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Purpose. Although probiotics are of a major potential therapeutic interest, their efficacy is usually limited
by poor bioavailability of viable microorganisms on site. The aim of this study was to protect the
probiotic Saccharomyces boulardii from degradation in order to ensure a greater number of viable yeast
in the colon.

Methods. Alginate microspheres coated with or not with chitosan were used to encapsulate the yeast by
an extrusion method. The efficiency of encapsulation was assessed both in vitro and in vivo.

Results. In vitro, less than 1% of the non-encapsulated probiotic survived after 120 min at pH 1.1,
whereas the majority of encapsulated yeast cells remained entrapped within both types of microspheres.
Further exposure to a pH 6.8 allowed the release of about 35% of viable yeasts. In vivo, the percentage
of viable yeast excreted over 96 h after a single oral dose of 2x10® cfu/100 g in rats was 2.5% for non-
encapsulated yeast and reached 13.3 and 9.0% of the dose administered for the uncoated and chitosan-
coated microspheres, respectively.

Conclusions. Given the dose-dependent efficacy of S. boulardii and the efficiency of microencapsulation
in protecting the yeast from degradation, alginate microspheres could be of great interest in therapeutic

applications of the yeast.
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INTRODUCTION

The concept that live microorganisms which, when
administered in adequate amounts, confer a health benefit
on the host is defined by the term “probiotic”. Increasing
scientific interest in probiotic strategy in modulating intestinal
inflammation (1) has been encouraged by the positive results
obtained from the application of probiotics for the prevention
and treatment of conditions such as pouchitis of ulcerative
colitis (2,3). Among the most widely available probiotics, S.
boulardii is a yeast, clinically effective for the prevention and
treatment of infectious enteritis and Clostridium difficile-
associated enterocolopathies (4-9). Beside its use as an anti-
diarrhoeal agent, pilot studies suggest that S. boulardii may
also exhibit beneficial effects on other intestinal pathologies
like Crohn’s disease (10) and ulcerative colitis (11). A
commercialized form of the yeast is available as a freeze-
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dried powder obtained from the aqueous suspension of the
yeast. For these microorganisms to exert their beneficial
effects, they have to survive gastrointestinal transit and reach
their site of action alive. Hence, the efficacy of S. boulardii
correlates with stool concentrations of viable yeast in patients
with recurrent Clostridium difficile disease (12). A major
barrier to the survival of ingested live cells is the acidic
environment of the stomach. S. boulardii is commonly
presented as a yeast genetically resistant to gastric acidity
(13). However, exposure to a low pH of 2 for one hour is
lethal to 25% of the probiotic (14). In addition, Bléhaut et al.
(15) have shown that the viability of freeze-dried S. boulardii
is challenged after oral administration in man and in rat and
that less than 1% of the live yeasts administered orally are
recovered in the faeces. In a recent study (S. Graff, et al,
unpublished data), we observed that the resistance of the yeast
to the challenging gastrointestinal conditions is dependent on
the dose. Hence, the percentage of survival in the rat faeces
can be increased up to 18% with doses of 4x10° cfu/100 g bw
about ten times higher than those formerly tested (15).
However, the adaptation of such high dosages for humans
remains speculative. Another alternative is to utilise
microencapsulation which is the method of choice for
improving the viability of probiotics in food as well as in
simulated gastrointestinal conditions (16-22). In addition,
multi-unit delivery systems like microspheres distribute more
uniformly in the gastrointestinal tract than monolithic forms
and represent an efficient approach to target the colon (23,24).
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Our hypothesis was that the encapsulation of S. boulardii in
microspheres could protect the yeast from destruction in the
gastrointestinal tract and therefore increase intestinal delivery
of the viable probiotic. In order to test this hypothesis,
uncoated microspheres and chitosan-coated microspheres were
prepared and characterised, and their capacity to protect the
viability of the probiotic was evaluated during gastrointestinal
transit, simulated in vitro and explored in vivo in healthy rats.

MATERIALS AND METHODS
Materials

The aqueous suspension of S. boulardii (75% water, 25%
fresh extract) and a freeze-dried powder (FD) obtained from
the former were supplied by Biocodex (Gentilly, France).
Sodium alginate (Satialgin® S 60) was supplied by SKW
Biosystems (Boulogne Billancourt, France). Acrylic acid
copolymer Eudragit® S 100 was obtained from Degussa
(Darmstadt, Germany). Chitosan (practical grade) from crab
shells was supplied by Sigma Aldrich (L’Isle d’Abeau
Chesnes, France). Of note, the materials which compose the
microspheres are regarded as safe in humans and alginic acid
and chitosan hydrochloride are registered in the European
Pharmacopoeia while methacrylic acid copolymers are regis-
tered in the US Pharmacopoeia.

Preparation of Microspheres

Four grams of acrylic acid copolymer and 1.8 g of sodium
alginate were dissolved in 70 ml of phosphate buffer solution at
pH 8.0. The aqueous suspension of S. boulardii (viability=6.44 +
0.35x10" cfu g ! of yeast) was added in the amount of 40 g,
The suspension mixture was extruded using the Inotech
Encapsulator® IE-50 (Inotech AG, Dottikon, Switzerland) as
described by Serp et al. (25). Laminar jet break-up was
induced by applying a sinusoidal frequency of 765 Hz with a
defined amplitude of 3 to the 300 um nozzle. A suspension
flow rate of 11 ml min ! and an electrical potential of 1 kV
were maintained throughout the extrusion process. The
microspheres were allowed to harden for at least 30 min in
0.1 M CaCl, solution at pH 4 under continuous magnetic
stirring. Of note, scale-up of the vibration technology can be
achieved by multiplication of the single nozzle configuration.
Scale-up from laboratory to industrial scale could be
considered using an industrial-scale multinozzle encapsulation
plant.

Half of the batch of microspheres was rinsed twice with
0.1 M CaCl, solution and coated by immersion in chitosan
solution (0.4% (w/v) in 1% (v/v) glacial acetic acid) for
30 min under magnetic stirring.

The uncoated microspheres (UM) and chitosan-coated
microspheres (CCM) were collected, rinsed twice with sterile
water and dried in an oven for 4 days at 25°C. Preparation
yield (Y) was calculated as follows:

W,
=—x
0

Y 100

Where W, is the final dry weight of the microspheres
obtained after drying (UM) or coating and drying (CCM) and
W,y is the initial weight of dried material contained in the
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volume of suspension processed. Results were expressed as
percentages.

Characterisation of Microspheres

The microspheres were characterised after drying.

The equivalent diameter (ED, pm) and the shape factor
(SF) were assessed using optical microscopy (Labophot-2A,
Nikon, Tokyo, Japan) and Visiolab 1000 version V2-50
software (Biocom, Les Ulis, France) according to the
following equations:

ED LA
Vs

4rA
SE="pr

Where A is the area and P is the perimeter of the
microspheres. Data were collected from 50 microspheres in
each sample.

The viable yeast content in the microspheres was deter-
mined by a disintegration method in pH 6.8 phosphate buffer
solution. Samples of the resultant suspension were removed and
assayed after serial 10-fold dilutions by a plate culture method on
Sabouraud and chloramphenicol agar at +30°C for 72 h. Then,
colonies on plates were enumerated and expressed as cfu g ! of
yeast (detection limit was 10° cfu g '). Entrapment efficiency
was calculated after drying by dividing the number of viable
yeast recovered by dissolution of the microspheres in pH 6.8
buffer solution by the number of viable yeast in the aqueous
suspension of S. boulardii used for the preparation. Results were
based on triplicate determinations and expressed as a
percentage. The number of viable yeast per gram of
microspheres was calculated by dividing the number of viable
yeast recovered by dissolution of the microspheres in pH 6.8
buffer solution by the mass of microspheres tested. Results were
based on triplicate determinations and expressed as cfu g ' of
microspheres.

In Vitro Study

A dissolution test apparatus (Prolabo, Fontenay sous
Bois, France) (paddle method according to USP 1), was used
for evaluating the viability of non-encapsulated yeast as well
as entrapped yeast in 500 ml of pH 1.1 and pH 6.8 media at
+37+0.5°C and 100 rpm.

The freeze-dried yeast was tested in 0.1 N HCI (pH 1.1)
(2 g I'? corresponding to 4.84+0.37x10' cfu 1I"!) mimicking
the pH conditions in the stomach. Samples of the medium
were collected at 0, 5, 15, 30, 60 and 120 min in order to
determine the yeast viability using the plate culture method
described above. Experiments were carried out in triplicate.
Results were expressed in log cfu g ! of yeast.

In order to evaluate the survival of the entrapped yeast,
uncoated microspheres (3.57 g 1" corresponding to 2 g 1! of
yeast or 6.84+0.40x10' cfu 1™') and chitosan-coated
microspheres (3.66 g 1”! corresponding to 2 g 1™ of yeast or
6.88+0.26x10" cfu 1"') were placed in 0.1 N HCI for 2 h.
After incubation, microspheres were removed, filtered and
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rinsed twice with sterile water. The washed microspheres
were then placed in pH 6.8 phosphate buffer for 2 h. Samples
were collected at 5, 15, 30, 60 and 120 min in each medium.
The viable yeasts were enumerated using the plate culture
method described above. Experiments were carried out in
triplicate. Results were expressed in log cfu g ' of yeast.

In Vivo Study

Animal care and experimentation complied with both
French (D2001-486) and European Community regulations
(Official Journal of the European Community L 358 12/18/
1986) and the last author of the manuscript is authorized by
the French government to perform experimental research on
rodents (authorization N°75-456, 10/10/2001). The protocol of
the study was agreed by Regional Ethical Committee (N°P2.
CC.016.06, 07/03/2006).

Twenty four male Wistar rats (201-225 g) purchased
from Charles River (L’Arbresle, France) were housed indi-
vidually in a controlled temperature environment (21+1°C) with
a 12-h light-dark cycle and were allowed water and a standard
powdered yeast-free chow diet (UAR A04, Safe, Augy, France)
ad libitum for a 6-day acclimatization period. After this period,
they were housed in metabolic cages and body weight and food
intake were recorded daily over 8 days (D-1 to D6). At DO, the
animals were randomized into three groups and received a
single dose of 2x10® cfu/100 g bw of S. boulardii provided as
either the freeze-dried yeast (7 mg/100 g bw), uncoated
microspheres (9.8 mg/100 g bw) or chitosan-coated
microspheres (10.2 mg/100 g bw), mixed with 20% (6 g) of
their standard chow diet intake (determined from D-1 intake).
This temporary food restriction allowed the yeast + food
mixture to be totally ingested by the rats and the remaining
80% of food (24 g) was given 6 h post-administration.

Fresh faecal samples were collected aseptically by
pressing on the extremity of the colon of the rats at DO
(before treatment and 6 hours post-administration), D1, D2,
D3, D4 and D6. Samples were crushed in 0.9% NaCl solution
and viable yeasts were enumerated using the plate culture
method as described above. Total faeces were collected and
weighed at the same times and the cumulated amounts of
viable yeast cells excreted over four days was calculated.
Results were expressed as cfu per rat.

Statistical Analysis

Results were presented as mean + SEM. Statistical
analysis was performed using the F test followed by the t
test, except for comparison of the in vivo excretion of viable
yeast for which a one-way ANOVA followed by the
Bonferroni-Dun test was used. Differences between means
were considered significant at p<0.05.
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RESULTS
Characteristics of Microspheres

UM were monodisperse with an equivalent diameter
close to the nozzle size, and a spherical shape. Coating with
chitosan significantly increased the equivalent diameter,
altered the shape factor, and led to a decrease in preparation
yield (Table 1).

The initial number of viable S. boulardii in aqueous
suspension used to prepare the microspheres was 6.44+0.35x
10" cfu g ! of yeast. After encapsulation, the number of viable
yeasts recovered in pH 6.8 phosphate buffer was 3.42+0.27x
10'° cfu g ! of yeast in the UM and 3.44+0.13x10"" cfu g ! of
yeast in the CCM and entrapment efficiency was similar for
both formulations. The number of viable yeasts per gram of
microsphere was 2.16+0.17x10' cfu in the UM and 2.13+
0.08x10'" cfu in the CCM.

In Vitro Evaluation

The viability of freeze-dried (FD) yeast in 0.1 N HCl
(Fig. 1A) decreased significantly from 2.42+0.18x10'° to 5.98+
1.18x10° cfu g ! of yeast in the first 5 min (p<0.05 vs time 0)
and was less than 1% of yeast after 120 min (3.01+0.41x
107 cfu g, p<0.05 vs time 0).

The initial release of viable yeasts from microspheres in
0.1 N HCI was fast and reached a maximum value of 5.23+
4.16x10% cfu g ! of yeast (1.76+1.40x10% cfu g ! of
microsphere) at 5 min for the UM (Fig. 1B) and 1.19+0.38x
10% cfu g ! of yeast (2.30+0.70x107 cfu g ! of microsphere)
for the CCM (Fig. 1C) at 15 min. This initial release was
followed by a decrease in probiotic viability to the lowest
values of 6.50+1.74x10” cfu g ' of yeast at 15 min for the UM
and to 1.50+1.12x107 cfu g ' of yeast at 60 min for the CCM.
The release of viable yeasts was partial (<1%) in this medium
and achieved a relative plateau up to 120 min for both types
of microspheres. In pH 6.8 phosphate buffer solution, the UM
and the CCM were totally disintegrated after 5 min leading to
a significant total release of 1.21+0.41x10" cfu g ! of viable
yeast (4.07+1.37x10° cfu g ' of microsphere) and 7.02+1.34x
10° cfu g' of viable yeast (2.32+0.44x10° cfu g ' of
microsphere), respectively. No significant difference could
be shown between both forms which released about 35% of
viable yeast after 2 h at pH 6.8 (Fig. 1D).

In Vivo Evaluation

During the assay, rat body weight as well as food intake
were similar between the three groups (data not shown).

In all animals, faecal samples collected prior to S.
boulardii administration (time 0) did not contain any yeast.

Table 1. Characteristics of Uncoated (UM) and Chitosan-coated Microspheres (CCM)

Equivalent Diameter

Entrapment Efficiency Preparation Yield

Formulation (um) (n=50) Shape Factor (n=50) (%) (n=3) (%) (n=1)
UM 330+6 0.85+0.01 53+4 87
CCM 356+10% 0.77+0.01 * 53+2 78

Results are presented as mean+SEM; #*p<0.05 vs UM.



Increased Viability of Encapsulated S. boulardii

A 01NHCI

[
N

o
w
o
D
o
(o]
o

Survival (log cfu.g? of yeast)
=
O N B OO O O

B 0.1NHCI pH 6.8 PB

UM

120 150 180 210 240

oh
w
o
()]
o
[{e)
o

Survival (log cfu.g™? of yeast)

Viable yeast (log cfu)

=) C

§ 12

> 10

o

< 8

2

S 6

o

2 4 CCM
- 2

s

S Ow T T T T T T T 1
:7:; 0 30 60 90 120 150 180 210 240

—S-CCM

6
4 —— UM
2
0

Survival (log cfu.g? of yeast)

30 60 90 120 150 210 240
Time (minutes)

Fig. 1. In vitro survival of freeze-dried yeast (A, FD) in 0.1 N HCI
(pH 1.1) for 2 h and survival of yeast released from uncoated (B,
UM) and chitosan-coated microspheres (C, CCM) in 0.1 N HCI for
2 h followed by pH 6.8 phosphate buffer (PB) for 2 h (n=3 for each
assay). D Comparison between mean amounts of viable yeast in 0.1 N
HCI followed by pH 6.8 phosphate buffer in vitro. *p<0.05 freeze-
dried yeast vs initial viability at 0 min, **p<0.05 UM and CCM vs
number of viable yeast released at 120 min in 0.1 N HCL.

180

In all groups, five days after the single oral dose of the probiotic,
no viable yeast could be detected in the faeces. The excretion
profile of viable S. boulardii was dependent on the type of yeast
administered. Concerning the freeze-dried yeast, no viable cells
could be detected 6 h post-administration. The excretion of
viable yeast cells was maximal at 24 h and decreased up to 96 h
(Fig. 2A). The excretion of viable yeast after microsphere
ingestion was faster than that of the freeze-dried yeast. Viable
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S. boulardii could be detected as soon as 6 h post-administra-
tion in three out of the eight rats having received UM (Fig. 2B)
and in four out of the eight rats having received CCM (Fig. 2C).
In both cases, the excretion was maximum at 24 h and
decreased up to 72 h.

In each group, more than 99% of the total viable yeasts
excreted were recovered in the faeces 24 h after the single
oral dose of 2x10® cfu/100 g bw and the number of viable
yeast recovered from the UM was significantly higher than
that of the freeze-dried yeast (p<0.05) (Fig. 2D). The
cumulated amount of viable yeast excreted after 96 h, was
1.26+0.72x107, 6.42+2.74x10" and 4.99+3.60x10" cfu (p<
0.05 UM vs freeze-dried yeast) corresponding to 2.5, 13.3 and
9.0% of the dose administered for the freeze-dried yeast, the
UM and the CCM, respectively.
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Fig. 2. Excretion profile of viable S. boulardii (log cfu) by Wistar rats
after a single oral dose of 2x10° cfu/100 g body weight of either the
freeze-dried yeast (A, FD) or uncoated (B, UM) and chitosan-coated
microspheres (C, CCM) (individual values of eight rats in each group).
D Comparison between mean amounts of viable yeast recovered in
faeces 6 h, 1,2, 3 and 4 days post-dose. Detection limit was 2 log cfu. *p
<0.05 uncoated microspheres (UM) vs freeze-dried yeast (FD).
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DISCUSSION

In the present study, which to the best of our knowledge,
is the first one exploring the behaviour of an encapsulated
probiotic in vivo, encapsulation of S. boulardii in alginate
microspheres significantly protected the viability of the yeast
cells when they were exposed to an acidic medium in vitro,
and significantly increased intestinal delivery of the viable
probiotic in healthy rats.

Little data has been published with regards to the
microencapsulation of yeasts (26-29) but numerous microen-
capsulation strategies have been evaluated for their ability to
protect probiotics from environmental stresses (26,27,30-32)
most of them using alginate which presents the benefits of
being non-toxic, biodegradable and biocompatible (33). In
our study, the mild formulation conditions used to produce
alginate microspheres in all-aqueous media by cross-linking
sodium alginate with Ca®" divalent cations allowed the
encapsulation of the yeast with minimum effect on their
viability and a good entrapment efficiency rate. However,
when alginate was used alone to formulate microspheres
loaded with S. boulardii, aggregation and sticking between
microspheres were important at the time of drying. Further
crushing of dried aggregates had a negative impact on the
sphericity of the microspheres. The enteric acrylic copolymer
Eudragit® S100 was subsequently combined with alginate.
Based on its pH-dependent solubility, it was dissolved at
pH 8; sodium alginate was dissolved and the yeasts were
suspended thereafter. Eudragit® S100 became part of the
alginate microsphere core through precipitation at pH 4 in
the CaCl, hardening solution. The use of 4% (w/v) of
Eudragit® S100 minimized aggregation and sticking
between microspheres and was therefore adopted although
no further resistance to acid conditions could be observed
(data not shown). This latter point could be easily explained
by the fact that pH-dependent polymers like Eudragit® have
to form continuous insulating coatings in order to achieve
gastroresistance.

Film coating of alginate microspheres with Eudragit®
was not tested for technical reasons. Obtention of coating
solutions of such polymers requires pHs between 5.5 to 7.5
(depending on the grade considered) which would be
unusable in the coating of alginate microspheres which
desintegrate at such pH values. Immersion in either organic
solutions or aqueous suspensions at a lower pH could neither
be envisaged due to issues of toxicity with regard to the yeast
for the former and inefficiency in methodology for the latter.
Spray methods were also excluded because of high temper-
ature requirements which would be incompatible with
thermolabile yeasts such as S. boulardii.

Further coating with chitosan was tested in an attempt to
improve resistance of the microspheres (34,35) since this
polycationic polymer can increase the stability of alginate
microspheres and is able to minimise the loss of encapsulated
material through ionic cross-linking with sodium alginate
(30,36). However, coating with chitosan increased the size of
microspheres, worsened aggregation and sticking between
microspheres and led to a decrease in preparation yield.
Although it delayed the initial burst release of the yeast in
acidic medium in vitro, it was inefficient in significantly
improving yeast protection in vivo. In accordance with

Graff, Hussain, Chaumeil and Charrueau

previous studies (35,37) the enlargement of microspheres
suggested the formation of a chitosan layer due to ionic
bonding between chitosan and alginate. The formation of this
coating could explain the delayed release of yeasts in 0.1 N
HCI compared to the uncoated microspheres. However, this
protection was limited to the early phase of exposure in the
acidic medium. The total yeast release after 2 h was similar
between the chitosan-coated microspheres and the uncoated
microspheres which could be as a result of the ionic
interactions between the carboxyl residues of alginate and
the amino groups of chitosan not being complete to form the
required polyelectrolyte complex. This could be due to the
low pH value of the coating solution necessary to allow
precipitation of Eudragit® $100. Indeed, Gaserod et al. (38)
proved that an increase in pH had a positive effect on the
binding of chitosan-alginate gel beads especially above a
value of 5-6. Thus, at pH 4, amino groups in the polymer
backbone of chitosan could not be totally ionised limiting the
formation of the semi-permeable membrane around calcium
alginate. In addition, the alteration in the shape of the
microspheres was probably due to the crushing necessary to
separate chitosan—coated microspheres aggregated after dry-
ing and could also have altered the integrity of the chitosan
barrier. Nonetheless, uncoated as well as coated microspheres
proved their efficiency in protecting S. boulardii viability: the
release of viable probiotic remained below 1% of the total
encapsulated yeasts after 2 h in acidic medium, and reached
about 35% after 5 min in pH 6.8 phosphate buffer solution.
Two reasons could explain the global loss of viable yeasts.
The first one is a possible loss of material occurring when the
microspheres were removed from the acidic medium, filtered,
rinsed twice and then placed in phosphate buffer. The second
one is probably a partial loss of viability of the yeasts released
in acidic medium, as previously shown in vitro for non-
encapsulated yeasts (14). Encapsulated yeasts were partially
released in acidic medium and their number decreased before
plateauing up to 120 min. One hypothesis to explain this
phenomenon could be that following the initial release which
probably corresponds to the yeasts entrapped onto the
surface of the microspheres and is concomittant with a
significant loss of viability, an apparent equilibrium is
achieved with the amount of S. boulardii released equalling
the decrease in probiotic viability. Despite this phenomenon,
microencapsulation was efficient in preserving S. boulardii
viability in challenging acidic condition in vitro.

The possible impact of bile on non-encapsulated and
microencapsulated S. boulardii was not tested in the present
work. Data about the sensitivity of S. boulardii to bile salts
show that S. boulardii is more sensitive to bile salts than S.
cerevisiae. The literature published on microencapsulation of
probiotics with alginate reports controversial data regarding
bile exposure. Some authors reported the efficiency of the
microencapsulation method to increase the survival of the
probiotic microorganisms in simulated gastric juice and bile
solution (39) whereas others did not observe any increased
survival of the microencapsulated probiotics in acid and bile
salt conditions (21). What we can indirectly deduce from our
in vivo data is that microencapsulation with alginate is
efficient in significantly preserving S. boulardii viability in
the gastrointestinal tract regardless of acid or bile salt-
induced degradation.
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In vivo, a higher number of viable yeasts was excreted in
the faeces after a single oral dose of alginate microspheres
loaded with S. boulardii than after freeze-dried yeast admin-
istration. Our data about the in vivo fate of non-encapsulated
freeze-dried S. boulardii were in accordance with the
disposition kinetics of the yeast previously studied in man
and rat (15) and the poor survival of the probiotic after
gastrointestinal transit was confirmed. Microencapsulation
provided an efficient protection against degradation which
could result from two associated mechanisms. The first one is
the resistance of the microspheres in acidic medium discussed
above, that could favour a second mechanism implying an
acceleration of the transit rate of the yeast. Indeed, viable S.
boulardii appeared in the faeces as soon as 6 h after the
administration of the microencapsulated yeasts while no
viable probiotic could be detected 6 h after ingestion of the
non-encapsulated yeasts. One could suppose that the transit
rate of S. boulardii within the gastrointestinal tract could be
influenced by the size of the microspheres (330-350 pm)
which is approximately 30 times the size of the probiotic (8-
10 um) and their heavier density. Tuleu et al. (40) have shown
that the heavier the density, the longer the gastric emptying
and the gastro-colonic transit time of non-disintegrating
pellets in rats; this latter parameter was also influenced by
size of the pellets. However, size and density factors are not
sufficient in explaining the differences in the gastrointestinal
transit rate since the microspheres loaded with S. boulardii
are biodegradable and disintegrate as soon as an adequate
pH value is reached within the intestine. Interestingly,
Bléhaut et al. (15) have observed that live S. boulardii cells
move faster in the gastrointestinal tract than dead cells. It
could be hypothesised that the resistance of microspheres in
acidic medium of the stomach would allow the release of a
higher number of viable yeasts within the intestine; through a
quicker transit time these live cells would sustain a shorter
exposure to challenging in vivo conditions and thereby
survive in a greater number. Chitosan coating brought no
additional benefit over uncoated microspheres in vivo and
total gut transit time was in the same range for both types of
microspheres regardless of chitosan coating and differences in
equivalent diameters. Due to its mucoadhesive properties,
chitosan could theoretically have delayed the transit time of
the coated micropheres. However, it was not the case in our
study possibly because the adhesive properties of chitosan
decreased with cross-linking with alginate (33).

Uncoated microspheres proved to be more efficient than
the chitosan-coated microspheres in protecting S. boulardii in
vivo, producing a 13% survival rate in rats. This value was
achieved with a single oral dose of 2x10% cfu/100 g bw, that is
to say a dose more than ten times lower than doses which
proved to be efficient in experimental pathological situations
(41,42). Given the dose-dependent efficacy of S. boulardii for
several of its protective effects (41-43) on the one hand, and
the fact that microencapsulation can increase intestinal
delivery of viable probiotic by about 5.5 fold on the other
hand, alginate microspheres could represent a valuable
dosage form for S. boulardii administration which may lead
to an improvement in efficacy. More investigations will be
necessary to explore the efficiency of microencapsulated S.
boulardii in pathological situations.
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CONCLUSION

Microencapsulation of S. boulardii in alginate micro-
spheres significantly limits the degradation of the yeast in the
gastrointestinal tract after a single oral administration in vivo
in rat. Coating microspheres with chitosan provides no
additional benefit. Microencapsulation could be of a major
interest in therapeutic applications of the yeast since the
efficiency of S. boulardii is dose-dependent for several of its
protective effects. By increasing the number of viable yeasts
reaching the lower intestine, microspheres could enhance the
activity of S. boulardii in several bowel diseases.
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