Experiments were 
carried out in pH 7.4 isotonic phosphate buffer at a ther- 
mostated temperature of 37°C. Each point represents the 
mean of three different experiments. 
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Fig. 7. Model of interaction between the aqueous phase 
containing free CFN or CFR, or the drug-loaded colloidal 
nan•particle suspension and the biological membrane model. 
The permeation driving force is the different drug concentra- 
tion between phase I and phase 2. 
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According to our model (Fig. 7), the driving 
force, which ensured a high diffusion rate of CFR 
from PECA nanoparticles, was the most 
favourable interaction of the polymeric drug de- 
livery device with the biological membrane model. 
This result was probably due to the less dense 
coating of the PECA nanoparticle surface arising 
with Tween 80 (Carstensen et al., 1991), which 
led not only to an appreciable interaction with 
the hydrophilic membrane layer, but also' to a 
suitable contact of the PECA polymeric matrix 
(hydrophobic part) with the lipophilic layer of the 
membrane, achieving a high rate of CFR diffu- 
sion. The systems prepared in the presence of 
Tween 80 provided considerable absorbability for 
both drugs (Fig. 5 and 6; Table 4). 

Thus, the possibility of formulating the PECA 
nanoparticle suspensions in such a way as to 
fulfill the requirements for the various kinds of 
therapeutic application and administration route 
may represent an important achievement in mod- 
ern drug therapy. With reference to the PECA 
systems studied herein, the possibility of pro- 
longed controlled drug release and their bioadhe- 
sion properties make PECA nanoparticles con- 
taining CFN or CFR suitable candidates, and 
particularly the systems prepared with Pluronic 
F68, for topical treatment of wounds to provide a 
longer period of disinfection or for systemic ad- 
ministration, if long-circulating drug delivery de- 
vices are desired to achieve active antimicrobial 
blood levels for extended periods. Moreover, the 
systems prepared in the presence of Tween 80, 
which provided high permeability of the drugs 
through the membrane and a body distribution 
preferentially in the lungs (Ilium et al., 1986b), 
could be useful in the treatment of microbial 
infection diseases of the respiratory apparatus, 
i.e., pneumonia, bronchitis and bronchial pneu- 
monia. These systems deserve further investiga- 
tion aimed at ,improving their long-term storage 
stability. 

Acknowledgement 

This work was supported by the Italian C.N.R. 

References 

Alonso, M.J., Losa, C., Calvo, P. and Vila-Jato, J.L., Ap- 
proaches to improve the association of amikacin sulfate to 
poly(alkylcyanoacrylate) nanoparticles. Int. J. Pharm., 68 
(1991) 69-76. 

Bakker-Woudenberg, I.A.J.M., Lokerse, A.F., Roerdink, F.H., 
Regts, D. and Michel, M.F., Free versus liposome-en- 
trapped ampicillin in treatment of infection due to Listeria 
monocytogenes in normal and athymic (nude) mice. J. 
Infect. Dis., 151 (1985) 917-924. 

Barrelet, J., Tsacopoulos, M. and Buri, P., Cornea prepara- 
tion for 'in vitro' biopharmaceutical evaluation of oph- 
talmic dosage forms. J. Pharm. Pharmacol., 27 (1975) 
919-922. 

Beck, P., Kreuter, J., Reszka, R. and Fichtner, I., Influence of 
polybutylcyanoacrylate nanoparticles and liposomes on the 
efficacy and tossicity of the anticancer drug mitoxantrone 
in murine tumor models. J. Microencapsul., 10 (1993) 101- 
114. 

Budavari, S., The Merck Index, l l th  Edn, Merck, Rahway, NJ, 
1989, p. 293. 

Carstensen, H., Miiller, B.W. and Miiller, R.H., Adsorption of 
ethoxTlated surfactants on nanoparticles: I. Characteriza- 
tion by hydrophobic interaction chromatograpy. Int. J. 
Pharm., 67 (1991) 29-37. 

Couvreur, P. and Vauthier, C., Polyalkylcyanoacrylate nano- 
particles as drug carrier: present state and perspectives. J. 
Controlled Release, 17 (1991) 187-198. 

Couvreur, P., Kante, B., Lenaerts, V., Scailteur, V., Roland, 
M. and Speiser, P., Tissue distribution of antitumor drugs 
associated with polyalkyicyanoaerylate nanoparticles. J. 
Pharm. Sci., 69 (1980) 199-202. 

Das Gupta, V. and Stewart, K.R., Stability of cefsulodin in 
aqueous buffered solutions and some intravenous admix- 
tures. J. Clin. Hosp. Pharm., 9 (1984) 21-27. 

Davis, S.S., Illum, L., McVie, J.G. and Tomlinson, E., Micro- 
spheres and Drug Therapy, Elsevier, Amsterdam, 1984. 

Desiderio, J.V. and Campbell, S.G., Intraphagocytic killing of 
Salmonella typhimurium by liposome-encapsulated 
cephaiothin. Z Infect. Dis., 148 (1983a) 563-570. 

Desiderio, J.V. and Campbell, S.G., Liposome-encapsulated 
cephalothin in the treatment of experimental murine 
salmonellosis. J. Reticuloendothel. Soc., 34 (1983b) 279- 
287. 

Douglas, S.J., Davis, S.S. and Iilum, L., Biodistribution of 
poly-(butyl-2-cyanoacrylate) nanoparticles in rabbits. Int. 
J. Pharm., 34 (1986) 145-152. 

El Egakey, M.A. and Speiser, P., Drug loading studies on 
ultrafine solid carders by sorption procedures. Pharm. 
Acta Helv., 57 (1982) 236-240. 

Evora-Garcia, C.M., Farina-Espinosa, J.B. and Sanchez- 
Sanchez, E., Determination of cefaclor by HPLC without 
intereference from its degradation procucts. Cienc. Ind. 
Farm., 7 (1988) 70-73. 

Fresta, M., Puglisi, G., Panico, A.M., Di Marco, S. and 
Mazzone, G., CDP-choline entrapment and release from 



G. Cavallaro et al. / International Journal of Pharmaceutics 111 (1994) 31-41 41 

multilamellar and reverse-phase evaporation iiposomes. 
Drug Dev. Ind. Pharm., 19 (1993) 559-585. 

Fujita, T. and Koshiro, A., Kinetics and mechanism of the 
degradation and epimerization of sodium cefsulodin in 
aqueous solution. Chem. Pharm. Bull., 32 (1984) 3651- 
3661. 

Illum, L. and Davis, S.S., Effect of nonionic surfactant on the 
fate and deposition of polystyrene microspheres following 
intravenous administration. J. Pharm. Sci., 72 (1983) 1086- 
1089. 

Ilium, L. and Davis, S.S., Targeting of colloidal particles to 
the bone marrow. Life Sci., 40 (1987) 1553-1560. 

Ilium, L., Davis, S.S. and Jones, P.D.E., Surface coated micro- 
spheres to minimize capture by the reticuloendotelial sys- 
tem. Polym. Preprints, 27 (1986a) 25-26. 

Ilium, L., Davis, S.S., Wilson, C.G., Thomas,N.W., Frier, M. 
and Hardy, J.G., Boold clearance and organ disposition of 
intraveneously administered colloidal particles: the effect 
of particle size, nature and shape. Int. J. Pharm., 12 (1982) 
135-146. 

Ilium, L., Hunneyball, I.M. and Davis, S.S., The effect of 
hydrophilic coatings on the uptake of colloidal particles by 
the liver and by peritoneal macrophages. Int. J. Pharm., 29 
(1986b) 53-65. 

Kreuter, J., Evaluation of nanoparticles as drug-delivery sys- 
tems: I. Preparation methods. Pharm. Acta Heir., 58 (1983) 
196-209. 

Kreuter, J., Factors influencing the body distribution of poly- 
acrylic nanoparticles. In Buri, P. and Gumma, A. (Eds), 
Drug Targeting, Elsevier, Amsterdam, 1985, pp. 51-63. 

Kreuter,J. and Hartmann, H.R., Comparative study on the 
cytostatic effect and the tissue distribution of 5-fluoro- 
uracil in a free form and bound to polybutylcyanoacrylate 
nanoparticles in sarcoma 180-bearing mice. Oncology, 40 
(1983) 363-366. 

Lee, E., Jr, White, L.B., Wimer, D.C. and Cox, R.D., Deter- 
mination of cefsulodin sodium by high-performance liquid 
chromatography. J. Chromatogr., 273 (1982) 515-521. 

Lenaerts, V., Couvreur, P., Christiansen-Leyh, D., Joiris, E., 
Roland, M., Rollman, B. and Speiser, P., Degradation of 
poly(isobutylcyanoacrylate) nanoparticles. Biomaterials, 5 
(1984) 65-68. 

Marchal-Heussler, L., Maincent, P., Hoffman, M., Spittler, J. 
and Couvreur, P., Antiglaucomatous activity of betaxolol 
chloridrate sorbed onto different isobutylcyanoacrylate 
nanoparticle preparations. Int. J. Pharm., 58 (1990) 115- 
122. 

Prescott, P.F., The need for improved drug delivery in clinical 
practice. In Prescott, P.F. and Nimmo, W.S. (Eds), Novel 
Drug Delicery and its Therapeutic Application, Wiley, 
Chichester, 1989, pp. 1-11, 

Puglisi, G., Giammona, G., Fresta, M., Carlisi, B., Micali, N. 
and Villari, A., Evaluation of polyalkylcyanoacrylate 
nanoparticles as a potential drug carrier: preparation, 
morphological characterization and loading capacity. J. 
Microencapsul., 10 (1993) 353-366. 

Puglisi, G., Spampinato, S., Giammona, G., Pignatello, R., 
Bachetti, T., Mangiafico, S., Marino, A. and Mazzone, G., 
Effect of different ointment bases on ocular anti-in- 
flammatory activity of 4-biphenylacetic acid in the rabbit. 
Drug Des. Deliv., 5 (1989) 341-352. 

Vandelli, M.A., Fresta, M., Puglisi, G. and Forni, F., An 
interpretative analysis of the effect of the surfactants used 
for the preparation of polyalkylcyanoacrylate nanoparti- 
cles on the release process. J. Microencapsul., (1994) in 
press. 

Vauthier-Holtzscherer, C., Benabbon, S., Spenlehauer, G., 
Veillard, M. and Couvreur, P., Methodology for the prepa- 
ration of ultra-dispersed polymer systems. STP Pharm. 
Sci., 1 (1991) 109-116. 


