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Purpose. The purpose of this study was to demonstrate the potential
of a dynamic, multicompartmental in vitro system simulating the hu-
man stomach and small intestine (TIM-1) for studying the behavior of
oral drug dosage forms under various physiological gastrointestinal
conditions.
Methods. Two model drug compounds were studied in TIM-1: a ly-
ophilized Lactobacillus strain and paracetamol (acetaminophen). The
Lactobacillus survival rate was determined by bacterial counting in
the gastric and ileal effluents while simulating the conditions of the
gastrointestinal tract of infants or adults. The availability for absorp-
tion of paracetamol from two oral dosage forms was investigated by
measuring the drug concentration in jejunal dialysis fluid. The effect
of gastrointestinal passage time and food intake on paracetamol ab-
sorption was also studied.
Results. The Lactobacillus survival rate in both gastric and ileal
effluents was higher during simulation of the infant compared to
adult conditions. We also showed that (i) paracetamol absorption was
faster when it was administered as a free powder than in sustained-
release tablet form, (ii) a slow passage time resulted in a delay in the
absorption of paracetamol, and (iii) there was a lower rate of absorp-
tion when paracetamol was ingested with a standard breakfast as
opposed to water. The in vitro results were consistent with in vivo
data, showing the predictive value of TIM-1.
Conclusions. TIM-1 is a powerful tool for supplying valuable infor-
mation about the effects of various gastrointestinal conditions on
biopharmaceutical behavior and efficacy of drug delivery systems in
the development of oral formulations.
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INTRODUCTION

Dissolution is a critical parameter of pharmaceutical dos-
age forms. In vitro dissolution testing is used to screen for-

mulations during the development of drug dosage forms but
mostly as a quality control test in order to ensure batch-to-
batch reproducibility. The fate of a new drug compound after
oral administration is only studied in simple static in vitro
systems, as described in the European and US Pharmaco-
poeia. Despite their ability to perform in vitro/in vivo corre-
lation, these systems are unable to provide understanding of
the possible risks related to specific gastrointestinal (GI) con-
ditions, dose dumping, the effects of food on bioavailability,
and interaction with other drugs. Moreover, these systems are
not truly representative of the continuously changing vari-
ables during passage through the stomach and the gut, and
they give no information about drug absorption.

A multicompartmental, dynamic, computer-controlled
system that simulates the human GI tract, TIM-1 (1,2), was
developed at TNO Nutrition and Food Research (Zeist, The
Netherlands) and validated in collaboration with Equipe de
Recherche Technologique ‘Conception, Ingénierie et Dével-
oppement de l’Aliment et du Médicament’ (ERT CIDAM).
At the present time, this in vitro system allows the closest
simulation of in vivo dynamic physiological processes that
occur within the lumen of the stomach and small intestine of
humans. In fact, most of the artificial digestive systems devel-
oped to date have been dedicated to a single application (3–5)
and include a limited number of simulated parameters. None
of the in vitro digestive systems published so far (3–7) meet all
of the following five requirements (8): (i) sequential use of
enzymes in physiological amounts, (ii) appropriate pH for the
enzymes and addition of relevant cofactors such as bile salts
and coenzymes, (iii) removal of the products of digestion, (iv)
appropriate mixing at each stage of digestion, and (v) physi-
ological transit times for each step of digestion. However, the
TIM-1 system indeed fulfills more than these requirements.

TIM-1 was designed based on parameters and data ob-
tained from studies on human volunteers. The main param-
eters of digestion, such as pH, body temperature, peristaltic
mixing and transit, salivary, gastric, biliary, and pancreatic
secretions, absorption of small molecules (e.g., nutrients,
drugs) and water, are simulated. GI passage and successive
conditions are controlled to mimic parameters in humans at
different life stages (infant, adult, and elderly), different food
intakes and physiological or pathological conditions (such as
gastric hyperacidity or pancreatic failure). This in vitro system
offers advantages above in vivo studies such as accuracy, re-
producibility (no biological variation), easy manipulation, and
the possibility of collecting samples at any level of the GI tract
at any time during digestion. In addition, it is not impeded by
ethical constraints, even when toxic compounds are involved.
Experiments have been performed that show that the condi-
tions simulated in TIM-1 are reliable, reproducible, and con-
sistent with in vivo data (1,9). Validation experiments dem-
onstrate the predictive value of the system with regard to the
availability for absorption of minerals (10), vitamins (11) and
food mutagens (12), and the survival of bacteria (13) and
yeasts (14,15) in humans.

The TNO artificial GI system could also be a useful tool
in pharma-related studies for following the intralumenal fate
of a drug compound or a probiotic strain under dynamic con-
ditions. For instance, TIM-1 could be used to determine
where and when a compound is released, what might influ-
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ence its release, its stability or viability and its availability for
absorption, and what role the presence of food, transit time,
or drug delivery systems could play in these processes. The
absorption phase is simulated in TIM-1 by the use of dialysis
membrane. Therefore, this system is only suited for drug com-
pounds that are absorbed by passive diffusion and not by
active transport (mucosal cells are not involved in the actual
configuration of the in vitro system), except when the active
transport through the mucosa is not a limiting step.

The aim of the current study was to show the potential of
TIM-1 when applied to research on the behavior of oral drug
dosage forms and the fate of the active compound. Two
model compounds were chosen: a lyophilized Lactobacillus
strain used in the treatment of diarrhea, and the common
analgesic and antipyretic, paracetamol (acetaminophen), in
two different dosage forms, namely as immediate release (IR)
and sustained-release (SR) formulation. In vivo, the Lacto-
bacillus strain is not absorbed in the GI tract and must survive
to exert its health effect whereas paracetamol is absorbed by
passive diffusion for a systemic analgesic effect. First, we de-
termined Lactobacillus survival rate in TIM-1 during simula-
tion of infant or adult GI conditions. Second, we assessed the
effects of drug delivery systems, GI transit time, and food
intake on the availability for absorption of paracetamol.

MATERIALS AND METHODS

Materials

Test Compounds

Lactobacillus LY/SA 1 (Lactobacillus casei spp. rhamno-
sus) is commercialized as a probiotic strain (Bacilor�) by
Lyocentre (Aurillac, France) for the treatment of diarrhea. It
was supplied as a lyophilized powder for oral suspension
(1500 mg per sachet). Paracetamol was obtained from Gen-
farma (Maarssen, The Netherlands). The SR amylodextrin
matrix tablets contains 30% active substance (16). The tablets
are 9 mm in diameter.

Artificial Dynamic GI System (TIM-1)

The gastric–small intestinal system TIM-1 (1,2) consists
of four serial compartments simulating the stomach and the
three segments of the small intestine: the duodenum, jeju-
num, and ileum (Fig. 1). Each compartment is formed by two
connected basic units consisting of a glass jacket with a flex-
ible wall inside. Water is pumped from a water bath into the
glass jackets around the flexible walls to control the tempera-
ture inside the units (37°C) and the pressure on the flexible
walls. Changes in the water pressure enable mixing of the
chyme by alternate compression and relaxation of the flexible
walls. To control the transit of the chyme, a power exponen-
tial formula (f � 1 − 2−(t/t½)�, where f represents the fraction
of chyme delivered, t the time of delivery, t1/2 the half-time of
delivery, and � is a coefficient describing the shape of the
curve) is used for gastric and ileal delivery, as described by
Elashoff et al. (17). Chyme transit is then regulated by open-
ing or closing the peristaltic valves that connect the compart-
ments. The volume in each compartment is monitored by a
pressure sensor connected to the computer. The pH is com-
puter-monitored and continuously controlled by secreting ei-

ther water or 1 M HCl (0.25 ml/min in total) into the stomach
and either electrolytes or 1 M NaHCO3 (0.25 ml/min in total)
into the small intestine. Simulated gastric (0.5 ml/min), biliary
(0.5 ml/min), and pancreatic (0.25 ml/min) secretions, that is,
pepsin, lipase, pancreatin, and bile salts (1), are introduced
into the corresponding compartments by computer-controlled
pumps. The model is equipped with hollow fiber membranes
(HG 400, Hospal Cobe, France, cutoff � 5800 Da) connected
to the jejunal and ileal compartments. Water and small mol-
ecules (e.g., products of digestion, dissolved drugs) are re-
moved from the lumen of the compartments by pumping di-
alysis fluid (10 ml/min) through the hollow fibers. This pre-
vents product inhibition caused by the build-up of
metabolites. Before each experiment, the system is washed
with detergent, rinsed with water, and decontaminated by
steaming at 100°C for 45 min.

Methods

Survival Rate of Lactobacillus LY/SA 1

Two sachets of Bacilor� (2.8 × 109 bacterial cells) were
resuspended into 300 ml of infant milk (first age, Bledina�) or

Fig. 1. TNO gastric–small intestinal model (TIM-1): 1, gastric secre-
tions (lipase, pepsin and hydrochloric acid); 2, small intestinal secre-
tions (pancreatic juice, bile, and sodium bicarbonate); 3, pH elec-
trodes; 4, peristaltic valves; 5, hollow fiber membranes; 6, jejunal
dialysis fluid; and 7, ileal dialysis fluid.
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sterile water for in vitro experiments simulating the infant or
the adult conditions, respectively. The gastric–small intestinal
system was programmed with in vivo data to reproduce either
average GI conditions of the infant after intake of formula
milk or of the adult after intake of a glass of water (fast GI
passage). The main parameters of in vitro GI conditions in the
infant and in the adult are compared in Table I. In both cases,
the experiments were performed either in the stomach alone
(gastric digestion) or in the whole TIM-1 (gastric and small
intestinal digestion).

One sample was taken before introduction of the bacte-
rial suspension into the artificial stomach. The gastric and
ileal effluents were collected on ice to inhibit the activity of
digestive enzymes. For gastric digestion, the collection vessels
were replaced at 15, 30, 60, 90, 120, and 180 min. In the case
of the gastric and small intestinal digestion, collection vessels
were changed at 60, 120, 180, and 240 min and at 60, 120, 180,
240, 300, and 360 min for the infant and the adult conditions,
respectively. The volumes were measured, and samples were
taken for each period.

Samples were diluted in physiological water and plated
onto a selective medium for Lactobacillus strains (Agar MRS,
pH 5). Petri dishes were incubated in anaerobic conditions at
37°C for 72 h, and the number of colony-forming units (CFU)
was counted. The results were expressed as a percentage of
the initial intake.

Availability for Absorption of Paracetamol

The availability for absorption of paracetamol was esti-
mated in TIM-1 by measuring the drug concentration in je-
junal dialysis fluid, following its passive diffusion through the
hollow fiber membranes connected to jejunum.

To assess the effect of oral drug delivery systems on drug
release, the availability for absorption of paracetamol was
studied in TIM-1 after administration of the drug in powder
form (IR) or as SR amylodextrin matrix tablets. The dose

administered was either 500 mg of free powder or 5 tablets
each containing 100 mg of paracetamol, with 200 g of water
and 100 g of artificial saliva. TIM-1 was programmed to simu-
late the adult GI conditions after the intake of water (fast GI
passage, Table I).

In order to determine the drug-nutrient interaction, the
availability for absorption of paracetamol was studied in
TIM-1 when it was administered with either water or a stan-
dard breakfast. To constitute the two different “meals,” 500
mg of paracetamol powder was added to 100 g of artificial
saliva and either 200 g of water or 200 g of a standard break-
fast. The standard breakfast was a European continental
breakfast for adults (18) and comprised the following: 10
slices of white bread and 10 slices of brown bread, 100 g of
margarine (with 63 to 65% linoleic acid), 200 g of cheese with
∼48% fat (Gouda cheese), 150 g of strawberry jam containing
45% fruit, and 1 l of water. The ingredients were mixed as
described by Vaquero et al. (19) and stored in portions at
–20°C before use. TIM-1 was programmed to simulate the
adult GI conditions after the intake of water (i.e., with a fast
GI passage) or the adult conditions after the intake of a semi-
solid “meal” (i.e., with a slow GI passage) (Table I).

Samples were collected from the jejunal dialysis fluid
every 15 min for the first 120 min of digestion then every 30
min from 120 to 240 min and every 60 min until the end of the
experiment (360 min).

Paracetamol concentration in jejunal dialysis fluid was
measured by reversed-phase high-performance liquid chro-
matography with UV detection (247 nm). Samples were ana-
lyzed on a Phenomenex (Torrance, USA) RP-18 at 25°C.
Elution was performed using a mixture of phosphate buffer
50 mM (pH 5) and methanol (70:30 v/v) as a mobile phase and
at a flow rate of 0.5 ml/min. The typical elution time for
paracetamol was 6.5 min. Quantification of paracetamol was
determined by comparison with standard paracetamol solu-
tions.

Table I. Parameters of In vitro GI Conditions in the Infant and in the Adult with a Fast or a Slow GI Passage

Parameters of In vitro
GI conditions Infant Adult (fast GI passage) Adult (slow GI passage)

Gastric conditions
Time/pH 0/6.5 0/4.5 0/5.5

30/6.5 10/3.2 20/4.2
150/4.5 20/2.8 40/2.8
240/3.5 40/1.8 60/2.1

60/1.7 90/1.8
120/1.5 120/1.7
360/1.5 360/1.7

Secretions Pepsin 525 U/ml Pepsin 600 U/ml Pepsin 600 U/ml
Lipase 30 U/ml Lipase 37.5 U/ml Lipase 37.5 U/ml

t1/2 80 min 30 min 70 min
� 1.23 1 2

Intestinal conditions
Compartment/pH Duodenum/6.5 Duodenum/6.5 Duodenum/6.5

Jejunum/6.8 Jejunum/6.8 Jejunum/6.8
Ileum/7.2 Ileum/7.2 Ileum/7.2

Secretions Pancreatin 2% Pancreatin 7% Pancreatin 7%
Bile salts 1% Bile salts 4% (0–30 min) Bile salts 4% (0–30 min)

2% (30–360 min) 2% (30–360 min)
t1/2 200 min 160 min 160 min
� 2.2 1.6 1.6
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RESULTS AND DISCUSSION

Survival Rate of Lactobacillus LY/SA 1

The number of living cells of Lactobacillus LY/SA 1 in
the gastric effluents of TIM-1 did not significantly decrease
during simulated infant gastric conditions (Fig. 2a). After 180
min of gastric digestion, the bacterial survival rate was 68 ±
30% (n � 3). By that time, 74 ± 20% (n � 3) of the ingested
bacteria had crossed the gastric compartment and was recov-
ered in the gastric effluents (Fig. 2b), which indicates that the
Lactobacillus strain is highly tolerant of infant gastric condi-
tions. When adult gastric conditions were mimicked, Lacto-
bacillus LY/SA 1 survival rate decreased to 42 ± 16% (n � 2)
after 60 min of digestion, and thereafter no viable bacteria
were detectable in the gastric effluents (Fig. 2a). However,
after the first 60 min of digestion, 38 ± 18% (n � 2) of the
ingested Lactobacillus LY/SA 1 was recovered in the gastric
effluents (Fig. 2b).

The survival rate of Lactobacillus LY/SA 1 in the ileal
effluents of TIM-1 during infant in vitro digestion was lower
than in the gastric effluents (Fig. 3a). The survival rate de-
creased to 40 ± 3% (n � 3) after 60 min of digestion and
remained stable thereafter. At the end of the experiment (240
min), 32 ± 2% (n � 3) of the ingested bacteria had passed the
gastric and small intestinal compartments alive and was re-

covered in the ileal effluents (Fig. 3b). When adult GI con-
ditions were simulated, the Lactobacillus LY/SA 1 survival
rate quickly decreased during the first 2 h (until 0.7 ± 0.6% at
120 min, n � 2) and remained stable thereafter until the end
of experiment. After 360 min of digestion, the survival rate
reached 0.5 ± 0.3% (n � 2) (Fig. 3a) and the cumulative
recovery in the ileal effluents was 0.9 ± 0.7% (n � 2) of the
initial intake (Fig. 3b).

The survival rate of Lactobacillus LY/SA 1 both in the
gastric and in the ileal effluents was higher during GI passage
simulating the infant conditions than during that of the adult.
These results indicate that Lactobacillus LY/SA 1 is sensitive
to the low gastric pH occurring during simulated adult con-
ditions (pH was below 1.8 after 40 min of digestion) but not
during simulated infant conditions (pH value was never below
3.5). Our results are in accordance with those of Goldin et al.
(20) who showed in vitro that Lactobacillus GG and Lacto-
bacillus bulgaricus survived at pH values up to 3 but were
completely destroyed in 30 min when pH was under 1. The
difference in the bacterial survival rates in the ileal effluents
between the infant and adult conditions may also be ex-
plained by the higher concentration of bile salts simulated for
the adult (Table I). The bactericidal effect of bile salts on
Lactobacillus spp. has been previously reported (13). The
higher survival rate observed during infant digestion may

Fig. 2. Effect of the gastric conditions related to the infant (�) or the
adult (�) as simulated in TIM-1 on the viability of Lactobacillus
LY/SA 1. (a) Survival rate of Lactobacillus LY/SA 1 in the gastric
effluents. (b) Cumulative gastric delivery of viable Lactobacillus LY/
SA 1. In both cases, values are expressed as a mean percentage ± SD
(n � 3 for the infant and n � 2 for the adult) of the initial intake.

Fig. 3. Effect of the gastric and small intestinal conditions related to
the infant (�) or the adult (�) as simulated in TIM-1 on the viability
of Lactobacillus LY/SA 1. (a) Survival rate of Lactobacillus LY/SA 1
in the ileal effluents. (b) Cumulative ileal delivery of viable Lacto-
bacillus LY/SA 1. In both cases, values are expressed as a mean
percentage ± SD (n � 3 for the infant and n � 2 for the adult) of the
initial intake.
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have resulted from a protective effect of milk (compared to
water used for the adult) due to its buffering capacity (21,22).

Despite the loss of viability of Lactobacillus LY/SA 1 in
TIM-1, the bacterial survival rates are compatible with a pro-
biotic effect of the strain in vivo, both in the infant and in the
adult digestive tract. Concentrations of living bacteria in the
ileal effluents ranging from 104 to 107 CFU/ml were found,
which may be high enough for the bacterial strain to have a
health effect on the human gut (22).

The survival rates of Lactobacillus LY/SA 1 in the gastric
and ileal effluents of TIM-1 under simulated adult conditions
were close to those obtained by other authors (21–23) study-
ing different Lactobacillus spp. in adult volunteers. Conway et
al. (21) showed that a Lactobacillus acidophilus strain sur-
vived from 40 to 60 min in the stomach of fasted volunteers.
After a single dose of bacteria (approx. 1010 cfu), survival
rates in the ileal fluid ranging from 0.5 to 7% were obtained,
depending on the Lactobacillus strain (22–23). The in vitro
and in vivo results are comparable, suggesting that our in vitro
system can be used to predict the survival of Lactobacillus
spp. in humans. With TIM-1, it is possible to determine the
survival rate of bacterial probiotic strains under different GI
conditions (e.g., infant or adult) and also to establish their
kinetics during gastric and intestinal transit.

Availability for Absorption of Paracetamol

Effect of Oral Drug Delivery Systems

The availability for absorption of paracetamol was stud-
ied in TIM-1 after administration of free powder or SR tablets
(both containing 500 mg of active compound). The results are
expressed as cumulative amounts of paracetamol in jejunal
dialysis fluid (Fig. 4). They show a profile characteristic of the
release and absorption of a drug from a dosage form. The
absorption profiles obtained depended on the drug delivery
system studied. Within 6 h of GI passage, the amount of
absorption was higher when paracetamol was administered as
IR formulation as opposed to SR formulation (394 ± 12 mg vs.

204 ± 18 mg, n � 2). Rate of absorption was faster with the
IR form, whereas a more prolonged absorption of paraceta-
mol was observed when it was administered as a SR tablet.
The rate of absorption, calculated from the unabsorbed
amounts as a function of time (data not shown), can be mod-
eled according to a first-order model for the IR formulation
(r2 � 0.9955) and a zero order model (r2 � 0.9869) for the SR
formulation.

The profiles of jejunal absorption found in vitro are con-
sistent with the in vivo data (24,25). Following oral adminis-
tration of IR formulation, the drug is rapidly dissolved then
absorbed according to a passive diffusion (Fick’s law) corre-
sponding to a first-order reaction. The limiting step of drug
input in the body is the absorption. After in vivo administra-
tion of a SR formulation, the limiting step of drug input is its
release from the dosage form (a zero-order drug release
model in that case). The time-point (Tmax) at which maximum
paracetamol concentration was reached in vivo with the IR
form (24–26) was similar to the time at which maximum rate
was obtained with in vitro conditions. Nevertheless, no quan-
titative relation could be made between the maximum jejunal
dialysis concentration and the maximum plasma concentra-
tion. This lack of correlation can be explained by (i) the se-
lective uptake and metabolization of paracetamol by epithe-
lial cells and the first-pass effect, which occur in vivo but not
in our in vitro system, (ii) the much larger volume for drug
dilution and distribution in vivo, and (iii) the removal of the
drug from the blood by renal clearance. In TIM-1, SR tablets
led to a more prolonged absorption of paracetamol compared
to free powder. Similar effects were obtained in vivo when the
same SR tablet (16) was administered to adult volunteers and
with a different controlled-release system, the Gradient Ma-
trix System (27).

The results obtained in our in vitro GI system can be
related to in vivo conditions, showing that TIM-1 has a pre-
dictive value for studying and explaining the behavior of drug
delivery systems in the human GI tract. In order to make
further in vivo/in vitro correlation, absorption processes, first-
pass effect, and volume of distribution and elimination should
be taken into account.

Effect of GI Transit Time and Food Intake

The availability for absorption of paracetamol in powder
after oral intake was studied in TIM-1 under three different
conditions of the GI tract: (i) paracetamol was administered
with water and subjected to a fast GI passage (fasted state),
(ii) it was administered with water and subjected to a slow GI
passage, and (iii) it was administered with a standard break-
fast and subjected to a slow GI passage (fed state). The curves
we obtained for cumulative jejunal absorption of paracetamol
were characteristic of a drug absorption rate profile (Fig. 5).
When paracetamol was administered with water under simu-
lation of a fast GI passage, it was rapidly absorbed from the
jejunal compartment: after 60 min of digestion; 60.5% of the
total amount available for absorption was absorbed. When
paracetamol was administered in the same way but subjected
to the simulation of a slow GI passage time, the absorption
was delayed; 20.1% being absorbed after 60 min. Neverthe-
less, after 120 min of digestion, the amount of paracetamol
absorbed was similar under both conditions (fast or slow GI
passage). When paracetamol was administered with a stan-

Fig. 4. Effect of oral drug delivery systems on the availability for
absorption of paracetamol from the jejunal compartment of TIM-1.
The paracetamol concentrations were measured in the jejunal dialysis
fluid after oral administration of the drug as powder (�) or as SR
tablets (�). Values are expressed as cumulative amounts of absorbed
paracetamol (mg) ± SD (n � 2).
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dard breakfast and subjected to a slow GI passage, the same
decrease in rate of absorption was observed (30.4% absorbed
in 60 min). In addition, related to the nature of the food
intake (semisolid “meal”), a lower amount of paracetamol
was absorbed within the 6 h of in vitro GI transit (337 ± 19 mg
in semisolid “meal” matrix vs. 414 ± 62 mg in water matrix
under the same GI conditions and transit time). So, the rate of
paracetamol absorption, as well as the total amount of ab-
sorbed drug, were modified in presence of food. The rate is
mainly determined by a difference in passage time induced by
the food whereas the total amount of absorbed paracetamol is
mainly determined by a food matrix effect. In the presence of
food, the absorption could not be further modeled according
to a first-order model.

A similar effect of food intake on paracetamol absorp-
tion was previously observed in human volunteers by Ros-
tami-Hodjegan et al. (25) and Divoll et al. (28). They showed
that, in the feeding state, the peak plasma concentration of
paracetamol was lower, and the Tmax was delayed compared
to intake with water during the fasted state. According to
Jaffe et al. (29), this lower rate of paracetamol absorption may
partially be attributed to an interaction with the carbohy-
drates of the meal.

Hence, we have demonstrated that TIM-1 is a suitable
tool for determining drug–nutrient interaction. Moreover,
with this in vitro system, it is possible to study separately the
effect of food intake and GI passage time on the availability
for absorption of a drug, which is not possible in humans.

CONCLUSIONS

Using two model drug compounds, a living bacterial
strain used in the treatment of diarrhea and paracetamol, a
classical chemical compound, we showed that TIM-1 yields
valuable information in the early stages of development of
oral drug dosage forms, with a high predictive value for the in
vivo situation. This system is a supportive tool complemen-
tary to the in vitro dissolution technique, but allowing more

information to be collected. The effect of various GI condi-
tions (such as different life stages, food intake, or transit time)
on drug release from a drug dosage form, its stability or vi-
ability (in case of living cells), and the subsequent availability
for absorption in the GI tract could be estimated in TIM-1.
This gives the possibility to study the efficacy of various oral
drug delivery systems very easily under controlled, reproduc-
ible, and dynamic conditions. However, because a mucosal
layer is not involved in the actual configuration of TIM-1, this
system cannot simulate the physiological processes of the gut
wall, such as active or facilitated transport. Local cellular and
humoral immune system and feedback mechanisms are also
not present in the system. Particularly, the absorption phase
being reproduced by the use of dialysis membrane, TIM-1 is
suited for drug compounds that are absorbed by passive dif-
fusion or when the active transport through the mucosa is not
a limiting step. For greater in-depth studies on the availability
for absorption of drug compounds, TIM-1 could be used in
combination with cultured intestinal cells to study mucosal
transport and the metabolism of drug compounds. If the fate
of a living probiotic strain is studied in TIM-1, cultured cells
could give information about the ability of the bacteria to
adhere to intestinal cells. The use of a large intestinal system
TIM-2 (30) as a complement to the gastric–small intestinal
system described in this study could also be considered in the
development of specific drug dosage forms such as colonic
delivery or rectal (31) drug dosage forms as well as in studies
on the effect of the complex microflora on the stability of
drug compounds.
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