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Abstract

Chitosan microparticles containing ovalbumin (OVA), OVA-containing chitosan microparticles (Chi-OVA), were prepared,
coated with Eudragit L100 (ER), and evaluated as oral vaccine. Chi-OVA with an OVA content of 34.4% (w/w) and a mean
particle size of 2.3um were used for experiments in vitro and in vivo. ER-coated Chi-OVA (ER-Chi-OVA) contained 3.6—-20.5%
(w/w) OVA and had a particle size of 47.9-16%u.th. Chi-OVA dissolved readily in JP 14 first fluid, but not in JP 14 second
fluid. The release of OVA from Chi-OVA was suppressed extensively in JP 14 second fluid. ER-Chi-OVA did not dissolve in
JP 14 first fluid, and the release of OVA was suppressed greatly in JP 14 first and second fluids. OVA solution, Chi-OVA and
ER-Chi-OVA (200 and 80@.g OVA/mouse) were administered to Balb/C mice twice at a 1-week intervaldafter the second
administration, plasma OVA-specific IgG and fecal OVA-specific IgA levels were measured. OVA-specific IgG tended to be
enhanced in Chi-OVA and ER-Chi-OVA, but was the highest in OVA solution. OVA-specific IgA was induced significantly more
efficiently by ER-Chi-OVA than the others. These suggested that ER-Chi-OVA should be possibly useful to induce an intestinal
mucosal immune response.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction not. Parenteral vaccinations require trained personnel
and sterilized materials, and infusion often causes non-
Many infections occur via the mucosal surface. compliance to patients. Oral vaccinations have no such
However, most of vaccinations are performed by par- limitations and can induce both systemic and mucosal
enteral administration, in which systemic immune re- immune responses)(Hagan et al., 1989; Tabata et
sponses are induced but mucosalimmune responses aral., 1996; Trolle et al., 1998; Wikingsson and Sjoholm,
2002; Minato et al., 2003 The induction of mucosal
"+ Corresponding author. Tel.: +81 3 5498 5760: immung responses is also importarjt fqr the prevention
fax: +81 3 5498 5760. of infection; that is, mucosal immunization can prevent
E-mail addressonishi@hoshi.ac.jp (H. Onishi). the entry of infectious matter. Thus, much attention
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has been paid to mucosal immunization, especially oral ties, and is considered suitable for the delivery to spe-
vaccination, as an easy and acceptable approach. cific sites of the intestineT@keuchi et al., 1996; Tak-
However, the simple oral administration of antigens ishimaetal., 2001, 2002Chitosan microparticles with
elicits little immune responses because gastric acid, a diameter of several micrometers were reported to en-
various hydrolytic enzymes, thick mucus, etc. degrade hance the uptake of a model antigen ovalbumin (OVA)
or remove the ingested antigend/dlker and Taylor, in Peyer’s patchesvan der Lubben et al., 2001b,c
1978; Fushiki et al., 1985; Kunisawa et al., 2001; Tak- However, as chitosan is easily dissolved in the acidic
agi et al., 2008 Therefore, various delivery systems stomach, simple oral administration results in the disso-
have been investigated in order to make oral immu- lution or collapse. In this study, OVA-containing chi-
nizations more effective. In particular, microparticules tosan microparticles (Chi-OVA) are prepared, coated
with a diameter of less than 1dn are reported toshow  with Eudragit L100 (ER) to protect chitosan micropar-
good adjuvant effecté&{dridge etal., 1990; Uchidaand ticles from dissolution or collapse under gastric con-
Goto, 1994; Tabata etal., 1996; Nakamura etal., 1998 ditions, and characterized in vitro in terms of physical
Such particles can protect the antigens from degrada- stability and dissolution. Further, systemic and mucosal
tion in the stomach and intestine, and deliver them ef- immune responses are examined in vivo after oral ad-
ficiently to the gut associated lymphoid tissue (GALT) ministration to mice.
located inthe lower portion of the small intestine. When
such microparticles reach the Peyer’'s patches in the
GALT, they can be taken up by M-cells located be- 2. Materials and methods
tween the epithelial cells. The internalization by M-
cells appears to be an important initial step of an oral 2.1. Materials
vaccination Tabata et al., 1996 Also, the mucoad-
hesive properties and release control of antigens are  Chitosan 10 (Chi), used as chitosan throughout
associated with the effectiveness as well as the pro-the study, and polysorbate 80 (Tween 80) were pur-
tection of the antigens, and the mucoadhesion to the chased from Wako Pure Chemical Industries, Ltd.
middle and lower part of the small intestine appears to (Japan). Ovalbumin was obtained from Calbiochem
facilitate the delivery of the antigens to Peyer’s patches (USA). Eudragit L100 (ER) was obtained frondRm
due to closer contact with luminal surfad€upisawa GmbH (Germany). Sorbitan sesquioleate (SO-15) was
et al., 200}. Further, the antigens seem to need to be purchased from Nikkko Chemicals Co. Ltd. (Japan).
released from the delivered sites, the Peyer’s patches;The BCA Protein Assay Kit was purchased from
at that time, a gradual release is effective in enhanc- Pierce (USA). Mouse IgG and IgA ELISA Quantita-
ing the immune responséJ¢hida and Goto, 1994; tion Kits were obtained from Bethyl Laboratories Inc.
Nakamura et al., 1998; Kunisawa et al., 2R0Ihe (USA). 3,3,5,8-Tetrametyl benzidine (TMB) Microw-
effect of particle size on the degree of induction and ell Peroxidase Substrate System was purchased from
pattern of the immune responses has been reported Kirkegaad & Perry Laboratories Inc. (USA).
PLA or PLGA microspheres with a diameter ofuh
best induced systemic immune responskzbéta et 2.2. Animals
al., 1996; Uchida and Goto, 1994and PLA micro-
spheres of jum best induced the mucosal immune Female BALB/c mice (6-week-old), being bred un-
responsesTabata et al., 1996 Gelatin microspheres  der the specific pathogen-free (SPF) conditions, were
with a diameter of a few micrometers also greatly en- purchased from Charles River Japan Inc., housed in
hanced the mucosalimmune respomé@l@amuraetal.,  SPF conditions and used within 1 week after purchase.
1998. The animals were kept on the breeding diet MF (Ori-
Recently, chitosan microparticles have been used ental Yeast Co. Ltd., Japan) with water ad libitum at a
for the delivery of antigens to Peyer’s patchearf der room temperature maintained at23 °C and a rela-
Lubben et al., 2001a, 20D2Chitosan itself exhibits  tive humidity of 604+ 5%. The experimental protocol
mucobioadhesive properties to the mucosal membranewas approved by the Committee on Animal Research
probably because of its cationic and viscous proper- of Hoshi University, Tokyo, Japan, and the animal
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experiments were performed in compliance with Guid-
ing Principles for the Care and Use of Laboratory An-
imals, Hoshi University, Japan.

2.3. Preparation of OVA-containing chitosan
microparticles (Chi-OVA) and ER-coated Chi-OVA
(ER-Chi-OVA)

Chitosan microparticles containing OVA (Chi-
OVA) were prepared using both ionic gelation and
W/O emulsification—solvent evaporation as follows:
Chi-OVA(2):Chi (250 mg) was dissolved in 100 ml of

225

mesh with openings of 6Q0m. The obtained semisolid
particles were dried in air and ground gently by hand us-
ing a mortar and pestle. ER-Chi-OVA(2):Chi-OVA(2)
were suspended in a methanol solution containing ER
at twice the amount of Chi-OVA(2), and the methanol
was evaporated completely in air. The solid obtained
was ground by hand using a mortar and pestle. ER-
Chi-OVA(3): the particles were prepared in the same
manner as ER-Chi-OVA(2) except that the methanol
solution contained ER at three times the amount of
Chi-OVA(2). ER-Chi-OVA(4): the particles were pre-
pared in the same manner as ER-Chi-OVA(2) except

that the methanol solution contained ER at 10 times
the amount of Chi-OVA(2).

2% (v/v) acetic acid aqueous solution containing 1%
(w/v) Tween 80. Four milliliters of a 10% (w/v) sodium
sulfate aqueous solution containing 200 mg of OVA
was dripped over 5 min into the Chi solution as it was
being stirred with a paddle at 500 rpm and sonicated at 2.4. Drug content and particle size of Chi-OVA
45 kHz and 100 W using a sonicator VS-100 Il SUN- and ER-Chi-OVA
PAR (luchi-seieido, Japan). The stirring and sonication
were continued for another 20 min. The precipitatewas  Chi-OVA (3mg) were dissolved in 2ml of JP 14
collected by centrifugation of the mixture at 3000 rpm first fluid (pH 1.2) by stirring with a vortex mixer, and
for 20 min, and washed twice with 50 ml of water by 150l of the solution was subjected to BCA protein
centrifugation. The precipitate was suspended in water assay using a commercial kit to measure the amount
and lyophilized to yield Chi-OVA(1). Chi-OVA(2):Chi  of OVA. In all the BCA protein assays, the stan-
(100 mg) was dissolved in 5ml of a 1% (v/v) acetic dard curve method was used. After the final solution
acid aqueous solution, and 2 ml of aqueous solution was centrifuged at 3000 rpm for 3 min, the supernatant
containing OVA (200 mg) was added. The Chi solution was measured spectrophotometrically at 562 nm using
containing OVA was dripped over 5min into 200 ml of a Hitachi 220A spectrophotometer (Japan). ER-Chi-
liquid paraffin containing SO-15 at 1% (w/v), which OVA(1) (3 mg), ER-Chi-OVA(2 or 3) (5 mg) or ER-
were being stirred with a paddle at 500 rpm and soni- Chi-OVA(4) (10 mg) were stirred magnetically in 30 ml
cated at 45kHz and 100 W using the above sonicator. of methanol and centrifuged at 3000 rpm for 10 min.
The stirring and sonication were continued for another The residue was washed with 30 ml of methanol three
10 min. The W/O emulsion obtained was stirred vigor- times, and dried in air. The dried product was dissolved
ously with a magnetic stirrer under reduced pressure atin 2ml of JP 14 first fluid as shown above, and the
40°C for 24 h, diethyl ether was added, and the mix- amount of OVA in 15Qul of the solution was measured
ture was, further, stirred overnight with a magnetic stir- in the same manner as in Chi-OVA. The OVA content
rer. The particles obtained were washed with diethyl was calculated from the amounts of OVA observed and
ether, ethanol, a 25% (w/w) ammonia aqueous solu- the particles used.
tion, ethanol and diethyl ether in that order. The parti- Chi-OVA were coated with platinum at the thick-
cles were obtained by filtration and dried in air to yield ness of 10nm, and observed using a JEOL JSM-
Ch-OVA(2). 5600LV scanning electron microscope (JEOL, Japan).
ER-coated Chi-OVA particles (ER-Ch-OVA) were The Green diameters of 150 particles chosen at ran-
prepared by coating Chi-OVA(2) with ER. Four kinds dom were measured. ER-Chi-OVA were observed with
of ER-Chi-OVA were prepared as follows: ER-Chi- a Real Surface View VE-7800 electron microscope
OVA(1):Chi-OVA(2) were suspended in a methanol (Keyence, Japan). Further, the Green diameters of 200
solution containing an equal amount of ER, and the ER-Chi-OVA particles chosen at random were mea-
methanol was evaporated in air so that the suspen-sured using an Olympus System Biology BX50 micro-
sion became semisolid. The semisolid was sieved usingscope (Olympus, Japan).
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2.5. Invitro release from Chi-OVA and
ER-Chi-OVA

Chi-OVA (10mg) were suspended in 5ml of JP
14 second fluid (pH 6.8), and incubated at°’87and
90rpm. At 1, 3, 6 and 24h after the start of the
incubation, 30@ul of each medium was taken, cen-
trifuged at 3000rpm for 10 min, and 1p0 of the
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ous solution was administered. Then, 80of nor-

mal saline was, further, administered to avoid a loss of
administration amount. Chi-OVA: Chi-OVA(2) corre-
sponding to 20Q.g or 800w.g of OVA were suspended

in 80wl of a 0.05M carbonate buffer (pH 9.6) con-
taining polyethylene glycol 20,000 at 20% (w/v), and
placed in a Teflon tube attached to the end of a syringe.
After the suspension was administered into the stom-

supernatant was used for the measurement of theach, 8Qul of the 0.05M carbonate buffer containing

concentration of OVA released. The remaining su-
pernatant and precipitate were returned to the in-
cubated medium. The OVA concentration was mea-
sured by BCA protein assay. In that assay, the final
sample was obtained after centrifugation at 3000 rpm
for 3min, and measured spectrophotometrically at
562 nm.
ER-Chi-OVA (60 mg) were suspended in 5ml of

JP 14 first fluid and incubated at 3€ and 90 rpm.

At 1h after the start of the incubation, the suspen-
sion was centrifuged at 3000rpm for 10min, and

polyethylene glycol 20,000 at 20% (w/v) was admin-
istered. Further, 8@l of 0.05M carbonate buffer (pH
9.6) was administered to avoid a loss of administration
amount. OVA solution: OVA (20@Q.g or 800u.g) dis-
solved in 8Qul of the 0.05 M carbonate buffer (pH 9.6)
containing polyethylene glycol 20,000 at 20% (w/v)
was administered into the stomach, and then.iBO
of 0.05M carbonate buffer (pH 9.6) was, further, ad-
ministered to make the sample completely ingested.
Control: Untreated mice were used as the control.
This immunization was done twice at a 1-week in-

150pl of the supernatant was taken for measurement terval. At 6 d after the second immunization, mice of

of the concentration of the OVA released. After the all the groups were separated in metabolic cages to
remaining supernatant was discarded, JP 14 secondbe bred with one per cage. After 24 h, a blood sam-
fluid (5ml) was added to the precipitate. The sus- ple was taken from the heart using a heparinized sy-

pension was incubated at 3¢ and 90 rpm. At 1, 3,

6 and 24 h after the start of the incubation in JP 14
second fluid, 30@.l of the medium was taken and
centrifuged at 3000 rpm for 10 min, and 1D of

ringe, and the plasma was obtained by centrifugation at
3000 rpm for 5 min. The plasma was used for the mea-
surement of OVA-specific IgG. At the same time, the
feces were recovered, suspended in phosphate-buffered

the supernatant was used for the measurement of thesaline, pH 7.4, (PBS) at concentration of 100 mg/ml,
concentration of OVA released. The remaining super- homogenized using a Teflon pestle and centrifuged
natant and precipitate were returned to the incubated at 3000 rpm for 5min. The supernatant was used as
medium. BCA protein assay was used to measure thea fecal extract for the measurement of OVA-specific
concentration of OVA. In that assay, the final sample IgA.

was centrifuged at 3000 rpm for 3 min, and the up-

per solution was measured spectrophotometrically at 2.7. Assay by ELISA

562 nm.

The OVA-specific 1gG in plasma and the OVA-
specific IgA in feces were examined by ELISA. OVA
solution (10wg/ml) was prepared using 0.05M car-

The mice were separated in metabolic cages to be bonate buffer of NaCO3—NaHCG;, pH 9.6, which
bred with one per cage, and starved for 24 h. Then, eachwas also used in Sectiad6, and 10Qul of the so-

2.6. Immunization

sample was administered as follows. ER-Chi-OVA:
ER-Chi-OVA(1) corresponding to 200y or 800u.g of
OVA were suspended in §0 of a 20% (w/v) polyethy-

lution was added to each well of the ELISA plate
and incubated overnight at°€. The plate was then
washed three times using 0.05 M Tris—HCI buffer, pH

lene glycol 20,000 aqueous solution, and placed in a 8, containing NaCl at 0.14 M (TBS) with Tween 20
Teflon tube attached to the end of a syringe. After the at 0.05% (w/v) (TBS-T). Two hundred microliters of
suspension was administered into the stomachyl80 TBS with bovine serum albumin at 1% (w/v) was
of the 20% (w/v) polyethylene glycol 20,000 aque- added to each well and incubated at°&7for 1h,
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and the plate was washed three times using TBS-T. 3. Results

After the plasma and fecal extract were diluted using

TBS with bovine serum albumin at 1% (w/v), the di- 3.1. Particle characteristics of Chi-OVA and

luted samples were added to the plate at j20@ell ER-Chi-OVA

and incubated at 3T for 2h. Then, the plate was

washed four times using TBS-T. TBS-T containing Chi-OVA were prepared by ionic gelation and
the goat anti-mouse IgG-horseradish peroxidase con-emulsification—solvent evaporation. Although an aque-
jugate or the goat anti-mouse IgA—horseradish perox- ous suspension of Chi-OVA was obtained by ionic gela-

idase conjugate was added to the plate at,ilf6@ell tion using sodium sulfate, the resulting microparticles
and incubated at 37T for 2h. Then, the plate was (Chi-OVA(1)) tended to aggregate after lyophilization
washed four times using TBS-T. A TMBA®, mix- of the aqueous suspension, which was observed with a

ture prepared according to the direction by TMB Mi- scanning electron microscope. Therefore, their particle
crowell Peroxidase Substrate System (Kirkegaad & size is not described ifable 1 Chi-OVA(1) exhibited
Perry Laboratories Inc., USA) was added to the plate a very low OVA content and encapsulation efficiency.
at 100ul/well and incubated at room temperature for On the other hand, Chi-OVA prepared by the water-
30min. Then, 1 M phosphoric acid aqueous solution in-oil method (Chi-OVA(2)) showed good granulation.
was added to each well at 1p0well, and each well The patrticle shape was irregular, but somewhat spher-
was measured for optical density at 450 nm using a ical (Fig. 1A). The mean particle diameter was 2.6
Toso MPR A4i micro plate reader (Toso Co., Japan) with a size distribution of 1-pm. The mean OVA con-
within 30 min. OVA-specific IgG responses were com- tentwas 34.4% (w/w), and the encapsulation efficiency
pared using the optical densities given by samples was more than 50%T@ble 1. Thus, Chi-OVA(2) was
obtained with dilution of the plasma to eight-fold vol- used in the subsequent experiment.
ume. OVA-specific IgA responses were evaluated by  ER-Chi-OVA were prepared at different combina-
comparison of the optical densities given by the orig- tion ratios of Chi-OVA to ER. As shown iffable 2
inal fecal extract. Further, the endpoint titers were the drug content was almost proportional to the
calculated as the reciprocal lp@f the last dilution ratio of Chi-OVA. Encapsulation efficiencies were
that gave a mean optical density at 450 nm being 0.2 95.3-119.2%, indicating that the ideal drug content
greater than that obtained with non-immunized mice was well achieved. All the ER-Chi-OVA microparticles
(control). were much larger than Chi-OVA. ER-Chi-OVA(2—4),
prepared by simply grinding the dried mixture of
Chi-OVA and ER, showed a larger size with the in-
2.8. Statistical analysis crease in amount of ER. ER-Chi-OVA(1), obtained
by passage through mesh and subsequent grinding,

The results were compared using ANOVA followed Wwere larger than ER-Chi-OVA(2). The particle shape
by Scheffe’sF post hoc test. A significant difference  of ER-Chi-OVA(1) was irregular, but rugged ellip-

was set aP < 0.05. soid as shown ifrig. 1B. As ER-Chi-OVA(1) had the

Table 1

Particle characteristics of Chi-OVA prepared by different methods

Formulation Chi OVA Preparative method OVA content Particle diameter Encapsulation
(mg) (mg) (%, wiw)? (wm)° efficiency (%Y

Chi-OVA(1) 250 200 lonic gelation 1.30.3 - 29

Chi-OVA(2) 100 200 Emulsification—solvent eveporation 34428 2.3+1.0 516

2 The results are expressed as the me&D. (= 3).
b The results are expressed as the me&nD. (1= 150).
¢ The results are calculated using the mean values.
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(B)

Fig. 1. Scanning electron micrographs of (A) Chi-OVA(2) and (B) ER-Chi-OVA(1). The lengths of the white bars in (A) and (B) express 5 and

100pm, respectively.

highest drug content, they were used in the subsequentreleased for 23 h. On the other hand, Chi-OVA(2) ex-

experiment.

3.2. Invitro release from Chi-OVA and
ER-Chi-OVA

Chi-OVA dissolved easily in JP 14 first fluid but not

hibited an initial release of less than 2%, then OVA
was released very slowly. At 24 h after the release test,
nearly 5% was released. Thus, the release of OVA from
Chi-OVA(2) was suppressed extensively in JP 14 sec-
ond fluid.

The release of OVA from ER-Chi-OVA(1-4) was

in JP 14 second fluid. Therefore, the release studies€xamined in JP 14 first fluid for the first 1 h and in JP

were performed using only JP 14 second flldy. 2
shows the in vitro release of OVA from Chi-OVA(1-2)
in JP 14 second fluid. Chi-OVA(1) exhibited an initial
burst of approximately 10%, then the drug was hardly

207
—O— Chi-OVA (1)

—8— Chi-OVA (2)

Percent released

O 1 | 1 |

12
Time (h)

18 24

Fig. 2. Release profiles of OVA from Chi-OVA in JP 14 second fluid
(pH 6.8) at 37C. Each point represents the meas.D. (=3).

14 second fluid for the following 24 h. As the amount
of micropatrticles used in the release tests was constant,
60 mg, the amount of OVA released increased with the
increase in the OVA contenf{g. 3A). A small amount

of OVA was released in the incubation in JP 14 first
fluid. After changing the incubation medium to JP 14
second fluid, OVA was slightly released in JP 14 second
fluid. The percentages of OVA released in the release
tests for 25 h was in the range of 7-10% for all the ER-
Chi-OVA. Thus, OVA was retained well in Chi-OVA
under these test conditions. It was visually observed
that ER dissolved after changing JP 14 first fluid to JP
14 second fluid.

3.3. Invivo immune responses

Formulations were administered twice at a 1-week
interval. Samples were taken at a 1-week after the sec-
ond administrationFig. 4 shows the plasma OVA-
specific IgG response of each formulation, in which
the optical densities at 450 nm were compared among
the samples that were obtained with the dilution of the
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fluid
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™ fluid :
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(A) Time (h)

Fig. 3. Release profiles of OVA from ER-Chi-OVA in JP 14 first fluid
24h at 37C. The results are expressed in (A) the amount released

plasma to eight-fold volume. ER-Chi-OVA exhibited a
significantly higher response than the control at 290
OVA/mouse, and tended to be more effective than Chi-
OVA. Chi-OVA also exhibited a greater systemic im-
mune response than control. As to the OVA solution
(200 and 80G@vg OVA/mouse), even the sample ob-
tained by diluting the plasma to 256-fold or more vol-
ume displayed a larger mean OVA-specific 1gG level
than the sample for ER-Chi-OVA or Chi-OVA obtained
by diluting plasma to eight-fold volume, though the
OVA-specific IgG level for the OVA solution was de-
viated greatly. Therefore, the data for the OVA solu-

03 4

0.2 A1

0.1 A

Absorbance at 450 nm

(A) Control Chi-OVA  ER-Chi-OVA

Fig. 4. Plasma OVA-specific IgG responses induced by oral adm

OVA/mouse. Chi-OVA(2) and ER-Chi-ER(1) were used as Chi-OVA and ER-Chi-OVA, respectively. The results are expressed as the optical
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1st
fluid
| 2nd
A fluid
20 1
3 —8—ER-Chi-OVA(1)
9 15 4 —e— ER-Chi-OVA(2)
2 —m— ER-Chi-OVA(3)
= I —A— ER-Chi-OVA(4)
€
@ 10
o
QO
o
5 =
0 T T T T 1
¢} 5 10 15 20 25
(B) Time (h)

(pH 1.2) for the initial 1 h and in JP 14 second fluid (pH 6.8) for the next
and (B) percent released. Each point represents Bi®rriear3).

tion were not described. All the samples except the
control tended to exhibit a greater immune response at
800u.g OVA/mouse than at 200g OVA/mouse. How-
ever, significant difference was not detected at 8§0
OVA/mouse.

The mucosal OVA-specific IgA responses are shown
in Fig. 5, in which the optical densities at 450 nm were
compared for the original fecal extracts. At 200
OVA/mouse, ER-Chi-OVA displayed a significantly
higher level of IgA than the control, OVA solution
and Chi-OVA. Also, at 80Q.g OVA/mouse, OVA-
specific IgA responses tended to increase in the order

1 A
0.75

0.5 4

Absorbance at 450 nm

(B) Control Chi-OVA  ER-Chi-OVA

inistration of several samples at j(4) QdA8/mouse and (B) 80Qg

densities at 450 nm given by the samples obtained with the dilution of the plasma to eight-fold volume. Each column represents-tGéemean
(n=3). The OVA solution is not shown due to a much higher response being out of range, and described in‘tRe &R6 vs. ER-Chi-OVA.
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(A)  Control Chi-OVA (B) Control Chi-OVA

QOVA solution ER-Chi-OVA OVA solution ER-Chi-OVA

Fig. 5. Fecal OVA-specific IgA responses induced by oral administration of several samples at (A9 ZM\/mouse and (B) 80ag
OVA/mouse. Chi-OVA(2) and ER-Chi-ER(1) were used as Chi-OVA and ER-Chi-OVA, respectively. The results are expressed as the optical
densities at 450 nm given by the original fecal extract. Each column represents the @darh=3).” P<0.01,” P<0.001 vs. ER-Chi-OVA.

ER-Chi-OVA > Chi-OVA>0OVA  solution > control. crospheres with a diameter ofu4n induced the best
However, no significant difference was observed systemic immune responsdddchida and Goto, 1994;
among the samples at 800g OVA/mouse. Tabata et al., 1996and PLA microspheres with a di-
The endpoint titers were expressed as the reciprocalameter of 4um induced the best mucosal immune re-
log of the last dilution that gave an mean optical den- sponsesTtabata et al., 1996These correlated with the
sity at 450 nm being 0.2 greater than that obtained with uptake by the Peyer’s patches and subsequent biodis-
non-immunized mic€elable 3. This alsoindicated that  position and release of OVA. The internalization of an
the OVA-specific IgG level tended to be greater with antigen into M-cells existing in the Peyer’s patches is
the increase in the dose. As to the OVA-specific IgA the initial step of the oral vaccination. Therefore, the
level, ER-Chi-OVA exhibited a higher titer at a dose of delivery efficiency of the microparticles to the Peyer's
200png OVA/mouse than 80ag OVA/mouse, while patches is considered important for the elevation of
the titers of OVA solution and Chi-OVA were hardly immune responses. Further, the release of OVA is es-
changed in both the doses. sentially related to the immunization potential. Both a
quick release of OVA and a complete suppression of
OVA release are inadequate for the induction of im-
4. Discussion mune response$/¢hida and Goto, 1994; Nakamura et
al., 1998; Kunisawa et al., 20DJA long-term immune
The purpose of the present study is to develop an response was observed in the particulate systems re-
oral mucosal immune drug delivery system using chi- leasing OVA graduallylychida and Goto, 1994; Tabata
tosan which is less toxic, mucoadhesive and biode- et al., 1996; Nakamura et al., 199&specially, the
graded by the intestinal bacteria. A well-characterized gradual release of OVA from the Peyer’ patches ap-
protein antigen OVA was used as a model antigen. The pears to be important for a mucosal immune response
potential for immunization is dependent on the physic- (Tabata et al., 1996
ochemical and biological characteristics of the system.  The Chi microparticles containing OVA (Chi-OVA)
In microparticulte systems, the particle size and release were prepared with two methods, that is, ionic gelation
profiles of antigens play an essential role in the immu- using sodium sulfate and W/O emulsification—solvent
nization potentials. The microparticles with a diameter evaporation using surfactant SO-15. When Chi-OVA
of several micrometers appeared to enhance the immu-were prepared with ionic gelation, the OVA content
nization potential. When PLGA or PLA microspheres was very low, and the small micropatrticles were not
were used as a carrier of the antigen OVA, the mi- obtained well after lyophilizatiorilgble 1. Since OVA
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is water-soluble, its incorporation into ionic gel might to Chi-OVA increased, the particles became larger. The
be difficult. Further, as the ionic Chi-sulfate com- increase of ER appeared to make the particles irrefran-
plex swelled in aqueous medium, ionic gel particles gible. When the ratio of ER to Chi-OVA was small
were probably entangled together, resulting in aggre- in the preparation of ER-Chi-OVA, simple grinding
gation during the lyophilization process. On the other might break down Chi-OVA themselves and make the
hand, Chi-OVA prepared with emulsification—solvent integrity of the ER coating lost. Therefore, in the prepa-
evaporation (Chi-OVA(2)) exhibited limited aggrega- ration of ER-Chi-OVA(1), a semisolid of the mixture of
tion, leading to a mean diameter of 261. As the Chi-OVA(2) and ER, obtained by incomplete evapora-
microparticles were dried after washing with organic tion of the methanol, was first sieved with a mesh, dried
solventin emulsification—solvent evaporation, their ag- in air, then the dried particles were ground gently. This
gregation was considered to be supprességl (LA). different preparative procedure made ER-Chi-OVA(1)
Further, the incorporation of OVA into Chi-OVA larger than ER-Chi-ER(2) although the ratio of ER to
was achieved efficiently using emulsification—solvent Chi-OVA was less in ER-Chi-OVA(1) than in ER-Chi-
evaporation Table 1. Chi-OVA dissolved easily in  ER(2). The SEM of ER-Chi-OVA(1) indicated that Chi-
JP14 first fluid within several minutes by stirring at OVA were masked well with ERFjg. 1B). The release
room temperature when the drug content was deter- of OVA from ER-Chi-OVA was suppressed in JP 14
mined. However, the release of OVA from Chi-OVA first and second fluidsH{g. 3). The small release in
in JP 14 second fluid was suppressed to a large ex-JP 14 first fluid suggested that the ER coating might
tent, which was considered based on the less sol- not be necessarily complete. However, the shape and
uble properties of Chi under neutral and basic pH size of the ER-Chi-OVA were maintained during the
conditions and the high molecular weight of OVA incubation in the first fluid. Therefore, some Chi-OVA
(Fig. 2). The suppressed release in Chi-OVA was con- located near the surface of ER-Chi-OVA might allow
sidered to be advantageous for protection from hy- the release of OVA from ER-Chi-OVA in JP 14 first
drolytic enzymes and prolonged release of OVA. Thus, fluid. Further, the particles were observed visually to be
Chi-OVA(2), obtained by the emulsification—solvent finer after the dissolution medium was changed from JP
evaporation method, were considered to be use- 14 first fluid to JP 14 second fluid. ER-coated another
ful for oral vaccination and used in the in vivo drug-containing chitosan microparticles with several
experiment. dozen micrometers were found make the original Chi
ER-Chi-OVA were prepared by the suspension of microparticles regenerated relatively easily in JP 14
Chi-OVA(2) in the ER methanol solution, subsequent second fluid (data not shown). These indicated that the
evaporation and grinding of the solid obtained. When ER coated could dissolve readily in JP 14 second fluid
the ratio of ER to Chi-OVA was changed in several and suggested that Chi-OVA could be regenerated from
formulations, Chi-OVA were well mixed with ER, and  ER-Chi-OVA in the lower small intestine, though the
recovered efficiently in all the caseRaple 9. ER-Chi- regeneration of Chi-OVA from ER-Chi-OVA in vivo
OVA(2-4) were prepared by simply grinding the solid will need to be checked to make clear such phenom-
of the mixture of Chi-OVA and ER. As the ratio of ER  ena.

Table 2

Particle characteristics of ER-Chi-OVA prepared by different methods

Formulation Chi-OVA:ER (w/w) OVA content (%, w/w Particle diameterym)© Encapsulation efficiency (%)
ER-Chi-OVA(1) 1:1 20.5+ 4.7 72.2+ 23.1 1192

ER-Chi-OVA(2) 1:2 12.2+ 0.5 47.9+ 11.5 1064

ER-Chi-OVA(3) 1:3 8.2+ 2.1 97.0+ 19.3 953

ER-Chi-OVA(4) 1:10 3.6+ 0.3 161.1+ 40.4 1150

2 Chi-OVA(2) were used as Chi-OVA.

b The results are expressed as the me&nD. (1=3).

¢ The results are expressed as the me&hD. (1=200).
d The results are calculated using the mean values.
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Table 3
OVA-specific antibody responses induced by oral administration
Susbstance Dosg@.§/mouse) Plasma anti-IgG titer Fecal anti-IgA titer
(reciprocal log) (reciprocal log)
OVA solution 200 >7 1
800 >P 0
Chi-OVA 200 <® 0
800 3 3
ER-Chi-OVA 200 <® 5
800 5 3

2 |n the dilution extent greater than 128, the mean optical density at 450 nm was 0.2 greater than that of control (no-immunized mice).
b In the dilution extent of 8, the mean optical density at 450 nm was not 0.2 greater than that of control (no-immunized mice).

The induction of OVA-specific IgG was compared Kunisawa et al. (2001eported that the duodenal ad-
based on the optical densities given by the samples ob-ministration of OVA solution in PBS hardly induced
tained by diluting the plasma to eight-fold volume, and OVA-specific 1gG, polyethylene glycol 20,000 might
that of OVA-specific IgA was evaluated from the op- also be associated with the induction of OVA-specific
tical densities presented by the original fecal extract IgG by the OVA solution. Since the localization of
(Figs. 4 and » Further, the endpoint titers were calcu- OVA in the lower small intestine and sustained sup-
lated as the reciprocal lo@f the last dilution thatgave ~ ply of OVA appears to be related to the OVA-specific
a mean optical density at 450 nm being 0.2 greater than IgG response Kunisawa et al., 2001 polyethylene
that obtained with non-immunized mic&able 3. The glycol 20,000 might contribute to such localization
reason for using a mean optical density in the calcula- or sustained supply. Actually, when OVA solution in
tion of endpoint titers was due to the large deviation of saline (10Qug OVA/mouse) was administered in the
individual values. same manner, OVA-specific IgG was approximately

As to OVA-specific 1IgG, as the OVA solution over-  two-fold greater in OVA solution (10Qg OVA/mouse)
all displayed much higher response than others, thoughthan control. However, the present high OVA-specific
the individual values were deviated largely. Thus, the IgG response was difficult to explain. Therefore, this
dilution extent of the plasma was started from 8 in the point will have to be studied further. ER-Chi-OVA and
determination of OVA-specific IgGHig. 4). In many Chi-OVAtended to show a higher OVA-specific IgG re-
papers reported, OVA solution gave only slight induc- sponse than control, and ER-Chi-OVA had a tendency
tion of systemic immune responskuphisawa et al., to exhibit a greater OVA-specific 1IgG response than
2001; Uchida and Goto, 1994; Uchida et al., 1994; Chi-OVA (Fig. 4). ER-Chi-OVA were considered to
Tabata et al., 1996 which was different from the  protect Chi-OVA until delivered to the lower intestine,
present result. One of the reasons is to use a largerwhile Chi-OVA were considered to adhere to gastro-
amount of OVA (200 and 80@g OVA/mouse) in the intestinal mucosa before reaching GALT, leading to
present study. The larger amount of OVA seems to ele- the lower expression of OVA-specific IgG in Chi-OVA
vate the systemic immune response of OVA solution than in ER-Chi-OVA.

(Uchida and Goto, 1994; Uchida et al., 199Zhe As to the expression of OVA-specific IgA, the OVA
difference in a solvent used is considered as anothersolution was less effective than Chi-OVA and ER-Chi-
reason. Namely, 0.05 M carbonate buffer of pH 9.6 con- OVA, different from the results in OVA-specific 19G.
taining polyethylene glycol 20,000 at 20% (w/v) was The systemic and mucosal responses appear to be in-
used as a solvent in the present study, while saline or fluenced differently by antigen biodistribution and its
PBS were used in other reports. The alkaline buffer release time period etclTdbata et al., 1996; Kunisawa
might neutralize the stomach acid and suppress theet al., 200). The prolonged retention and sustained
peptic degradation of OVAWalker and Taylor, 1978;  supply of OVA in Peyer’s patches appears to be im-
Fushikietal., 1985; Takagietal., 200Blowever, since  portant for elevation of OVA-specific IgATabata et
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al., 1996; Kunisawa et al., 20R1That was consid-  (pH 1.2). Chi-OVA released OVA very slowly in JP 14
ered as one of the reasons for the lower induction second fluid, and ER-Chi-OVA suppressed the release
potency of the OVA solution. At the dose of 2009 of OVA from JP 14 first fluid and JP 14 second fluid
OVA/mouse, ER-Chi-OVA induced significantly more  (pH 6.8). Chi-OVA and ER-Chi-OVA tended to show
OVA-specific IgA than others. Further, the endpoint a higher OVA-specific IgG level, though OVA solution
titer was achieved most greatly by ER-Chi-OVA with  overall exhibited the highest OVA-specific IgG level.
200png OVA/mouse Table 3. This suggested that On the other hand, the fecal OVA-specific IgA level
Chi-OVA would reach GALT more efficiently by ad- was highest with ER-Chi-OVA, suggesting that ER-
ministration of ER-Chi-OVA. Chi-OVA appeared not Chi-OVA should deliver Chi-OVA efficiently to Peyer’s
to be delivered efficiently to the target sites, which patches and activated GALT effectively. Itis suggested
was considered due to the widespread gastro-intestinalthat ER-Chi-OVA should display the better induction
mucoadhesion as described above. The dissolution inof OVA-specific IgA by achieving the delivery of Chi-
the stomach and mucoadhesive properties of Chi mi- OVA around Peyer’s patches, the subsequent uptake by
croparticles were considered to prevent Chi-OVA from M-cells and the gradual release of OVA.
moving to the lower intestine. At the dose of §0@
OVA/mouse, although ER-Chi-OVA tended to exhibit
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