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Abstract

In general, absorption enhancing effects of various absorption enhancers were greater in the large intestine than those in the
small intestinal regions. Therefore, the effectiveness of absorption enhancers is expected to be remarkably observed, if these
enhancers can be delivered to the large intestine with some poorly absorbable drugs after oral administration. In this study,
therefore, we examined whether chitosan capsules were effective for the colon-specific delivery of a certain absorption enhancer
and can improve the absorption enhancing action of the absorption enhancer after oral administration. 5(6)-Carboxyfluorescein
(CF) was used as a model drug to investigate the site-dependent effectiveness of various absorption enhancers by an in situ
closed loop method. Sodium glycocholate (NaG&)pdecyl-p-maltopyranoside (LM), sodium salicylate (NaSal) and sodium
caprate (NaCap) were used as models of absorption enhancers in this study. Overall, the absorption enhancing effects of these
enhancers for intestinal absorption of CF were greater in the colon than those in the jejunum and the ileum. Especially, among
these enhancers tested in this study, LM showed much greater absorption enhancing effect in the colon than in the jejunum and the
ileum. Therefore, LM was selected as a model absorption enhancer to examine the effect of chitosan capsules on the absorption
enhancing effect of LM. When CF and LM were orally administered to rats using chitosan capsules, the plasma concentration of
CFwas much higher than those in other dosage forms including solution and gelatin capsules. Therefore, chitosan capsules may be
useful carriers for colon-specific delivery of LM, thereby increasing its absorption enhancing effect from the intestinal membranes.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction On the other hand, we previously demonstrated that
chitosan capsules could be useful carriers for the colon-

The intestinal absorption of hydrophilic and specific delivery of peptide and anti-inflammatory
macromolecular drugs is generally low by their drugsincludinginsulin, 5-aminosalicylic acid and rido-
poor intestinal permeability. The use of absorption grel, and intestinal absorption of insulin was enhanced
enhancers has been shown to improve the absorptionusing chitosan capsule$dzaki et al., 1997, 1999a,b,
characteristics of these drugs. Various kinds of ab- 2002. Chitosan is a high molecular weight cationic
sorption enhancers have been investigated regardingpolysaccharide derived from naturally occurring chitin
their effectiveness, toxicity and mechanism of action in crab and shrimp shells by deacetylation. It has pre-
(Aungst and Rogers, 1988; Nishihata et al., 1983; viously been employed as a pharmaceutical excipient
Uchiyama et al., 1996, 1999; Yamamoto et al., 1992, in oral drug formulations to improve the dissolution
1996, 2001 These absorption enhancers include sur- of poorly soluble drugs or for the sustained release of
factants, bile salts, chelating agents, and fatty acids. As drugs by a process of slow erosion from a hydrated
for surfactants and bile salts, our previous study indi- compressed matrixistl et al., 1993. This biopoly-
cated that rectal permeability of insulin was enhanced mer is considered to be non-toxic, with an oraldglin
by the co-administration of various bile salts such as mice of >16 g/kg. It was reported that this compound
sodium glycocholate (NaGC), sodium taurocholate, is degraded by microflora, which are richly distributed
and sodium deoxycholate (NaDC)gmamoto et in the colon Tozaki et al., 1997, 1999a,b, 2007 his
al., 1992. In addition, Uchiyama et al. (1999) character might make it a suitable carrier to deliver
demonstrated thatn-dodecyl-p-maltopyranoside  drugs and other compounds specifically to the colon.
(LM), a non-ionic surfactant, and bile salts such However, no study has been done to examine the effect
as NaGC and NaDC enhanced the permeability of of chitosan capsules on the colon-specific delivery of a
insulin across the intestinal membrane. With regard to certain absorption enhancer and to improve its absorp-
chelating agents, it was found that sodium salicylate tion enhancing action.
and 5-methoxysalicylate remarkably enhanced the In this study, therefore, we examined whether the
rectal absorption of insulin in rat&gngst and Rogers,  chitosan capsules can be effective for delivering LM, a
1988; Nishihata et al., 1981, 1983Furthermore, it  typical absorption enhancer to the colon and improv-
was reported that linoleic acid (fatty acid)-surfactant- ing its absorption enhancing effect for the intestinal
mixed micelles improved the intestinal absorption of absorption of CF, a poorly absorbable compound.
streptomycin and gentamicin in ratd@ranishi, 1985,
1990. These different types of enhancers have been
known to increase the intestinal absorption of poorly 2. Materials and methods
absorbable drugs by various mechanisms.

As for the regional differences in the effect of var- 2.1. Materials
ious absorption enhancers in the intestine, it was gen-
erally known that the absorption enhancing effects of  CF was obtained from Eastman Kodak Company
these absorption enhancers were greater in the large in{Rochester, NY). LM and NaGC were obtained from
testine than those in the small intestine. For example, Sigma-Aldrich Chemical Co. (St. Louis, MO). NaSal
our previous studies demonstrated that the absorptionand NaCap were obtained from Nacalai Tesque, Inc.
enhancing effects of sodium caprate (NaCap) and LM (Kyoto, Japan). All other reagents used were of analyt-
for the intestinal absorption of insulin and ebiratide in ical grade.
the large intestine were much greater than those in the
small intestine Uchiyama et al., 1999; Yamamoto et 2.2. Preparation of drug solution
al., 1997, although the reason was not fully under-
stood. Therefore, the effectiveness of absorption en-  For the absorption studies, CF was dissolved in a
hancers is expected to be more remarkably observed,phosphate buffered saline solution (PBS) adjusted to
if these enhancers can be specifically delivered to the pH 7.4 to yield a final concentration of 0.25 mg/rat. In
large intestine with drugs after oral administration. certain experiments, the dosing solutions were added to
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20 mM absorption enhancers including NaGC, NaCap, plasma fraction (10fl), which was then kept in ice

NaSal and LM. until determination. The plasma samples of CF were
_ _ determined by a modified method Masuda et al.
2.3. Absorption experiments (1986) An equal volume of 10% (w/v) Triton X-100

) ) . solution was added to each plasma sample, and sam-
_ Absorption experiments were perforrped by an in yjes were then determined spectrofluorometrically. The
situ closed '_OOp methodiada etal., 1995; Yamamoto  inravenous administration of an equivalent dose was
etal., 1996; Yodoya et al., 19RMale Wistar albino  ¢4rried out separately via the femoral vein. The peak
rats (250—280 g) were anaest.hetlz_ed W|th.sod|um Pen- -oncentration Cmay) and the time to reach the peak
tobarbital (32 mg/kg body weight i.p.). Animals were ., centrationTmay) were determined directly from the
fasted for about 16 h before the experiment. Studies in plasma concentration—time curves. The area under the
this article have been carried outin accordance with the ;e (AUC) was calculated by the trapezoidal method
guidelines of the Animal Ethics Committee at Kyoto .01 sero to the final sampling time (240 min). The

Pharmaceutical University. The intestine was exposed gyiant of bioavailability was calculated as follows:
through a midline abdominal incision and flushed by

passing phosphate buffered saline (PBS, pH 7.4). The Fo AUC(intestine)
remaining buffer was expelled with air and a closed AUC(iv,)
loop of jejunum, ileum and colon was prepared. Seg-

ments were identified in the following method. In the

small intestine, the first 10 cm of the top of the small 2.4. Preparation of chitosan capsules

intestine was not used, the next 10 cm was used as the

jejunum and the final 10 cm was considered to be the  The chitosan capsules were obtained from Ai-
ileum. For the large intestine, the first 3cm of the large cello Chemical Company Ltd. (Toyohashi, Japan). The
intestine was not used and the next 5cm was usedscheme of chitosan capsule used in this study is shown
as the colon. The distal part of the loop was cannu- in Fig. 1. The mean dimensions and weight of these
lated with polyethylene tubing then closed by clipping capsules were 3.5 mm1.6 mm and about 1.0 mg re-
with a forceps. Drug solution (2 ml), kept at 3C was spectively. Each chitosan capsule or gelatin capsule
introduced into the loop through a cannulated open- contains 0.1 mg CF and 1 mg LM. The surface of these
ing in the proximal part of the loop, which was then capsules was coated with hydroxypropyl methylcellu-
closed by closing the tubing with forceps. The jugular lose phthalate (HPMCP) as an enteric coating mate-
vein was exposed and blood sample€(3 ml) were rial. The HPMCP was applied to the capsule by the
collected into heparinized syringes at predetermined following procedure. First, HPMCP was dissolved in
time intervals up until 240 min. Samples were immedi- acetone/ethanol solvent (w/w=1.1), and then the cap-
ately centrifuged at 10,000 rpm for 5 min to obtain the sules were dipped in this solution to obtain capsules

x 100.

Drug + LM Enteric coating : 40 pm
(hydroxypropylmethyl
cellulose phthalate)

T ,,“>
i

Seal : cyanoacrylate adhesive

! 3.5mm I

Chitosan capsule : 40pym

Fig. 1. Scheme of chitosan capsules for colon-specific delivenydufdecyl-p-maltopyranoside (LM).
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coated with HPMCP. The PBS solution containing CF 3. Results
(2 mg/ml) and LM (10 mg/ml) was also prepared.

3.1. Effect of various absorption enhancers on the
2.5. In vivo oral administration of chitosan intestinal absorption of 5(6)-carboxyfluorescein
capsules (CF) in different regions

Male Wistar rats (250-280 g) were fasted for more  frigs 2—ashow the plasma concentration—time pro-
than 8h before the experiments. The capsules (10fijles of CF after administration of different intestinal
capsules) were orally administered to stomach via |oops of rats with or without various absorption en-
polyethylene tubing (2mm in diameter) followed by hancers. CF alone was poorly absorbed from all in-
1 ml of distilled water u_nder light ether ane_sthesia. A testinal regions, although the absorption of CF from
volume of 20Qul of distilled water was administered  he jejunal loops was slightly greater than that in the
to rats every 3h, and 1 ml of drug solution (1 mg/rat) qther two regions. In the jejunum, the plasma concen-
was administered the same manner. Blood samplesi ations of CF were markedly increased by the addi-
(~0.3 ml) were collected from the jugular vein at pre-  tjon of NaGC, while LM, NaSal and NaCap did have
determined time intervals for up to 24 h. Samples were 4 |ittle absorption enhancing effect after administra-
centrifuged at 10,000rpm and the plasma fractions tion of CF with these enhancers to the jejunal loops
were obtained. of rats Fig. 2). The peak plasma concentratia@h{ay)
of CF with NaGC was the greatest, but the time to
reach the peak plasma concentratitgfdy) of CF with
NaGC was slightly delayed as compared with the con-
trol (Fig. 2). The plasma concentrations of CF were also
remarkably enhanced by the addition of NaGC in the
ileum (Fig. 3). The Cyax value of CF with NaGC was
the greatest and thignax of CF with NaGC was 45 min
(Fig. 3. On the other hand, a moderate absorption en-
2.7. Statistical analyses hanci_ng effect_was observed for the ileal intestinal ab-

sorption of CF inthe presence of NaSal, NaCap and LM

Results were expressed as the méSE. and sta-  (Fig. 3. The absorption of CF from the colonic region

tistical significance was assessed by the Studetest ~ Was remarkably enhanced by the addition of NaCap,

2.6. Determination (assay) of drug

CF was determined spectrofluorometrically us-
ing microplate reader fluorescence spectrophotometer
(Spectrafluor Plus, TECAN, Austria GmbH) at an ex-
citation wavelength of 485 nm and an emission wave-
length of 535 nm.

or Dunnett's test for multiple comparisonwih< 0.05, LM and NaGC and the absorption enhancing effects
as the minimum level of significance. of these enhancers for the absorption of CF were the
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Fig. 2. Plasmaconcentration—-time profiles of 5(6)-carboxyfluorescein (CF) following administration to the rat jejunal loops of rats in the presence

or absence of various absorption enhancers. Each value represents theSrieaof five experiments. KeystY) no additive, &) 20 mM sodium
salicylate (NaSal),®) 20 mM sodium caprate (NaCapy Y sodium glycocholate (NaGC).J) 20 mM n-dodecy|g8-p-maltopyranoside (LM).
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Fig. 3. Plasma concentration—time profiles of 5(6)-carboxyfluorescein (CF) following administration to the rat ileal loops of rats in the presence
or absence of various absorption enhancers. Each value represents the 1Bawof five experiments. KeysCY) no additive, &) 20mM

sodium salicylate (NaSal)®) 20 mM sodium caprate (NaCapy Y sodium glycocholate (NaGC),{) 20 mM n-dodecylf8-p-maltopyranoside
(LM).

greatest in the colonF{g. 4). The Cnax value of CF the AUC value and-% of CF significantly increased
was greatest in the presence of LM. However, the ab- in the colon with NaGC, NaCap and LM, especially
sorption enhancing effect of NaSal in the colon was LM. However, NaSal did not improve the AUC value
marginal for the absorption of CIFig. 4). andF% of CF significantly in the colon. Overall, the
Table 1summarizes the pharmacokinetic parame- effectiveness of these absorption enhancers except for
ters Cmax Tmax AUC andF%) of CF after adminis- NaSal was greatest in the colon among these intestinal
tration of CF with various absorption enhancers to the regions.
different intestinal loops of rats. As shownTable 1, Fig. 5 summarizes the absorption enhancing ra-
in the jejunum, the AUC values ari6 of CF in the tios of these absorption enhancers in jejunum,
presence of NaGC were significantly higher than those ileum and colon. Absorption enhancement ratios
in the control, while the other three enhancers did not of these absorption enhancers in different regions
increase the AUC values aéo of CF significantly. were estimated by calculating the enhancement ratio
In the ileum, the AUC value an8% of CF signifi- (AUCennancelAUCcontro) Of these enhancers in the in-
cantly increased by the addition of all the enhancers, testinal regions. Itwas found that all the enhancers were
especially in the presence of NaGC. On the other hand, more effective in the colon, although we found almost
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Fig. 4. Plasmaconcentration—time profiles of 5(6)-carboxyfluorescein (CF) following administration to the rat colonic loops of rats in the presence
or absence of various absorption enhancers. Each value represents thie 1Eaaf five experiments. KeystY) no additive, &) 20 mM sodium
salicylate (NaSal),®) 20 mM sodium caprate (NaCapy ) sodium glycocholate (NaGC).J) 20 mM n-dodecylf-b-maltopyranoside (LM).
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Table 1

Pharmacokinetic parameters after intestinal absorption of 5(6)-carboxyfluorescein (0.25 mg/rat) with or without absorption enhancers

G. Fetih et al. / International Journal of Pharmaceutics 293 (2005) 127-135

Enhancer Concentration (mM) Cimax (rg/ml) Tmax (mMin) AUC (ug/minmi-1) F(%)
Jejunum
None - 0.042:0.004 30 4.07+ 0.48 5.43+ 0.65
NaGC 20 0.138-0.021 45 14.93+ 2.33" 19.93+ 3.11"
NaCap 20 0.05% 0.007 30 5.5%+ 0.86" 7.45+ 1.18'S
NaSal 20 0.0530.008 30 6.30t 1.12"s 8.41+ 1.49'S
LM 20 0.054+0.010 20 5.3 0.83" 7.09+ 1.10'S
lleum
None - 0.018:0.004 45 2.62+ 0.38 3.49+ 0.51
NaGC 20 0.194-0.018 45 19.84+ 3.19™ 26.49+ 4.26™
NaCap 20 0.05% 0.009 30 6.43+ 1.40" 8.58+ 1.87"
NaSal 20 0.05%0.007 30 5.2 0.58 6.96+ 0.87
LM 20 0.077+0.014 20 7.4 0.89" 9.89+ 1.2¢™
Colon
None - 0.019:0.002 45 2.7% 0.09 3.72+ 0.12
NaGC 20 0.482-0.060 10 28.41 2.10™ 37.93+ 2.81™
NaCap 20 0.5940.030 30 36.76+ 3.16™ 49.07+ 4.22™
NaSal 20 0.105-0.014 45 517 0.65" 6.91+ 0.8
LM 20 0.790+ 0.030 20 42.72+ 2.3%™ 57.02+ 3.10™

Each value represents the meiaB.E. of five experiments. (< 0.05, (**) P<0.01, (***) P<0.001, significantly different compared with the
control. (n.s.) Not significantly different compared with the control.

no significant regional difference in the absorption en- chitosan capsules on the absorption enhancing effect
hancing effect of NaSal. The values of enhancement ef- of LM.
fect (AUCenhancelAUCcontrol) Were highestin the colon

for all the tested enhancers except for Naga (5). Of 3.2. Effect of different dosage form (solution,
all these absorption enhancers, LM and NaCap have agelatin capsules and chitosan capsules) on the
large regional difference in the absorption enhancing isiestinal absorption of CF and the absorption
effect between the small and large intestine. There- enhancing effect of LM

fore, in the following studies, LM was selected as a

model absorption enhancer to examine the effect of Fig. 6 indicates the comparison of absorption

enhancing effect of LM for intestinal absorption of CF
in different dosage forms (solution, gelatin capsules
20 - and chitosan capsules). When CF and LM were orally
administered using chitosan capsules, the plasma con-
centration of CF was much greater than those in other
lleurn dosage forms including solution and gelatin capsules,
B Colon although thélax value of CF using chitosan capsules
. was delayed as compared with the CF solution and
’ gelatin capsule groupsiable 2 shows the pharma-
cokinetic parameters of CF in different dosage forms.
The Tmax values of CF using chitosan capsules and
gelatin capsules were longer than that of control study
Fig. 5. Ab_so_rption _enhancement ratios of \_/arious absorption en- due to the lag time of drug release from the capsules,
hancersinjejunum, ileum and colon. Absorption enhancement ratios . . .
of these absorption enhancers in different regions were calculated espeC|aIIy in the case of chltosfan capsules. However,
from the equation. Enhancement ratio = (AuiGance(AUCcontro)- the AUC values an&% of CF using chitosan capsules
was significantly higher than those in solution and

OJejunum

Enhancement ratio
o
T

Each value represents the mean of five experiments.
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= 100 4. Discussion

% 55 b The present study demonstrated that the absorption
i) enhancing effects of various absorption enhancers were
g generally site-dependent, but their regional different
g 50| effectiveness in the intestine was depend on the type
§ of absorption enhancers. Of all these enhancers tested
2 45| in this study, we found that the absorption enhancing
@ effect of NaGC was not so site-dependent and its ef-
o fectiveness was observed in the jejunum and the ileum
& 00 S = 4‘ el 5 1; 1; 1;‘ as well as in the colon. Our previous study indicated

that the transport of insulin with NaGC in the jejunum
and the colon was 2.5 times and 2 times greater than
that in the control group without any absorption en-

Time (hr)

Fig. 6. Plasma concentration-time profiles of 5(6)-carboxy-

fluorescein (CF) following oral administration of CF witttlodecy!- hancer Uchiyama et al., 1999 That is, the transport
B-p-maltopyranoside (LM) in differentformulations. Eachvaluerep-  of insulin across the jejunal membrane was enhanced
resents the meah S.E. of five experiments. KeyscY) CF solution by the addition of NaGC in a similar manner as was

with LM, (A) gelatin capsules containing CF and LNM®) chitosan

capsules containing CF and LM, the case of colonic membrandchiyama et al., 1999

Therefore, our present finding was well correlated with
our previous finding.
gelatin capsules. These findings suggest that LM can  We found almost no significant enhancement effect
be delivered to the large intestinal region using chi- of NaSal in the present study, irrespective of adminis-
tosan capsules and this colon-specific delivery of LM tration site of NaSal. In a previous studyishihata et
might increase the absorption of CF from the colon.  al. (1983)reported that sodium salicylate remarkably
Fig. 7demonstrates the proposed mechanism for the enhanced insulin absorption from the rectal membranes
colon-specific delivery of LM using chitosan capsules and they usually used higher concentrations of NaSal to
and intestinal absorption enhancing effect of LMinthis - enhance the intestinal absorption of drugs. Therefore,
study. When CF and LM were orally administered in  the negative absorption enhancing effect of NaSal in the
solution or in gelatin capsules, CF was mainly absorbed intestine may be due to the low concentration (20 mM)
from the small intestinal region where the absorption of NaSal used in this study, and higher concentrations
enhancing effect of LM was considerably small. There- might be need to enhance the intestinal absorption of
fore, the absorption enhancing effect of LM was not drugs.
clearly observed in this case. However, when CF and  On the other hand, we observed a remarkable ab-
LM were orally administered using chitosan capsules, sorption enhancing effect of NaCap for the intestinal
CF could be delivered to the large intestine where the absorption of CF in this study and the absorption en-
absorption enhancing effect of LM was remarkably ob- hancing effect of NaCap was greater in the colon than
served. Consequently, we observed higher intestinal in the jejunum and ileunilomita et al. (1988)eported
absorption of CF with LM using chitosan capsules, as that the jejunal absorption of cefmetazole, a poorly

compared with the other dosage forms. absorbable antibiotic, was significantly enhanced by
Table 2

Pharmacokinetic parameters after oral administration of CF (1 mg/rat) with LM (10 mg/rat) in different dosage forms

Dosage from Cmax (rg/ml) Tmax (Min) AUC (ugminmi1) F%

Solution 3.1A0.21 60 704.1Gt 68.32 16.94t1.64

Gelatin capsule 3.310.37 240 1216.15 144.37S 29.25+4 3.74"S-
Chitosan capsule 7.240.52 480 2892.12+ 262.13" 68.36+6.30"

Each value represents the meia8.E. of four to five experiments. (*# <0.01, significantly different compared with the solution, (n.s.) not
significantly different compared with the solution.
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Fig. 7. Proposed mechanisms for the colon-specific delivery of LM and the absorption enhancing effect of LM with CF using chitosan capsules.

NaCap, but to a lesser extent than colonic membrane. (Sugiyama et al., 1997; Yamamoto et al., 1pThere-
Morishita et al. (1993)eported that the enhancement fore, because of the clear regional different effective-
effect of NaCap on insulin absorption was greater in ness of LM between the small and large intestine, we
the colon than in the jejunum. Furthermore, our previ- selected LM as a suitable absorption enhancer to ex-
ous study indicated that the transport of insulin across amine the effect of chitosan capsules on the intestinal
the colonic membrane was enhanced by the addition absorption of CF with LM in different dosage forms in
of NaCap, while we observed no significant effect of this study.
NaCapinthe jejunal membrane. Thus, our currentfind-  We previously demonstrated that chitosan capsules
ings concur with those previous findings and we con- could be useful carriers for the colon-specific deliv-
clude that the absorption enhancing effect of NaCap in ery of peptide and anti-inflammatory drugs including
the intestine was site-dependent and was greater in theinsulin, 5-aminosalicylic acid and ridogrel@zaki et
large intestine than that in the small intestine. al., 1997, 1999a,b, 2002As for peptide and pro-
Regarding the regional differences in the absorp- tein drugs, it was reported that insulin can be deliv-
tion enhancing effect of LM, our present study indi- ered specifically to the colon using chitosan capsules
cated that LM had a large regional difference in the ab- and intestinal absorption of insulin from the colon
sorption enhancing effect between the small and large was enhanced. With respect to the anti-inflammatory
intestine as well as NaCapchiyama et al. (1999%e- drugs, chitosan capsules were effective to deliver the
ported that LM significantly enhanced the transport of 5-aminosalicylic acid and ridogrelto the colon and their
insulin in the colon, but in the jejunum. That is, the anti-inflammatory effects were elevated in trinitroben-
permeability of insulin co-administered with LM inthe  zene sulfonic acid (TNBS)-induced colitis rats. It was
colonic membrane was about six times higher than in also reported that the chitosan capsules are degraded
the control, although its jejunal permeability was al- by microflora, which are richly distributed in the colon
most the same as that in the control. Similar regional (Tozaki et al., 1997, 1999a,b, 2002Ve suppose that
differences were also observed in the effect of LM on this character of chitosan capsules might make it a suit-
the transport of phenol red and ebiratide across the jeju- able to deliver a certain absorption enhancer specifi-
nal and colonic membranes by in vitro transport studies cally to the colon. As a result, the intestinal absorption
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of CF with LM was much improved using chitosan

capsules, as compared with the control. Therefore, LM

might be delivered specifically to the colon using chi-

tosan capsules where it might increase the intestinal
absorption of poorly absorbable drugs after oral ad-

ministration.

In conclusion, these results suggest that chitosan
capsules may be useful carriers for colon-specific de-

livery of absorption enhancers including LM, thereby
increasing the absorption enhancing effect of LM.
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