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Abstract

The aim of this study were to investigate the effect of sodium glycocholate (GC-Na) as an absorption promoter and the effects of the co-
administration of GC-Na and various absorption promoters on orally administered insulin absorption utilizing a colon-targeted delivery system.
The system containing insulin and GC-Na (CDS) was administered to dogs, and plasma glucose and insulin levels were then measured at 24 h
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fter administration. For CDS, theCmax in plasma glucose level was significantly higher than a reference formulation without GC-N
harmacological availability for CDS was not significantly higher than the reference formulation. In contrast, CDS with poly(ethylen
s a gelling agent (CDSP) showed prolonged hypoglycemia effects. The pharmacological availability was 5.5% and significantly diff

he reference formulation. The absolute bioavailability for CDS was 0.25%, and for CDSP it was 0.42%. Consequently, the results o
emonstrated that colon-specific delivery of insulin with GC-Na was more effective in increasing hypoglycemic effects after oral admi
nd the combination of GC-Na and poly(ethylene oxide) tended to prolong the colonic absorption of insulin and might be more ef

mprovement of orally administered insulin absorption utilizing the colon-targeted delivery system.
2005 Published by Elsevier B.V.
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. Introduction

Recently, several peptides that have strong biological activ-
ties have been discovered and many researchers have tried to
tilize them as medicines for the treatment of disease. However,
dministrations of these peptide drugs so far have been almost
xclusively limited to the parenteral route. Oral administration
f such drugs, like insulin, is considered to be the most suitable
oute, but the problem of low bioavailability comes into play.
any kinds of approaches have been investigated in order to

vercome the problem (Takeuchi et al., 2003; Radwan, 2001).
or example, the co-administration of peptide drugs and various
bsorption promoters has been tried (Hosny et al., 2002). Gen-
rally, the peptides were easily degraded by proteases, not only

n the gastrointestinal lumen, but also in the intestinal mucosa
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(Yamamoto et al., 1994; Tozaki et al., 1997a). Therefore, som
successes were achieved through the co-administration o
tide drugs and protease inhibitors in improving the problem
low absorption in the intestine (Bai, 1995). Their permeability
into the intestinal mucosa is extremely low, though, because
are highly hydrophilic materials with a high molecular weig
It has therefore been also reported that it is necessary t
some absorption promoters that increase the permeability
intestinal mucosa in order to remedy the low absorption
the intestine (Rao and Ritschel, 1995).

A lot of colon-specific drug delivery systems as ano
approaches have been tried to improve the low bioavaila
(Saffran et al., 1986, 1991; Kraeling and Ritschel, 1992), but,
generally, the colon is not as suitable a site for drug absor
as is the small intestine. This is because the water content
colon is much lower and there is less colonic surface area for
absorption available (Edwards, 1997; Kimura et al., 1994). How-
ever, the colon is the preferable site for the absorption of pe
drugs because proteolytic enzyme activity in the colon, su
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digestive enzyme and metabolic enzyme activity, is lower than
in the small intestine (Langguth et al., 1997; Rubinstein et al.,
1997). Therefore, many researchers have focused on the colon
as a potential delivery site for peptide and protein drugs. A novel
colon-targeted delivery system (CODESTM), which was devel-
oped by us, that releases drug by the generation of organic acids
when the lactulose is degraded by enterobacteria in the colon,
was used as the model of a colon-specific drug delivery system.
It has already been reported in previous studies that CODESTM

achieved colon-specific drug delivery in both dogs and humans
(Katsuma et al., 2002, 2004; Yang et al., 2003).

In this study, insulin-containing CODESTM was prepared
as a model drug (Insulin-CODES). Combinations of Insulin-
CODES with various absorption promoters for insulin were
tried in order to try and overcome the low absorption problem.
Sodium glycocholate (GC-Na, as an absorption promoter), as
well as citric acid (as a solubilizer for insulin) and meglumine
(as a pH adjusting agent) were incorporated into the core of the
Insulin-CODES. It has been reported that GC-Na is effective
in preventing the aggregation of insulin in an aqueous solution
(Ritschel, 1991), and reduces the degradation of insulin when
incubated in homogenates of rat large intestine. It was found
that the effect in the large intestine was more remarkable than
that in the small intestine (Yamamoto et al., 1994). Camostat
mesilate (CM) and sodium laurylsulfate (SLS), which are pro-
tease inhibitors, disodium ethylenediaminetetraacetate (EDTA),
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odium ethylenediaminetetraacetate and sodium laurylsulfate
were obtained from Kanto Chemical Co., Inc. (Tokyo, Japan).
Eudragit® E100, Eudragit® L100 and Eudragit® RL100 (R̈ohm
Pharm, Darmstadt, Germany) were kindly provided by Higuchi
Inc. (Tokyo, Japan). Hydroxypropylmethylcellulose 2910 (TC-
5E®) was obtained from Shin-etsu Chemical Industry Co., Ltd.
(Tokyo, Japan) and poly(ethylene oxide) (Polyox® WSR Coag-
ulant) was obtained from Union Carbide Japan (Tokyo, Japan).
Meglumine was obtained from Merck KGaA (Darmstadt, Ger-
many) and camostat mecilate was obtained from Shiono Chem-
ical Co., Ltd. (Tokyo, Japan). All other chemicals and solvents
were of analytical grade.

2.2. Preparation of the colon-targeted delivery system
containing insulin and various absorption promoters
(Insulin-CODES)

A CODESTM containing insulin and various absorption
promoters (Insulin-CODES) was prepared in order to eval-
uate the effect of co-administration on orally administered
insulin absorption. Insulin-CODES contained insulin (10 mg,
50 IU/kg), lactulose (100 mg) as a trigger for colon-specific drug
release, citric acid (10 mg) as a solubilizer for insulin, meglu-
mine (30 mg) as a pH adjusting agent, and sodium glycocholate
(GC-Na, 100 mg) as an absorption promoter in the core. The
30 mg of meglumine was added to neutralize the 10 mg of citric
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hich is a permeation enhancer and poly(ethylene oxide) (P
hich is a water-soluble polymer, were also used as absor
romoters in this study. CM is known to inhibit the degra

ion of insulin in both rat caecal contents and large intes
omogenate (Yamamoto et al., 1994; Tozaki et al., 1997).
LS is an anionic surfactant, which exhibits inhibitory beh

or against both insulin aggregation in water and the activitie
roteases, such as trypsin, which is contained in pancreatic
Fuchs and Ingelfinger, 1954; Ritschel, 1991). EDTA is known
o open the tight-junctions of the intestinal mucosa by chela
ith calcium ions and enhance permeability of insulin ac
aracellular routes in the large intestine (Uchiyama et al., 1999
amashita et al., 1987). PEO can form a rigid gel in water a
e used as an oral sustained-release material (Sako et al., 1996).

In this study, we evaluated the hypoglycemic effects
lasma insulin level profiles after oral administration of sev
inds of Insulin-CODES loaded GC-Na and various absorp
romoters to fasting dogs. This was done in order to invest

he effect of GC-Na on insulin absorption through colon-targ
elivery. Furthermore, the aim of this study was to investigat
ffects of combining GC-Na with other absorption promote

ry to improve orally administered insulin absorption.

. Material and methods

.1. Materials

Bovine insulin (Sigma Chemical Co., St. Louis, USA) w
sed as the model drug. Lactulose was obtained from T
asei Kogyo Co., Ltd. (Tokyo, Japan). Sodium glycocho
as obtained from Sigma Chemical Co., Citric acid,
,
n

e

cid since it dissolves the acid-soluble coating layer of Ins
ODES. GC-Na (100 mg) was added to the core since a
0 mg of GC-Na was reported to enhance intestinal ins
bsorption in dogs (Scott-Moncrieff et al., 1994). All ingredients
ere thoroughly mixed with a mortar and pestle. Tableting
erformed under a compression force of 250 kg/cm2 using an oi
ressure jack (Sanki Industry, Tokyo, Japan). It was confir

hat the tablet core would dissolve in 1 mL of water.
First, the tablet cores were coated with the acid-sol

oating material, Eudragit® E100. A coating solution was pr
ared by dissolving 9% (w/w) Eudragit® E100 and 1% (w/w
udragit® RL100 in methanol. Coating was performed us
coating machine (Hi-coater HT-30; Freund Industrial

td., Shizuoka, Japan) under the following conditions: s
ir pressure, 1.4 kg/cm2; spray solution feed, 10 g/min; inl

emperature, 60◦C; outlet temperature, 30–32◦C; pan rotation
peed, 12 rpm. The amount of coating was 12 mg per t
ore. Second, the tablets were coated with water-soluble
ng material, TC-5E® as an undercoating. A coating solut
as prepared by dissolving 10% (w/w) TC-5E® in water. Coat

ng was performed with the same coating machine unde
ollowing conditions: spray air pressure, 1.4 kg/cm2; spray solu
ion feed, 10 g/min; inlet temperature, 60◦C; outlet temperatur
5–40◦C; pan rotation speed, 12 rpm. The amount of coa
as 3.5 mg per tablet core. Finally, the tablets were coated
nteric coating material, Eudragit® L100. A coating solutio
as prepared by dissolving 10% (w/w) Eudragit® L100 and 2%

w/w) castor oil in methanol. Coating was performed with
ame coating machine under the following conditions: spra
ressure, 1.4 kg/cm2; spray solution feed, 10 g/min; inlet te
erature, 52◦C; outlet temperature, 30–35◦C; rotating speed o
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pan, 12 rpm. The amount of coating was 15 mg per tablet core. In
the following pages, CDS is used as an abbreviation for Insulin-
CODES containing only GC-Na as absorption promoter.

Additionally, several kinds of Insulin-CODES tablets were
prepared in order to evaluate the effects of co-administration of
GC-Na and other absorption promoters for oral insulin absorp-
tion. CDSSC was loaded with sodium laurylsulfate (30 mg) and
camostat mecilate (5 mg) in the tablet core of CDS as pro-
tease inhibitors. The amounts of these substances were selected
because, based on previous reports (Tozaki et al., 1997a, 2001),
they should be effective promoters at these levels. Disodium
ethylenediaminetetraacetate (EDTA-Na2, 50 mg) was loaded
into the tablet core of CDS to make CDSE. This was done
because the presence of 20 mM EDTA reportedly enhances
the permeability of 0.5 mM insulin significantly in the colonic
membrane (Uchiyama et al., 1999). CDSP tablets were made
containing 10 mg of poly(ethylene oxide) for sustained-release
in the tablet core. The dissolution time for the uncoated CDSP
tablet core in pH 6.8 phosphate buffer solution was twice as long
as that for the CDS core (data not shown). Insulin-CODES with-
out absorption promoters (CD) was also prepared as a reference
formulation.

2.3. In vivo oral administration of Insulin-CODES to dogs

Three male beagle dogs (weighing 10–15 kg) were fasted
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plasma glucose-time profile. The pharmacological availability
(PA%) was calculated using a method similar to that described
by Ritschel et al. (1988)in the following equation:

Pharmacologic availability (%)

= AUC-Glu (% reponse time)p.o.

AUC-Glu (% reponse time)i.v.

× Dosei.v.

Dosep.o.

The maximum reduction in the percent glucose levels (Cmax-
Glu) and the mean residence time for the reduction of percent
glucose level (MRT-Glu) were also calculated using a method
similar to that described byRitschel et al. (1988).

2.6. Measurement of plasma insulin level

The insulin levels in the plasma were determined using an
enzyme immunoassay kit (Glazyme Insulin-EIA Test; Wako
Pure Chemical Industries, Osaka, Japan). The area under the
plasma insulin-time curve (AUC-Insulin), the maximum insulin
levels (Cmax-Inslin), the time when the maximum insulin level
was observed (Tmax-Insulin) and the mean residence time for
the insulin level (MRT-Insulin) were calculated using a method
similar to that described byRitschel et al. (1988).

2.7. Statistical analyses
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or 12 h prior to and during the experiment. Water was allo
d libitum during the experiments. After oral administra
f insulin bulk (50 IU/kg) and Insulin-CODES (50 IU/kg) wi
0 mL of water, 5 mL blood samples were obtained using a
rinized syringe before and 1, 2, 4, 6, 8, 10, 12 and 24 h after
dministration. Plasma was immediately separated by cen
ation at 3000 rpm for 15 min. Insulin absorption was evalu
y its hypoglycemic effect and plasma insulin levels.

.4. Intravenous administration of insulin to dogs

Three male beagle dogs (weighing 10–15 kg) were faste
2 h prior to and during the experiment. Water was allowe

ibitum during the experiments. After intravenous adminis
ion of aqueous insulin solution (10 IU/mL; 1 IU/kg) into a v
f a forepaw, 5 mL blood samples were obtained from the
f another forepaw using a heparinized syringe before and
.5, 1, 1.5, 2, 3, 4, 5, 6 and 8 h after drug administration. Pla
as immediately separated by centrifugation at 3000 rpm
5 min. The plasma glucose and insulin levels were measu
valuate its pharmacological availability and pharmacokin
vailability.

.5. Measurement of plasma glucose level

The glucose levels in the plasma were determined by a
ose oxidase method using the Glucose CII test (Wako
hemical Industries, Osaka, Japan). The percent plasma g

evels (%) were expressed as percentages of the initial p
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Results are expressed as the mean± standard deviatio
S.D.). Statistical analyses were performed using the Stud
-test.

. Results

.1. Effect of GC-Na on insulin absorption through
olon-targeted delivery

In order to investigate the effect of GC-Na on insulin abs
ion through colon-targeted delivery, a colon-targeted deli
ystem containing insulin (50 IU/kg) and GC-Na as an abs
ion promoter in the tablet core (CDS) was prepared along
system without absorption promoters (CD) as a referenc
ulation. Glucose level profiles and insulin level profiles

he plasma were evaluated after oral administration to fa
ogs. Levels after intravenous administration of insulin a
us solution (1 IU/kg) were also evaluated. The initial va
as considered the 100% level and all following level-time

ecorded were expressed as a percent of the initial value.
alues denote a percent pharmacological response.Fig. 1shows
hese hypoglycemic effect-time curves andTable 1shows phar
acodynamic parameters closely related to the pharmacol

esponses, AUC-Glu,Cmax-Glu,Tmax-Glu and MRT-Glu.Fig. 2
hows plasma insulin level profiles after the oral administra
able 2shows the pharmacokinetic parameters. All data w
resented as the mean± S.D. When insulin aqueous soluti
as intravenously administered,Tmax-Glu was 1.1 h andCmax-
lu was 72.3%. The hypoglycemic effect appeared rapidly

he intravenous administration and almost disappeared 5 h



M. Katsuma et al. / International Journal of Pharmaceutics 307 (2006) 156–162 159

Fig. 1. Plasma glucose level profiles after i.v. and oral administration of insulin
to beagle dogs under fasting conditions. Treatment: (a) (�) i.v. of insulin solu-
tion (insulin, 1 IU/kg), (�) p.o. of insulin bulk (insulin, 50 IU/kg), (♦) p.o. of CD
(insulin, 50 IU/kg + lactulose, 100 mg + citric acid, 10 mg + meglumine, 30 mg),
(�) p.o. of CDS (CD + sodium glycocholate, 100 mg), (b) (©) p.o. of CDSSC
(CDS + sodium laurylsulfate, 30 mg + camostat mecilate, 5 mg), (�) p.o. of
CDSE (CDS + disodium ethylenediaminetetraacetate, 50 mg), (�) p.o. of CDSP
(CDS + poly(ethylene oxide), 10 mg). Each point represents the mean± S.D. of
three experiments. Asterisk (*) indicatesP < 0.05, compared with the adminis-
tration of CD.

Fig. 2. Plasma insulin level profiles after oral administration of insulin
to beagle dogs under fasting conditions. Formulation: (♦) CD (insulin,
50 IU/kg + lactulose, 100 mg + citric acid, 10 mg + meglumine, 30 mg), (�) CDS
(CD + sodium glycocholate, 100 mg), (�) CDSE (CDS + disodium ethylene-
diaminetetraacetate, 50 mg), (�) CDSP (CDS + poly(ethylene oxide), 10 mg).
Each point represents the mean± S.D. of three experiments.

When insulin bulk and CD were orally administered as reference
formulations, theCmax-Glus were 12.1± 8.4 and 7.8± 5.1%
and the AUC-Glus were 159.7± 111.8 and 90.3± 85.5% h,
respectively, and few hypoglycemic effects were observed. The
pharmacologic availabilities were 1.4± 0.1 and 0.8± 0.8%, and
there was no significant difference between the PA of either for-
mulation. In contrast, when Insulin-CODES with GC-Na as an
absorption promoter (CDS) was orally administered, the hypo-
glycemic effects appeared drastically at 6 h after oral administra-
tion and were sustained for 12 h (Fig. 1(a)). TheCmax-Glu was
59.9± 14.9%. This increase was statistically significant com-
pared to the oral administration of CD. The AUC-Glu was also
352.0± 192.3% h, and the PA was 3.2± 1.7%. CDS induced
an approximately four-fold increase in the hypoglycemic effect
compared with that of CD. However, the increase was not sig-
nificantly different.

Table 1
Pharmacodynamic parameters on the basis of plasma glucose level after i.v. and oral administration of insulin via the CODESTM tablets (mean± S.D.,n = 3)

Treatment Dose (U/kg) Cmax-Glu (% gluc. red.) Tmax-Glu (h) AUC-Glu (% h) MRT-Glu (h) PA (%)

Control i.v. 1 72.3± 1.8 1.1± 0.7 221.1± 11.1 1.9± 0.1 –
Bulk p.o. 50 12.1± 8.4 13.3± 9.2 159.7± 111.8 11.3± 4.0 1.4± 1.0
CD (Insulin-CODESTM) 50 7.8± 5.1 12.7± 9.9 90.3± 85.5 15.0± 6.2 0.8± 0.8
CDS (CD+GC-Na) 50 59.9± 14.9** 6.7 ± 1.2 352.0± 192.3 7.6± 0.9 3.2± 1.7
CDSSC (CDS+SLS + Camostat) 50 34.5± 14.3* 7.3 ± 1.2 343.8± 103.2 9.2± 0.8 3.1± 0.9
CDSE (CDS+EDTA) 50 55.7± 14.8** 9.3 ± 2.3 547.5± 362.5* 10.3± 1.6 5.0± 3.3*

CDSP (CDS+PEO) 50 59.6± 4.3**

* P < 0.05, compared with the administration of CD.
** P < 0.01, compared with the administration of CD.

Table 2
Pharmacokinetic parameters on the basis of plasma insulin level after i.v. and

Treatment Dose (U/kg) Cmax-Insulin (�U/mL) Tmax-Ins

Control i.v. 1 – –
CD (Insulin-CODESTM) 50 7.1± 4.0 5.0±
CDS (CD+GC-Na) 50 49.0± 25.2 6.7±
CDSE (CDS+EDTA) 50 27.2± 15.2 10.0±
CDSP (CDS+PEO) 50 54.0± 48.2 14.7±
14.7± 8.1 608.2± 41.4* 12.5± 4.6 5.4± 0.4*

oral administration of insulin via the CODESTM tablets (mean± S.D.,n = 3)

ulin (h) AUC-Insulin (�U h/mL) MRT-Insulin (h) BA (%)

1465.1± 293.0 0.5± 0.1 –
6.1 92.8± 39.6 12.2± 2.0 0.13± 0.05
1.2 249.9± 121.9 8.6± 2.7 0.34± 0.17
2.0 254.1± 197.9 11.7± 3.7 0.35± 0.27
8.3 363.4± 304.9 14.3± 7.8 0.50± 0.42
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Fig. 2shows plasma insulin level profiles after oral adminis-
tration of the formulations to fasting dogs. When CD was orally
administered, plasma insulin levels did not change markedly. In
contrast, when CDS was orally administered, plasma insulin
level increased drastically at 6 h after the oral administra-
tion. Cmax-insulin for CDS was 49.0± 25.2�U/mL, AUC-
insulin was 249.9± 121.9�U h/mL and BA was 0.34± 0.17%.
Although there were no significant differences between phar-
macokinetic parameters for CD and CDS, the BA for CDS was
two times higher than the one for CD. These BA results were as
good as those for PA.

3.2. Effect of co-administration of GC-Na and various
absorption promoters on orally administered insulin
absorption utilizing a colon-targeted delivery system

Next, the effects of the co-administration of various absorp-
tion promoters on orally administered insulin absorption uti-
lizing the colon-targeted delivery system were investigated.
Fig. 1(b) shows plasma glucose level-time curves after oral
administration of Insulin-CODES with GC-Na, and various
absorption promoters. When camostat mesilate and sodium lau-
rylsulfate were added to CDS as protease inhibitors (CDSSC),
and the tablet was orally administered to fasted dogs, no dras-
tic hypoglycemic effects were observed and the plasma glucose
level decreased gradually after 4 h. The hypoglycemic effect
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(Table 1). The increase in theCmax-Glu, the AUC-Glu and
the PA were statistically significant compared with CD. How-
ever, they were not statistically significant when compared with
the other formulations. As shown inTable 2and Fig. 2, the
plasma insulin level profile and PK parameters after the oral
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level profile and pharmacodynamic parameter. The AUC-Insulin
for CDSP was 363.4± 304.9�U h/mL and the absolute BA
(0.50± 0.42%) was three times higher than that for the CD.
These PK parameters, as well as the pharmacodynamic parame-
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were not significantly different from those for the other formu-
lations. CDSP decreased the plasma glucose levels between 6
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ecause of this, it might be perceived that CDSSC does not
synergistic effect on the improvement of orally administ

nsulin absorption compared with CDS.
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It is known that peptides have a very low permeability
with respect to colonic mucosal membranes because of their
hydrophilic nature and large molecular weight. The addition of
a permeation enhancer, such as EDTA improved colonic absorp-
tion (Uchiyama et al., 1999; Yamashita et al., 1987). We found
that the PA for CDSE added EDTA to CDS was higher than that
for CDS.Yamashita et al. (1987)reported that EDTA could open
the tight-junctions of the intestinal mucosa by chelation with
calcium ions, and enhance permeability of paracellular routes
in the intestine. Based on these findings, we consider that co-
administration of EDTA might have the potential to exhibit a
synergistic effect on the improvement of orally administered
insulin absorption in this study because EDTA had a differ-
ent mechanism of action from other absorption promoters, such
as GC-Na. However, the difference between the hypoglycemic
effects of CDS and CDSE was not significant in this study. The
decrement of plasma glucose levels started 8 h after oral admin-
istration of CDSE and were relatively slower than the rates of the
others (Fig. 1(b)). The reason is not fully understood, but it may
be due to fluctuation in gastrointestinal transit time to the colon.
We reported in previous papers that the onset of colonic absorp-
tion in fasting dogs was 5.5± 1.9 h (range 4–8 h,n = 6) (Yang et
al., 2003). The delayed onset of the effect of the CODESTM tablet
in this study may be within a predictable range. Although one
of three dogs showed a prolonged hypoglycemic effect between
8 and 24 h post-dose, the PAs of the other dogs could not be
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directly treat inflammatory bowel disease, was microencapsu-
lated with a water-insoluble polymer, ethylcellulose and encased
in a pressure-controlled colon delivery capsule. Their findings
suggest that it is possible to achieve sustained release in the large
intestine. Few studies on sustained-release in the colon from a
colon-targeted delivery system, however, have been investigated
so far. Therefore, more formulation studies on sustained-release
by CODESTM need to be done in order to obtain sufficient insulin
absorption when orally administered.

In this study we tried to improve orally administered insulin
absorption by delivery of insulin with GC-Na to the colon using
CODESTM. Additionally, we investigated the effects of the co-
administration of GC-Na and various absorption promoters on
improvement of orally administered insulin absorption. The BAs
observed in this study were not satisfactory, but they agreed with
the dataCheng et al. (1994)reported.Bendayan et al. (1994)
reported that when insulin was co-administered with sodium
cholate and aprotinin to normal and diabetic rats, the plasma
insulin level and hyperglycemic effects in diabetic rats were sig-
nificantly higher than those in normal rats.Saffran et al. (1991)
conducted the same studies in diabetic dogs. When insulin was
loaded into a colon-targeted delivery system with 5-methoxy
salicylate as an absorption promoter and administered orally to
diabetic dogs, the BA was significantly higher compared with
normal dogs. Therefore, when administering CODESTM con-
taining both insulin and absorption promoters to diabetic dogs,
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recisely evaluated without points between 12 and 24 h. T
he results in this study could not obviously demonstrate tha
ddition of EDTA might lead to improve the colonic absorpt
f insulin.

To prolong the colonic absorption, CDS was prepared
water-soluble polymer, poly(ethylene oxide) (CDSP). CD

ecreased the plasma glucose levels between 6 and 24
ral administration and prolonged the pharmacological resp
ompared to CDS (Fig. 1(b)). As a result, the greatest hyp
lycemic effect was observed (Table 1). It was observed that th
max-Glu and the MRT-Glu of all dogs after dosing with CD
ere larger than those for CDS. We consider that the h
lycemic effects for CDSP could be prolonged by sustai
elease action of PEO. One of three dogs that was adminis
DSP exhibited an outlying high hypoglycemic effect 24 h p
ose. Insulin first appeared in the plasma 9 h post-dose,
rolonged pharmacological effect was observed up to 24 h
ose. This may have been due to the arrival to the colon o
ODESTM tablet being delayed. We reported in previous pa

hat the onset of colonic absorption in fed dogs was abou
ost-dose (Katsuma et al., 2002; Yang et al., 2003). The delaye
rug absorption profile in this study agreed with these find
herefore, the stomach in the dog may have changed from

n a fasting condition to a fed condition because of some fa
ossibly coprophagy, and the gastric emptying of the CODETM

ablet may have been delayed. These results demonstrate
ddition of PEO to the CODESTM tablet core tended to prolon

he colonic absorption of insulin delivered to the colon,
ombination of GC-Na and PEO might be effective for impr
ng the PA after oral administration of insulin.Kimura et al.
1999)reported that 5-aminosalicylic acid, which was use
,

er
e

-

d

a
t-

.
g
,

at

he effects of the combination of GC-Na and various abs
ion promoters might have been more evident. It has been
eported that it is necessary to add some absorption prom
hat increase the permeability of the intestinal mucosa in ord
emedy the low absorption of insulin from the intestine (Rao and
itschel, 1995). But, a major limiting factor in the applicatio
f the permeability enhancer approach is the potential tox
f the enhancers themselves (Swenson et al., 1994). Although
o histological studies that evaluate the mucosal toxicity o
bsorption promoters have been carried out, no clinical sign
ere suggestive of gastrointestinal disturbance, such as v

ng or diarrhea were observed in this study. Therefore, it m
e possible to further improve insulin absorption by increa

he amount of absorption promoter. A chelating agent, ED
s known to enhance absorption to the intestinal wall, bu
ighly toxic (Uchiyama et al., 1999). In contrast, GC-Na has
eportedly high absorption enhancing effect with low intest
oxicity. Increasing amounts of GC-Na in the CODESTM tablet
ould lead to further enhancement of the insulin absorp
owever, more formulation work needs to be done in orde
btain sufficient orally administered absorption of peptides,
s insulin. In conclusion, the results of this study demonst

hat the absorption of insulin, when orally administered, cou
mproved by a combination of the colon-targeted delivery
em, CODESTM and GC-Na, which inhibited not only insu
ggregation in the colonic lumen, but also insulin degrada

n the colonic mucosa. They also demonstrated that the co
ation of GC-Na and PEO as an oral sustained-release ma

ead to prolong the colonic absorption of insulin through co
argeted delivery and might be more effective for improvem
f the pharmacological effect.
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