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Abstract

Rapid passage through the proximal intestine can result in the low bioavailability of a drug substance with site-specific absorption characteris
in the upper gastrointestinal tract. To overcome this, there is increasing interest in developing gastro-retentive formulations and/@mf®rmulati
that linger in the proximal parts of the small intestine, e.g. by using mucoadhesive polymers as excipients in formulations. In our recent study,
used neutron activation-based gamma scintigraphy to evaluate the gastro-retentive properties of formulations containing chitosan (Mw 150 k
in man. At the same time, we had an opportunity to monitor the transit of the formulations (40 or 95% of chitosan) in the small intestine. Gamr
scintigraphic investigations revealed that although the chitosan studied had exhibited marked mucoadhesive capacities in vitro, retention of
chitosan formulations in the upper gastrointestinal tract was not sufficiently reproducible and the duration of retention was relatively short.
3 volunteers out of 10, the formulation adhered to the gastric mucosa (retention times varied from 1.25 to 2.5h) and in two volunteers to 1
upper small intestine (approximate retention time 45 min). In one case, the formulation adhered to the oesophagus. The system failed to incr
the bioavailability of furosemide, a drug site-specifically absorbed in the upper gastrointestinal tract. As far as the kind of formulatios studied
concerned, preparation of a system that is site-specific to the stomach and/or the upper small intestine seems difficult if the proposed mecha
of action is mucoadhesion. The results suggest that other mechanisms of action should also be studied.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of the intestine; for example the expression of P-gp gradu-
ally increases down the intestingl¢uly and Paine, 2003 For
Numerous drugs are known to act as substrates for intestdrugs that are substrates for P-gp, lower activity in the upper
nal transportersLeslie et al., 2005; Steffansen et al., 2D04 intestine could contribute to better absorption in the proximal
Membrane transporters may play an important role in deterintestine than in the lower gastrointestinal tract. In general,
mining the bioavailability of the drug substance, absorptivethe better absorption properties of the proximal intestine also
transporters increasing the amount of drug absorbed and efflurclude better paracellular permeability and/or dense absorptive
transporters such as the P-glycoprotein (P-gp) reducing bioavaifransporters.
ability. Intestinal membrane transporters may also be responsi- Despite the superior absorption properties of the proximal
ble for the site-specific absorption characteristics of the drugntestine, the extent of absorption may be limited because pas-
substance. This can be explained by the fact that the distribisage through this region is rapid. This inevitably results in the
tion of many of these transporters varies in different regiondow bioavailability of a drug substance with site-specific absorp-
tion characteristics in the upper gastrointestinal tract, particu-
larly if the drug is administered as a slow-release formulation.
* Corresponding author. Tel.: +358 9 19159156; fax: +358 9 19159138,  FOr example, low bioavailabilities have been reported with slow-
E-mail address: mia.sakkinen@helsinki.fi (M.&kkinen). release formulations containing the standard drug levodopa for
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the treatment of Parkinson’s disead€alusner et al., 2003; of chitosan granules in the human small intestine have been

Deleu et al., 200Rand the glucose-lowering agent metformin reported.

(Gusler et al., 2001; Marathe et al., 1999; Vidon et al., 2988

overcome the problem of low bioavailability there is increasing2. Materials and methods

interest in developing gastro-retentive formulations and/or for-

mulations that linger in the proximal parts of the small intestine 2. /. Formulation

Formulations are expected to release the drug site-specifically ) ) )

before or within the “absorption window” of the drug and thus ~ The granules contained 95 or 40% of microcrystalline

increase its bioavailability. chitosan base (MCCh, mean molecular weight 150kDa,
In developing site-specific formulations interest has focuse@PProximate extent of deacetylation 75%) (Novasso, Fin-

particularly on mucoadhesive polymers. Gastrointestinaland), and lactose as filler (Pharmatose DCL 21, DMV

mucoadhesive patch systenBigmtrakarn et al., 2002; Shen Interqatlonal, Netherlands). Lactose granule; Whlch contained

and Mitragotri, 200p and microparticles comprising mucoad- Polyvinylpyrrolidone (PVP K25, Fluka Chemie, Switzerland)

hesive polymers Nliyazaki et al., 2003; Tao et al., 20p3 S binder were used as reference formulation. The r_adlolak_JeI

have been studied. Many polymers, such as the cationic chif the granules was 4 mg of natural-abundance samarium oxide

tosans, have excellent mucoadhesive properties in vigbr(  (SmeOs) (purity 99.9%) (Aldrich, USA). The granules were

et al., 1992. The mucoadhesive chitosans have been demorflispensed in size-0 gelatine capsules (Ph.Eur.) by volume. The

strated to increase the residence times of formulations in the°Mposition and preparation of the granules has been described

stomach in mice Remuian-Lopez et al., 2000and gerbils N detail elsewhereSakkinen et al., 2004a _

(Hejazi and Amiji, 200% or in the rat intestine §himoda et Forty-eight hours before administration, the?Sm in the

al., 2009. The results of our bioavailability studies on human granules was activated in a thermal neutron flux to the gamma-

volunteers are, however, somewhat contradictory to those dimitting nuclide 1%5m, using a 250kW TRIGA Mark |l

animal studies $akkinen et al., 2008 In the bioavailability n_uclear research reactor (G_eneral Atomics, USA) at the Tech-

studies, we used furosemide as a model drug in slow-releadiical Research Centre of Finland (VTT). The neutron flux was

chitosan granules. Furosemide has a narrow absorption widk2x 102cm=?s™* and the irradiation time 5.5 min. The neu-

dow in the upper gastrointestinal tra@eermann, 1992 The tron qcuvauon process has been described in detail elsewhere

mechanism for its site-specific absorption behaviour could parSakkinen et al., 2009a

tially contribute to furosemide being a substrate for intesti-

nal membrane transporterglgnagan et al., 2001 Because Table 1

furosemide is site-specifically absorbed from the upper gastroid__ocations of the formulations in the gastrointestinal tract at different times in

testinal tract, its bioavailability from a slow-release, mucoad—15 volunteers

hesive formulation was expected to be as good as, or evelp 0.5h 1h 2h 3h 4h

better than, from a conventional immediate-release formulaymcch 95%

tion. In most cases, however, the administration of furosemide in 12 Stomach Stomach Stomach Sl S
chitosan granules resulted in lower bioavailability of the drug, 2 Upper SI Upper SI SI Sl Sl
indicating that the formulations studied could not be used as &  Upper S| Upper Sl St St Colon
. . . . . .4 Stomach Upper SI Sl Sl Colon
hmucoadheswe formulations in the upper gastrointestinal tract in Oesophagus  Oesophagus  Stomach S na
umans.
Studies on the behaviour of chitosan formulations in humansicch 40%
are few, and more studies are therefore needed to demonstraté’  Stomach Stomach Upper Sl SI Sl
what happens to chitosan formulations in the human gastroin- ’, Stomagl‘ :J"pper;' ;' ;' S”I'a'
testinal tract. Several methods currently exist to study the fate of 4 U‘SEZ? S| U';EZ: S| S| S| S|
formulations in the human gastrointestinal tract, such as gammai1g  stomach Stomach Upper S| Upper S Upper S
scintigraphy and radiological studieBlédwman et al., 2003; Lactose
Wilding et al., 200). The greatest advantage of gamma scintig- 11 ~ UpperSI Upper SI Sl Sl n.a.
raphy over radiological studies is that it allows visualization g Bppz: 2: Spp:: 2: g: g: EC;'O“
over time of the entire course of transit of a formulation through 7, ugger S| ugger S| S| S| na
the digestive tract, with reasonably low exposure of subjectsto 15  stomach Stomach UpperSI UpperSI  n.a.

radiation. In a recent study, we used neutron activation-based
gamma scintigraphy to visualize the gastro-retentive propertieg

The superscript letters a—f indicate that the formulation has become attached
the mucosa. The approximate adhesion time was determined as the time for

of chitosan formulations in the human stomach. The results argnich over 50% of the granules remained at the same place in the gamma images:

discussed in detail in our latest pap8akkinen et al., 2004aln

n.a.: not assigned.

the same study, we had an opportunity to simultaneously visu-* Stomach, 2h.

alize the fate of the formulations in the upper small intestine.
In this paper, the findings relating to small intestinal transit are

b Upper small intestine (SI), 0.75h.
¢ Oesophagus, 1.75h.
d Stomach, 1.25h.

discussed for the first time. To our knowledge, this is the first e ypper small intestine (SI), 0.75h.

time that the results of gamma scintigraphic studies on the fate’ Stomach, 2.5h.
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2.2. Gamma scintigraphic study eat or drink during the imaging period. One minute after admin-
istration gamma images, each of 1-min duration, were recorded
Three groups of five healthy male volunteers participated ircontinuously for 30 min, after which six images, each of 1-min
the gamma scintigraphic studies. A capsule containing the gramuration, were recorded every 15 min for the next 3—4 h. Dur-
ules was administered with 180 ml of water, with the subject in dng imaging each subject was in a supine position beneath the
sitting position, at8 a.m. or 12 p.m., after the volunteer had fastegamma camera. At all other times they were able to move freely.
overnight for at least 12 h. The volunteers were not allowed t@Gamma counts were detected using a dual-head gamma camera

1 h15 min : 1 h 30 min

Fig. 1. Gamma scintigraphic images showing the fate of a chitosan formulation (40% MCCh, Mw 150 kDa) in the human gastrointestinal tract (Sdtgect 8). A
3 min, the gelatine capsule containing the granules has not disintegrated. After 12 min, the capsule has disintegrated and the granules evegiagsmytorus

into the small intestine. After 1 h, the granules have become attached to the intestinal mucosa in the lower jejunum. After 1 h 45 min, most ofsHeageanule
become detached, and after 2 h, are continuing their journey through the intestine.
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(ADAC Forte, ADAC Laboratories, USA) equipped with LEGP frequent boluses, which thereafter passed very rapidly through
collimators. The study protocol and approval given to it bythe duodenum. This is illustrated well Fig. 2, in which there
various authorities have been described in detail elsewher@e several observation points on the declining portion of the
(Sakkinen et al., 2004a gastric emptying curve and very low levels of activity in the
duodenal curve. At the same time, the counts from the proxi-
mal jejunum started to increase. No evidence was found of the
formulation adhering to the mucosa in the stomach or the duo-
The locations of the formulations in the human digestivede””m- However, 1h after administration of the formulation
tract at different times after their administration are given inthe counts from the jejunum reached a plateau level of approx-
Table 1 The chitosan formulations (MCCh 95 or 40%) were imately 400 counts/min for 0.75h. From the gamma images
evaluated to determine if they acted as mucoadhesive systen{§19- 1. it can be concluded that the formulation had adhered
Stagnation of the formulation was expected to take place i the intestinal wall, because the activity remained in the same
the stomach or in the upper small intestine, where the pH i€89ion of the intestine. Similar fmdmgs_were made for Subject
acidic or slightly acidic. In such an environment, the chitosan’» Who had received the other formulation (95% MCCh). In the

base would be expected to be ionized, and adhesion could ha{@Maining 4 volunteers out of 10, the activity in the intestinal
occurred between the positively charged chitosan and the nefgdion moved constantly forward, showing that no adhesion had

atively charged mucus. The reference lactose formulation wa@ken place. In these volunteers, the findings were similar to

3. Results and discussion

expected not to exhibit any adhesive characteristics. those with the reference formulation, which was expected not to
Passage of the chitosan formulation in the digestive tract wa@xNibit any adhesive characteristiésq. 3.
prolonged in 6 cases out of 1Uable J). Stagnation of the for- The first prerequisite for a site-specific system to the stom-

mulation containing 40% chitosan took place in two cases irfich and/or the upper small i_ntestine is that the b_ehaviour of the
the stomach (Subjects 6 and 10) and in one case in the uppgystem ;hould be_ reproducible. As far as the kind 'of for_myla—
small intestine (Subject 8). The findings relating to the othefion studied here is concerned, the system seems insufficiently
formulation (95% MCCh) were fairly similar with the excep- reproducible. Although the results of studies in vitro or in vivo
tion that in one case the formulation adhered to the oesophagi@nimals (e.g. rats and dogs) relating to mucoadhesion of poly-
before reaching the stomach (Subject 5) (results discussed in"&ers have been promising, little tendency to adhesion has so far
separate case repoSakkinen et al., 2004b Stagnation in the been found in studies in maH&rris et al., .1990a,b; Davis etal., _
upper small intestine took place for approximately 45 min for1993- Ourstudy also showed thatthe chitosan grade used exhib-
both formulations Table 3. This was shorter than the duration 1t€d fairly marked mucoadhesive capacity in vitakkinen et

of stagnation in the stomach, which varied from 1.25 to 2.5 &l 2003, butnosimilar effect was evident from the in vivo stud-

In none of the cases did the adhesion take place after the uppl&s- Various physiological and formulation-related factors could
small intestine. The reference formulation exhibited no adhe€xPlain why the systems did not work as expectsikkinen et
sive properties and the activity in the intestinal region moved?!» 20043 Briefly, exposure of chitosan to mucins dissolved in
constantly forward. gastrointestinal fluids before it has a chance to interact with the

The stagnation of the 40% chitosan formulation in the uppefucus gel layer, and continuous erosion of the mucus gel layer
small intestine in Subject 8 is shown fiig. 1 The number of  ON which adhesion could take place might hinder adhesion to the
gamma counts detected in the different regions of the digestiv@aStric or intestinal mucosRorkoosh et al. (2004valuated a
tract in the same subject are presente&im 2 The granules different approach'to preparing formulations site-specific to the
were released from the gelatine capsule within approximatel{PP€" small intestine by using superporous hydrogel' compos-
4min and became dispersed in the stomach. Gastric emptyirdtf Polymers, which swell rapidly by absorbing gut fluids, and
began within 10 min, after which it was fairly rapid. Emptying managed to prepare a more reliable formulation that attached

of the granules through the pylorus was seen to take place itself to the intestinal wall by mechanical fixation. In a gamma
scintigraphic study in 5 human volunteers, the attachment of the

system to the upper small intestine was evident in all cases (in
our study the passage of chitosan formulations in the upper gas-
trointestinal tract was prolonged in 6 cases out of 10). However,
the system employed by Dorkoosh et al. did not yield any longer
retention times than the system based on mucoadhesion in our
study, and the duration of the retention was relatively short in
both studies. The retention times of the superporous hydrogels
in the intestine varied from approximately 45 min to 1 h, which
is comparable to the adhesion times of our system. The duration
of retention was longer if the chitosan formulation adhered to
Time (h) the stomach.

Fig. 2. Gamma counts measured over time from the regions of intd@est: Another ,pr_ereqUiSite forasi'te-specific SyStem is thatit ShO.UId
stomach(), duodenuma, proximaljejunuma, lower jejunum. Gammascinti- have a sufficiently long retention time at the site of absorption
graphic images from the same volunteer are shoviign1 in relation to the drug release rate. Too short a retention

1000

counts/min
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Fig. 3. Gamma scintigraphic images showing the fate of the reference formulation (lactose granules) in the human gastrointestinal trac) (Stbjactity in
the intestinal region moved constantly forward, indicating that no adhesion had taken place.

time lowers the bioavailability of the drug. In the case of results were less promisin@gdkkinen et al., 2003 Our study
superporous hydrogels, the system released the drug quievaluated slow-release furosemide formulations similar to those
rapidly in vivo and the retention was long enough to increase thesed in the gamma scintigraphic study reported here (MCCh
amount of octreotide absorbed in bioavailability studies in pig€95 or 40%). The AUC for furosemide was comparable to that
(Dorkoosh et al., 2002, 2004The average values férvaried  of a conventional, immediate-release tablet after administration
from 8.7+ 2.4 to 12. 74 3.6% for the superporous hydrogels, of the drug in a formulation containing 40% chitosan (the
whereas peroral administration resulted in an average bioavaitespective AUG.,, values were 3808 941pgl~th and
ability of 1.0+0.6% (reference intravenous administration). 3450+ 1180wg =1 h), but not after administration in a formu-

In our recent bioavailability study on human volunteers, thelation releasing the drug more slowly and containing a higher
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amount (95%) of chitosan (AWCs 2700+ 1070pg -1 h). Dorkoosh, F.A., Stokkel, M.P.M., Blok, D., Borchard, G., Rafiee-Tehrani, M.,
Comparing the results of the bioavailability study with those of Verhoef, J.C., Junginger, H.E., 2004. Feasibility study on the retention of

o . . superporous hydrogel composite polymer in the intestinal tract of man
the present gamma scintigraphic study shows that only in the using scintigraphy. J. Control. Release 99, 199—208.

first case had the retention time in the stomach or in the Upp&fiamtrakam, S., Itoh, Y., Kishimoto, J., Yoshikawa, Y. Shibata, N.,
small intestine been long enough in relation to the drug release Murakami, M., Takada, K., 2002. Gastrointestinal mucoadhesive patch
rate. Only this formulation (MCCh 40%) allowed furosemide  system (GI-MAPS) for oral administration of G-CSF, a model protein.
absorption to take place primarily in the upper gastrointestinal Biomaterials 23, 145-152.

tract. in the “absorption window”. In the latter case. the Flanagan, S.D., Takahashi, L.H., Liu, X., Benet, L.Z., 2001. Contributions of
! p : ! saturable active secretion, passive transcellular, and paracellular diffusion

r.et?ntion time i_n th? upper intestine was too sh_ort, re_sm_ti.ng iN" o the overall transport of furosemide across adenocarcinoma (Caco-2)
limited absorption time and a decrease in the bioavailability of cells. J. Pharm. Sci., 1169-1177.
furosemide from the formulation. It is clear from the results thatGusler, G., Gorsline, J., Levy, G., Zhang, S.Z., Weston, |LE., Naret,

the site-specific systems developed here are also drug-specific. D~ Bermer, B., 2001. Pharmacokinetics of metformin — gastric-
retentive tablets in healthy volunteers. J. Clin. Pharmacol. 41, 655-

661.
4. Conclusions Harris, D., Fell, J.T., Sharma, H.L., Taylor, D.C., 1990a. Gastrointestinal
transit of potential bioadhesive formulations in man: a scintigraphic study.

. . . . . J. Control. Release 12, 45-53.
In view of the fact that little or no information exists on Harris, D., Fell, J.T., Taylor, D.C., Lynch, J., Sharma, H.L., 1990b. Gl transit

t[he In vivo b_ehaw_our of muc_:oadheswe Ch'tos_an formu!at'(_)ns of potential bioadhesive systems in the rat. J. Control. Release 12, 55—
in the upper intestine, especially in human beings, the findings 65.

of our study are extremely interesting. The results emphasize thégjazi, R., Amiji, M., 2004. Stomach-specific adfi- pylori therapy Part
importance of in vivo studies. Gamma scintigraphic investiga— 1I: effect of chitosan microspheres crosslinking on the gastric residence

. . . Y and local tetracycline concentrations in fasted gerbils. Int. J. Pharm. 272,
tions revealed that although the chitosan studied had exhibited ", -~

marked mucoadhesive capacities in vitro, the retention at thgy,ysner, EA., Eyal, S., Lavy, E., Friedman, M., Hoffman, A., 2003. Novel

site of adhesion in the human gastrointestinal tract was rel- levodopa gastroretentive dosage form: in vivo evaluation in dogs. J. Con-
atively short and not sufficiently reproducible. Certain other trol. Release 88, 117-126.

studies have also suggested that systems based on mucoadiflr, C.M., Bouwstra, J.A., Schacht, E.H., Junginger, H.E., 1992. In vitro

sion may not behave as intended in vivo, although many of the evaluation of mucoadhesive properties of chitosan and some other natural
polymers. Int. J. Pharm. 78, 43-48.

polymers used exhibit gOOd mucoadhesive properties in VitrQ;eine, E.M., Deeley, R.G., Cole, S., 2005. Multidrug resistance proteins: role
The results of the present study suggest that other mechanismsof P-glycoprotein, MRP1, MRP2 and BCRP (ABCG2) in tissue defence.
of action should be studied in developing site-specific systems. Toxicol. Appl. Pharmacol. 204, 216-237.

Bioavailability studies are extremely important if slow-releaseMarathe, P.H., Wen, Y., Norton, J., Greene, D.S., Barbhaiya, R.H., Wild-

. . . _ing, LR., 1999. Effect of altered gastric emptying and gastrointestinal
formulations are being developed for drug substances with anar motility on bioavailability of metformin. In: AAPS Annual Meeting,

row “absorption window”. The amounts of drug absorbed need ey Orleans.

to be studied to demonstrate that the duration of retention of thgiyazaki, V., Ogihara, K., Yakou, S., Nagai, T., Takayama, K., 2003. In
formulation is sufficiently long. Chitosan failed to increase the vitro and in vivo evaluation of mucoadhesive microspheres consisting
bioavailability of furosemide, obviously because the retention of dextran derivatives and cellulose acetate butyrate. Int. J. Pharm. 258,

. . .. . -29.
time of the chitosan formulation in the stomach or in the Uppe'i\/louly, S., Paine, M.F., 2003. P-glycoprotein increases from proximal to distal

intestine was too short in relation to the release rate of the drug. regions of human small intestine. Pharm. Res. 20, 1595-1599.

Newman, S.P., Hirst, P.H., Wildng, I.R., 2003. New developments in radionu-
clide imaging for assessing drug delivery in man. Eur. J. Pharm. Sci. 18,
19-22.

Remuian-Lopez, C., Portero, A., Lemos, M., Vila-Jato, J.L., ez, M.J.,
This work was financially supported by the National Tech-  Riveiro, P., lopez, J.M., Piso, M., Alonso, M.J., 2000. Chitosan micro-

nology Agency of Finland (TEKES) and the Finnish Cultural  spheres for the specific delivery of amoxycillin to the gastric cavity. S.

FoundauOh T. P. Pharma. Sci. 10, 69-76.

Shen, Z., Mitragotri, S., 2002. Intestinal patches for oral drug delivery. Pharm.
Res. 19, 391-395.

References Shimoda, J., Onishi, H., Machida, Y., 2001. Bioadhesive characteristics of

chitosan microspheres to the mucosa of rat small intestine. Drug Dev.

Beermann, B., 1982. Kinetics and dynamics of furosemide and slow-acting Ind. Pharm. 27, 567-576.
furosemide. Clin. Pharmacol. Ther. 32, 584-591. Steffansen, B., Nielsen, C.U., Brodin, B., Eriksson, A.H., Andersen, R.,

Davis, S.S., Wilding, E.A., Wilding, I.R., 1993. Gastrointestinal transit of a  Frokjaer, S., 2004. Intestinal solute carriers: an overview of trends and
matrix tablet formulation: comparison of canine and human data. Int. J.  Strategies for improving oral drug absorption. Eur. J. Pharm. Sci. 21,
Pharm. 94, 235-238. 3-16.

Deleu, D., Northwast, M.G., Hanssens, Y., 2002. Clinical pharmacokineticSakkinen, M., Tuononen, T.,idjenson, H., Veski, P., Marvola, M., 2003.
and pharmacodynamic properties of drugs used in the treatment of Parkin- Evaluation of microcrystalline chitosans for gastro-retentive drug delivery.
son’s disease. Clin. Pharmacokinet. 41, 261-309. Eur. J. Pharm. Sci. 19, 345-353.

Dorkoosh, F.A., Verhoef, J.C., Verheijden, J.H.M., Rafiee-Tehrani, M., Bor-Sakkinen, M., Marvola, J., Kanerva, H., Lindevall, K., Lipponen, M., Kekki,
chard, G., Junginger, H.E., 2002. Peroral absorption of octreotide in pigs T- Ahonen, A., Marvola, M., 2004a. Gamma scintigraphic evaluation of
formulated in delivery systems on the basis of superporous hydrogel poly- the fate of microcrystalline chitosan granules in human stomach. Eur. J.
mers. Pharm. Res. 19, 1532-1536. Pharm. Biopharm. 57, 133-143.

Acknowledgements



M. Scikkinen et al. / International Journal of Pharmaceutics 307 (2006) 285-291 291

Sakkinen, M., Marvola, J., Kanerva, H., Lindevall, K., Ahonen, A., Marvola, Vidon, N., Chaussade, S., Noel, M., Franchisseur, C., Huchet, B., Bernier,
M., 2004b. Scintigraphic verification of adherence of a chitosan formu-  J.J., 1988. Metformin in the digestive tract. Diab. Res. Clin. Pract. 4,
lation to the human oesophagus. Eur. J. Pharm. Biopharm. 57, 145-147. 223-229.

Tao, S.L., Lubeley, M.W., Desai, T.A., 2003. Bioadhesive poly(methyl Wilding, I.R., Coupe, A.J., Davis, S.S., 2001. The roleyecintigraphy in
methacrylate) microdevices for controlled drug delivery. J. Control.  oral drug delivery. Adv. Drug Deliv. Rev. 46, 103-124.

Release 88, 215-228.



	Are chitosan formulations mucoadhesive in the human small intestine?
	Introduction
	Materials and methods
	Formulation
	Gamma scintigraphic study

	Results and discussion
	Conclusions
	Acknowledgements
	References


