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Abstract

Recently, potential applications for f-chitosan (-CS) have been examined. In the present study,
calcium-induced alginate gel beads (Alg-Ca) containing weak acid salts of 8-CS were prepared and
examined with regard to their ability to adsorb bile acids in vitro. More than 70% of taurocholate
dissolved in solution was taken up by Alg-Ca containing 100 mg $-CS, sim. ilar to the degree of up-
take observed with Alg-Ca containing «-CS salt. The adsorption of bile acid was affected by the ab-
solute amount of $-CS and/or the acid concentration of the preparation. A secondary bile acid,
taurodeoxycholate, was also adsorbed by Alg-Ca containing weak acid salts of f-CS. Therefore,
f-CS might be used to adsorb bile acids within the gastrointestinal tract in the same manner as an
anion-exchange resin, and thus serve as a complementary means by which to prevent hyperlipi-
demia.
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1. Introduction

Chitin and chitosan (CS) have been utilized in the food and/or medicinal industry because of their biocompatibility
and/or biodegradability. Two crystal forms of chitin, a-chitin and g-chitin, are best understood and structural differ-
ences between these natural polysaccharides result in different chemical reactivities [1]. Generally, a-chitin is ex-
tracted from crab or shrimp shell, and g-chitin from squid pen. CS is a cationic polymer prepared by N-deacetylation
of chitin, thus «-CS and S-CS are obtained from a-chitin and S-chitin, respectively. The properties of a-CS and $-CS,
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such as water-solubility and/or anti-microbial activity, also differ [2] [3]. Various chitosan-based drug delivery sys-
tems have been investigated [4]-[6]. Most studies to date have examined a-CS since a number of commercial prepa-
rations of a-CS are available.

Though CS is not hydrolyzed by human digestive enzymes, it is an attractive material for drug development due
to its biological effects or adsorptive capacity in the gastrointestinal tract when taken orally [7]. For example, it is
widely recognized that oral administration of a-CS reduces serum cholesterol levels [8] [9]. One mechanism by
which this occurs is via adsorption of bile acids within the intestinal tract. We have previously reported that a weak
acid salt of a-CS adsorbs bile acids through electrostatic interactions and that oral administration of the salt reduces
serum cholesterol levels in rats [10] [11]. We have also shown that a polymer matrix containing a-CS salt adsorbs
bile acids by the same mechanism [12].

Allergic reactions, including anaphylaxis, following ingestion of a-chitin or a-CS can be problematic. The antige-
nicity of a-chitin or a-CS is primarily attributable to proteins such as tropomyosin or arginine kinase that contami-
nate the a-chitin extract during processing [13] [14]. For this reason, g-chitin and 5-CS are gaining more interest due
to their low antigenicity. A potential role for $-CS in applications related to food hygiene is being examined [15]
[16]. In the present study, we tried to devise a dosage form of 4-CS salt for incorporation into calcium-induced algi-
nate gel beads (Alg-Ca). The ability to take up bile acids secreted into the human intestine was examined in vitro.

2. Experimental
2.1. Materials

Two S-CSs, -CS1 (deacetylation (DA): 96%, Yaegaki Bio-industry Inc., Himeji, Japan) and -CS2 (DA: above
90%, FAP Japan, Tokyo, Japan), as well as a-CS (DA: 94%, Koyo Chemical Co., Tokyo, Japan), were used.
Sodium alginate (300 cps) and four bile acids, sodium taurocholate (TCA), glycocholate (GCA), taurodeoxy-
cholate (TDCA), and taurochenodeoxycholate (TCDA), were purchased from Nacalai Tesque (Kyoto, Japan).
Six reagent grade weak acids were also used to prepare the CS salt: lactic, malic, citric, sorbic, nicotinic, and
ascorbic acid.

2.2. Preparation of the CS Lactic Acid Salt

One gram of CS powder and 1 g of lactic acid were added to 18 g of demineralized water and the mixture stirred
until the CS powder dissolved. Ethanol (180 mL) was added to the viscous CS solution, followed by vigorous
stirring. The suspension was then centrifuged at 3500 rpm (1370 x g) for 10 min. The precipitate was collected
and washed five times with ethanol, then dried on a dish. It was desiccated under a vacuum in the presence of
P205.

2.3. Preparation of Alg-Ca Containing f-CS Salt

Alg-Ca containing -CS salt were prepared as follows: 0.5 g of -CS was dispersed in 9.5 g of 1.5(w/w)% so-
dium alginate solution with agitation. This solution (2 g) was dropped into 10 ml of 0.1 M CacCl, containing
weak acid and left to stand at 37°C for 1 h. Next, the spherical hydrogel beads were transferred to 20 ml of de-
mineralized water, which was incubated in a shaker incubator (SI-300; As One Co., Osaka, Japan) at 37°C for 1
d. The Alg-Ca (hydrogel beads) were then taken out and dried at 37°C for 1 d on a dish, followed by vacuum
treatment in a desiccator in the presence of P,Os. In this experiment, uptake of g-CS salt into Alg-Ca was ob-
served by stereoscopic microscopy (Carton Co., Tokyo, Japan), for which a PC was directly connected to a USB
camera (MeCan Imaging Inc., Fujimino, Japan).

2.4. Test of Bile Acid Adsorption

Fifteen milliliters of a 2 mM bile acid solution were placed into 50 ml vials and maintained at 37°C. Dried
Alg-Ca corresponding to 2 g of hydrogel were added to the tubes and shaken at 300 rpm in a shaker incubator at
37°C. A 180 pl aliquot of each solution was removed periodically to determine the amount of bile acid by HPLC
analysis.

2.5. Determination of Bile Acids

The HPLC system had a pump (LC-10AS; Shimadzu, Kyoto), a packed column (Mightysil RP-18 GP, 150 mm
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x 4.6 mm, Kanto Chem. Co., Tokyo), a detector (SCL-10A; Shimadzu), and an auto-injector (SIL-10A; Shi-
madzu). HPLC was conducted at ambient temperature using an eluent containing methanol, 30 mM phosphate
buffer (pH 3.4), and acetonitrile (6:3:1), at a flow rate of 0.8 ml/min. The detector wavelength was set at 220 nm.
Typical chromatograms of bile acids were shown in Figure 1. The amount of bile acid taken up into the Alg-Ca
was calculated based on the amount of bile acid added and that remaining at sampling time. All tests were per-
formed in triplicate. Where necessary, data were compared using Student’s t-test and their difference was in-
ferred as significance when p < 0.01.

3. Results and Discussion

The lactic acid salt of 5-CS1 obtained in this study was a yellow powder which dissolved in water. Though the
CS salt swelled in 2 mM of TCA, it did not dissolve. This property was also observed with the a-CS lactic acid
salt. A precipitate gradually appeared after 5 ml of 1% S-CS1 salt solution was added to an equal volume of 2
mM TCA at 37°C. This illustrates that an interaction may occur between $-CS1 and bile acid sodium salts with-
in solution.

Alg-Ca incorporating $-CS formed as soon as the sodium alginate was dropped into the CaCl, solution con-
taining weak acid such as lactic acid. Following this, formation of the -CS lactic acid salt was progressed by
penetration of lactic acid into the alginate gel matrix, as shown in Figure 2. When the hydrogel beads containing
100 mg p-CS1 were transferred to a solution containing 30 pmol TCA, they adsorbed bile acid (18.8 + 0.1 umol
was taken up into Alg-Ca after 120 min). Uptake was not observed, however, when Alg-Ca containing $-CS1
was prepared with acid-free CaCl, solution. In this circumstance, the dried gel beads were observed to swell in
solution taking up 21.3 + 0.2 umol of TCA at 60 min, although the initial rate of uptake was less than that of
hydrogel. The uptake behavior of bile acid was similar for Alg-Ca containing a-CS lactic acid salt. A similar
phenomenon was also observed for Alg-Ca containing the lactic acid salt of g-CS2, for which uptake of TCA
was 17.8 = 0.4 umol at 60 min.

The uptake of bile acid into Alg-Ca varied with lactic acid concentration within the CaCl, solution, as shown
in Figure 3. A dose-dependent relationship between the rate of uptake of bile acid and the acid concentration
was observed. The absolute amount of TCA uptake depended on the amount of available -CS. More than 70%
of the bile acid initially dissolved in solution was incorporated into Alg-Ca containing 100 mg $-CS1, as shown
in Figure 4. These results illustrate that uptake is primarily attributable to an ion-exchange reaction between the
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Figure 1. Chromatograms of
bile acids (20 nmol) obtained
from HPLC determination.
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Figure 2. Stereoscopic photomicrograph of Alg-Ca containing 100 mg -CS1
in 0.1 M CaCl, solution containing 1% lactic acid at 37°C. (A) 0 min; (B) 60

min.
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Figure 3. Effect of lactic acid concentration on uptake of TCA into Alg-Ca
containing 100 mg S-CS1.

bile acid and lactic acid.

Figure 5 shows the various profiles of TCA uptake by Alg-Ca containing S-CS treated with various weak ac-
ids. CS salt prepared with not only lactic acid but also malic acid or citric acid was able to adsorb bile acid. Sim-
ilar uptake profiles of bile acid were observed for Alg-Ca containing S-CS treated with sorbic acid, nicotinic ac-
id and ascorbic acid, which are utilized as food additives. In any case, similar amounts of TCA (19 - 22
umol/sample) were taken into Alg-Ca at 60 min. Primary bile acids, including TCA, GCA and TCDA, are se-
creted into the human gastrointestinal tract, while secondary bile acids, for example TCDA, are produced by en-
teric bacteria. All of these bile acids can be adsorbed by Alg-Ca containing f-CS1, and more than 90% of TDCA,
in particular, becomes adsorbed by 30 min, as shown in Table 1.

Bile acids are formed in the liver from cholesterol and 12 - 36 mg/day are secreted into the intestinal tract [17].
Adsorption of bile acids due to the presence of an anion-exchange resin in the intestinal tract inhibits their ente-
rohepatic circulation and reduces plasma cholesterol levels. It is presumed that molecular weight and degree of
deacetylation are important factors affecting bile acid adsorption by g-CS. In the present study, a commercial
preparation of 5-CS prepared from a weak acid salt was used and Alg-Ca was selected as the vehicle in order to
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Figure 4. Effect of f-CS1 amount on uptake of TCA into Alg-Ca treated with
1% lactic acid.

30
s . .
g | o
o I
b 3 o
O
=
U
)
.% 10F g O malic acid A nicotinic acid
a A citric acidd [ ascorbic acid
P ! [ sorbic acid

0 1 | | 1

0 30 60 90 120
Time (min)

Figure 5. Uptake of TCA into Alg-Ca containing 100 mg $-CS1 treated with
1% weak acid.

Table 1. Amount of bile acid taken up into Alg-Ca containing 100 mg f-CS1 treated with 1% lactic acid (n = 3, mean *
S.D.).

Time (min) TCA (umol) GCA (umol) TCDC (umol) TDCA (umol)
30 16.2+0.4 152+05 26.7+0.2 279+0.1
60 213+ 0.2 204+0.4 274+0.1 29.0+£0.3

provide an oral form of $-CS powder that could be swallowed. Alg-Ca containing $-CS salt adsorbed bile acid
to a similar extent as Alg-Ca containing a-CS salt. The significant difference was not seen statistically (p < 0.01)
on the uptake amounts of TCA at 60 min or 120 min between these vehicles. In light of the fact that all of the
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materials here examined are safe for oral consumption, this vehicle may serve as a complementary agent tar-
geted at preventing hyperlipidemia.
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