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Characterization of V3 BRU peptide-loaded small PLGA
microspheres prepared by a (w, /0)w, emulsion solvent
evaporation method
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Abstract

This paper describes the conditions of preparation of poly(lactide-coglycolide) microspheres with a mean
diameter lower than 10 um obtained by a (w,/0)w, emulsion solvent evaporation method. Different parameters
influencing respectively the size of the inner emulsion and the diameter of the microspheres were determined. V3
BRU, which is a specific immunogenic fraction from GP120 of HIV, was encapsulated in those microspheres. The
entrapment efficiency was shown to be superior to that of microspheres prepared according to the single emulsion
solvent evaporation method. Electron microscopy observations demonstrated the presence within the microspheres
of globules corresponding to the w /o initial inner emulsion in which the peptide was dissolved in the aqueous phase.
Analysis of the release kinetics was carried out in phosphate buffer (PBS), in artificial gastric and intestinal medium.
V3 BRU release in PBS was slow, reaching a plateau at 24 h corresponding to 25% of drug release. In addition, V3
BRU was not released in gastric medium within 4 h whereas under the same time conditions, 60% of the drug was
released in the presence of intestinal medium. These results open up interesting prospects for the use of these
microspheres as an oral adjuvant for HIV vaccination.
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1. Introduction

In the last 5 years, poly(lactide-coglycolide)
(PLGA) microspheres have aroused considerable
interest in their use as carriers for the oral deliv-
ery of peptidic antigens (Eldridge et al., 1991;
O’Hagan et al., 1991). Mucosal immunity is stim-
ulated after antigen uptake by Peyer’s patches
(PPs). This results in the production of secretory
IgA in all mucosal sites (gut lamina propia, respi-
ratory tract, mammary glands, salivary glands,
lachrymal glands and genito-urinary tract) (Mes-
tecky and McGhee, 1987). Many studies have
made evident the uptake of polymeric particulate
carriers by the gut associated lymphatic tissue
(GALT) (Le Fevre et al., 1980; Eldridge et al.,
1990). In addition, after being given via the oral
route, microspheres can also provide protection
of the entrapped antigen against enzymatic hy-
drolysis.

Recent studies have shown that, in order to be
taken up by Peyer’s patches, particles must have
a diameter less than 10 um (Eldridge et al.,
1990). The current process for preparing PLGA
microspheres is the solvent evaporation method.
This procedure involves a o/w emulsion and
therefore leads to satisfactory encapsulation rates
only for hydrophobic compounds. However, many
peptides with immunogenic properties are very
soluble in water, and thus their entrapment in
microspheres prepared via a single emulsion pro-
cess remains problematic. In addition, most of
the studies (O’Hagan et al., 1989, 1991) using
microspheres for the oral delivery of antigens
were carried out with model antigens (e.g., oval-
bumin). This is of little interest, since specific
immunization cannot be achieved by this means.
Obviously, the recently described method using
(w,/0)w, emulsion solvent evaporation was found
to be more efficient for entrapping water soluble
peptides (Cohen et al., 1991).

In this report, we describe the parameters
which may influence the size of PLGA micro-
spheres prepared via a (w, /0)w, emulsion solvent
evaporation method. The entrapment efficiency
of V3 BRU peptide (a specific immunogenic frac-
tion from GP120 of HIV) in microspheres of size
below 10 pm and prepared via either a single

emulsion solvent evaporation method or the
above-mentioned (w, /0)w, procedure was deter-
mined. These microspheres were additionally
characterized with respect to their release kinet-
ics in artificial gastrointestinal medium. Such mi-
crospheres could offer interesting prospects in
inducing mucosal immunity against HIV after
oral immunization.

2. Materials and methods

2.1. Materials

Poly(dl-lactide-co-glycolide) (copolymer com-
position, 75:25; Mol. Wt 128000) was obtained
from Birmingham Polymers, U.S.A. Poly(vinyl al-
cohol) (Mowiol ®) was supplied by Aldrich Chem-
ical, France and methylene choride (HPLC grade)
by Prolabo, France. V3 BRU peptide (TRPNNN-
TRKSIRIQRGPGRAFVTIGKIGNMRQAH)
(33 amino acids and molecular weight of 3846.44)
was synthesized using an automated peptide syn-
thesizer (Applied Biosystems, CA, U.S.A.) ac-
cording to the Boc-benzyl technique. Side chain
protections were as follows: serine (benzyl); thre-
onine (benzyl); histidine (N ™dinitrophenyl); argi-
nine (tosyl); lysine (N<-2-chloro-benzyloxycarbon-
yl) and methionine (sulfoxide). Amino acids were
double coupled using dicyclohexylcarbodiimide
and hydroxybenzotriazole followed by capping
with acetic anhydride. After treatment with hy-
drogen fluoride, the crude peptide was purified
on a C,g reversed-phase column eluted with an
acetronitrile-water-0.05% TFA gradient. The
amino acid composition of the purified peptide,
determined by using an automated Beckman 6300
amino acid analyzer (Beckman, CA, U.S.A.) after
total acid hydrolysis at 110°C for 24 h in 6 M HC,
was in good agreement with the expected values.

2.2. Micropshere preparation

Microspheres prepared by the o/w solvent
evaporation method were obtained by first dis-
solving 1.0 g of PLGA in 10 ml of methylene
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chloride (MC). The resulting solution was dis-
persed in 100 ml of an aqueous phase containing
1% of poly(vinyl alcohol) (PVA) and 0.025% of
methylcellulose. The emulsion was homogenized
for 5 min using an Ultraturax® at a speed of 8000
rpm. Evaporation was carried out by mechanical
stirring (700 rpm) for 3 h at room temperature. In
encapsulation studies, V3 BRU peptide (1.0 mg)
was dispersed in methylene chloride before emul-
sification in the aqueous phase.

The (w,/0)w, solvent evaporation technique
was performed by first dissolving 0.8 g of the
polymer in 8 ml of methylene chloride. Then, 0.5
ml of distilled water was dispersed in the organic
phase with an Ultraturax® at a speed of 24000
rpm for 2 min at room temperature to form the
inner emulsion (w, /0) (the inner emulsion refers
to the first emulsion). This emulsion was poured,
under mechanical stirring (700 rpm), into 80 ml of
the external aqueous phase containing 2% of
PVA. Stirring was maintained for 3 h in order to
achieve complete solvent evaporation. For encap-
sulation studies, V3 BRU peptide (1-10 mg) was
dissolved in the inner water phase.

The influence of the composition of the inner
aqueous, organic and outer aqueous phases on
the size and the aspect of the microspheres was
studied. For each experiment, the viscosity of the
medium was determined using a Control Stress
Rheometer Carri-Med CSL 100 (RHEO, S.A.
France).

After preparation (single solvent evaporation
process or (w,/o)w, method), the microspheres
were collected by centrifugation (3000 rpm for 5
min), then washed three times with distilled wa-
ter and freeze-dried for 24 h in the presence of
0.1% of PVA.

2.3. Microsphere characterization

The diameter of microspheres was measured
by light microscopy (Olympus BH-2, France) and
using a Coulter counter (Coultronics, France)
both during preparation and after its completion.

Drug content in microspheres was determined
as follow: 100 mg of V3 BRU loaded micro-
spheres were dissolved in 1 ml of methylene
chloride and V3 BRU peptide was extracted with

1 ml of an aqueous solution of acetic acid 5%.
Peptide was assayed in the aqueous phase by
HPLC (column C,4 Novapack 3.5 X 150 mm, Wa-
ters, France). The elution phase consisted in a
gradient of A (trifluoroacetic acid/distilled wa-
ter, 0.05:99.95) and B (acetonitrile /distilled wa-
ter /trifluoroacetic acid, 74.95:25:0.05). Detec-
tion was achieved using a UV spectrometer at
215 nm. HPLC assay allowed us to measure V3
BRU encapsulated into microspheres as well as
to verify its integrity.

The partition coefficient was determined in a
methylene chloride /water system and expressed
as log K, where K, equals Cyc/Cyw (Cpe,
concentration of peptide in methylene chloride;
C\y, concentration of peptide in water).

For freeze-fracture electron microscopy, a
small drop of a pelleted aqueous suspension of
microspheres was deposited on a thin copper
planchette and rapidly frozen in liquid propane.
Fracturing, etching and replication were con-
ducted with a Balzers BAF 301 freeze-etching
unit with platinium-carbon shadowing. The repli-
cas, after digestion of organic material with meth-
ylene chloride and washing with alcohol, were
observed using a Philips 301 electron microscope.

2.4. Peptide release kinetics

In vitro V3 BRU release kinetics from micro-
spheres prepared by the multiple emulsion
method were determined in: (i) phosphate buffer;
(ii) artificial gastric medium; and (iii) artificial
intestinal medium.

2.4.1. Phosphate buffer

PLGA microspheres (100 mg) were suspended
in 4 ml of phosphate-buffered saline (pH 7.4) into
a glass tube and incubated at 37°C. The disper-
sion was magnetically stirred. At different time
intervals (0.02, 0.25, 0.50, 1, 2, 4, 6, 8, 24, 48 h),
an aliquot of 200 u1 was taken from the acceptor
medium and replaced by 200 ul of fresh buffer to
maintain sink conditions. The samples were cen-
trifuged for 10 min at 4500 rpm and the V3 BRU
concentration in the acceptor medium was deter-
mined by HPLC.
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2.4.2. Artificial gastric medium

Samples of 25 mg of microspheres were incu-
bated, under magnetic stirring, with 1 ml of artifi-
cial gastric medium (HCI, pepsin and sodium
chloride, pH 1.2) (USP XXII/NF XVIID) at 37°C.
At different time intervals (5, 30, 60, 90, 120, 150,
180, 210, 240 min) 50 ul of perchloric acid (2 N)
was added to the microspheres in order to stop
the enzymatic reaction. The mixture was cen-
trifuged (10 min at 4500 rpm), and the acceptor
medium was separated from microspheres con-
taining the unreleased peptide. Due to the possi-
ble degradation of the peptide by the enzymes,
only the microsphere content was determined as
described above. The percentage of peptide re-
maining in the microspheres at time ¢ was calcu-
lated on the basis of the initial amount of V3
BRU encapsulated into the microspheres before
incubation.

2.4.3. Artificial intestinal medium

Samples of 25 mg of microspheres were incu-
bated with 1 ml of artificial intestinal medium
(pancretin, monobasic potassium phosphate,
NaOH 0.2 N, pH 7.5) (USP, XXII/NF XVIIID).
The release kinetics were determined in the same
way as for the artificial gastric medium.

2.5. Peptide degradation studies

Degradation studies were performed by plac-
ing 1 mg of V3 BRU in (a) 3 ml of artificial
gastric medium and (b) 3 ml of artificial intestinal
medium. The tubes were incubated at 37°C. Peri-
odically (5, 15 30, 45, 60, 90, 120, 150, 180, 240
min), aliquots were taken and the enzymatic reac-
tion was stopped by adding perchloric acid (2 N).
The aliquots were centrifuged for 10 min at 4500
rpm and the peptide was assayed by HPLC.

3. Results and discussion
3.1. Size measurements
Using a water phase containing PVA (1%) and

methylcellulose (0.025%), the single evaporation
method led to the formation of microspheres with

a diameter below 10 um as shown by Coulter
counter measurements (Fig. 1). To prepare mi-
crospheres with a mean diameter of less than 10
wm by the (w,/0)w, method, the influence of
different parameters on the size and appearance
of the inner emulsion was studied. For all these
experiments the stirring rate was kept constant.
The results are summarized in Table 1. The data
show that with an aqueous phase containing no
PVA and with an organic phase consisting in 0.8
g of polymer dissolved in 8 ml of methylene
chloride, individual globules were obtained with a
diameter less than 10 um. This emulsion was
only stable in the presence of PLGA. This is
probably because the PLGA polymer plays the
role of a surfactant, thus stabilizing the initial
emulsion. Increasing PVA concentration in the
inner phase up to 2% resulted in increased vis-
cosity of the inner water phase (7.64 mPa s) so
that it was not possible to prepare an emulsion
under these conditions. Similarly, increasing
amounts of PLGA up to 1.6 g in the organic
phase led to the same results. Using PVA at a
concentration of 2 or 5% in the outer water
phase resulted in microspheres with a mean di-
ameter lower than 10 wm (Table 2). However, at
a concentration of 5%, the elimination of PVA
became much more difficult during the washing
step. On the basis of these results, the conditions
chosen for the entrapment studies were: 0.8 g of
polymer dissolved in 8 ml of methylene chloride

Microspheres (%)

07 09 12 1.5 1.9 23 29 37 48 6 75 94 12
Size (um)
Fig. 1. Size distribution of microspheres prepared by the o/w
solvent evaporation method, as determined with a Coulter
counter.
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Table 1

Influence of the volume of methylene chloride, and the amount of polymer and polyvinylic alcohol in the water phase on the
diameter and aspect of the inner emulsion

w, Viscosity of CH,(l, PLGA Viscosity of Globule

PVA (%) w; (mPa s) (ml) (® o (mPas) diameter ?
(pm)

0 8 0.8 28.54 (1-10)

4.20 8 0.8 100% < 10

1 7.64 8 0.8 28.54 (1-10)
90% < 10

2 28.54 N.F.

0 8 1.6 284.50 N.F.

1 4.20 8 1.6 284.50 N.F.

2 7.64 8 1.6 284.50 N.F.

0 4 0.4 28.54 50% > 50

1 4.20 4 0.4 28.54 50% > 50

2 7.64 4 0.4 28.54 non-homogeneous

0 4 0.8 284.50 N.F.

1 4.20 4 0.8 284.50 N.F.

2 7.64 4 0.8 284.50 N.F.

N.F., not formed.
# Measured by light microscopy.

and emulsified with 0.5 ml of distilled water. This
emulsion was dispersed in 80 ml of distilled water
containing 2% of PVA. Under such conditions,
85% of the particles obtained were below 10 um
(Fig. 2). Classical solvent evaporation is an usual
method for obtaining microspheres of the desired
size (Jeffery et al., 1991), and does not allow high
encapsulation efficiency with ‘hydrophilic com-
pounds such as peptides (Bodmeier and McGin-
ity, 1987). Therefore, we have modified the
(w,/0)w, technique so that the original method
producing microspheres with a diameter greater
than 50 um (Cohen et al, 1991; Iwata and
McGinity, 1992) could lead to the preparation of

Table 2
Influence of polyvinylic alcohol concentration in the outer
water phase on microsphere diameter

w, PVA Viscosity Diameter

(%) (mPa s) (um)

1 4.20 1-50
70% < 30

2 7.64 1-20
90% < 10

5 84.71 1-10
90% < 5

smaller microspheres. Previously, Morris and
Warburton (1982) also succeeded in preparing
microcapsules with a mean diameter of 10 um by
the (w,/0)w, solvent evaporation method. How-
ever, these particles were made of ethyl acetate
and acacia which polymers are clearly not suit-
able for oral administration of vaccines. Indeed,
such particles are not biodegradable and are too
hydrophilic. This latter property is not consistent
with one of the required conditions for the up-

Microspheres (%)

13517 22 28 35 44 55 7 11 14 17 215 28

Size (um)
Fig. 2. Size distribution of microspheres prepared by the
(w, /o)w, solvent evaporation method.
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take of Peyer patches, namely, that of the parti-
cles being hydrophobic (Eldridge et al., 1990).

3.2. Encapsulation efficiency of V3 BRU peptide

V3 BRU peptide is a 33 amino acid synthetic
peptide immunogenic against HIV (Javaherian et
al., 1989). The partition coefficient in the methy-
lene chloride /water system gave a value of log
K, of —1. It was found that this highly water
soluble V3 BRU was completely entrapped
(100%) within microspheres obtained by the
(w,/0)w, solvent evaporation method whereas
only 37% was encapsulated using the single sol-
vent evaporation method. This was likely due to
the leakage of the peptide from the organic phase
(where it was dispersed) to the aqueous phase
where, with regard to the partition coefficient, it
was much more soluble. In contrast, the (w, /0w,
solvent evaporation technique allowed the pep-
tide to be entrapped in the inner aqueous phase
surrounded by methylene chloride. Since the pep-
tide had very low solubility in methylene chloride,
its diffusion across this phase to reach the outer
aqueous phase should be strongly reduced. In
addition, the presence of the peptide appeared to
affect neither the size nor the shape of the micro-
spheres (data not shown). Increasing the amount
of V3 BRU peptide in the initial emulsion to a
value of up to 10 mg only slightly reduced the
entrapment efficiency (Fig. 3). Finally, an encap-
sulation rate of 0.92 mg/100 mg of polymer was
obtained when 10 mg of peptide was dissolved in
the inner aqueous phase of the emulsion.

3.3. Electron microscopy

For electron microscopy observations, it was
necessary to decrease the temperature of fracture
as much as possible (—150°C) in order to obtain
a cross fracture through the microspheres. After
fracturing, the temperature was increased to
—100°C and the samples were etched for 5 min
before shadowing. Many microspheres were ob-
served with a size ranging from 4 to 17 um. Each
microsphere contained several cavities that were
clearly evident after etching. When the micro-
spheres were prepared in the presence of the

peptide, most of the cavities exhibited particles
which were supposed to correspond to agglomer-
ates of peptide molecules (Fig. 4). Within each
microsphere, the cavities are separated by the
polymer core exhibiting characteristic oriented
striations due to plastic deformation occurring in
the direction of the fracture.

3.4. Release kinetics

Fig. 5 shows the release profile of V3 BRU
from PLGA microspheres in phosphate buffer.
Only 25% was released in 48 h. The microspheres
exhibited a faster release phase, which was fol-
lowed by a slower phase. The faster release phase
was probably due to a burst effect, resulting from
the release of the fraction of peptide adsorbed
onto the surface of the microspheres. The pep-
tide fraction that was entrapped within the inter-
nal globules was released very slowly.

The release of V3 BRU peptide from micro-
spheres and its degradation in gastric and intesti-
nal medium are depicted in Fig. 6 and 7, respec-
tively. In gastric medium, the peptide was not
released from microspheres, whereas 60% of V3
BRU was released after 4 h in the intestinal
medium. This indicates that V3 BRU was totally
protected in simulated gastric medium. On the
other hand, the degradation of peptide was more
extensive in the intestinal medium (100% after 4
h) than in gastric medium (80% after 4 h) (Fig. 7).
Microencapsulation is currently used to protect
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Fig. 3. Entrapment efficiency () and percentage of V3 BRU
peptide entrapped (O) in microspheres by a (w; /0)w, solvent
evaporation method.
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an active drug against degradation or to favor its from gastrointestinal enzymatic hydrolysis (Eld-
delivery to a specific tissue of the body. Oral ridge et al.,, 1990). PLGA is a biodegradable
administration of peptide vaccines with the aid of polymer frequently used for this purpose. Al-
microspheres required a particle size below 10 though classical solvent evaporation is a usual
pum together with the protection of the peptide method to obtain microspheres of the desired

A : hd _}u‘

Fig. 4. Freeze-fracture electron microscopy of one microsphere. Many cavities, a few of which are smooth but most of which exhibit
particles, are separated by the polymer core (arrow). See text. Bar =2 um.



144 M.J. Blanco Prieto et al. / International Journal of Pharmaceutics 111 (1994) 137-145

30 -
25 | —
20
15
104 /
31/

O T T T T 1
0 10 20 30 40 50

Time (hours)
Fig. 5. Release kinetics of V3 BRU from PLGA microspheres
in PBS at 37°C.
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size (Jeffery et al., 1991), this technique does not
permit a high encapsulation efficiency to be at-
tained with hydrophilic compounds such as pep-
tides (Bodmeier and McGinity, 1987). Therefore,
we have modified the (w,/0)w, technique in

which the internal phase was an aqueous solution
of the V3 BRU peptide. Several parameters were
studied in order to obtain small PLGA micro-
spheres with a high encapsulation ratio.
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