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Abstract

The mucoadhesive behavior of chitosan-coated liposomes in the intestinal tract of the rat was examined to elucidate their particle
size effects on the absorption of an entrapped drug, calcitonin. The intestine was removed from rats after oral administration of
liposomes containing a fluorescent dye, and its various parts were observed with confocal laser scanning microscopy. Penetration
of submicron-sized liposomes (ssLip) or chitosan-coated ssLip (ssCS-Lip) into the mucosa was observed, while such behavior
was not observed for the multilamellar liposomes, even when coated with chitosan (CS-Lip). The retentive property of ssCS-Lip
was confirmed by measuring the amount of dye in each part of the intestine. The pharmacologic effects of calcitonin-loaded
liposomes of different particle size were measured after oral administration in rats. The pharmacologic effect of oral administration
o ssCS-Lip
w intestinal
m than ssLip
a
©

K

1

a
h

f

ribed
can

orp-
ith a
drug

d
oly-
ility

0

f ssLip coated with chitosan was detected up to 120 h after administration. The extensive pharmacologic effect of
as attributed to their prolonged retention in the intestinal mucosa, partly owing to their penetrative property into the
ucosa. The chitosan-coated ssLip, with their higher retentive property in the intestinal tract, are much more effective
nd CS-Lip in improving the enteral absorption of peptide drugs.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The bioadhesion of the oral dosage forms of poorly
bsorbable drugs has received much attention, as
ave transdermal and buccal systems. Bioadhesion to
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mucosa in the gastrointestinal tract can be desc
in terms of mucoadhesion. Since mucoadhesion
prolong the resident time of drug carriers at abs
tion sites, improved drug absorption is expected w
combination of mucoadhesiveness and controlled
release from devices.

Longer et al. (1985)first showed that delaye
gastrointestinal transit induced by bioadhesive p
mers could lead to increased oral bioavailab
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of a drug. A multi-unit bioadhesive system was
also prepared by coating microspheres of poly-
hydroxyethyl-methacrylate with mucoadhesive poly-
mers using laboratory-scale equipment (Lehr et al.,
1990, 1992). Akiyama et al. (1995)prepared a
polyglycerol ester of fatty acid-based microspheres
coated with Carbopol934P (CP) and CP-dispersing
microspheres to evaluate their mucoadhesive proper-
ties. In developing colloidal drug delivery systems,
Lenaerts et al. (1990)demonstrated the mucoad-
hesive property of polyalkylcyanoacrylate nanopar-
ticles with autoradiographic studies and confirmed
that the bioavailability of vincamine was improved
with the nanoparticulate systems.Pimienta et al.
(1992)investigated the bioadhesion of hydroxypropy-
lmethacrylate nanoparticles or isohexylcyanoacrylate
nanocapsules coated with poloxamers and poloxam-
ine on rat ileal segments in vitro using a labeled
compound.

We developed mucoadhesive liposomes by coating
the anionic liposomal surface with a cationic mucoad-
hesive polymer, chitosan, to observe their mucoadhe-
sive properties both in vitro and in vivo (Takeuchi et al.,
1994, 1996). A similar technique was applied success-
fully to the preparation of Carbopol-coated liposomes
(Takeuchi et al., 2003).

One of the attractive applications of mucoadhesive
carrier systems is in the oral administration of peptide
drugs. Peptide drugs are intrinsically poorly absorbed
owing to their high molecular weight and hydrophilic-
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2. Materials and methods

2.1. Materials

l-�-Distearoylphosphatidylcholine (DSPC, Nip-
pon Oil and Fats Co.), dicetyl phosphate (DCP, Sigma),
cholesterol (Chol, Sigma) and 1,1′-dioctadecyl-
3,3,3′,3′-tetramethylindo carbocyanine perchlorate
(DiI, LAMBDA, Austria) were used as received.
Chitosan (CS), which is a deacetylated chitin
(poly N-deacetylglucosamine) industrially prepared
by hydrolyzing the aminoacetyl groups of chitin in
aqueous alkaline solution, was a gift from Kataku-
rachikkarin Co., Japan. The molecular weight and
the deacetylation percentage of the CS used were ca.
150,000 and 85%, respectively. Calcitonin (elcatonin)
was kindly supplied by Asahi Chemical Co., Japan. All
other reagents were of analytical grade.

2.2. Preparation of multilamellar and
submicron-sized CS-coated liposomes

The multilamellar liposomes composed of DSPC,
DCP, and Chol in a molar ratio of 8:2:1 and con-
taining DiI were prepared by the hydration method.
In a typical procedure, 161 mg (204�mol) of DSPC,
27.9 mg (51�mol) of DCP, 9.7 mg (25�mol) of Chol,
and 1.68 mg of DiI were dissolved in a small amount
of chloroform, and the solution was rotary evaporated
at 40◦C to obtain a thin lipid film. The thin lipid
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ty, and they are also susceptible to enzymatic de
ation in the gastrointestinal tract. Drug carriers
xpected to remain in the gastrointestinal tract,
rotecting the entrapped peptide drugs from enzym
egradation so that they may be absorbed as a rel
r intact particulate form. In previous studies, we h
emonstrated improved absorption of calcitonin as
s insulin using chitosan-coated liposomes (Takeuch
t al., 2001, 2003).

In this study, the effects of particle size on
ucoadhesive properties of chitosan-coated liposo
nd on the absorption of entrapped calcitonin w
valuated. The mucoadhesive properties were obs
sing confocal laser scanning microscopy (CLS
he absorption of calcitonin contained within the lip
omes was monitored by measuring the blood calc
oncentration after oral administration of liposom
alcitonin.
lm was dried in a vacuum oven overnight to ens
omplete removal of the solvent, and hydration
arried out with 5 mL of acetate buffer solution (
.4, 100 mM) by vortexing, followed by incubation
0◦C for 30 min.

The submicron-sized liposomes (ssLip) w
repared by sonicating (Sonifier250, Branson) the

ilamellar liposomes. The particle size of ssLip w
ontrolled by controlling the sonication time. F
xample, ssLip of ca. 200 nm were prepared by

cating three times for 3 min. The particle size of
esultant liposomes was confirmed by dynamic l
cattering analysis with LPA-300 (Otsuka Electroni
o measure the liposomal diameter, an aliquot of e

iposomal suspension was diluted with a large am
f purified water.

For preparation of chitosan-coated liposomes (
ip), an aliquot of the liposome suspension was m
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with the same volume of acetate buffer solution (pH
4.4) of CS (0.6%), followed by incubation at 10◦C
for 1 h. Thus, the final concentrations of the lipids
and polymers were half of those of the original solu-
tions. The noncoated liposomes were mixed with the
corresponding buffer solutions to adjust the liposo-
mal concentrations to those of the coated liposomes.
The submicron-sized, CS-coated liposomes (ssCS-Lip)
were prepared in the same manner. The average parti-
cle size of the resultant ssCS-Lip was in the range of
300–400 nm; that of the original noncoated liposomes
was 200 nm.

2.3. Preparation of calcitonin-loaded liposomes

Calcitonin-loaded liposomes were prepared with
the hydration method, in which the calcitonin solu-
tion was used instead of the buffer solution. The lipid
films composed of 129.0 mg (163.2�mol) of DSPC,
22.3 mg (40.8�mol) of DCP, and 7.9 mg (20.4�mol)
of Chol in a molar ratio of 8:2:1 were hydrated with
1 mL of phosphate buffer solution (pH 6.8) of calci-
tonin (160�g/mL). The resultant liposomal suspension
was diluted with 3 mL of the same phosphate buffer
solution to obtain the calcitonin-loaded multilamellar
liposomes. The particle size of the liposomes was con-
trolled via sonication.

Polymer coating of the calcitonin-loaded liposomes
was carried out after separating the liposomal pellet
by ultracentrifuging the liposomal suspension to min-
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solution = 35:65; wavelength for spectrophotometry:
220 nm.

2.4. Observation of the mucoadhesive behavior
and retentive profile of liposomes

The liposomes containing DiI were administered
intragastrically into male Wistar rats (13 weeks old)
that had been fasted for 48 h before administration. The
fasted conditions were set to minimize the contents in
the intestines, which disturbed the washing process for
the following confocal scanning microscopic observa-
tion. The dose was determined based on the amount of
DiI formulated to the liposomes, 0.168 mg DiI/rat.

The small intestine was excised from rats sacrificed
2 h after administration and then washed with a large
amount of saline solution (ca. 20 mL). The each part
of the rat intestine (duodenum, upper jejunum, lower
jejunum, upper ileum, and lower ileum) was sliced with
Cryostat (LEICA) to generate sections for confocal
laser scanning microscopic observation. The thickness
of the sections was 10�m. Each sample was placed
on the confocal laser scanning microscope (LSM510,
Zeiss) and observed at an excitation wavelength of
550 nm and an emission wavelength of 570 nm.

For quantitative evaluation of the retentive profile of
the liposomes, the each part of small intestine excised
was homogenised with 3 mL of saline solution without
washing. DiI in the homogenate (0.3 mL) was extracted
with 6 mL of a mixed organic solvent of chloroform
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mize the aggregation of liposomal particles. The c
itions of ultracentrifugation for the submicron-siz

iposomes were 75,000 rpm (231000×g) and 40 min
he chitosan solution (0.3%)was added the lipo
al pellet and subsequently resuspended by vo

ng. The calcitonin-loaded, submicron-sized liposo
ere coated with chitosan in the same manner.
To measure the encapsulation % of calcito

he liposomal pellet was obtained by ultracetrif
ng the liposomal suspension under the same co
ions described above. The calcitonin content in
iposomal pellet was determined by measuring
alcitonin concentration after destroying the lipo
al structure of the pellet by adding an appropr
mount of Tween 20 solution (20%, w/v). The ca

onin concentration was determined by HPLC car
ut under the following conditions—column: ODS
GL Science); mobile phase: acetonitrile:0.1% T
nd methanol (1:1) by shaking for 40 min. DiI co
entration in the organic solvent separated from
ixture by centrifugation (3500 rpm, 10 min) was m

ured with fluorometry (F3010, Hitachi) at an exc
ion wavelength of 550 nm and an emission wavele
f 570 nm

.5. Administration of calcitonin-loaded
iposomes to rats

The absorption test was carried out using m
istar rats (9 weeks old) fasted for 12 h before intra

ric administrationa calcitonin-loaded liposome s
ension (500 IU/kg). The dose was determined b
n our previous work with PLGA nanoparticles co

aining elcatonin, where the pharmacologic effect
ulated with oral administration of PLGA-elcaton
as increased with increasing the dose from 12
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500 IU/kg (Kawashima et al., 2000). The liposomes
were administered as liposomal suspensions. As a ref-
erence, an equivalent amount of calcitonin solution was
administered. The rats had free access to water dur-
ing the experiment. The fasted conditions were kept
up to 48 h after administration of the drug. A 200-�L
blood sample was obtained from the jugular vein at an
appropriate interval to determine the calcium level. The
plasma calcium level was measured using a commer-
cially available kit (Calcium C-test WAKO, Wako Pure
Chemical, Japan).

3. Results

3.1. Mucoadhesion profile of submicron-sized
CS-Lip

To evaluate the particle size effect of chitosan-
coated liposomes on their mucoadhesive property,
submicron-sized liposomes were prepared by sonicat-
ing multilamellar liposomes (Lip). The submicron-
sized, chitosan-coated liposomes were prepared by
mixing the ssLip with a chitosan solution. The resultant
liposomes showed zeta potential values similar to those
of CS-Lip, suggesting formation of the same chitosan
coating layer as for CS-Lip (Table 1). Although the par-
ticle size of ssCS-Lip increased slightly in the coating
process partly because of aggregation, we used them
as obtained. The fluorescence marker DiI was incorpo-
r dhe-
s opy.

red
i ved

2 h after administration. The mucoadhesive profiles of
the liposomes in the intestinal tube were evaluated
by observing the residual liposomes on the mucosa
with confocal laser scanning microscopy. The higher
mucoadhesive tendency of ssCS-Lip compared with
CS-Lip was confirmed by comparing the resultant pho-
tographs inFig. 1. At the jejunum, small amounts of
particles were observed in the case of CS-Lip adminis-
tration, while large amounts of ssCS-Lip were detected
there. In the ileum, the retention of the liposomal par-
ticles seemed almost the same, but ssCS-Lip tended to
penetrate into the mucosal part of the intestine.

In measuring the mucoadhesive property of the non-
coated liposomes with different particle sizes, Lip and
ssLip, a similar size-dependency was observed (Fig. 2).
Although the retained amount of the noncoated lipo-
somes was relatively lower than the chitosan-coated
liposomes, ssLip showed a penetrative behavior sim-
ilar to that of ssCS-Lip. The lower retention of ssLip
compared with that of ssCS-Lip was confirmed, since
a small amount of ssLip was observed at the jejunum
(Fig. 2).

The mucoadhesive property of ssCS-Lip was mea-
sured for all parts of the intestinal tract, i.e., duode-
num, upper and lower jejunum, and upper and lower
ileum, and at both the mucosal and basolateral side
of the intestinal membrane (Fig. 3). The four pho-
tographs on the top side of the figure show the mucosal
side and the bottomed four corresponds to the baso-
lateral side. The white lines in each photograph show
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The liposomes containing DiI were administe
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able 1
haracterization of chitosan-coated liposomes

esired particle size of samples Chitosan concentra

�m (MLVs) 0
0.3
0.75

00 nm 0
0.3

00 nm 0
0.3

a CS-Lip.
b ssCS-Lip.
he edges of the sliced intestinal membrane. Lo
ng at the mucous layer side, considerable amo
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Fig. 1. Confocal laser scanning microscopy photographs of the jejunum and ileum of the rat intestine 2 h after intragastric administration of
chitosan-coated liposomes: (A) CS-Lip and (B) ssCS-Lip. The measured mean diameters of the liposomes are 4.6�m (A) and 339.2 nm (B),
respectively. The formulation of liposomes: DSPC:DCP:Chol = 8:2:1. The concentration of chitosan in the coating is 0.3%.

lower part of the ileum, which suggested their excel-
lent mucoadhesive property. It was characteristic that
the red parts suggesting the existence of liposomes
were observed in the basolateral side of the intestinal
membrane.

To characterize the penetrative properties of various
liposomal particles into the intestinal mucosa, the same
experiment was carried out for the other liposomal par-
ticles – Lip, CS-Lip and ssLip – in the same manner.
The photographs taken of the jejunum and lower part
of the intestine are shown inFig. 4. No particles of Lip
and CS-Lip were observed on the basolateral side of
the intestine. In the case of ssLip, the similar penetra-
tive property as observed for ssCS-Lip was confirmed,
although its retention profile was lower than ssCS-Lip,
as shown inFig. 2. These tendencies were confirmed at
other parts of the intestine (data not shown). The pen-
etrative property of the particles seemed to be highly
dependent on their size.

3.2. Retentive profile of liposomal particles in the
intestine

The retentive profile of these liposomal particles
in the gastrointestinal tract was evaluated by measur-
ing the amount of particles after oral administration
of these particles. As shown inFig. 5, the chitosan-
coated liposomes (CS-Lip and ssCS-Lip) tended to
remain in the upper part of the gastrointestinal tract
1 h after administration. Their mucoadhesive properties
may play an important role in retarding their moving
rate in the gastrointestinal tract.

In comparing ssCS-Lip and CS-Lip, ssCS-Lip was
more retentive than CS-Lip. The penetrative property
of ssCS-Lip seemed to be effective for prolonging their
retention in the intestinal tract. However, ssLip showed
the comparable retention as observed for Lip, although
the penetrative tendency was observed for ssLip with
CLSM analysis. Based on these observations, we can
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Fig. 2. Confocal laser scanning microscopy photographs of the jejunum and ileum of the rat intestine 2 h after intragastric administration of
noncoated liposomes: (A) Lip and (B) ssLip. The measured mean diameters of the liposomes are 4.1�m (A) and 181.9 nm (B), respectively.
The formulation of liposomes: DSPC:DCP:Chol = 8:2:1.

estimate that the surface property of the particle is
extensively important to improve its retentive profile
in the intestinal tract for drug absorption.

To confirm the retentive profile of ssCS-Lip, its
residual amount was observed at the different time
interval after oral administration in rats. Comparing
the three stages shown inFig. 6, we can confirm that
the liposomal particles move slowly through the gas-
trointestinal tract. The profile of ssCS-Lip at 2 h after
(Fig. 6) was similar to that observed for ssLip at 1 h
after administration (Fig. 5).

3.3. Coating of calcitonin-loaded,
submicron-sized liposomes with chitosan

When the calcitonin-loaded ssLip suspension was
mixed with a chitosan solution for coating, aggrega-
tion of the liposomal particles was observed. As the
aggregation tendency was considerably stronger than

that observed for the empty liposomes, the aggregation
was attributed to the calcitonin molecules in the solu-
tion or the surface of liposomal particles. Therefore,
chitosan coating of ssLip containing calcitonin was car-
ried out after separating the free calcitonin in the solu-
tion by ultracentrifugation. The ultracentrifuged pellet
of ssLip was redispersed in a chitosan solution with
vortexing. By applying a slight sonication to the redis-
persed liposomal suspension, ssCS-Lip were obtained.
The encapsulation of calcitonin into Lip and ssLip was
more than 90%, as previously reported (Takeuchi et al.,
2003).

3.4. Oral administration of calcitonin-loaded
liposomes

In a previous study (Takeuchi et al., 2003), we
confirmed the effectiveness of mucoadhesive prop-
erty of liposomes in oral administration of liposomal
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Fig. 3. Confocal laser scanning microscopy photographs of various parts of the intestinal tract of the rat 2 h after intragastric administration of
ssCS-Lip. The measured mean diameter is 281.2 nm. The formulation of liposomes: DSPC:DCP:Chol = 8:2:1.

calcitonin to rats. As the mucoadhesive property of CS-
Lip was extensively improved by reducing their particle
size to a submicron order (ssCS-Lip), we expected to
improve the enteral absorption of peptide drugs by
using ssCS-Lip as carriers.

The same amount of calcitonin (500 IU/kg rat)
entrapped in the liposomal formulations was intra-
gastrically administered to rats. Administration of
calcitonin-loaded ssCS-Lip led to a sustained decrease
in calcium concentration in the blood up to 120 h after

Fig. 4. Confocal laser scanning microscopy photographs of the lower part of the jejunum 2 h after intragastric administration of various types
of liposomes. The measured mean diameters of each liposome are shown in brackets.
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Fig. 5. Retentive profile of various types of liposomes in the gastroin-
testinal tract at 1 h after intragastrical administration. The measured
mean particles sizes of Lip, ssLip, CS-Lip, and ssCS-Lip are 3.90�m,
182.9 nm, 7.46�m, and 304.7 nm, respectively. The formulation of
liposomes is DSPC:DCP:Chol = 8:2:1. The concentration of chitosan
for coating is 0.3%.*P< 0.05,** P< 0.01, and*** P< 0.001: signifi-
cantly different from Lip (n= 4 in each case).

administration (Fig. 7). The period of reduced calcium
was much longer than that observed when CS-Lip were
used as carriers of calcitonin under the same conditions
(Takeuchi et al., 2003). Comparing these profiles, the
particle size effect on calcitonin absorption was con-
firmed. The ssLip were also found to be effective in
reducing the calcium level under the same experimen-

Fig. 6. Retentive profile of ssCS-Lip in the gastrointestinal tract up to
2 h after intragastrical administration. The measured mean particles
sizes of ssCS-Lip are in the range of 300–400 nm. The formulation of
liposomes is DSPC:DCP:Chol = 8:2:1. The concentration of chitosan
for coating is 0.3%.

Fig. 7. Profiles of plasma calcium levels after intragastric administra-
tion of submicron-sized liposomes, ssLip and ssCS-Lip, containing
calcitonin. The measured mean particles sizes of ssLip and ssCS-Lip
are 196.4 and 473.4 nm, respectively. The formulation of liposomes is
DSPC:DCP:Chol = 8:2:1. The concentration of chitosan for coating
is 0.3%.*p< 0.05,** p< 0.01, and*** p< 0.001: significantly differ-
ent from the level for calcitonin solution;†p< 0.05 and††p< 0.01:
significantly different from the level for ssLip (n= 3 in each case).

tal conditions, although the extent was much less than
that of ssCS-Lip, as shown inFig. 5.

The pharmacologic effects of the various liposo-
mal calcitonins tested were evaluated by calculating
the area above the blood calcium level (AAC) by use
of a trapezoidal method. InFig. 8, AAC values for
the three types of liposomes of different particle size
are shown. The particle sizes of the noncoated lipo-
somes were 4.0�m, 400 nm, and 200 nm. The chitosan-
coated liposomes were prepared by using these non-
coated liposomes, and their particle sizes were 4.1�m,
660.8 nm, and 473.4 nm, respectively. This evaluation
clearly showed that the pharmacologic effect increased
with decreasing particle size of the liposomes. The
effect of chitosan coating was also confirmed by com-
paring that value for noncoated and CS-coated lipo-
somes of similar particle size.

4. Discussion

It is well known that one of the functions of mucosa
is to restrict the penetration of large molecules, includ-
ing particles. Generally, it has been believed that the
particles hardly passed through the absorptive entero-
cytes of mucosa.

Contrary to the general consideration, confocal laser
scanning microscopic photographs (Figs. 3 and 4)
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Fig. 8. Area above the plasma calcium level curve (AAC) for
liposomes, Lip, ssLip, CS-Lip, and ssCS-Lip, having differ-
ent particle size and containing calcitonin calculated for 120 h
after intragastric administration. The formulation of liposomes is
DSPC:DCP:Chol = 8:2:1. The concentration of CS for coating is
0.3%. The actual particle sizes of large, middle, and small lipo-
somes are 4.0�m, 400 nm, and 196.4 nm for noncoated liposomes
and 4.1�m, 660.8 nm, and 473.4 nm for chitosan-coated liposomes,
respectively.*p< 0.05 and** p< 0.01: significant differences for the
noncoated and chitosan-coated liposomes of similar particle size
(n= 3).

suggested the penetration of the submicron-sized lipo-
somal particles into the mucosa. This penetration
seemed to occur at the absorptive enterocytes of
the intestine, because the lymphoid tissues (Peyer’s
patches) were excluded in preparation of the sample
for CLSM observation. It was characteristic that pen-
etration was observed only for the submicron-sized
particles (ssSC-Lip and ssLip).

There are some reports that demonstrate particle
uptake in the gastrointestinal tract or Caco-2 cells.
Jani and colleagues have shown the absorption of
polystyrene nanoparticles and confirmed their uptake
occur through both the gut associated lymphoid tissue
(GALT) and, to a lesser extent, normal intestinal tis-
sue (Jani et al., 1990; Hillery et al., 1994; Florence,
1997). Desai et al. (1996)examined the gastrointesti-
nal uptake of biodegradable nano- and microparticles
and demonstrated its particle size dependency. Histo-
logic evaluation of tissue sections demonstrated that
100 nm particles diffused throughout the submucosal
layers, while the larger-sized particles were predom-
inantly localized in the epithelial lining of the tissue.
It also confirmed the similar particle size-dependent
uptake in an experiment with Caco-2 cells (Desai et
al., 1997).

The particle size dependency observed in our exper-
iment corresponds to that observed with these poly-
meric nanoparticles. One of the possible mechanisms
explaining the uptake of the submicron size liposomes
is adsorptive endocytosis, because the GALT (Peyer’s
patches) was excluded in preparation of the sample for
CLSM observation, as mentioned above. The particles
are required to pass through the mucous layer before
reaching the surface of enterocytes. An interaction of
chitosan on the surface of ssCS-Lip with mucin can
contribute it. Although more experiments are needed
to confirm the absorption mechanism of the liposomal
particles, adsorptive endocytosis is tentatively the most
possible mechanism.

The penetrative behavior of ssCS-Lip contributed
to their improved retentive property in the intestinal
tract after administration as shown inFigs. 5 and 6.
In comparing the results shown inFig. 5 with those
observed inFigs. 1 and 2, there is some inconsis-
tency for the retention of the liposomal particles. For
example, while strong fluorescence of the liposomes
adsorbed to Jejunum is observed for the ssCS-Lip
(Fig. 1) and essentially no fluorescence is observed
for the CS-Lip,Fig. 5 indicates that the amount of
the liposomes adsorbed onto Jejunum for the ssCS-
Lip is about a half of that of CS-Lip; the retention
of ssLip was as low as that of Lip having larger par-
ticle size (Fig. 5), although penetrative property into
the intestinal mucosa was observed for ssLip (Fig. 2).
These inconsistencies may be related to the adhesion
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n the experimental section. The liposomal parti
n the surface of mucous layer of intestine with w
dhesive interaction may be washed out in the ca
LSM observation.
Based on these results we considered that

ucous layer on the surface of enterocytes contr
he retention of the particulate systems. As the mu
ayer is a highly viscous gel, it may restrict the amo
f the ssLip particles reaching to the surface of e
ocytes. Although CS-Lip having a good affinity to
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hey may remain there without being entrapped
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to turn over in a relatively short time. Therefore, the
residence of CS-Lip in the intestinal tract may be short-
ened. On the other hand, once the particles pass through
the mucous layer and/or are taken up into the entero-
cytes, they can remain there for a relatively longer time.
Then, the retention time of ssCS-Lip may be much
inproved than that of CS-Lip.

The liposomal formulation of calcitonin retained in
the mucous layer can enhance the drug absorption by
increasing the drug concentration there. The passive
diffusion may be responsible for its absorption phe-
nomena. The prolonged pharmacological effect after
oral administration of calcitonin entrapped in the ssCS-
Lip was attributed to their longer retentive properties
in the intestinal tract owing to their penetrative prop-
erties into the mucosa. So far it is not clear if the drug
entrapped in the liposomes is released in the cell or if
it is carried to the basolateral side of the mucosa as
the entrapped form. However, it is certain that part of
the drug reaches the bloodstream. There is also a claim
that enterocytes are sloughed off within a few days. In
these situations the particulate systems cannot remain
for such a long time as a few days. In our experiment,
the fasted conditions for 48 h after administration of the
liposomal calcitonin may affect the turn over period of
enterocytes. The more precise experiments consider-
ing these physiological conditions of mucosa are being
continued.

The extensively prolonged pharmacological effect
such as for 20 days after oral administration of the par-
t
a ry-
l also
d p to
4 ed
i r
n .,
2 of
t the
i ep-
t .

e
l sti-
n s a
t the
s 48 h
a ired
t ulate

systems can contribute the extended pharmacological
effect up to 120 h after oral administration.

5. Conclusion

It was found that the ssCS-Lip possess an excellent
penetrative property in to the intestinal mucosa. They
showed the highest retentive property in the intestinal
tract after oral administration owing to the penetra-
tive property. The prolonged pharmacologic effect of
calcitonin with ssCS-Lip was attributed to their excel-
lent retentive property. The noncoated ssLip did not
show such a prolonged pharmacologic effect, probably
because the number of particles taken up into the ente-
rocytes was lower than that of ssCS-Lip, owing to the
resistance of mucous layer. The mucoadhesive prop-
erty of ssCS-Lip provided by the CS coating layer is
essential for their long retention in the intestinal tract.
They show an excellent peptide carrier function for oral
administration.
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