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Abstract

Introduction: Salazosulfapyridine (SASP) is an oral medication used to treat rheumatoid arthritis and inflammatory
bowel disease, particularly ulcerative colitis. It has been reported that various transporters such as P-glycoprotein (P-
gp) and multidrug resistance-associated protein 2 (MRP2), are involved in the transport of SASP. P-gp and MRP2 are
expressed in the brain, intestine, and various tissues in both humans and rats. In the intestine, P-gp limits the absorption
of certain drugs, however, its mode of absorptive action with regard to SASP has not, as of yet been studied. The aim
of this study was to investigate the intestinal transport of SASP and examine whether transporters such as P-gp and
MRP2 are involved in this process.

Method: Bidirectional permeability and inhibition transport studies were performed using Caco-2 and T84 cell lines.
Transcellular transport studies were conducted using isolated rat intestinal tissue mounted in an Ussing-type chamber.
The intestinal absorption was examined using an in-situ closed-loop experiment in rats.

Results: SASP showed secretory-directed transport across Caco-2 and T84 cells, as well as rat intestinal tissue.
Cyclosporine A (CsA), a P-gp inhibitor, was found to decrease this secretory-directed transport. In the intestinal closed-
loop experiment, addition of CsA resulted in increased accumulation of SASP; however, this was too miniscule to be
considered. The inhibition study showed that both secretory and absorptive transporters sensitive to probenecid are
involved in the process of SASP absorption in the small intestine.

Conclusion: In the process of SASP absorption in the intestine, CsA-sensitive secretory transporters including
P-gp as well as probenecid-sensitive absorptive and secretory-transporters are involved and the total of the absorption
of SASP is regulated by these transporters. It is likely that these transporters are coordinated in a complex manner to

effectively regulate absorption of SASP and other biochemically similar drugs.
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Introduction

Salazosulfapyridine (SASP) was originally proposed as a treatment
for rheumatoid arthritis. It was subsequently discovered that SASP was
also efficacious in treating inflammatory bowel disease, particularly
ulcerative colitis [1,2].

SASP is a prodrug composed of 5-aminosalicylic acid (5-ASA)
linked to sulfapyridine through an azo bond. SASP is partially absorbed
in the small intestine after oral administration and the remainder
passes into the colon, where it is reduced by coliform bacterial enzyme,
azoreductase, to sulfapyridine and 5-ASA [3,4]. SASP and 5-ASA
are effective for rheumatoid disease, while 5-ASA provides an anti-
inflammatory effect for inflammatory bowel diseases symptoms [5-7].
The bioavailability of SASP is relatively low, less than 15% [8]. This is
thought to be due to its low solubility and poor permeability [9].

In addition to passive permeation through the intestinal epithelial
cell membrane, both absorptive (influx) and secretory (efflux)
transporters are involved in the drug absorption from the intestine to
blood and vice versa. A number of absorptive transporters for nutrients
such as glucose, amino acids, and oligopeptides have been identified
to be expressed at the apical membranes of intestinal epithelial cells
[10]. One of the most well studied absorptive transporters is peptide

transporter 1 (PepT1), which recognizes oligopeptides as its substrate.
B-Lactams and other molecules with chemical structures similar to
those of oligopeptides are capable of crossing cell membranes through
PepT1 carriers [11]. Several efflux transporters with broad substrate
specificity were reported to be expressed in the intestine. These include
P-glycoprotein (P-gp) [12] and multidrug resistance-associated protein
2 (MRP2) [13], MRP3, breast cancer resistance protein (BCRP) and so
on. P-gp was one of the first transporters to be vigorously studied [12].

Intestinal absorption studies of SASP have shown to involve a
combination of both several absorptive and efflux transporters. For
intestinal absorption of SASP, MRP2 [14,15] and BCRP [14] have
previously been identified as secretory transporters, and OATP2B1
[15] as an absorptive transporter.

Various in-vitro and in-vivo methods can be applied to the study of
for drug administration. Caco-2 cells are connected by tight junctions
possess microvilli. They develop the morphological characteristics
of simple columnar enterocytes when grown on plastic dishes or
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nitrocellulose filters. In addition, Caco-2 cells express numerous
transporters that contribute to both absorptive and secretory functions,
such as PepT1 and P-gp, respectively [16]. Because they undergo similar
differentiation when grown on Transwell polycarbonate membranes,
Caco-2 monolayers are suitable as intestinal epithelial transport model
systems [17]. They are being widely used as a standard permeability-
screening assay for predicting drug intestinal permeability and for
assessing the fraction of oral drug doses absorbed in humans. This is
because permeability through Caco-2 cell monolayers correlates well
with in-vivo absorption of orally administered compounds in humans
[18-19]. T84 cell line, also a human carcinoma cell line, was derived
from a lung metastasis of a colon carcinoma in a 72-year-old male.
Madara et al. [20] demonstrated that the cells grew to confluence as
a monolayer with the basolateral membrane attached to the surface
of the culture dish and showed the existence of a microvillus-studded
apical membrane facing the media. T84 cells also grow as polarized
monolayers and display a morphology similar to that of undifferentiated
crypt cells of the small intestine. They have been used extensively as
a model system for studying epithelial electrolyte transport and its
regulation by various hormones and neurotransmitters [20-21]. It has
been suggested that this cell line can also serve as a model system for
studying electrolyte transport processes [20].

In addition to human epithelial cell lines, model animals are often
used for studies concerning intestinal absorption. Rats are favorable
owing to their small size and the fact that they can be used for in-situ
and in-vitro study. For this work, both in-situ and in-vitro studies were
employed in the form of a closed-loop experiment and Ussing chamber
method, respectively.

Using the aforementioned strategies, a set of experiments were
set up to determine whether the intestinal transport of quinolone
antimicrobials is regulated by P-gp and MRP2 [22-23] in rat intestinal
tissue and human intestinal cell line Caco-2, and transport mechanism
of intestinal absorption of p opioid receptor agonists and contribution
of P-gp in rat intestine and in Caco-2 cells [24].

As described above, several transporters are shown to be involve
in the absorption of SASP from intestine [14,15], however, absorption
process in various methods have not been compared in one study
comprehensively. In answering these questions, this work was carried
out by considering and experimenting with a range of methods,
representing a comprehensive study with could relevant to future
research in this area.

Materials and Methods
Chemicals

SASP was purchased from Sigma Co (St. Louis, MO). All other
reagents were commercial products of reagent grade and were used
without further purification.

Culture of Caco-2 and T84 cells

Caco-2 cells were grown in Dulbecco’s modified Eagle’s medium
containing 10% of bovine serum and 1% non-essential amino acids,
2 mM L-glutamine, 100 units/mL penicillin G and 100ug/mL
streptomycin, as described previously. Caco-2 cells were seeded onto
Transwell insert at 1.26x10° cells/insert, and cultured for 14 and 21
days respectively [22-25].

T84 cells were grown in a 1: 1 mixture of Dulbecco’s modified
Eagle’s medium with 4.5 g/L of D-glucose and Ham’s F12 Nutrient
mixture containing 5% of bovine serum. T84 cells were seeded onto

Transwell insert at 0.565x10° cells/insert, and cultured for 7-9 or 12-14
days, respectively [25].

The transepithelial electrical resistance of the monolayer of Caco-2
and T84 cells was 250~350 and 550~700 Q cm?, respectively.

Transepithelial transport experiment

The transepithelial transport study with Caco-2 or T84 cells grown
on polycarbonate filter of Transwell was performed as described
previously [22-25]. The buffer used was HBSS (0.952 mM CaCl,, 5.36
mM KCl, 0441 mM KH,PO,, 0.812 mM MgSO,, 136.7 mM NacCl,
0.385 mM Na,HPO,, 25 mM D-glucose and 10 mM Hepes, pH 7.4; the
osmolarity was 315 mOsm/kg).

The volume of apical and basolateral compartments was 0.5 and
1.5 mL, respectively. To measure apical-to-basolateral (absorptive) or
basolateral-to-apical (secretory) flux, a test compound was included in the
apical or basolateral side, respectively. At the designated time, 0.5 mL of
the basolateral or 0.2 mL of the apical side solution was withdrawn and
replaced with an equal volume of HBSS, respectively [22-25].

Animals

Wistar/ST male rats were used at the age of 6 to 8 weeks. The
animal studies were performed in accordance with the Guidelines for
the Care and Use of Laboratory Animals of Doshisha Women’s College
of Liberal Arts.

Transport experiments by the Ussing-type chamber method

Rat intestinal tissue sheets were prepared as described previously
[22-24]. The tissue sheets, consisting of the mucosa and most of the
muscularis mucosa, were mounted vertically in an Ussing-type
chamber that provided an exposed area of 0.5 cm?® The volume of
bathing solution on each side was 5mL, and the temperature was
maintained at 37°C. The test solution was composed of 128 mM NaCl,
5.1 mM KCl, 1.4 mM CaClz, 1.3 mM MgSO,, 21 mM NaHCO,, 1.3 mM
KH,PO,, 10 mM NaH,PO,, and 5 mM glucose at pH 7.4 (basolateral
side) or 6.0 (mucosal side) and was gassed with O, before and during
the transport experiments. In the inhibition studies, modulators were
added to the same side as the substrate.

Intestinal absorption study by the closed loop method

Intestinal absorption study by the closed loop method was
performed as previously reported [22-24]. After the rats were
anesthetized by intraperitoneal administration of pentobarbital
(5 mg/kg), their intestines were exposed by midline abdominal
incisions. Closed intestinal loops of 10 cm were prepared by ligating
both ends after clearing the gut with slowly passed warmed isotonic
2-(N-morpholino)ethanesulfonic acid (MES) buffer (5 mM KCI, 100
mM NaCl, 10 mM MES, 85 mM mannitol, 0.01% polyethylene glycol;
pH 6.4; 290 mOsm/kg osmolarity) until the effluent became clear and
expelling the remaining solution by means of air pumped through a
syringe. Isotonic MES buffer (50 pL/cm), including SASP with or
without inhibitor, was administered into the loops as a bolus. The
animals were kept warm at 37°C. After 15 min, the solution in the loops
was collected and the loops were rinsed with isotonic MES buffer to
give a total volume of 10 mL. After collecting the solution in the loops,
the mucosa was also collected.

Analytical methods

Samples of experimental solution from transepithelial transport
experiment by Caco-2 and T84 cells were properly diluted in HBSS
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when needed and was then subjected to high-performance liquid
chromatography (HPLC) determination.

Samples of experimental solution from the Ussing-type chamber
and closed loop experiments were properly diluted in 0.1 M phosphate
buffered saline (PBS) and was then subjected to HPLC. To samples of
intestinal mucosa from the closed loop experiments, 1 mL of mobile
phase solution (described below) was added and homogenized. The
homogenate was centrifuged to yield the supernatant. The supernatant
was then subjected to HPLC determination.

The HPLC system consisted of a constant-flow pump (LC-20AD;
Shimadzu Co., Kyoto, Japan), a UV detector (SPD-20A; Shimadzu
Co.), a system controller (CBM-20A; Shimadzu Co.), and an automatic
sample injector (SIL-20A; Shimadzu Co.); a Cosmocil 5C18 MS-II
column (150 mm heightx4.6 mm I.D; Nacalai Tesque, Kyoto, Japan)
was used as the analytical column. The mobile phase comprised
20mM potassium phosphate buffer (pH 7.0): methanol (60: 40, [v/v])
with a column temperature of 40°C, flow rate of 1.2 mL/min, and UV
detection at 254 nm.

Data analysis

Transport was estimated in terms of permeation (uL/cm?)
by dividing the amount transported (pmol/cm?) with the initial
concentration of the test compound on the donor side (umol/pL). The
permeability coefficient (uL/cm*/min) was obtained from the slope of
the linear portion of the plots of permeation against time (min). The
secretory ratio was calculated from the permeability coefficient of
absorptive transport divided by that of secretory transport. All data are
expressed as the means + SEM and statistical analysis was performed
with Student’s t-test. A difference of P<0.05 between means was
considered significant.

Results

Transport of SASP across intestinal epithelial monolayers

We studied SASP permeation in Caco-2 and T84 cell monolayers
cultured on polycarbonate filters.

The secretory transport of SASP across Caco-2 and T84 monolayer
was significantly greater than the absorptive transport (Figure 1).
The absorptive transport rates in Caco-2 and T84 were very similar,
while the secretory transport rate of Caco-2 was much faster than that
of T84. The calculated secretory ratios (secretory transport divided
by absorptive transport) were 15.4 and 1.86 in Caco-2 and T84,
respectively, indicating secretory-directed transport and the degree is
higher in Caco-2 cells than in T84 cells.

Inhibitory study in transport of SASP across intestinal
epithelial monolayers

We examined the effect of various transporter inhibitors on the
secretory-directed transport in these cells (Figure 2).

In Caco-2, addition of cyclosporine A (CsA) (10, 100 pM)
significantly increased absorptive transport of SASP and decreased
secretory transport in a concentration depending manner. In T84,
addition of CsA (100 uM) significantly increased absorptive transport
of SASP but did not alter secretory transport.

Probenecid (5 mM) in Caco-2 showed the same tendency as
CsA although the changes were not significantly different. In T84,
probenecid (5 mM) increased both absorptive and secretory transport;
significantly uric acid did not change both directions of SASP transport
in Caco-2 and T84.

Transport of SASP across rat intestinal tissue mounted in an
Ussing chamber and inhibition experiments

We studied SASP permeation in rat intestinal tissue mounted in
Ussing chambers to determine the characteristics of absorption and
secretion.

In the isolated rat intestinal tissue, the transport of SASP (0.1 and
1.0 mM) in the secretory direction was faster than that in absorptive
direction, showing secretory-directed transport in all segments. The
most prominent secretory ratio was 4.92 SASP 0.1 mM in the intestinal
tissue from lower segment (Figure 3). Therefore, we performed
inhibitory study using only in lower segment at SASP 0.1 mM (Table
1). CsA (10 uM) increased absorptive transport but did not change
secretory transport, resulting in decrease in secretory ratio. Probenecid
(1.0 mM) increased absorptive transport as well as decreased secretory
transport, significantly and secretory ratios were decreased since
the increase of absorptive permeability was more drastic than that
of secretory permeability. Uric acid (5.0 mM) did not alter either
absorptive or secretory transport.

Absorption of SASP from rat small intestinal loops

We examined the intestinal absorption of SASP by the in-situ
closed loop method in rats. After 15 min of experimental time, 37.5,
35.8 and 30.9% of the administered amount of SASP was disappeared
from upper, middle and lower loops of the rat intestine, respectively,
and no regional difference was observed, although the disappearance
of lower segment tended to be higher than the others (Figure 4A).
Accumulation in the mucosa was 0.025, 0.021, and 0.013% in upper,
middle and lower loops (Figure 4B). The accumulation of mucosa in
lower segment was significantly lower than that in upper segment,
although the percentage of accumulation was very small.

CsA (10 uM) did not affect disappearance and accumulation except
the tissue accumulation in lower segment. Probenecid (0.5 mM) has no
effect but probenecid (5.0 mM) decreased disappearance from upper
and lower loops significantly. Significant decrease was also observed
in the disappearance from middle loop by uric acid (5 mM) (Table 2).

Discussion

SASP has been clinically used for rheumatoid and inflammatory
bowel disease as an oral medication. After SASP is administered orally,
it is absorbed from intestine; however, the absorptive characteristic of
SASP from intestine is not well understood. Therefore, we studied SASP
absorption by using two intestinal epithelial cells and rat intestine in-
vitro and in-situ.

First, we examined the transport characteristics of SASP in human
intestinal cell lines, Caco-2 and T84 cells (Figure 1). In both Caco-2
and T84 cells, significant secretory-directed transport was observed,
suggesting that secretory transporter(s) may also be involved in human
intestine when SASP is absorbed from small intestine. The degree of
secretory-directed transport was much higher in Caco-2 cells (secretory
ratio: 15.4) than in T84 cells (1.86). Caco-2 cells express numerous
transporters that contribute to both absorptive and secretory functions
[10]. Previously, we reported the comparison of the expression and
function of ATP-binding cassette (ABC) transporters in Caco-2 and
T84 cells cultured on plastic dishes or polycarbonate filters of transwell
[25]. It was found that the contribution of the transporter function of
ABC transporters, including P-gp, to the total transepithelial transport
is likely to be stronger in Caco-2 cells than in T84 cells [25]. Therefore,
the greater secretory ratio observed in the Caco-2 cells than in T84
cells may be due to differences in the expression levels of transporters
contributing to the SASP secretion.
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The closed and open symbols and columns represent transport in the apical-to-basolateral (absorptive) and basolateral-to-apical (secretory) directions, respectively.
The experimental solution was adjusted to pH 6.0 and 7.4 on the apical and basolateral sides, respectively. The initial concentration
of salazosulfapyridine was 0.1 mM.

Each point represents the mean + SEM from 6 experiments.
*P < 0.05, significantly different from the corresponding absorptive transport rate by Student's t-test

Figure 1: Transport of salazosulfapyridine across Caco-2 and T84 cell monolayers in the Transwell method
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The permeability of SASP (0.1 mM) across Caco-2 (A) or T84 (B) cells was measured at 37°C for 120 or 150 min in HBSS, respectively. The experimental solution
was adjusted to pH 6.0 and 7.4 on the apical and basolateral sides, respectively, and the temperature was maintained at 37°C.
Inhibitors were included in both sides. CsA(10): cyclosporine A (10 uM), CsA(100): cyclosporine A (100 uM), Pro: probenecid (5 mM), UA: uric acid (10 mM).

The closed and open columns represent the apical-to-basolateral (absorptive) and basolateral-to-apical (secretory) permeability of % of control absorptive permeability,
respectively.

Each column represents the mean + SEM from 6 experiments.
*P < 0.05, significantly different from the corresponding control by Student’s t-test

Figure 2: Effects of various transporter inhibitors on transport of salazosulfapyridine across Caco-2 and T84 cell monolayers in the Transwell method
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Absorptive (uL/min)

SASP 0.1mM 0.0338 + 0.0042
+ CsA (10 pM) 0.0793 + 0.0033
+Pro (1.0 mM) 0.0953 + 0.0133
+UA (5.0 mM) 0.0333 + 0.0022

*

*

*

Secretory (uL/min) Secretory ratio

0.1664 + 0.0082 4.92
0.1613 + 0.0061 2.03
0.2615 * 0.0041 * 2.74
0.1615 * 0.0033 4.85

Rat intestinal tissues (isolated from lower region) was mounted in an Ussing-type chamber and absorptive and secretory transport of SASP was measured with or
without various inhibitors added to the donor solution. The experimental solution was adjusted to pH 6.5 and 7.4 on the mucosal and serosal sides respectively, and the
temperature was maintained at 37 °C. Secretory ratio was calculated as secretory permeability divided by absorptive permeability.

CsA: cyclosporine A, Pro: probenecid, UA: uric acid
Each column represents the mean + SEM from 7-9 experiments.
*P < 0.05, significantly different from the corresponding control by Student's t-test

Table 1: Effects of various transporter inhibitors on the transport of salazosulfapyridine across isolated rat tissues mounted in an Ussing-type chamber.

Dissaperance Tissue Accumulation

Upper = SASP(0.1mM) | 37.50 *|6.25 0.02514 |+ 0.00610
+CsA(10uM) | 3429 | +|3.39| 002514 |+ 0.00480
+Pro (0.5mM)  40.00 + 593 | 0.02179 # | 0.00320
+Pro(5.0mM)  28.39 + 3.93 * 0.2400 # | 0.00419
+UA(B.OmM) | 3036 + 214  0.02149  + | 0.00137

Middle =~ SASP(0.1mM) | 3583 + 535  0.02055 | 0.00472
+CsA(10uM) | 3743 | +|3.92|  0.02268 |+ 0.00370
+Pro (0.5mM) | 3422 |+ 553 | 0.02780 |+ 0.00551
+Pro(5.0mM)  27.63 + 2.88 * 0.01874 % | 0.00087
+UA(OmM) | 2585 +|321| 001669  + 0.00315

Lower = SASP(0.1mM) | 30.86 *|539  0.01270 # 0.00288
+CsA(10pM) | 2881 '+ 372 0.01929 |+ 0.00298
+Pro(0.5mM)  26.39 + 4.65 | 0.01606 # | 0.00273
+Pro(5.0mM) | 2509 + 539 | 0.00830 + 0.00186 *
+UA(.OmMM) | 2323 +|3.72|* 001343 |+ 0.00107

In the closed loop experiment, 0.05 mL/cm loops were injected with isotonic MES
buffer (pH 6.4) with or without various transporter inhibitors.

CsA: Cyclosporine A, Pro: Probenecid, UA: Uric acid

Each column represents the mean £ SEM from 7-10 experiments.

*P < 0.05, significantly different from the corresponding control by Student’s t-test

Table 2: Effect of various transporter inhibitors on salazosulfapyridine absorption
from rat intestinal loop
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The transport of SASP across the intestinal tissues was estimated from the time
course of transport by the Ussing-type chamber method.

The tissues were isolated from the upper (U), middle (M), or lower (L) intestinal
region. The experimental solution was adjusted to pH 6.5

and 7.4 on the mucosal and serosal sides, respectively, and the temperature was
maintained at 37°C. The closed and open columns

represent the mucosal-to-serosal (absorptive) and serosal-to-mucosal (secretory)
permeation, respectively.

Each column represents the mean + SEM from 7-9 experiments.

*P < 0.05, significantly different from the corresponding absorptive transport by
Student's t-test

Figure 3: Salazosulfapyridine transport across rat small intestinal tissues
mounted in an Ussing-type chamber

We also used rat intestine to confirm that secretory transporters
may be involved in the process of SPSA intestinal absorption. In rat
intestinal tissue mounted in the Ussing-type chamber, we observed
significant secretory-directed transport of SASP (Figure 3) as observed
in Caco-2 cells and T84 cells. This result suggests the involvement of
secretory transporters in SASP absorption process in rats. In the closed-
loop study, only about 30% of administered SASP was absorbed (Figure
4). The absorption of SASP from the rat intestinal loop was relatively
slow compared to that of loperamide absorption (approximately 80%
in 15 min by the same method) [24].

Taken together, these results suggest that secretory transporters
are indeed involved in the absorption process of SASP in rat intestine
as well as in human intestinal epithelial cells, and the involvement of
secretory transporters may be extrapolated that bioavailability of SASP
is very poor in human.

Inhibitory study was carried out to specify the transporters involved
in the process of SASP absorption. CsA is a substrate of P-gp that
inhibits various ABC transporters. We demonstrated previously that
P-gp is involved in the intestinal absorption process of grepafloxacin,
loperamide and morphine by the same methods using CsA in Caco-2
and T84 cells, and rat intestine [12,24]. Many studies, including ours,
have shown that CsA at lower concentrations (5~10 pM) inhibits
P-gp exclusively. At higher concentrations (>50 uM), however, it was
found to inhibit not only P-gp, but also various ABC transporters and
others non-specifically [22,24,25]. In this study, significant increases
of absorptive transport coupled with significant decreases of secretory
transport were observed when CsA was added within SASP solution
in Caco-2 cells (Figure 2A). As for T84 cells, CsA increased not only
SASP absorptive transport but also secretory transport at a higher
concentration (100 uM) (Figure 2B). In the Ussing-type chamber
experiment, addition of CsA resulted in a significant increase in
absorptive transport with no alteration in secretory transport (Table
1). These results strongly indicate that CsA-sensitive transporters,
such as P-gp, are involved. As mentioned above, expression of P-gp
is higher in Caco-2 cells with higher function than in T84 cells. The
results observed in T84 cells suggest that apart from P-gp acting as a
secretory transporter, there are other absorptive transporters involved
in the transport of SASP, with the contribution of the latter to the
net transport being greater than that of the former. In the rat loop
experiment, only the accumulation of SASP in the lower segment of
mucosa increased significantly on addition of CsA (Table 2). The other
segments remained unaffected. Taken together, these results suggest
that CsA-sensitive secretory transporters such as P-gp are involved in
the SASP absorption process; however, their contribution to the net
absorption is likely to be very minimal.

Probenecid is an anionic compound and a substrate/inhibitor
of multidrug resistance protein 2 (MRP2) [26]. We have previously
reported that probenecid inhibits MRP2-mediated transport of
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Figure 4: Absorption of salazosulfapyridine from rat small intestinal loop

p-aminohippuric acid [27]. There are some reports that probenecid
inhibits various absorptive and secretory transporters such as anionic
transports, MRP3, BCRP and so on [26]. In this study, probenecid
significantly increased absorptive transport without altering secretory
transport in Caco-2 cells. In T84 cells and in rat tissue mounted
in Ussing-type chamber, both absorptive and secretory transports
were significantly increased, suggesting that both absorptive and
secretory transporters might be involved. In the intestinal loop
method, significant decrease in absorption from upper and middle
intestinal loops was observed. This result may be a result of inhibition
of absorptive transporters sensitive to probenecid in the rat intestine.
These observations suggest that various absorptive and secretory
transporters sensitive to probenecid are involved in the absorption
process of SASP.

It was suggested that uric acid might be transported by a transporter
which is known as BCRP [28] and others reported that an orphan
transporter expressed in Caco-2 cells was urate transporter with high
affinity to nicotine [29]. Despite this, the expression and function of
these transporters within the intestine have not been studied in detail.
Nonetheless, these reports indicate a possibility that a transporter
would be expressed in the intestine and transport certain medication
including SASP. In this study, the effect of uric acid was very exclusive
with the only significant effect observed being an increase in absorptive
transport in rat tissue mounted in the Ussing-type chamber (Table
1). Despite this result, it should be acknowledged that a very high
concentration (5 mM) was required to bring about this effect. This
result suggests that probenecid- and uric-acid-sensitive transporters
with low affinity may also be involved in the SASP absorption process;
however, their collective contribution is minimal.

Tomaru etal [15] suggested the possible involvement of some influx
(absorptive) transporters in the intestinal absorption of SASP as well as
efflux (secretory) transporters, which would explain why the absorptive
clearance did not appear to change at various SASP concentrations in
mice. We also found that the inhibitors of various transporters affect
SASP transport differently depending on the experimental method
employed. The effect of CsA, for example, was not well observed in
the rat intestinal loop method when compared with the other methods

used in our study. However, the effect of probenecid was observed to be
more than that of CsA. This may be ascribed to the ratio of contribution
of each transporter to the total SAPSA transport. The contribution of
probenecid-sensitive transporters may have masked CsA-sensitive
transporters in the loop method.

In conclusion, in the absorption process in the intestine involves
CsA-sensitive secretory transporters such as P-gp as well as probenecid-
sensitive absorptive and secretory transporters. It is likely that these
transporters are coordinated in a complex manner to effectively
regulate absorption of SASP and other biochemically similar drugs.
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