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Abstract

Spherical microparticles based on methacrylic acid–methyl methacrylate copolymer have been developed. The
method chosen for the preparation of such microparticles was suspension radical copolymerization of acrylic
comonomers in the presence of the ethyleneglycol dimethacrylate as crosslinking agent. The microparticles obtained
were characterised by inverse size exclusion chromatography, scanning electron microscopy, swelling degree and
exchange capacity. The porous volume of the microspheres ranged from 0.086 ml/g for the microparticles produced
by a methacrylic acid/methyl methacrylate ratio of 1/3 and a 10% degree of crosslinking, to 8.57 ml/g for the
microparticles produced by a methacrylic acid/methyl methacrylate ratio of 3/1 and 2% degree of crosslinking (in 0.1
N NaCl in phosphate buffer pH 7.4). Also the pore diameter of the swollen microparticles ranged from a few to 120
A� . Buformin tosylate — a classical hypoglycaemic drug — was included in the polymer network of the microparticles
during the polymerization process. Due to the water solubility of the drug and its low solubility in the organic phase,
the entrapment yield did not exceed 15%. However the amount of encapsulated drug as well as the drug released from
the microparticles, was dependent on the methacrylic acid/methyl methacrylate ratio, the degree of crosslinking and
solvent/comonomers ratio. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The suspension polymerization technique repre-
sents a widely used procedure for the preparation
of microspheres intended for different applica-
tions including imaging, agrochemicals and adhe-
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sives, as well as for cosmetics and pharmaceuticals
(Camli et al., 1999; Lee et al., 1998).

Applications of such methods are mostly based
on the use of monomers such as acrylic (Cuilliere
et al., 1991; Horak et al., 1999; Jayakrishnan and
Thanoo, 1990; Kriwet et al., 1998; Montagne et
al., 1991) or epoxy compounds (Khanna and
Speiser, 1969). In spite of the fact that the many
monomers and catalysts used for polymerization
are relatively toxic substances, the pure polymers
obtained from these monomers are usually non-
toxic and harmless to the organism. As a general
rule, the first step of the suspension polymeriza-
tion technique is based on the formation of an
emulsion, followed by the initiation of the poly-
merization process that will finally result in the
formation of solid microparticles. In most cases
the emulsion is of the oil/water (O/W) type, and
this fact constitutes one of the major limitations
of the process. In fact many drugs are only
scarcely soluble in the organic phase, resulting in
a low percentage of encapsulation.

Polymerization techniques, in which the drug is
included (e.g. ionically bound) into the micropar-
ticles during the polymerization process of three
monomers (one of which acts as a crosslinking
agent) have received little attention (El-Samaligy
and Mahmoud, 1986; Khanna et al., 1970).

In this report we employed, as model drug,
buformin, a biguanide compound used as an hy-
poglycaemic oral drug. The registered marketed
formulation, Silubin® (Grunental, Belgium), con-
tains the hydrochloride salt of buformin and is
commercialised as a retard form, based on film
coated tablets. Some pharmacological studies con-
cerning the plasma level of buformin administered
as Silubin® are reported in the literature (Beck-
mann et al., 1971).

In the present study, the design, production
and characterisation of a controlled delivery
system for buformin was investigated, that in-
volved including the drug in crosslinked acrylic
microparticles directly during the suspension co-
polymerization process. In particular, the influ-
ence of the co-monomer ratio, the presence of an
inert solvent (other than the liquid monomers) in
the organic phase and of the degree of crosslink-
ing (D.C.) on microparticle characteristics, the
drug loading and the release profile were studied.

2. Materials and methods

2.1. Chemicals

Buformin tosylate (N-butylimidodicarboni-
midic diamine tosylate) (Bf) (see structure in Fig.
1), a strong base, freely soluble in water and
ethanol, was kindly provided from S.C. Sicomed
S.A. (Bucharest, Romania). Ethyleneglycol dim-
ethacrylate (EGDM), methacrylic acid (MA) and
methyl methacrylate (MM), (Fluka AG, Switzer-
land) were distilled under reduced pressure before
their use. 2,2�-azo(bis-isobutyronitrile) (AIBN)
(Fluka AG) was recrystallized twice from
methanol, hydroxyethyl cellulose (HEC) was pur-
chased from Hercules (Wilmington, USA), n-bu-
tanol and sodium chloride were provided from
Fluka AG.

2.2. Microparticle production

Polymeric microparticles were prepared from
MA and MM by an aqueous suspension copoly-
merization procedure in the presence of EGDM,
as crosslinking agent. The reaction took place in a
glass-reactor (500 ml volume, cylinder shape) pro-
vided with an anchor-type stirrer and a reflux
condenser. The reactor was maintained at con-
stant temperature with a thermostatic bath.

The drug was dissolved at 50°C in a butanol–
MA mixture (at various ratios as a function of the
studied parameters); MM was then added at the
same temperature. Separately, the initiator of the
radical polymerization, AIBN, was solubilized in
a small amount of n-butanol (0.8 ml) containingFig. 1. Chemical structure of buformin tosylate.
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the crosslinking agent EGDM, resulting in a final
concentration of 0.5% w/v with respect to the
co-monomers.

The mixture of monomers and drug in n-butanol
was dispersed, at 50°C, under vigorous stirring in
the dispersing medium, which constituted 1% w/v
HEC (used as stabilizer) and 20% w/v sodium
chloride in water. The volume ratio between the
organic phase and aqueous phase was maintained
1/3 and the stirring speed set at 400 rpm.

The reaction mixture was maintained under
stirring for 1 h at 50°C to obtain complete disper-
sion of the monomers, afterward the crosslinker
and the initiator were added and the temperature
was raised to 70°C and the polymerization was
continued for 10 h. After cooling to room temper-
ature, the formed microparticles were decanted
and separated by filtration using a sintered glass
filter. The microparticles were then washed with
water, to remove the residues of stabiliser, inor-
ganic ions and methacrylic acid and with methanol
and acetone to remove the unreacted water-insolu-
ble monomers. Finally, the microparticles were
dried under vacuum at 60°C.

2.3. Microparticle reco�ery

After washing and drying, the prepared mi-
croparticles were weighed and the weight com-
pared to the initial mass of monomers plus drug
and the recovery yield was calculated by the fol-
lowing equation:

Recovery(%)=
Wmicrop

Wmonom+WD

×100 (1)

where Wmicrop, Wmonom and WD, respectively, rep-
resent the weight of the isolated microparticles, of
the monomer and drug.

2.4. Dimensional and morphological analysis of
the microparticles

The morphology, size and size distributions were
determined by optical and electron microscopy
observations. For the optical analysis an optical
microscope, Diaphot (Nikon, Japan), was em-
ployed. For the electronic analysis, microparticles
were metallized by gold coating (Edwards Sputter

coating S150) and analysed at 15–20 kV by a
scanning electron microscope (SEM) 360 Stereo-
scan (Cambridge Instruments, Cambridge, UK).

2.5. Exchange capacity

The microparticle exchange capacity was deter-
mined under dynamic conditions by titration of the
carboxylic groups, after complete drug removal by
a 0.1N NaOH solution. The results were expressed
as milliequivalent carboxylic groups/g dried micro-
spheres.

2.6. Swelling degree

The volume expansion of the microspheres was
determined at equilibrium, placing the microparti-
cles in acid buffered solutions at pH 1.2 (KCl+
HCl), in 0.1 N NaCl in phosphate buffer solution
(pH 7.4) or in methanol. The ratio between the
volume of the swollen microparticles (Vs) and that
of the dried microparticles (Vd), measured by
placing the microparticles in an appropriate grad-
uated cylinder, was defined as the swelling factor
(q).

2.7. Determination of microspheres porosity by
in�erse size exclusion chromatography

The porosity of acrylate microparticles was de-
termined by inverse size exclusion chromatography
(ISEC). The method is based on the size exclusion
principle (Porath and Flodin, 1959) with the mod-
ification that, in this case, the mobile phase is used
to characterise the stationary phase, providing
data about the total pore volume (ml/g) and the
maximum pore size of the microparticles (Rmax).

As molecular weight standards, deuterated wa-
ter (D2O), D(+ )-sucrose (Mw=342.3) and D(+ )-
rafinose pentahydrate (Mw=594.5) were used as
low molecular weight standards (for small pores)
whilst dextrans with different molecular weights,
namely, 10000 (DT 10), 17500 (DT 17), 40000 (DT
40), 70000 (DT 70), 500000 (DT 500), and
2000000 (DT 2000) (Pharmacia, Uppsala, Swe-
den), were used for large pores.
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Plotting the logarithm of the molecular weight
of standard molecules against elution volume
(ml), the maximum radius of the pores and the
total pore volume (Vp) per gram of the stationary
phase were determined according to the equation:

Vp= (TD2O−T0)�/m (2)

where Vp is the total pore volume, TD2O is the
elution time (min) for deuterated water (D2O); T0

is the elution time for dextran (Mw=2000000
g/mol); � is the pump flow rate (ml/min) and m is
the dried mass of the packing materials (expressed
in g).

The pore volume of the microparticles repre-
senting the stationary phase, can be calculated as
the difference between the elution volume of the
smallest probe molecule (D2O), which diffuses
within all pores in the microparticles and the
elution volume of dextran (Mw=2000000 g/mol),
considered to be completely excluded.

Two interaction coefficients R and R1 respec-
tively, calculated as the ratio between Bf elution
volume (Mw=329.4 g/mol), D(+ )-sucrose
(Mw=342.3 g/mol) and the elution volume of
D2O were in addition determined.

ISEC was performed using a glass column
(15×0.5 cm) packed under pressure with a sus-
pension of swollen microparticles in water or in
0.1 N NaCl in phosphate buffered solution (pH
7.4). The chromatographic equipment consisted of
a peristaltic pump (Gilson, France) and a Waters
differential refractometer detector (Knauer).

2.8. Drug encapsulation

The content of Bf in the microparticles was
determined from elemental analysis of nitrogen
(Kjeldahl method) and sulphur (Shöniger
method).

2.9. In �itro drug release studies

In vitro drug release determinations were per-
formed by the bath method, using an acidic solu-
tion (at pH 1.2) or a buffered solution (at pH 7.4)
(US Pharmacopeia XXI Revision, 1985). Samples
of the receiving buffer were withdrawn at different
time intervals and the buformin content was spec-

trophotometrically determined at 220 nm (pH 1.2)
or 230 nm (pH 7.4) with an UV–VIS Spectropho-
tometer Specord M 42 (Karl Zeiss Jena, Ger-
many) using a previously constructed calibration
curve. The same volume of fresh receiving
medium was added to replace the volume of the
withdrawn samples. The integrity of the drug
released from the microparticles was proved by
HPLC analysis using a Hewlett Packard cation
exchange HPLC column (100×4.6 mm) and as
mobile phase potassium dihydrogenphosphate
buffer (pH 7)/acetonitrile 70/30 (v/v).

3. Results and discussion

The classical methods of drug entrapment in
microparticles are mainly based on two ap-
proaches in which (a) the drug is physically en-
trapped in the network of a preformed polymer
during the preparation of the particles or (b) the
polymeric microparticles are loaded by soaking in
a solution containing the drug (Bibby et al., 1999;
Nastruzzi et al., 1993). This report deals with a
less investigated strategy in which the drug is
included into the polymer matrix directly during
the copolymerization process, resulting in the mi-
croparticle formation.

Microparticles were produced by a suspension
copolymerization protocol using MA and MM as
starting monomers and EGDM as crosslinking
agent. As a model drug, Bf, a classical hypogly-
caemic drug, was used. The choice of the
monomers was made on the basis of the following
considerations: (a) MA has an anionic character
which allows the formation of ionic complexes
with basic drugs such as buformin whereas; (b)
MM gives to the polymer matrix an hydrophobic
character, allowing prolonged (sustained) release
profiles. In addition, MA–MM linear copoly-
mers, that are commercialised under the brand
name Eudragit® (Röhm Pharma), are widely used
as excipients for the production of drug formula-
tions and in this respect are well characterised
polymers both from a chemical as well as a toxi-
cological point of view.

Finally, it is important to underline that the
release of the buformin is expected to be con-
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Table 1
Preparation conditions of acrylate microparticlesa

MA/MM ratioSample D.C. (%) Solvent/co-monomers ratio Buformin in co-monomersStirring speed
solutions (%, w/v)(rpm)(S/C), (v/v)(v/v)

BfM no. 1 21/1 1/4 400 30
BfM no. 2 101/1 1/1 400 30

10 1/41/1 400BfM no. 3 30
2/1BfM no. 4 10 1/4 400 30
3/1BfM no. 5 2 1/4 400 30

10 1/13/1 400BfM no. 6 30
3/1BfM no. 7 10 1/2 400 30

10 1/43/1 400BfM no. 8 15
3/1BfM no. 9 10 1/4 400 25
3/1BfM no. 10 10 1/4 400 30

20 1/43/1 400BfM no. 11 30
10 1/4BfM no. 12 4001/3 15

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.

Fig. 2. Scanning electron photographs of microparticles produced by the suspension copolymerization procedure. Panels A and B:
sample BfM no. 1; panels C and D: sample BfM no. 12; panel E: sample BfM no. 8.

trolled both by diffusion and by the electrostatic
interactions occuring between the polymer side
chains and the drug. In Table 1 the experimental
conditions used for the preparation of acrylate
microspheres are summarized. Each type of mi-
croparticle was prepared in three batches, and all
the following experimental data represent the
mean of three independent experiments.

3.1. Microparticle size and morphology

Buformin containing microparticles, produced
by the suspension copolymerization procedure
show, as evidenced by the SEM analysis, a spher-
ical geometry (Fig. 2). These microparticles, pro-
duced using a small amount of crosslinker (2%),
show a porous structure with small pores also
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evident in the dry state (Fig. 2A and B; sample
BfM no. 1). Fig. 3 shows the frequency distribution
plot of buformin containing microparticles (sample
BfM no. 1) showing a relatively narrow dimen-
sional distribution and a mean diameter of 40.5
�m.

In addition, the microscopic analysis confirmed
that microparticles produced with a MA/MM ratio
of 1/3 (D.C.=10%; sample BfM no. 12) are almost
nonporous and with a very smooth surface (Fig.
2C and D). On the contrary, microspheres pro-
duced with a MA/MM ratio of 3/1 (D.C.=10%;
sample BfM no. 8) show a rough surface; this
feature was attributed to the possible absorbtion of
the stabilizer on the highly charged surface of the
microspheres (Fig. 2E).

3.2. Effect of co-monomers ratio on buformin
containing microparticles

Table 2 shows the results of the influence of the
co-monomer ratio (MA/MM) on the characteris-
tics of buformin containing microparticles. As is
evident, increasing the proportion of MA in the
co-polymerization mixture results in a decrease of
microparticle recovery. During the polymerization,
the hydrophilic MA has a tendency to diffuse from
the organic to the aqueous phase. In order to
reduce this phenomenon, NaCl was added to the
aqueous phase (20% w/v) to decrease the miscibil-
ity of MA in water. In spite of this procedure, when

MA is present in large amounts, some still diffuses
from the organic to the aqueous layer, therefore
reducing the efficiency of microparticle formation,
giving a lower microsphere recovery. The increase
of MA resulted, as expected, in an augmentation
of the exchange capacity of the microparticles and
as a consequence of the buformin encapsulation
yield. In fact the drug is more efficiently bound to
the microparticle matrix by ionic interactions with
the acidic monomers. Nevertheless these effects
were proportionally lower than the expected theo-
retical values. In summary, the increase of the
MA/MM ratio produced a decrease in the mi-
croparticle recovery and an increase in the encap-
sulation drug.

Drug entrapment was determined, on the iso-
lated microparticles, both from nitrogen (present
only on the buformin molecule) and sulphur
(present only on the counterion, tosyl anion) deter-
minations. The results obtained (reported in Table
2), indicate that during the co-polymerization pro-
cess, the tosyl anion remains ionically bound to
buformin, in fact the exchange between carboxylic
groups and tosyl does not take place, as proved by
the concordance of the buformin content in the
microparticles, calculated both by sulphur and
nitrogen analysis. This behaviour was tentatively
attributed to the presence, in the buformin
molecule, of four other free amino groups which
could interact with the carboxylic groups of the
microparticles, besides the amino group ionically
bound to the tosyl anion.

The porosity, as well as the swelling degree of the
microspheres, progressively increases with the MA
proportion in the copolymer (Fig. 4A and B). This
behaviour is evident when particles are placed in
phosphate buffer, and even more so in methanol.
Microparticles produced with a MA/MM ratio of
1/3 (10% D.C.) are almost unswellable in aqueous
solutions, with a porous volume reduced at 0.086
ml/g and very small pores, inaccessible even for
D(+ )-sucrose (Mw=342.3 g/mol).

3.3. Effect of cross-linking on buformin
containing microparticles

The increase in the crosslinking agent resulted in
a rise of microparticle recovery and drug en-

Fig. 3. Size distribution analysis of buformin-acrylic copoly-
mers microparticles (sample BfM no. 1).
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Table 2
Influence of the co-monomers ratio on the preparation of buformin containing microparticlesa

Buformin encapsulation (%, w/w)Sample E.C.(meq/g) MA in microspheres Rmax (A� )MicroparticleMA/MM ratio
calculated from:recovery

(%, w/w) H2O pH 7.4Nitrogen(v/v) Sulphur(%, w/w)(mol/mol)

3/1 14.58 6.6 60.4 28 283.82/1 60.4BfM no. 10 13.38
5.8 53 28 2811.2972.5 10.29BfM no. 4 2/1 2.51/1

8.941/1 4.26 40 28 281.25/1 80.2 9.12BfM no. 3
9.86 10.35 2.2 21 few few1/3BfM no. 12 1/2.41 92

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.



G. Fundueanu et al. / International Journal of Pharmaceutics 218 (2001) 13–2520

Fig. 4. Influence of MA/MM ratio (panels A and B), degree of cross-linking (panels C and D) and S/C ratio (panels E and F) on
the swelling degree (q) in pH 1.2 (circles), pH 7.4 (squares), methanol (triangles) (panels A, C and E) and porous volume (Vp) in
water (circles) and pH 7.4 (squares) (panels B, D and F) of acrylate microparticles. Panels A and B: Microparticles prepared with
a MA/MM ratio of 1/3 (BfM no. 12), 1/1 (BfM no. 3), 2/1 (BfM no. 4) and 3/1 (BfM no. 10). Panels C and D: Microparticles
prepared with a D.C. of 2% (BfM no. 5), 10% (BfM no. 10) and 20% (BfM no. 11). Panels E and F: Microparticles prepared with
a S/C ratio of 1/1 (BfM no. 6), 1/2 (BfM no. 7) and 1/4 (BfM no. 10). The data represent the mean of three independent
experiments.

capsulation (see Table 3) even if the differences
between particles with a D.C. of 10 and 20 are
minimal. This phenomenon was tentatively at-
tributed to the co-operation between the ionically
bound and the physically entrapped drug. In fact,
the weakly crosslinked microparticles have a
higher tendency to swell and consequently part of

the entrapped drug is removed during the washing
step following the preparation.

A higher D.C. results in a more rigid matrix
that more efficiently retains the drug. This be-
haviour is evident by analysing the microparticle
porosity and swelling behaviour (Fig. 4C and D),
both these values decrease dramatically when
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D.C. passes from 2 to 10%. We must underline
that the column packing was made with micropar-
ticles kept previously for 48 h in an excess of the
studied solvent until equilibrium was reached.
However, during the packing of the column, mi-
croparticles with a 2% D.C. swell supplementary
in phosphate buffer solution, resulting in a higher
porosity (8.57 ml/g).

3.4. Effect of drug loading on microparticle
characteristics

The solubility of buformin in the organic phase
(co-monomers+butanol) is limited by the hy-
drophilic nature of the drug. In order to possibly
overcome this drawback, the drug was solubilized
at 50°C in a mixture of butanol and MA in which
it is more soluble. The highest drug concentration
that could be solubilized in these conditions was
30% (w/v) with respect to the comonomer mix-
ture. Increasing the buformin content in the or-
ganic phase results in a higher percentage of drug
encapsulation and a slight decrease of microparti-
cle recovery (Table 4).

Adding higher amount of buformin (�30%,
w/v with respect to comonomers) in the mixture
butanol–MA, led to the precipitation of the drug
when MM was added. The buformin content in
the organic phase can be increased using a higher
amount of n-butanol, but in this case the drug
entrapment decreases as described below.

3.5. Effect of the sol�ent/co-monomer ratio on
buformin containing microparticles

The use of a large amount of butanol causes an
increase of particle recovery (Table 5), as a result
in the rise of the efficiency of copolymerization in
the organic phase. On the other hand, as already
mentioned, the drug entrapment decreases; this
behaviour was explained with the formation of
more porous microparticles (Fig. 4E and F). A
highly porous matrix results in an easier escape of
the drug from the microparticles (Table 5). In
addition, the solvent maintains buformin solubi-
lized until the end of polymerization resulting in
an easier diffusion of drug out from the micro-
spheres. The amount of solvent has thus two
opposite effects: (a) it facilitates the copolymeriza-

Table 3
Influence of crosslinking degree on the preparation of buformin containing microparticlesa

E.C. (meq/g) MA inMicroparticle Buformin Rmax (A� )Sample D.C. (%)
recovery microspheresencapsulation

(%, w/w)(%, w/w) pH 7.4H2O(%, w/w)

BfM no. 5 6035637.07.9950.02
14.58 6.6 60.4BfM no. 10 2810 2860.4
15.52 6.6 60.0 28 28BfM no. 11 20 65.7

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.

Table 4
Influence of drug loading on microparticle preparationa

Sample Microparticle recoveryD.C. (%) Buformin encapsulationBuformin in co-monomers
(%, w/w)(%, w/v)

(%, w/w) % from
theoretical

15BfM no. 8 10 68.0 7.95 60.82
63.8712.864.21025BfM no. 9

30 10 60.4 14.58 63.03BfM no. 10

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.
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Table 5
Influence of solvent/co-monomer ratio (S/C) on microparticle preparationa

Sample Microparticle recoverySolvent/co-monomers ratio Buformin encapsulation Rmax (A� )
(%, w/w) (%, w/w) H2O(v/v) pH 7.4

76 8.7 28BfM no. 6 351/1
72.41 9.121/2 28BfM no. 7 28

BfM no. 10 60.41/4 14.58 28 28

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.

tion; and (b) it decreases the drug entrapment
efficiency. The data reported in Tables 2–5 indi-
cate that it is possible, by varying the reaction
conditions, to prepare acrylic crosslinked mi-
croparticles with different characteristics, contain-
ing various amounts of drug.

3.6. Release characteristics

The reaction conditions under which the mi-
croparticles are formed are expected to influence
their in vitro release characteristics. This feature is
evident from Fig. 5A where the influence of D.C.
on the release profile of buformin is shown.

Data from Fig. 5A and Table 6 demonstrate
that highly crosslinked microspheres are charac-
terised by slow release profiles. After 24 h, only
40% of buformin was released from microparticles
having a D.C. of 20%, on the contrary, lower
D.C. led to faster release. For instance in the case
of microparticles with D.C. of 2% the drug release
in 24 h was almost quantitative (97%).

As previously stated, the use of a high MA/
MM ratio results in an increased drug loading due
to electrostatic interactions. Therefore, the drug
release mechanism from microparticles containing
a higher proportion of MA is expected to be
governed both by ionic interaction and diffusion
from the swollen microsphere matrix. In this re-
spect, it should be taken into account that mi-
croparticles with a high MA/MM ratio are far less
hydrophobic. Two contrasting effects are expected
to govern the release mechanism of the drug from
such microparticles. The data reported in Fig. 5B
clearly indicate that the hydrophilicity of the poly-
mer plays a major role in modulating the drug
release, in fact after 24 h, the less hydrophobic

microparticles containing a higher proportion of
MA released 75% of the encapsulated drug, whilst
in the case of microparticles with only a third of
MA, proportionally, the released buformin was
58%. In the case of the microparticles produced
using a MA/MM ratio of 1/3, the released drug is
almost negligible (5%). These microparticles are
unswellable, with no apparent porosity (see Fig.
2A and B) with very small pores unaccesible even
for a small molecule like sucrose.

Microparticles produced with a high volume
ratio between solvent and monomers are charac-
terised by a more porous internal structure
(demonstrated by ISEC analysis) that influences
the release of the drug. After 24 h, microparticles
prepared with a 1/1 ratio released 90% of the
drug, whilst in the same period microparticles
prepared with a 1/4 ratio released only 75% of the
drug (Fig. 5C).

The study of the defined interaction coefficients
gives supplementary information concerning the
release mechanism (the closer to 1 the R-value the
easier the drug diffuses through all pores of the
polymer matrix).

Table 6 presents the interaction coefficients R
and R1 of the two tested molecules (Buformin-
charged, and D(+ )-sucrose- uncharged, Mw
Mw1) measured in water and phosphate buffer for
five selected samples.

Because R is almost equal with R1 this explains
why no electrostatic interaction between drug and
matrix took place in water. On the contrary, in
phosphate buffer R�R1 which explains some
electrostatic interactions between drug and
matrix.

The different values of R in water for the
selected samples explains the different length cov-
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Table 6
The values of the interaction parameters R and R1 calculated
from ISEC determinationsa

R R1Sample

H2OpH 7.4 pH 7.4H2O

1.25 0.73 0.93BfM no. 3 0.74
BfM no. 1 0.980.821.150.80

0.751.18 0.980.74BfM no. 2
1.1 0.92 1.08BfM no. 5 0.88
1.17 1.070.88 0.93BfM no. 12

a Each batch was prepared in triplicate and all the data
represent the mean of three independent experiments.

Fig. 5.

ered by the drug molecule during diffusion
through the matrix pores.

In phosphate buffer, where the carboxylic
groups are in ionic form the release of the drug is
affected by the electrostatic interactions, (R�1
and R1 is almost 1 everywhere).

In the case of the microspheres produced using
a MA/MM ratio of 1/3 the value of R in phos-
phate buffer is higher than 1 (R=1.17), even if
the drug is totally excluded from the pores (the
same value of the elution volume with DT 2000,
in water). This may be explained by the formation
of hydrophobic interactions between the polymer
matrix and the hydrophobic part of the drug, but
this behaviour does not explain why these interac-
tions are higher in phosphate buffer than in water
(R=0.88 in water). Possibly, ionic interactions
between charged carboxylic groups found at the
surface of the microspheres and drug could take

Fig. 5. Influence of the crosslinking degree (D.C.) (panel A),
MA/MM ratio (v/v) (panel B) and solvent/co-monomers ratio
(v/v) (panel C) on the release behaviour of buformin from
acrylic copolymers microparticles, release experiments were
performed using phosphate buffer (pH 7.4). Panel A: sample
BfM no. 5 (circles), sample BfM no. 8 (squares), sample BfM
no. 11 (triangles). Panel B: sample BfM no. 11 (diamonds),
sample BfM no. 3 (circles), sample BfM no. 4 (squares),
sample BfM no. 8 (triangles). Panel C: sample BfM no. 8
(triangles), sample BfM no. 7 (squares), sample BfM no. 6
(circles). The data represent the mean of three independent
experiments.
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Table 7
Effect of the experimental parameters on the release of buformin from acrylic copolymers microparticles at pH 1.2.a

Parameter variationSample Buformin released (%)
MA/MM ratio(v/v) S/C ratio (v/v)D.C. (%)

3/1BfM no. 5 1/42 52.5
3/1 1/410 26.82BfM no. 10

10BfM no. 3 1/1 1/4 10.5
10BfM no. 10 3/1 1/4 26.82

3/1 1/110 44.00BfM no. 6
10BfM no. 10 3/1 1/4 26.82

a Each batch was prepared in triplicate and all the data represent the mean of three independent experiments.
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