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Abstract: Sulfasalazine is used in the treatment of ulcerative colitis, Crohn’s disease, and
rheumatoid arthritis. When administered orally, sulfasalazine is poorly absorbed with an estimated
bioavailability of 3—12%. Recent studies using the T-cell line (CEM) have shown that
sulfasalazine is a substrate for the ATP-binding cassette (ABC) efflux pump ABCG2. ABCG2 is
known to efflux a number of xenobiotics and appears to be a key determinant of efficacy and
toxicity of ABCG2 substrates. To date, there has not been any systematic study on the
mechanisms involved in the transport of sulfasalazine in vivo. Accordingly, we investigated
whether Bcerp (abcg?2) is involved in the disposition of sulfasalazine. After oral administration of
20 mg/kg sulfasalazine, the area under the plasma concentration (AUC) time profile in Berpl
(abcg2)~'~ knockout (KO) mice was approximately 111-fold higher than that in FVB wild-type
(WT) mice. After intravenous administration of 5 mg/kg sulfasalazine, the AUC in Berpl (abcg2)~/~
KO mice was approximately 13-fold higher than that in WT mice. Moreover, treatment of WT
mice with a single oral dose of gefitinib (Iressa; 50 mg/kg), a known inhibitor of Bcrp, given 2 h
prior to administering a single oral dose of sulfasalazine (20 mg/kg), resulted in a 13-fold increase
in the AUC of sulfasalazine compared to the AUC in vehicle-treated mice. Since gefitinib is also
an inhibitor of P-glycoprotein (P-gp), the impact of P-gp on sulfasalazine absorption in vivo was
also examined. The sulfasalazine AUC in mdrla='~ KO versus WT mice did not differ significantly
after either an oral (20 mg/kg) or an intravenous dose (5 mg/kg). We conclude that Berp (abcg2)
is an important determinant for the oral bioavailability and the elimination of sulfasalazine in the
mouse, and that sulfasalazine has the potential to be utilized as a specific in vivo probe of Bcrp
(abcg?2).
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Introduction humans to treat inflammatory bowel diseases, such as
ulcerative colitis and Crohn’s diseas€The drug is also used

Sulfasalazi 5-fF (2-pyridysulf lphenyl li-
ulfasalazine (5-(f(2-pyridysulfamoylphenyllazo)sal in the treatment of patients with rheumatoid arthrts.

cylic acid) is an antiinflammatory agent widely used in
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Sulfasalazine is metabolized by bacteria in the lower This 655-amino acid, half-transporter, is known to actively
intestinal tract to sulfapyridine and-&minosalicylic acid:® efflux a range of anticancer drugs, dietary compounds, and
Of the two major metabolites, sulfapyridine is relatively well food carcinogens such as 2-amino-1-methyl-6-phenylimi-
absorbed from the intestine and further metabolized by dazo[4,5b]pyridine (PhIP)!>-18 ABCG?2 is localized in the
N-acetylation, while 5aminosalicylic acid is not as well — apical membranes of intestinal enterocytes, colonocytes,
absorbed:® In humans, the absolute bioavailability of orally placental epithelia, hepatic biliary canalicular membrane, and
administered sulfasalazine is less than 15%This lower mammary gland and at the bloo@rain barrier. A growing
bioavailability of sulfasalazine in humans has been attributed body of literature suggests that ABCG2 is involved with
largely to the limited solubility and poor permeability of this many processes of xenobiotic disposition. In particular,
compound-® ABCG?2 limits the oral bioavailability of topotecdijrino-

Using the Caco-2 cell line, it has been shown that tecam®NMDA antagonists? and nitrofurantoirf* Moreover,
sulfasalazine is a substrate for various cellular ATP-binding fetal (ABC-placental) exposure and hematopotétaid brain
cassette (ABC) efflux pumps, which may, at least partially, distribution and permeation can also be impacted by AB-
explain its low intestinal absorption in vivd12Breast cancer =~ CG22 For xenobiotic and drug elimination, ABCG2 con-
resistance protein (BCRP/ABCG?2) is a member of the ABC tributes to hepatobiliary clearance and both mammary gland
superfamily of transportefsi4that affects the pharmacologi- ~ epithelia and intestinal secretion of many substr&te’.
cal and toxicological behavior of many drugs and toxins. Interestingly, a human T-cell line (CEM) selectively

(3) Astbury, C.;Taggart, A. J.; Juby, L.; Zebouni, L.; Bird, H. A.  (15) Jonker, J. W.; Buitelaar, M.; Wagenaar, E.; Van Der Valk, M.

Comparison of the single dose pharmacokinetics of sulfasalazine A.; Scheffer, G. L.; Scheper, R. J.; Plosch, T.; Kuipers, F.;
in rheumatoid arthritis and inflammatory bowel diseaden. Elferink, R. P.; Rosing, H. The breast cancer resistance protein
Rheum. Dis199Q 49, 587—-90. protects against a major chlorophyll-derived dietary phototoxin
(4) Plosker, G. L.; Croom, K. F. Sulfasalazine: a review of its use and protoporphyriaProc. Natl. Acad. Sci. U.S.A2002 26,
in the management of rheumatoid arthribsugs2005 65, 1825~ 15649-54.
49, (16) van Herwaarden, A. E.; Jonker, J. W.; Wagenaar, E.; Brinkhuis,
(5) Klotz, U.; Schwab, M. Topical delivery of therapeutic agents in R. F.; Schellens, J. H.; Beijnen, J. H.; and Schinkel, A. H. The
the treatment of inflammatory bowel diseadelv. Drug Delivery breast cancer resistance protein (Bcrpl/Abcg?) restricts exposure
Rev. 2005 57, 267—79. to the dietary carcinogen 2-amino-1-methyl-6-phenylimidazo[4,5-
(6) Azadkhan, A. K.; Truelove, S. C.; Aronson, J. K. The disposition b]pyridine. Cancer Res2003 63, 6447-52.
and metabolism of sulphasalazine (salicylazosulphapyridine) in (17) Jonker, J. W.; Smit, J. W.; Brinkhuis, R. F.; Maliepaard, M.;
man.Br. J. Clin. Pharmacal 1982 13, 523-8. Beijnen, J. H.; Schellens, J. H. M.; Schinkel, A. H. Role of breast
(7) van Hees, P. A.; Bakker, J. H.; van Tongeren, J. H. Effect of cancer resistance protein in the bioavailability and fetal penetration
sulphapyridine, 5-aminosalicylic acid, and placebo in patients with of topotecanJ. Natl. Cancer Inst200Q 92, 1651-6.
idiopathic proctitis: a study to determine the active therapeutic (18) Stewart, C. F.; Leggas, M.; Schuetz, J. D.; Panetta, J. C.; Cheshire,
moiety of sulfasalazineGut 198Q 21, 632-5. P. J.; Peterson, J.; Daw, N.; Jenkins, J. J.; Gilbertson, R.; Germain,
(8) Klotz, U. Clinical pharmacokinetic of sulfasalazine, its metabolites G. S.; Harwood, F. C.; Houghton, P. J. Gefitinib enhances the
and other prodrugs of oral 5-aminosalicyl@in. Pharmacokinet. antitumor activity and oral bioavailability of irinotecan in mice.
1985 10, 285-302. Cancer Res2004 64, 7491-9.
(9) Friedman, G. Sulfasalazine and new analogées. J. Gastro- (19) Schellens, J. H.; Maliepaard, M.; Scheper, R. J.; Scheffer, G. L.;
enterol.1986 81, 141—4. Jonker, J. W.; Smit, J. W.; Beijnen, J. H.; Schinkel, A. H.
(10) Yazdanian, M.; Glynn, S. L.; Wright, J. L.; Hawi, A. Correlating Transport of topoisomerase | inhibitors by the breast cancer
partitioning and Caco-2 cell permeability of structurally diverse resistance protein. Potential clinical implicatioAsin. N.Y. Acad.
small molecular weight compound3harm. Res1998 15, 1490- Sci 200Q 922 188-94.
4. (20) Polli, J. W.; Baughman, T. M.; Humphreys, J. E.; Jordan, K. H.;
(11) Liang, E.; Proudfoot, J.; Yazdanian, M. Mechanisms of transport Mote, A. L.; Webster, L. O.; Barnaby, R. J.; Vitulli, G.; Bertolotti,
and structure-permeability relationship of sulfasalazine and its L.; Read, K. D.; Serabijit-Singh, C. J. The systemic exposure of
analogs in Caco-2 cell monolayeRharm Res200Q 17, 1168~ an N-methyl-D-aspartate receptor antagonist is limited in mice
74. by the P-glycoprotein and breast cancer resistance protein efflux
(12) Mols, R.; Deferme, S.; Augustijns, P. Sulfasalazine transport in transportersDrug Metab. Dispos2004 32, 722—6.
in-vitro, ex-vivo and in-vivo absorption models: contribution of  (21) Merino, G.; Jonker, J. W.; Wagenaar, E.; van Herwaarden, A.
efflux carriers and their modulation by co-administration of E.; Schinkel, A. H. The breast cancer resistance protein (BCRP/
synthetic nature-identical fruit extract§. Pharm. Pharmacol ABCG2) affects pharmacokinetics, hepatobiliary excretion, and
2005 57, 1565-73. milk secretion of the antibiotic nitrofurantoiol. Pharmacol
(13) Doyle, L. A,; Yang, W.; Abruzzo, L. V.; Krogmann, T.; Gao, 2005 67, 1758-64.
Y.; Rishi, A. K.; Ross, D. D. A multidrug resistance transporter (22) Zhou, S.; Zong, Y.; Ney, P. A.; Nair, G.; Stewart, C. F.; Sorrentino,
from human MCF-7 breast cancer celRroc. Natl. Acad. Sci. B. P. Increased expression of the Abcg2 transporter during
U.S.A.1998 95, 15665-70. erythroid maturation plays a role in decreasing cellular protopor-
(14) Allen, J. D.; van Loevezijn, A.; Lakhai, J. M.; van der Valk, M.; phyrin IX levels.Blood 2005 105, 2571-6.
van Tellingen, O.; Reid, G.; Schellens, J. H. M.; Koomen, G. J.; (23) Cisternino, S.; Mercier, C.; Bourasset, F.; Roux, F.; Scherrmann,
Schinkel, A. H. Potent and specific inhibition of the breast cancer J. M. Expression, upregulation and transport activity of the
resistance protein multidrug transporter in vitro and in mouse multidrug-resistance protein Abcg2 at the mouse blood-brain
intestine.Mol. Cancer Ther2002 6, 417-25. barrier.Cancer Res2004 64, 3296-301.
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exposed to increasing concentrations of sulfasalazine resultegouncture and transferred to heparinized tubes. The samples

in a classical multidrug resistance (MDR) phenotype, in part
due to the overexpression of BCRP/ABC&Moreover,
treatment with the BCRP-specific inhibitor Ko-143 reversed
BCRP/ABCG2-mediated resistance in CEM céti$he latter
study with CEM cells prompted us to explore whether the
functional expression of the ATP-binding cassette (ABC)
efflux pump BCRP/ABCG2 could play an important role in
sulfasalazine oral absorption in vivo and thereby aid our
understanding in the relative contribution of this transporter

to the pharmacokinetics of sulfasalazine and possibly thera-

peutic efficacy.
In this study, using Bcrpl (abcg2) KO mice, we demon-

strate that sulfasalazine is transported by Bcrp (abcg2) and
that this transporter is a critical determinant of sulfasalazine

disposition and oral bioavailability.

Materials and Methods

Animals. Mice were housed and handled according to
Pfizer Global Research guidelines complying with the U.S.
Public Health Service Policy for the Care and Use of
Laboratory Animals. Berp?~ (FVB.129S6Abcg2™4M and
WT (FVB) were obtained from Taconic Laboratories (Ger-
mantown, NY)* Male outbred mdrlaPGP (mdrfa KO)
and Crl:CF-1 WT mice were purchased from Charles River
Laboratories (Wilmington, MA¥> All mice used in this study

were centrifuged immediately at 30§dor 15 min, and
plasma was collected and stored-&80 °C until the time of
LC—MS/MS analysis.

Effect of Gefitinib on Bcrp (abcg2)-Mediated Transport
of Sulfasalazine.The effect of gefitinib on Bcrpl-mediated
transport of sulfasalazine was examined in FVB WT mice.
Briefly described, gefitinib was suspended in 5% PGE-200
and 95% methylcellulose to provide a final concentration of
5 mg/mL. Gefitinib was given as a single oral dose (50 mg/
kg) 2 h prior to administering a single oral dose of
sulfasalazine (20 mg/kg) to mice. For all oral studies, blood
samples were collected at predose and 0.25, 0.5, 1, 2, 4, and
24 h after administration. All blood samples were handled
as previously described. Sulfasalazine plasma concentrations
were determined by LEMS/MS analyses as described
below.

LC —MS/MS Methodology. LC—MS/MS analysis was
carried out using a high-performance liquid chromatography
system consisting of a Shimadzu binary pump with CTC
PAL autosampler interfaced to an API 4000 SCIEX triple-
guadrupole tandem mass spectrometer (Applied Biosystems,
Foster City, CA). Sulfasalazine, sulfapyridine, and the
internal standard (oxasolazine) were separated on a Hypersil
Gold column (2.1x 50 mm, Thermo Electron, 25005-

were male and between 9 and 14 weeks of age. Animals052130). The mobile phase consisted of solvent A (5 mM

were kept in a temperature-controlled environment with a

ammonium formate in water) and solvent B (acetonitrile).

12-h light/dark cycle and received a standard diet and water The gradient was as follows: solvent B was held at 10%

ad libitum.
Chemicals.Sulfasalazine, oxasolazine, sulfapyridine, and
gefitinib were obtained commercially or from Pfizer Global

for 0.3 min, linearly ramped from 10% to 75% in 1.7 min,
ramped from 75% to 95% in 0.7 min, and then immediately
brought back down to 10% for reequilibration. Total run time

Research and Development (Kalamazoo, MI). PGE-200 andwas 3 min with a flow rate of 0.30 mL/min. The mass

methylcellulose powder were purchased from Sigma (St.
Louis, MO). Isoflurane (IsoFlo) was obtained from Abbott
laboratories (Abbott Park, IL). All other compounds used
were reagents grade.

Pharmacokinetic Experiments with Berpl (abcg2)/~,
mdrla~-, and WT Mice. For oral administration, sulfasala-
zine in 0.5% (methylcellulose in sterile phosphate buffer

spectrometer was operated in negative ion ESI for the
detection of sulfasalazine, sulfapyridine, and oxasolazine.
Multiple reaction monitoring analysis was performed with
the transitionsm/z 397.0—197.0 for sulfasalazinem'z
301.0—283.0 for oxasolaziney/z 248—184 for sulfapyri-
dine. All raw data was processed using Analyst Software,
version 1.4 (Applied Biosystems/MDS Sciex Inc., Ontario,

saline) was administered orally by gavage to groups of mice Canada).

at a dose of 20 mg/kg of body weight. In the intravenous

(iv) dose study, sulfasalazine was administered via the tail

vein at a dose of 5 mg/kg as previously described by offfers.
At predetermined time points, mice were anesthesized wit

isoflurane, and blood samples were obtained by cardiac

(24) van der Heijden, J.; de Jong, M. C.; Dijkmans, B. A.; Lems, W.
F.; Oerlemans, R.; Kathmann, I.; Schalkwijk, C. G.; Scheffer, G.

The methodology for the extraction of the samples was
based on the use of an organic solvent, such as acetonitrile,

hfor protein precipitation. Briefly, plasma samples were

thawed and vortexed, 2&- aliquots were transferred to 96-
well plates, 10QuL of acetonitrile was added to wells, and
plates were centrifuged at 14@pfor 10 min. Using a Quadra
96 robotic system (model 320, Tomtec) 100 of super-

|_, S(:;heper7 R. \]7 Jansen7 G. Deve|0pment of sulfasalazine natants fl’0m We||S was transferred to new 96'We” p|ateS and

resistance in human T cells induces expression of the multidrug

100 uL of internal standard (100 ng/mL) added to all the

resistance transporter ABCG2 (BCRP) and augmented production samples. Standard samples in the appropriate drug-free matrix

of TNFo.. Ann. Rheum. Dis2004 63, 138-43.

(25) Umbenhauer, D. R.; Lankas, G. R.; Pippert, T. R.; Wise, L. D;
Cartwright, M. E.; Hall, S. J.; Beare. C. M. Identification of a
P-glycoprotein-deficient subpopulation in the CF-1 mouse strain
using a restriction fragment length polymorphishexicol. Appl.
Pharmacol 1997, 146, 88—94.

(26) Zheng, W.; Winter, S. M.; Mayersohn, M.; Bishop, J. B.; Sipes,
I. G. Toxicokinetics of sulfasalazine (salicylazosulfapyridine) and
its metabolites in B6C3F1 mic&rug Metab. Dispos1993 21,
1091-7.
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Figure 1. Plasma concentration versus time curves after oral and intravenous administration of sulfasalazine (20 mg/kg, po;
5 mg/kg, iv) to Berpl (abcg2)~/~ KO and WT mice. Plasma samples were obtained for 24 h (po; upper graph) or 4 h (iv; lower
graph). Plotted are individual data points.

were prepared yielding a concentration range from 8 to vivo, we determined the plasma concentration of sulfasala-
20 000 ng/mL. The limit of detection of sulfasalazine was 2 zine as a function of time, after oral and intravenous
ng/mL. administration of sulfasalazine in both WT and KO mice
Pharmacokinetic Calculations and Statistical Analysis. (Figure 1). The absolute and relative bioavailability of
The concentrationtime profiles of sulfasalazine in plasma sulfasalazine in Berpl (abcg2) and WT mice were also
following oral or intravenous dosing were simultaneously estimated (Tables 1 and 2). Sulfasalazine was cleared from
modeled using a nonlinear mixed-effect modeling software, the plasma with an eliminatioffy, of 4.4 h in Bcrpl
NONMEM version 5.1 (University of California San Fran- (abcg2)’~ KO mice and 2.2 h in WT mice. Bcrpl (abcg?2)
cisco, CA). The pharmacokinetic profile of sulfasalazine in KO mice had a much lower systemic clearance §dh
WT mice was best described by a two-compartment disposi- comparison with WT mice (Table 1). After oral administra-
tion model. However, in abcg2 KO mice, the data were best tion of 20 mg/kg sulfasalazine, the AUC in the Bcrpl
described by a one-compartment model. Absolute bioavail- (abcg2)’~ KO mice was spectacularly increased by 111-
ability was estimated in both WT and KO mice within the fold compared with the WT mice (131 822 versus 1189 ng
model. AUC from time zero to the last sampling time was h/mL). For iv administration (5 mg/kg), the AUC of the
calculated by the linear trapezoidal rule using the model- Berpl (abcg2)~ KO was almost 13-fold higher compared
predicted concentrations. Relative exposures were estimateqyith the WT mice, 40 343 versus 3015-hgmL, respectively
as the ratio of AUC in KO versus WT mice for each dose (Figure 1). The calculated absolute oral availability was
level and route of administration. Confidence intervals on gignificantly increased in Bcrpl (abcg?) KO compared
model predictions were estimated via parametric bootstrap-ith WT (37% versus 4%). After an iv injectiorGmay at
ping from the parameter covariance matrix. Five thousand time zero, as extrapolated from the model, was approximately
bootstrap samples of model parameters were generateds fo|q higher in Berpl (abcg2)™ KO compared to that in

assuming a multivariate normal distribution, and predicted \wT 13570 versus 1827 ng/mL, respectively (Table 2).
values were calculated for each set of model parameters. Thq:ollowing a single oral dose of sulfasalazir. values

5th and 95th percentiles were determined from the 5000
predicted values giving a 90% prediction interval (on the
mean).

were achieved within 30 min of dosing for WT versus 120
min for Berpl (abcg2)~ KO mice.Craxin Berpl (abcg2)~
KO was approximately 70-fold higher tha@max in WT
(Table 2). After oral administration, sulfapyridine was
Results identified in plasma of Berpl (abcg2y KO and WT mice.
Plasma Pharmacokinetics of Sulfasalazine in Becrpl  Sulfapyridine was present in much higher concentrations
(abcg2)’~ KO and WT Mice. To assess whether Berp  (highest Cnax and AUC) in WT mice than in Bcrpl
(abcg2)-mediated transport of sulfasalazine was relevant in(abcg2)’~ KO mice (data not shown). Berp (abcg2) thus
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Table 1. Pharmacokinetic Parameters of Sulfasalazine in Berpl (abcg2) and mdrla (WT and KO) Mice?

absolute
ClLs Ve bioavailability T
mice parameters (L-h1-kg 1) (L-kg™) % P (h)
FvE () mean + SEM 0.87 +0.18 2.74 + 0.49 40+06 -
(90% Cly (0.58—1.15) (1.93-3.55) (3-5) '
mean + SEM 0.06 + 0.004 0.37 + 0.02 36.6 + 3.2
Berpl KO 44
s (90% CI) (0.05-0.06) (0.33-0.41) (31-42)
mean + SEM 0.54 + 0.16 1.82 + 051 39+13
Cri:CF-1 (WT) (90% CIy (0.28-0.79) (0.99—2.65) (2-6) 23
mean + SEM 0.47 + 0.09 2.21 +0.42 6.4+1.2
dria KO 3.3
marsa (90% CI) (0.33-0.61) (1.52—2.86) (5-8)

2 Pharmacokinetic parameters are reported as means + SEM with 90% confidence intervals.

Table 2. Sulfasalazine Cnax and Exposure (AUC) in Berpl (abcg2) and mdrla (WT and KO) Mice Following Intravenous
and Oral Administration

Cinax (ng/mL~1)a

AUC (ng-h-mL™1)

dose duration relative exposure,
mice route (mg-kg™1) WT KO (h) WT KO AUCko/AUCwT
Bernl iv 5 1827 13570 0—-4 3015 40343 13
P po 20 233 16176 0—24 1189 131822 111
Mdria iv 5 2749 2266 0-6 5131 3504 1
po 20 349 440 0-24 1098 1781 2

2 |ntravenous = Cmax at time zero was extrapolated from the model; oral = visual Cnax from raw data.
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Figure 2. Plasma concentration versus time curves after oral and intravenous administration of sulfasalazine (20 mg/kg, po;
5 mg/kg, iv) to mdrla=~ KO and WT mice. Plasma samples were taken during 24 h (po; upper graph) or 6 h (iv; lower graph).

Plotted are individual data points.

appears to be an important determinant for both the oral KO mice was slightly higher than that in the WT mice, 1781
availability and the elimination of sulfasalazine in the mouse. versus 1098 ndp/mL, respectively (Figure 2 and Table 2).

Plasma Pharmacokinetics of Sulfasalazine in mdrld-
KO and WT Mice. The plasma concentratiettime profiles
of sulfasalazine in mdrta KO and WT were quite similar

Following iv administration (5 mg/kg), the sulfasalazine
AUC in the mdria’~ KO was slightly lower than that in
WT mice, 3504 versus 5131 AgmL, respectively (Figure

regardless of the route of administration. After oral admin- 2 and Table 2). The extrapolated Gax at time zero was

istration of 20 mg/kg sulfasalazine, the AUC in mdrfa

very similar between both genotypes (Table 2). Sulfasalazine
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Figure 3. Plasma concentration versus time curve after oral administration of sulfasalazine (20 mg/kg) alone or combined with
gefitinib (50 mg/kg, Iressa) gavage 2 h prior to sulfasalazine administration. Plotted are individual data points.

CLsandT, were very comparable in both genotypes (Table have shown that sulfasalazine could be a BCRP (ABCG2)
1). These data suggest that P-gp may play only a minor rolesubstrate in vitré* We now show that Bcrp (Abcg2) has a
in sulfasalazine intestinal absorption or pharmacokinetics. critical role in sulfasalazine absorption in vivo. Our data

Effect of Gefitinib on Berp (abcg2)-Mediated Transport clearly show that sulfasalazine is an excellent substrate of
of Sulfasalazine. The epidermal growth factor receptor Bcrp (abcg2) and that murine abcg2 restricts the oral
(EGFR) inhibitor gefitinib (ZD1839, Iressa) has recently been absorption of sulfasalazine. In fact, the contribution of Berp
reported to inhibit human ABCG2 in vit. To further  (abcg?) to the bioavailability of sulfasalzine is quite remark-
demonstrate that Bcrp (abcg2) plays a major role in sul- aple. The absolut& for sulfasalazine varied between 4%
fasalazine-mediated absorption, male WT mice were pre-and 37% in WT and Berp (abcg2) KO mice, respectively.
treated with a single oral gavage of gefitinib (50 mg/kg) 2 h Qur data clearly show that Berp (abcg?) plays a major role
prior to a single oral dose of sulfasalazine (20 mg/kg). The jn, the intestinal absorption of sulfasalazine as demonstrated
plasma concentration of sulfasalazine as a function of time, by the large difference in the AUC between WT and Bcrp
in treated and nontreated WT mice, is shown in Figure 3. (abcg2)’~ KO mice (111-fold higher in the Berp (abcg?2)

The AUC of the gefitinib-treated micg increased appro_xi- KO mice compared to WT). Our data suggest the intestinal
mately 13-fold compared to that of vehicle treated WT mice gy (abcg2) restricts sulfasalazine oral bioavailability by

(14002 versus 1057 mg/mL). This chemical inhibition  oqcing its intestinal absorption (Figure 1 and Table 1).
study supports a strong role for abcg?2 efflux with respect to Interestingly, systemic clearance (¢lof sulfasalazine in

sulfasalazine absorption in mice. Berpl (abcg2)~ KO mice was also dramatically decreased

. . (almost abolished) compared to WT mice (Table 1), further

Discussion demonstrating the importance of Bcrp (abcg?) in sulfasala-
Sulfasalazine remains the mainstay of treatment of inflam- zine disposition. Additional studies are planned to better

matory bowel diseases such as ulcerative cditigvhile understand the contribution of intestinal secretion and hepatic

the target organ of ,thi§ disease is the large intestine, theyjjiary excretion of unchanged sulfasalazine. It is important
reason for sulfasalazine’s poor bioavailability was previously 4 recognize that azoreduction of sulfasalazine by intestinal

thoughtbFIc? bf’o related todl_essb thdan op_q(;nal SCSUb'Ill'ty and {54 Jocated in the distal intestine is the major contributor
permeability**°Recent studies by der Heijden and colleagues of metabolic clearance for this drd§.In the present study,

sulfapyridine (one of the major metabolites of sulfasalazine)

Varady. G- Uihellv. 0. Seabo. K- Homolva, L: Varadi A was much higher in the plasma of wild-type mice compared
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ABCG2 prevents tumor cell death induced by the epidermal zine (20 m.g/kg) (da_ta_not ‘?‘hown)' This findjng Sl{ggFj'StS that
growth factor receptor inhibitor Iressa (ZD1839’ Geﬁtin@;}ncer sulfasalazine transit time in the WT small intestine is more
Res 2005 65, 1770-7. rapid due in part to Berpl (abcg2) expression on the brush
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border of intestinal enterocytes, thereby facilitating its gastrointestinal tract observed clinically and may represent
conversion by bacterial flora in the distal intestine to a mechanism to selectively deliver pharmaceuticals to the
sulfapyridine, which in turn is highly absorbed from the large intestine. However, it should be noted that the findings
intestine into the blood. On the other hand, sulfapyridine in this report relate to murine Bcrp (abcg?2). It is unclear
plasma concentration was dramatically reduced in Bcrpl whether these observations may be translatable to human
(abcg2)’~ KO (data not shown). In support of this concept, drug absorption; nevertheless, for other known BCRP
Cmax for sulfapyridine was 5-fold higher in WT compared substrates such as topotecan, there appears to be a pretty
to Berp (abcg2)~ KO (data not shown). Interestingly, strong association between murine and human ABCG2 with
extrapolatedC, of sulfasalazine in Berpl (abcg2) KO was respect to the absorption of compounds that display less than
7-fold higher than that in the WT mice after a single optimal physical chemical propertiés3!
intravenous dose (5 mg/kg) of the parent drug (Table 2). |n conclusion, we show that sulfasalazine is efficiently
This difference inCo between the Berpl (abcg2) KO and transported by murine bcrp (abcg?) in vivo. Given the high
the WT mice was not due to protein binding since protein DNA sequence homology between human ABCG2 and
binding of sulfasalazine was the same (98% data not shown)murine abcg? it is likely that human ABCG2 also plays a
in both animals and suggested that the Berpl (abd¢gR)O similar role in sulfasalazine absorption in humah¥.
mice have a smaller volume of distribution of sulfasalazine Moreover, sulfasalazine has the potential to be used as a
than the WT mice. Our finding is in agreement with BCRP (ABCG2) specific in vivo probe and may aid in our
published date®in which nitrofurantoin and the dietary  understanding of the extent and relevance of BCRP (ABCG2)
carcinogen 2-amino-1-methyl-6-phenylimidazo[4]pyri- to the disposition of substrate drugs in humans and non-
dine (PhIP)C, concentrations in Berpl (abcg2) KO mice clinical species.
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