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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 2
after administration. For CDS, th€ax in plasma glucose level was significantly higher than a reference formulation without GC-Na. The
pharmacological availability for CDS was not significantly higher than the reference formulation. In contrast, CDS with poly(ethylene oxide)
as a gelling agent (CDSP) showed prolonged hypoglycemia effects. The pharmacological availability was 5.5% and significantly different from
the reference formulation. The absolute bioavailability for CDS was 0.25%, and for CDSP it was 0.42%. Consequently, the results of this study
demonstrated that colon-specific delivery of insulin with GC-Na was more effective in increasing hypoglycemic effects after oral administration,
and the combination of GC-Na and poly(ethylene oxide) tended to prolong the colonic absorption of insulin and might be more effective for
improvement of orally administered insulin absorption utilizing the colon-targeted delivery system.
© 2005 Published by Elsevier B.V.
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1. Introduction (Yamamoto et al., 1994; Tozaki et al., 19978herefore, some
successes were achieved through the co-administration of pep-
Recently, several peptides that have strong biological activtide drugs and protease inhibitors in improving the problem of
ities have been discovered and many researchers have triedltwv absorption in the intestind3@i, 1995. Their permeability
utilize them as medicines for the treatment of disease. Howeveinto the intestinal mucosa is extremely low, though, because they
administrations of these peptide drugs so far have been almoate highly hydrophilic materials with a high molecular weight.
exclusively limited to the parenteral route. Oral administrationlt has therefore been also reported that it is necessary to add
of such drugs, like insulin, is considered to be the most suitableome absorption promoters that increase the permeability of the
route, but the problem of low bioavailability comes into play. intestinal mucosa in order to remedy the low absorption from
Many kinds of approaches have been investigated in order tthe intestine Rao and Ritschel, 1995
overcome the problenir@keuchi et al., 2003; Radwan, 2001 A lot of colon-specific drug delivery systems as another
For example, the co-administration of peptide drugs and variouapproaches have been tried to improve the low bioavailability
absorption promoters has been trietbény et al., 200R Gen-  (Saffran et al., 1986, 1991; Kraeling and Ritschel, 9%,
erally, the peptides were easily degraded by proteases, not onfenerally, the colon is not as suitable a site for drug absorption
in the gastrointestinal lumen, but also in the intestinal mucosas is the small intestine. This is because the water content in the
colonis much lower and there isless colonic surface areafor drug
absorption availablégdwards, 1997; Kimura et al., 1994 ow-
* Corresponding author. Tel.: +81 54 627 5155; fax: +81 54 621 0106.  €Ver, the colonis the preferable site for the absorption of peptide
E-mail address: masataka.katsuma@jp.astellas.com (M. Katsuma). drugs because proteolytic enzyme activity in the colon, such as
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digestive enzyme and metabolic enzyme activity, is lower thamdium ethylenediaminetetraacetate and sodium laurylsulfate
in the small intestineL@ngguth et al., 1997; Rubinstein et al., were obtained from Kanto Chemical Co., Inc. (Tokyo, Japan).
1997). Therefore, many researchers have focused on the coldBudragi® E100, Eudragft L100 and Eudragft RL100 (Rohm
as a potential delivery site for peptide and protein drugs. A novePharm, Darmstadt, Germany) were kindly provided by Higuchi
colon-targeted delivery system (CODEY), which was devel-  Inc. (Tokyo, Japan). Hydroxypropylmethylcellulose 2910 (TC-
oped by us, that releases drug by the generation of organic aci6&®) was obtained from Shin-etsu Chemical Industry Co., Ltd.
when the lactulose is degraded by enterobacteria in the colofiJokyo, Japan) and poly(ethylene oxide) (Pol§d’'SR Coag-
was used as the model of a colon-specific drug delivery systenulant) was obtained from Union Carbide Japan (Tokyo, Japan).
It has already been reported in previous studies that COMES Meglumine was obtained from Merck KGaA (Darmstadt, Ger-
achieved colon-specific drug delivery in both dogs and humansany) and camostat mecilate was obtained from Shiono Chem-
(Katsuma et al., 2002, 2004, Yang et al., 2p03 ical Co., Ltd. (Tokyo, Japan). All other chemicals and solvents
In this study, insulin-containing CODEY was prepared were of analytical grade.
as a model drug (Insulin-CODES). Combinations of Insulin-
CODES with various absorption promoters for insulin were2.2. Preparation of the colon-targeted delivery system
tried in order to try and overcome the low absorption problemcontaining insulin and various absorption promoters
Sodium glycocholate (GC-Na, as an absorption promoter), a@nsulin-CODES)
well as citric acid (as a solubilizer for insulin) and meglumine
(as a pH adjusting agent) were incorporated into the core of the A CODES™ containing insulin and various absorption
Insulin-CODES. It has been reported that GC-Na is effectivgpromoters (Insulin-CODES) was prepared in order to eval-
in preventing the aggregation of insulin in an aqueous solutiomate the effect of co-administration on orally administered
(Ritschel, 199}, and reduces the degradation of insulin wheninsulin absorption. Insulin-CODES contained insulin (10 mg,
incubated in homogenates of rat large intestine. It was foun&0 IU/kg), lactulose (100 mg) as a trigger for colon-specific drug
that the effect in the large intestine was more remarkable tharelease, citric acid (10 mg) as a solubilizer for insulin, meglu-
that in the small intestineYémamoto et al., 1994 Camostat mine (30 mg) as a pH adjusting agent, and sodium glycocholate
mesilate (CM) and sodium laurylsulfate (SLS), which are pro-(GC-Na, 100 mg) as an absorption promoter in the core. The
tease inhibitors, disodium ethylenediaminetetraacetate (EDTABO mg of meglumine was added to neutralize the 10 mg of citric
whichis a permeation enhancer and poly(ethylene oxide) (PEO#cid since it dissolves the acid-soluble coating layer of Insulin-
which is a water-soluble polymer, were also used as absorptioBODES. GC-Na (100 mg) was added to the core since about
promoters in this study. CM is known to inhibit the degrada-70mg of GC-Na was reported to enhance intestinal insulin
tion of insulin in both rat caecal contents and large intestinebsorption in dogsScott-Moncrieff etal., 1994 All ingredients
homogenate Yamamoto et al., 1994; Tozaki et al., 199.7a were thoroughly mixed with a mortar and pestle. Tableting was
SLS is an anionic surfactant, which exhibits inhibitory behav-performed under a compression force of 250 kdg/asing an oil
ior against both insulin aggregation in water and the activities opressure jack (Sanki Industry, Tokyo, Japan). It was confirmed
proteases, such as trypsin, which is contained in pancreatic juidbat the tablet core would dissolve in 1 mL of water.
(Fuchs and Ingelfinger, 1954; Ritschel, 199BDTA is known First, the tablet cores were coated with the acid-soluble
to open the tight-junctions of the intestinal mucosa by chelatiortoating material, EudraitE100. A coating solution was pre-
with calcium ions and enhance permeability of insulin acrosgared by dissolving 9% (w/w) Eudra§itE100 and 1% (w/w)
paracellular routes in the large intestitéchiyama et al., 1999; Eudragi® RL100 in methanol. Coating was performed using
Yamashita et al., 1997PEO can form a rigid gel in water and a coating machine (Hi-coater HT-30; Freund Industrial Co.,
be used as an oral sustained-release mat&#dd etal., 1996  Ltd., Shizuoka, Japan) under the following conditions: spray
In this study, we evaluated the hypoglycemic effects andhir pressure, 1.4 kg/ctn spray solution feed, 10 g/min; inlet
plasma insulin level profiles after oral administration of severatemperature, 60C; outlet temperature, 30-3€; pan rotation
kinds of Insulin-CODES loaded GC-Na and various absorptiorspeed, 12 rpm. The amount of coating was 12 mg per tablet
promoters to fasting dogs. This was done in order to investigateore. Second, the tablets were coated with water-soluble coat-
the effect of GC-Na on insulin absorption through colon-targetedng material, TC-5€ as an undercoating. A coating solution
delivery. Furthermore, the aim of this study was to investigate thevas prepared by dissolving 10% (w/w) TCSih water. Coat-
effects of combining GC-Na with other absorption promoters tang was performed with the same coating machine under the

try to improve orally administered insulin absorption. following conditions: spray air pressure, 1.4 kgfspray solu-
tionfeed, 10 g/min; inlet temperature, 80; outlet temperature,

2. Material and methods 35-40°C; pan rotation speed, 12 rpm. The amount of coating
was 3.5 mg per tablet core. Finally, the tablets were coated with

2.1. Materials enteric coating material, Eudra§it_100. A coating solution

was prepared by dissolving 10% (w/w) Eudr&gitL00 and 2%
Bovine insulin (Sigma Chemical Co., St. Louis, USA) was (w/w) castor oil in methanol. Coating was performed with the
used as the model drug. Lactulose was obtained from Tokyeame coating machine under the following conditions: spray air
Kasei Kogyo Co., Ltd. (Tokyo, Japan). Sodium glycocholatepressure, 1.4 kg/cfn spray solution feed, 10 g/min; inlet tem-
was obtained from Sigma Chemical Co., Citric acid, dis-perature, 52C; outlet temperature, 30—-3&; rotating speed of
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pan, 12 rpm. The amount of coating was 15 mg per tablet core. Iplasma glucose-time profile. The pharmacological availability
the following pages, CDS is used as an abbreviation for InsulinPA%) was calculated using a method similar to that described
CODES containing only GC-Na as absorption promoter. by Ritschel et al. (1988n the following equation:

Additionally, several kinds of Insulin-CODES tablets were ) o
prepared in order to evaluate the effects of co-administration of Narmacologic availability (%)
GC-Na and other absorption promoters for oral insulin absorp- AUC-Glu (% reponsetimg),  Dosey.
tion. CDSSC was loaded Wl'th sodium laurylsulfate (30mg) and = Ayc-Glu (% reponse time) X Dosg.o
camostat mecilate (5mg) in the tablet core of CDS as pro- o
tease inhibitors. The amounts of these substances were selecte
because, based on previous repoftséki et al., 1997a, 2001 G
they should be effective promoters at these levels. Disodiu
ethylenediaminetetraacetate (EDTA-N&0mg) was loaded
into the tablet core of CDS to make CDSE. This was don
because the presence of 20mM EDTA reportedly enhances
the permeability of 0.5 mM insulin significantly in the colonic 2
membrane Jchiyama et al., 1999 CDSP tablets were made , i i i i
containing 10 mg of poly(ethylene oxide) for sustained-release The |n.suI|n levels in th_e plasma were dgtermmed using an
in the tablet core. The dissolution time for the uncoated CDSEN2YME IMmunoassay kit (Glazyme Insulin-EIA Test, Wako
tablet core in pH 6.8 phosphate buffer solution was twice as lon ure Chemlt_:al _Industrles, Osaka, Jgpan). The area L_Jnde_r the
as that for the CDS core (data not shown). Insulin-CODES withPlasma insulin-time curve (AUC-Insulin), the maximum insulin

out absorption promoters (CD) was also prepared as a referenl@/€lS CmaxInslin), the time when the maximum insulin level
formulation. was observedTimax-Insulin) and the mean residence time for

the insulin level (MRT-Insulin) were calculated using a method
similar to that described bRitschel et al. (1988)

dThe maximum reduction in the percent glucose levElsaf-

lu) and the mean residence time for the reduction of percent
ni]jlucose level (MRT-Glu) were also calculated using a method
esimilar to that described bRitschel et al. (1988)

. Measurement of plasma insulin level

2.3. Invivo oral administration of Insulin-CODES to dogs

Three male beagle dogs (weighing 10-15kg) were fasted.”. Statistical analyses
for 12 h prior to and during the experiment. Water was allowed
ad libitum during the experiments. After oral administration Results are expressed as the meatandard deviation
of insulin bulk (50 IU/kg) and Insulin-CODES (50 1U/kg) with (S.D.). Statistical analyses were performed using the Student’s
30 mL of water, 5mL blood samples were obtained using a hep=-test.
arinized syringe beforeand 1, 2, 4, 6, 8, 10, 12 and 24 h after drug
administration. Plasma was immediately separated by centrif8. Results
gation at 3000 rpm for 15 min. Insulin absorption was evaluated
by its hypoglycemic effect and plasma insulin levels. 3.1. Effect of GC-Na on insulin absorption through

colon-targeted delivery
2.4. Intravenous administration of insulin to dogs
In order to investigate the effect of GC-Na on insulin absorp-

Three male beagle dogs (weighing 10—15 kg) were fasted faion through colon-targeted delivery, a colon-targeted delivery
12 h prior to and during the experiment. Water was allowed adystem containing insulin (50 IU/kg) and GC-Na as an absorp-
libitum during the experiments. After intravenous administra-tion promoter in the tablet core (CDS) was prepared along with
tion of aqueous insulin solution (10 IU/mL; 1 1U/kg) into a vein a system without absorption promoters (CD) as a reference for-
of a forepaw, 5 mL blood samples were obtained from the veimulation. Glucose level profiles and insulin level profiles in
of another forepaw using a heparinized syringe before and 0.2%)e plasma were evaluated after oral administration to fasting
0.5,1,1.5, 2, 3,4, 5, 6 and 8 h after drug administration. Plasmdogs. Levels after intravenous administration of insulin aque-
was immediately separated by centrifugation at 3000 rpm foous solution (11U/kg) were also evaluated. The initial value
15 min. The plasma glucose and insulin levels were measured teas considered the 100% level and all following level-time data
evaluate its pharmacological availability and pharmacokineticecorded were expressed as a percent of the initial value. These

availability. values denote a percent pharmacological respéiigel shows
these hypoglycemic effect-time curves arable 1shows phar-
2.5. Measurement of plasma glucose level macodynamic parameters closely related to the pharmacological

responses, AUC-GliGmaxGlu, Tmax-Glu and MRT-GluFig. 2
The glucose levels in the plasma were determined by a glushows plasma insulin level profiles after the oral administration.
cose oxidase method using the Glucose CII test (Wako Pur&able 2shows the pharmacokinetic parameters. All data were
Chemical Industries, Osaka, Japan). The percent plasma glucoseesented as the mear5.D. When insulin aqueous solution
levels (%) were expressed as percentages of the initial plasnveas intravenously administerefinax-Glu was 1.1 h and’ynax
glucose levels. Area under the curve (AUC)-Glu (% responseGlu was 72.3%. The hypoglycemic effect appeared rapidly after
time) was calculated from the total AUC of the percentagethe intravenous administration and almost disappeared 5 h later.
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Fig. 2. Plasma insulin level profiles after oral administration of insulin
to beagle dogs under fasting conditions. Formulatiof) CD (insulin,
50 IU/kg + lactulose, 100 mg + citric acid, 10 mg + meglumine, 30 m@®) DS
(CD +sodium glycocholate, 100 mg)ly CDSE (CDS +disodium ethylene-
diaminetetraacetate, 50 mga)(CDSP (CDS + poly(ethylene oxide), 10 mg).
Each point represents the me&ai$.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 159:47111.8 and 90.3-85.5%h,
respectively, and few hypoglycemic effects were observed. The

Fig. 1. Plasma glucose level profiles after i.v. and oral administration of insulinpharmacologic availabilities were 1440.1 and 0.8t 0.8%, and

to beagle dogs under fasting conditions. Treatment:L[{a).¢. of insulin solu-
tion (insulin, 1 IU/kg), @) p.o. of insulin bulk (insulin, 50 1U/kg) &) p.o. of CD
(insulin, 50 1U/kg + lactulose, 100 mg + citric acid, 10 mg + meglumine, 30 mg),
(@) p.o. of CDS (CD +sodium glycocholate, 100 mg), (6))Xp.o. of CDSSC
(CDS +sodium laurylsulfate, 30 mg+camostat mecilate, 5mil), §.0. of
CDSE (CDS + disodium ethylenediaminetetraacetate, 50 myp.p. of CDSP
(CDS + poly(ethylene oxide), 10 mg). Each point represents the ;a&B. of
three experiments. Asterisk (*) indicates 0.05, compared with the adminis-
tration of CD.

Table 1

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 Rig. 1(a)). TheCmax-Glu was
59.9+ 14.9%. This increase was statistically significant com-
pared to the oral administration of CD. The AUC-GIlu was also
352.0+192.3%h, and the PA was 321.7%. CDS induced

an approximately four-fold increase in the hypoglycemic effect
compared with that of CD. However, the increase was not sig-
nificantly different.

Pharmacodynamic parameters on the basis of plasma glucose level after i.v. and oral administration of insulin via th¢'QaiEs (meat: S.D.,n = 3)

Treatment Dose (U/kg) fax-Glu (% gluc. red.) TmaxGlu (h) AUC-Glu (% h) MRT-Glu (h) PA (%)
Control i.v. 1 72.3+ 1.8 1.14+ 0.7 22114+ 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-CODESM) 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% 14.3 73+1.2 343.84+ 103.2 9.2+ 0.8 3.1+ 0.9
CDSE (CDS+ EDTA) 50 55.7+ 14.8" 9.3+23 547.5+ 362.5 10.3+ 1.6 5.0+ 3.3
CDSP (CDS+ PEO) 50 59.6+ 4.3" 147+ 8.1 608.2+ 41.4 125+ 4.6 54+ 04

* 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

oral administration of insulin via thé ' @bES (meae: S.D.,n = 3)

Treatment Dose (U/kg)  CmaxInsulin (wU/mL) Tmax-Insulin (h) AUC-Insulin (.U h/mL) MRT-Insulin (h) BA (%)
Control i.v. 1 - - 1465.1 293.0 0.5+ 0.1 -

CD (Insulin-CODESM) 50 7.1+ 4.0 5.0+ 6.1 92.8+ 39.6 12.24 2.0 0.13+ 0.05
CDS (CD+ GC-Na) 50 49.0+ 25.2 6.7+ 1.2 249.9+ 121.9 8.6+ 2.7 0.34+ 0.17
CDSE (CDS+EDTA) 50 27.24+ 15.2 10.0+ 2.0 254.1+ 197.9 11.7+ 3.7 0.35+ 0.27
CDSP (CDS+ PEO) 50 54.0+ 48.2 147+ 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-(Table 1. The increase in th&€ma-Glu, the AUC-Glu and
tration of the formulations to fasting dogs. When CD was orallythe PA were statistically significant compared with CD. How-
administered, plasma insulin levels did not change markedly. liever, they were not statistically significant when compared with
contrast, when CDS was orally administered, plasma insulinthe other formulations. As shown ifable 2and Fig. 2 the
level increased drastically at 6 h after the oral administraplasma insulin level profile and PK parameters after the oral
tion. Cpaxinsulin for CDS was 49.8-25.2pU/mL, AUC- administration of CDSP correlated well with the plasma glucose
insulin was 249.9- 121.9u.U h/mL and BAwas 0.34-0.17%. level profile and pharmacodynamic parameter. The AUC-Insulin
Although there were no significant differences between pharfor CDSP was 363.4 304.9u.U h/mL and the absolute BA
macokinetic parameters for CD and CDS, the BA for CDS wag0.50+ 0.42%) was three times higher than that for the CD.
two times higher than the one for CD. These BA results were a¥hese PK parameters, as well as the pharmacodynamic parame-

good as those for PA. ters calculated onthe basis of the observed hyperglycemic effects
were not significantly different from those for the other formu-
3.2. Effect of co-administration of GC-Na and various lations. CDSP decreased the plasma glucose levels between 6
absorption promoters on orally administered insulin and 24 h after oral administration and prolonged the pharmaco-
absorption utilizing a colon-targeted delivery system logical response compared to CDHd. 1(b)). The MRT-Glu

[12.5+ 4.6 h (range 9.2-17.7)] for CDSP was longer than that

Next, the effects of the co-administration of various absorpfor CDS [7.6+ 0.9 h (range 6.7-8.5)] in all of dogs. However, the
tion promoters on orally administered insulin absorption uti-parameter was not statistically significant when compared with
lizing the colon-targeted delivery system were investigatedCDS.
Fig. 1(b) shows plasma glucose level-time curves after oral
administration of Insulin-CODES with GC-Na, and various 4. Discussion
absorption promoters. When camostat mesilate and sodium lau-
rylsulfate were added to CDS as protease inhibitors (CDSSC), We found that the hypoglycemic effects appeared drastically
and the tablet was orally administered to fasted dogs, no drasfter oral administration of a colon-targeted delivery system con-
tic hypoglycemic effects were observed and the plasma glucodaining insulin (50 1U/kg) with GC-Na as an absorption promoter
level decreased gradually after 4 h. The hypoglycemic effecfCDS), although few hypoglycemic effects were observed after
was sustained for 12 h. Although thig,ax-Glu after oral admin-  oral administration of the system without absorption promot-
istration of CDSSC was 34:514.3% and the increase was ers (CD). GC-Na is known to inhibit the degradation of insulin
statistically significant compared with CD, it was smaller thanin large intestine homogenatégmamoto et al., 1994and the
that for CDS Table ). The AUC-Glu (343.8t 103.2%h) and aggregation of insulin in watef~(chs and Ingelfinger, 1954;
PA value (3.1 0.9%) were almost similar to those for CDS. Ritschel, 1991 Therefore, we consider that the hypoglycemic

EDTA-Na was then loaded into the tablet core of CDS effects for CDS could be increased by absorption-enhancing
(CDSE) in order to enhance the permeability of insulin, and theaction of GC-NaTozaki et al. (1997eported thatwheninsulin
CDSE tablets were orally administered to fasted dogs. Dramatisolution was administered orally to rats, the PA was less than
hypoglycemic effects appeared at 8 h after oral administratioi%. When chitosan capsules, which were developed to deliver
and were sustained for 12 ki¢. 1(b)). As shown inTable 1 drugs colon-specifically, containing only insulin or containing
theCax-Glu (55.7+ 14.8%), the AUC-Glu (547.%:362.5%h) insulin and GC-Na were administered orally, the PAs were 1.6
and the PA (5.@:3.3%) after oral administration of CDSE and 3.5%, respectively. Their results were almost consistent with
were significantly larger than those for CD. Thgax-Glu for  our results. Thus, our findings suggested that although delivery
CDSE was not higher than that for CDS, but the AUC-Glu andof only insulin to the colon did not improve insulin absorption
the PA for CDSE were higher than those for CDS. Howeverwhen orally administered, colon-specific delivery of insulin with
there differences between them were not significdahle 2  GC-Na was more effective in increasing hypoglycemic effects
shows pharmacokinetic parameters based on the plasma insuéifter oral administration.
level profile after the oral administration of CDSE. TOgax It was reported that a colon-specific drug delivery system
insulin for CDSE was 27.2 15.2u.U/mL, the AUC-insulinwas  coated with an azo-polymer, which contains insulin with camo-
254.1+ 197.9p.U h/mL and the BA was 0.3% 0.27%. The BA  stat mesilate, could improve low absorption in the coltor@ki
as well as the PA for CDSE was two times higher than the one foet al., 200). However, when CM and sodium laurylsulfate were
CD. However, they were not significantly different from those added to CDS as protease inhibitors (CDSSC), the increase inthe
for CD and CDS. hypoglycemic effect was not observable with the addition of CM

Additionally, CDS was prepared with a water-soluble poly-and SLS to CDS in this study. It was also reported that CM could
mer, poly(ethylene oxide) (CDSP) for sustained-release anthhibit the degradation of insulin in large intestine homogenate,
orally administered to fasted dogs. As shown kig( 1(b)), justlike GC-Na famamoto et al., 1994and SLS could inhibit
the plasma glucose level profile for CDSP was different fromboth insulin aggregation in water and the activities of proteases
that for CDS. Although th&max-Glu for CDSP (59.6:4.3%)  as well as GC-NaKuchs and Ingelfinger, 1954; Ritschel, 1991
was almost similar to those of CDS and CDSE, the AUC-GluBecause of this, it might be perceived that CDSSC does not have
and the PA for CDSP were 6081241.4%h and 5.4 0.4%, a synergistic effect on the improvement of orally administered
respectively, and the greatest hyperglycemic effect was observaasulin absorption compared with CDS.
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It is known that peptides have a very low permeability directly treat inflammatory bowel disease, was microencapsu-
with respect to colonic mucosal membranes because of thelated with a water-insoluble polymer, ethylcellulose and encased
hydrophilic nature and large molecular weight. The addition ofin a pressure-controlled colon delivery capsule. Their findings
a permeation enhancer, such as EDTA improved colonic absorguggest that it is possible to achieve sustained release in the large
tion (Uchiyama et al., 1999; Yamashita et al., 128%e found intestine. Few studies on sustained-release in the colon from a
that the PA for CDSE added EDTA to CDS was higher than thatolon-targeted delivery system, however, have been investigated
for CDS.Yamashita et al. (198Tgported that EDTA could open  so far. Therefore, more formulation studies on sustained-release
the tight-junctions of the intestinal mucosa by chelation withby CODES™ need to be done in order to obtain sufficientinsulin
calcium ions, and enhance permeability of paracellular routeabsorption when orally administered.
in the intestine. Based on these findings, we consider that co- In this study we tried to improve orally administered insulin
administration of EDTA might have the potential to exhibit a absorption by delivery of insulin with GC-Na to the colon using
synergistic effect on the improvement of orally administeredCODESM. Additionally, we investigated the effects of the co-
insulin absorption in this study because EDTA had a differ-administration of GC-Na and various absorption promoters on
ent mechanism of action from other absorption promoters, sucimprovement of orally administered insulin absorption. The BAs
as GC-Na. However, the difference between the hypoglycemiobserved in this study were not satisfactory, but they agreed with
effects of CDS and CDSE was not significant in this study. Thehe dataCheng et al. (1994)eported.Bendayan et al. (1994)
decrement of plasma glucose levels started 8 h after oral admineported that when insulin was co-administered with sodium
istration of CDSE and were relatively slower than the rates of theholate and aprotinin to normal and diabetic rats, the plasma
others Fig. 1(b)). The reason is not fully understood, but it may insulin level and hyperglycemic effects in diabetic rats were sig-
be due to fluctuation in gastrointestinal transit time to the colonnificantly higher than those in normal ragaffran et al. (1991)

We reported in previous papers that the onset of colonic absorgonducted the same studies in diabetic dogs. When insulin was
tion in fasting dogs was 54 1.9 h (range 4-8m=6) (Yanget loaded into a colon-targeted delivery system with 5-methoxy
al., 2003. The delayed onset of the effect ofthe CODMSablet  salicylate as an absorption promoter and administered orally to
in this study may be within a predictable range. Although onediabetic dogs, the BA was significantly higher compared with
of three dogs showed a prolonged hypoglycemic effect betweemormal dogs. Therefore, when administering CODESon-

8 and 24 h post-dose, the PAs of the other dogs could not bining both insulin and absorption promoters to diabetic dogs,
precisely evaluated without points between 12 and 24 h. Thushe effects of the combination of GC-Na and various absorp-
the results in this study could not obviously demonstrate that thBon promoters might have been more evident. It has been also
addition of EDTA might lead to improve the colonic absorption reported that it is necessary to add some absorption promoters
of insulin. that increase the permeability of the intestinal mucosa in order to

To prolong the colonic absorption, CDS was prepared witlremedy the low absorption of insulin from the intestiRa6 and
a water-soluble polymer, poly(ethylene oxide) (CDSP). CDSRRitschel, 199k But, a major limiting factor in the application
decreased the plasma glucose levels between 6 and 24 h aftdrthe permeability enhancer approach is the potential toxicity
oral administration and prolonged the pharmacological responsa# the enhancers themselvedaenson et al., 1994Although
compared to CDSKig. 1(b)). As a result, the greatest hyper- no histological studies that evaluate the mucosal toxicity of the
glycemic effect was observedidble J). It was observed that the absorption promoters have been carried out, no clinical signs that
Tmax-Glu and the MRT-Glu of all dogs after dosing with CDSP were suggestive of gastrointestinal disturbance, such as vomit-
were larger than those for CDS. We consider that the hypoing or diarrhea were observed in this study. Therefore, it might
glycemic effects for CDSP could be prolonged by sustainedbe possible to further improve insulin absorption by increasing
release action of PEO. One of three dogs that was administerg¢de amount of absorption promoter. A chelating agent, EDTA,
CDSP exhibited an outlying high hypoglycemic effect 24 h postis known to enhance absorption to the intestinal wall, but is
dose. Insulin first appeared in the plasma 9 h post-dose, andhéghly toxic (Uchiyama et al., 19991n contrast, GC-Na has a
prolonged pharmacological effect was observed up to 24 h posteportedly high absorption enhancing effect with low intestinal
dose. This may have been due to the arrival to the colon of thioxicity. Increasing amounts of GC-Na in the CODEablet
CODESM tablet being delayed. We reported in previous papersould lead to further enhancement of the insulin absorption.
that the onset of colonic absorption in fed dogs was about 9 Hlowever, more formulation work needs to be done in order to
post-dose{atsuma et al., 2002; Yang et al., 2Q00Bhe delayed obtain sufficient orally administered absorption of peptides, such
drug absorption profile in this study agreed with these findingsas insulin. In conclusion, the results of this study demonstrated
Therefore, the stomach in the dog may have changed from beirtgat the absorption of insulin, when orally administered, could be
in a fasting condition to a fed condition because of some factolimproved by a combination of the colon-targeted delivery sys-
possibly coprophagy, and the gastric emptying of the COIYES tem, CODESM and GC-Na, which inhibited not only insulin
tablet may have been delayed. These results demonstrated tlagfgregation in the colonic lumen, but also insulin degradation
addition of PEO to the CODEY tablet core tended to prolong in the colonic mucosa. They also demonstrated that the combi-
the colonic absorption of insulin delivered to the colon, andnation of GC-Na and PEO as an oral sustained-release material
combination of GC-Na and PEO might be effective for improv-lead to prolong the colonic absorption of insulin through colon-
ing the PA after oral administration of insuliimura et al.  targeted delivery and might be more effective for improvement
(1999)reported that 5-aminosalicylic acid, which was used toof the pharmacological effect.
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