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Abstract

The contributions of P-glycoprotein (P-gp) and CYP3A to the oral bioavailability (BA) of cyclosporin A (CyA) were separately evaluated by
using wild-type andndrla/Ib knockout mice treated with dexamethasone (DEX). Mice were treated with DEX (1 or 75 mg/kg/day, i.p.) daily for 7
days, and the blood concentrations of CyA were measured after ani.v. or p.o. dose of CyA (10 mg/kg) at 1.5 h after the last DEX treatment. The
values of CyA in wild-type anahdria/l1b knockout mice were similar, 0.25 and 0.287, respectively. As regards expressian/afandCYP3A
mMRNAs, expression of mdrla mRNA was weakest in the duodenum, the main absorption site of CyA, along the whole intestine of wild-type mic
while expression of CYP3A was strongest in the duodenum of both types of mice. After treatment with 1 and 75 mg/kg DEX, the BA value
decreased to 43 and 25% of the control in wild-type mice, respectively, and to 89 and 73% of the camirdkifib knockout mice, respectively.
Expression ofndria mRNA in duodenum of wild-type mice was potently induced by DEX treatment. The expressiafP8 mRNA in liver
and duodenum of both strains was enhanced only by high-DEX treatment. These results suggest that P-glycoprotein plays only a small role ir
absorption of CyA under physiological conditions, but the protein is readily induced by DEX and then functions as a more substantial absorpti
barrier to CyA than does CYP3A in the intestine.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Cyclosporin A; Bioavailability; P-glycoprotein; Dexamethasone; CYP&A:/a/1b knockout mice

1. Introduction and these proteins in the intestinal epithelial cells both act to
restrict drug absorptiorLpwn et al., 1997; Konishi et al., 2004;
Cyclosporin A (CyA) is widely used forimmunosuppression Lee et al., 200pb However, the effects of P-gp and CYP3A,
in patients after organ transplantation, but the level of bloogresentinthe smallintestinal epithelium, on the BA of CyA need
concentration after oral administration is frequently unstableto be separately evaluated. Since the developmentiefa/ib
Therefore, it is important to clarify the factors influencing the knockout mice $chinkel et al., 1997 the role of P-gp in drug
oral bioavailability (BA) of CyA. It is well known that CyA pharmacokinetics has been intensively studgrdi et al., 1998;
is a substrate of both the efflux transporter P-glycoprotein (PLan et al., 200P On the other hand, because many subspecies
gp) and the metabolizing enzyme cytochrome P450 (CYP3Apf CYP3A exist, animals in which all CYP3A genes have been
knocked out are not yet available.
It has been shown that dexamethasone (DEX) induces
* Corresponding author. Tel.: +81 76 265 2045; fax: +81 76 234 4280, Increased protein levels of P-gp and CYZhgo et al., 1993;
E-mail address: miyaken@pharmacy.m.kanazawa-u.ac.jp Lake et al., 1998; Laurent and Leslie, 1998; Demeule et al.,
(K.-i. Miyamoto). 1999. The nature of the drug interaction in patients treated with
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CyA and steroid in combination is, however, controversial; the2.4. Reverse transcriptase-polymerase chain reaction
blood concentration of CyA may be increas&titfftamalm and  (RT-PCR) assay
Sawe, 1984 or decreasedHicik et al., 1990, or unaffected
(Rocci et al., 1988 We have experienced a decrease of the Total RNA was isolated from the liver and small intes-
blood concentration of tacrolimus after steroid pulse therapy irtine (duodenum, jejunum and ileum) by using an Isogen Kit
a living-donor liver transplant patient. Therefore, we examinedWako, Osaka). Synthesis of cDNA from the isolated total
the interaction between immunosuppressants and steroids, aRiNA was carried out using RNase H- reverse transcriptase
we found that the BA values of CyA and tacrolimus were sig-(GIBCO BRL, Rockville, MD). Reverse transcription (RT) reac-
nificantly decreased by DEX, which increased the expression dfons were carried out in 40 mM KCI, 50 mM Tris—HCI (pH
mdrla andCYP3A2 mRNAs and the levels of the corresponding 8.3), 6 mM MgCp, 1 mM dithiothreitol, 1 mM each of dATP,
proteins in the liver and small intestine of ra¥okogawa etal., dCTP, dGTP and dTTP, 10 units of RNase inhibitor (Promega,
2002; Shimada et al., 20p2 Madison, WI), 100 pmol of random hexamer, total RNA and
In this study, to evaluate separately the contributions of P-gj200 units of the Moloney murine leukemia virus reverse tran-
and CYP3A to the absorption of CyA, we examined the pharscriptase (Gibco-BRL, Berlin, Germany) in a final volume of
macokinetics of CyA and the expression of P-gp and CYP3A50ul at 37°C for 60 min. Polymerase chain reaction (PCR)
mainly in the small intestine, in wild-type mice andiria/Ib  was carried out in a final volume of 20, containing 1ul

knockout mice treated with DEX at low and high doses. of RT reaction mixture, 50 mM KCI, 20mM Tris—HCI (pH
8.3), 2.5mM MgC$, 0.2mM each of dATP, dCTP, dGTP and

2. Methods dTTP, 10uM each of the mixed oligonucleotide primers and
1lunit of Tag DNA polymerase (Gibco-BRL). Primers used

2.1, Materials for mousemdria were 3-GAATTGGTGACAAAATCGGA-

3 and B3-TGTCTATACTGGGCTTATTA-3 (576 bp) Croop

Sandimmuf injection (cyclosporin A, CyA) and DEX were €t @l 1989, those for mousemdrib were S5-GGA-
purchased from Novartis Pharma Co. Ltd. (Tokyo, Japan) an@CTCTCGCTGCTATTAT-3and 3-GGT TAG CTT CCAACC

Wako Pure Chemical Industries (Osaka, Japan), respectivelfCT TA-3' (486 bp) Beree etal., 1998those for mous€YP3A
Oligonucleotide primers were custom-synthesized by Amer/Vere -GAA GCA TTG AGG AGG ATC AC-3 and 8-GGG

sham Pharmacia Biotech (UK). Other reagents were purchasdd G TTG AGG GAATCC AC-3 (670 bp) Beree etal., 1998
from Sigma Co. (St. Louis, MO). and those for mousg-actin were 5-TTC TAC AAT GAG CTG

CGT GTG GC-3and 3-CTC (A/G)TA GCT CTT CTC CAG

) ) GGA GGA-3 (456 bp), as previously reported hyaki et al.

2.2. Animal experiments (1995) Each cycle consisted of 30s at93, 60's at 60C and
75s at 72C for mdrla andmdrib, 30s at 94C, 60 s at 56C

_Experiments were performed on maielr/a/Ib knockout 5,4 75 ¢ at 79C for CYP34, and 30 s at 94C, 60 s at 58C and
mice (body weight 22-27 g, Taconic Farms Inc., NY, USA). We 75 ¢ ot 72.C for g-acrin. PCR reaction was run for 30 cycles for

used male FVB/NJcl mice (body weight 23-269, SLC, Hama,, ;.14 imar1p andCYP3A, and for 22 cycles fop-actin.
matsu, Japan) as wild-type mice.

Mice were treated daily for 7 days with a corn oil solutionof , s p, .. analysis
DEX (1 or 75 mg/kg/day, i.p.). The control mice were injected

daily with com oil alone for 7 days. Mice were fasted for 12h e pharmacokinetic parameters were estimated according to
prior to the CyA administration, but water were given freely. model-independent moment analysis as describedanyaoka

CyA (10 mg/kg) was injected via the jugular vein in a vol- o4 51 (1978) The data were analyzed using Studentest to
ume of 50ul or was orally administered in a volume of 200 5 nare the unpaired mean values of two sets of data. The num-
at 1.5 h after the last DEX treatment. Blood samples were COlpe of determinations is noted in each table and figure. A value
lected from the intraorbital venous plexus using a heparinized¢ » < o 05 or 0.01 was taken to indicate a significant difference

capillary tube under light ether anesthesia, at designated timg.yeen sets of data. Electrophoresis results were analyzed by
intervals. using NIH Image software.

2.3. Measurement of blood concentration of CyA 3. Results

Blood concentration of CyA was measured with a TDx ana-3.1. Blood concentration—time courses of CyA after i.v.
lyzer using a commercial kit according to the manufacturer'sadministration
instructions (Dainabot Co. Ltd., Tokyo, Japan). The TDx assay
is a fluorescence polarization immunoassay (FPIA) reagent sys- The blood concentration—-time courses of CyA following
tem for the measurement of CyA in whole blo&b{id-Neto et i.v. administration of CyA (10 mg/kg) at 1.5h after the last
al., 2000Q. The measurement range of blood concentration waadministration of DEX (1 or 75mg/kg/day, i.p., 7 days) or
25-1500 ng/ml. The cross-reactivities with metabolites of CyAthe vehicle in wild-type andndria/Ib knockout mice are
were 19.4% for M1 and less than 5% for other metabolites. shown inFig. 1 The blood concentrations of CyA were sig-
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Fig. 1. The blood concentration—time courses of CyA after i.v. administration of CyA (10 mg/kg) in untreated and DEX-treated mice (1 or 75 mgskg/day, i
Wild-type (a) andndrla/lb knockout (b) mice were treated daily for 7 days with DEX prior to the CyA administration. CyA was administered at 1.5 h after the
last DEX treatment. Each point and bar represent the me&ik. of five mice. (O) No treatment, £) DEX treatment with 1 mg/kg/day|{) DEX treatment with

75 mg/kg/day’ Significantly different from non-treated mice Rk 0.05," significantly different from non-treated mice & 0.01.

nificantly decreased in wild-type mice, depending on the doséribution volume atthe steady-state (dbf mdria/lb knockout

of DEX. The blood concentrations of CyA were also signif- mice tended to be smaller than those of wild-type mice, there
icantly decreased imdrla/Ib knockout mice by DEX in a was no significant difference.

dose-dependent manner. But, the blood concentrations of CyAin

mdrla/lb knockout mice became higher than those in wild-type3.2. Blood concentration—time courses of CyA after p.o.

mice. administration
The pharmacokinetic parameters of CyA in wild-type mice
andmdrla/lb knockout mice are listed ifable 1 The value of The blood concentration—time courses of CyA following p.o.

the area under the blood concentration—time curve from 0 to 24 administration of CyA (10 mg/kg) at 1.5 h after the last admin-
(AUCg_241 of CyA afteri.v. administration imdria/Ib knock- istration of DEX (1 or 75 mg/kg/day, i.p., 7 days) or the vehicle
out mice was significantly higher than that of wild-type mice, in wild-type mice andndria/lb knockout mice are shown in
and the value of total clearance (). of mdria/Ib knockout  Fig. 2 The blood concentrations of CyA after p.o. administra-
mice was only about two-thirds of that of wild-type mice. The tion were significantly decreased in wild-type mice, depending
AUC_24nValues in both types of mice were lowered by DEX on the dose of DEX. The blood concentrations of CyA in
in a dose-dependent manner, while the values of total clearane&irla/Ib knockout mice were little changed by low-DEX
(CLyot) were significantly increased. Although the values of dis-treatment, whereas they were significantly decreased by high-

Table 1
Pharmacokinetic parameters of CyA with or without DEX in wild-type antt/a/1b knockout mice
Parameters Wild-type mice mdrla/lb Knockout mice
No treatment DEX 1 mg/kg DEX 75 mg/kg No treatment DEX 1 mg/kg DEX 75 mg/kg
i.v. Administration
AUCo 241 (g h/mIp 40.4+5.6 36.2+ 5.4 (90) 27.5:2.4 (68)" 62.0+ 7.8% 53.6+4.5 (86f#  43.3+4.0 (70§ #
MRT (h)° 7.53+1.81 6.0+ 2.06 4.78+0.89 7.69+1.79 5.99+ 1.05 4.84+0.89
CLot (Mlih/kg)F 248+ 34 276+ 40 364+ 31" 161+ 20 187+ 17 231+ 25" ##
Vdss (I/kg)® 1.8740.64 1.66+0.71 1.74+0.42 1.24+0.41 1.12+0.27 1.22+£0.31
p.o. Administration
AUCq_24h (g h/mIp 10.1+1.7 3.89+0.64 (39)" 1.7240.17 (7)°  17.8+2.9% 13.7+ 1.2 (77f# 9.05+1.43 (51" ##
BA® 0.250 0.107 (43) 0.0625 (25) 0.287 0.256 (89) 0.209 (73)

Mice were treated daily for 7 days with DEX (1 or 75 mg/kg) prior to the CyA administration. CyA (10 mg/kg) was administered at 1.5 h after the lastDEdtirea
Pharmacokinetic parameters were estimated according to model-independent moment analysis. Each value in parenthesis represents thelpeocerdlof ea
Each value represents the mea8.D. of five mice.

@ Area under blood concentration—time curve from 0 to 24 h.

b Mean residence time from 0 to 24 h.

¢ Blood total clearance.

d Distribution volume at the steady-state.

€ Bioavailability.

* Significantly different from each control in both groupsPat 0.05.
™ Significantly different from each control in both groupsPat 0.01.
# Significantly different from the value of each group in wild-type mic@&t0.01.
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Fig. 2. The blood concentration—time courses of CyA after p.o. administration of CyA (10 mg/kg) in untreated and DEX-treated mice (1 or 75 mgyRg/day, i
Wild-type (a) andndria/lb knockout (b) mice were treated daily for 7 days with DEX prior to the CyA administration. CyA was administered at 1.5 h after the last
DEX treatment. Each point and bar represent the rie&tE. of five mice. Q) no treatment,4) DEX treatment (1 mg/kg/day).{) DEX treatment (75 mg/kg/day).
*Significantly different from non-treated mice Rk 0.05,"” significantly different from non-treated mice A& 0.01.

DEX treatment. However, the tendency of decrease in blood The oral bioavailability (BA) of CyA in wild-type mice was
concentration of CyA induced by DEX treatmentimria/Ib  markedly decreased by DEX, but thatairia/Ib knockout
knockout mice was clearly smaller than that in wild-type mice.mice was little changed by DEX.
As shown inTable 1 the AUG_241, values of CyA after
p.o. administration in wild-type mice treated with low and high 3 3 RT-PCR analysis of mdria, mdrlb and CYP3A mRNAs
doses of DEX were decreased to about 38 and 17% of the CoR; fissues
trol values, respectively, whereas thoseridtrla/I1b knockout
mice were decreased to about 77 and 51% of the control values, Fig. 3shows the effects of DEX treatment on the expression

respectively. levels ofmdrla, mdrlb andCYP3A mRNAs in three segments
of small intestine (duodenum, jejunum and ileum) and liver in
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Fig. 3. (aand b) Effects of DEX on the expressiomi-la, mdrlb andCYP3A Fig. 4. (aand b) Effects of DEX on the expressioma/a, mdrib andCYP3A
mRNAs in liver and three segments of small intestine (duodenum, jejunumnRNAs in liver and three segments of smalll intestine (duodenum, jejunum and
and ileum) of wild-type mice with or without DEX treatment at 1.5 h after the ileum) of mdria/Ib knockout mice with or without DEX treatment at 1.5h
last DEX treatment. (a) The wild-type mice were given successive i.p. adminafter the last DEX treatment. (a) Thelr/a/I1b knockout mice were given suc-
istrations of DEX (1 or 75mg/kg/day) for 7 days. The sizes of the reversecessive i.p. administrations of DEX (1 or 75 mg/kg/day) for 7 days. The sizes
transcriptase-polymerase chain reacti®f- PCR) products are 576 bpiirla), of the reverse transcriptase-polymerase chain reac®P(CR) products are
486 bp (ndrib) and 670 bp CYP3A). (b) Relative expression ofidrla and 576 bp {ndrla), 486 bp (ndrib), and 670 bp CYP3A). (b) Relative expression
CYP3A mRNAs. Each column and bar represent the me&nE. of five mice.  of CYP3A mRNA. Each column and bar represent the meé&hE. of five mice.

* Significantly different from the DEX-untreated micePat 0.05,” significantly " Significantly different from the DEX-untreated micePat 0.05,” significantly
different from the DEX-untreated mice At< 0.01. Lane 1, no treatment; lane different from the DEX-untreated mice At<0.01. Lane 1, no treatment; lane
2, DEX treatment (1 mg/kg/day); lane 3, DEX treatment (75 mg/kg/day). 2, DEX treatment (1 mg/kg/day); lane 3, DEX treatment (75 mg/kg/day).



M. Jin et al. / International Journal of Pharmaceutics 309 (2006) 81-86 85

wild-type mice. The expression afdria mMRNA in smallintes-  sequently the BA value in wild-type mice was markedly lower

tine of DEX-untreated wild-type mice was highest in the ileum,than that inndrila/i1b knockout mice.

followed by jejunum and duodenum, but that@fP3A mRNA Generally, BA is given by the following equation:

was in the opposite order. DEX dose-dependently induced tth P FoFi

expression of these mRNAs in tissues having intrinsically low~ * — ~ & 79" 1V

mRNA expression levels, but in tissues expressing high mRNAvhereF,, Fg andFjy represent the availability for the absorption

levels it was either ineffective or effective only at the high-dose.into the small intestinal membrane, the permeability of the small

The expression ohidrla mRNA in the liver of wild-type mice intestinal membrane and the permeability of the liver, respec-

was significantly induced to the same extent by both low- andively.

high-DEX treatment, and that @fYP3A mRNA was strongly We found that the AUg 24 hvalues of CyA after p.o. admin-

induced by the high-DEX, but not the low-DEX treatment. istration in mdrla/lIb knockout mice given low- and high-
The expression levels @fdrib mRNA in all three segments dose DEX treatments were decreased significantly and dose-

of small intestine of wild-type mice were very much lower than dependently, and the BA values were also decreased to 89 and

those ofimdria mRNA, and the influence of DEX treatment on 73% of that of untreated mice, respectively. On the other hand,

the expression ohidrib mMRNA could not be observed clearly. we found that intestinal’YP3A mRNA expression is strongest

The expression ohidrlb mMRNA in the liver was on a par with in duodenum in untreateadria/Ib knockout mice, and the

that ofmdria mRNA, but DEX did not show a clear effect. induction by high-dose DEX, though statistically significant, is
Fig. 4 shows the effects of low- and high-DEX treatmentsweak in duodenum, despite the strong induction in other sites of

onCYP3A mRNA expression in duodenum, jejunum, ileum andthe intestine and liver. Thus, in the casemfria/Ib knockout

liver at 1.5 h after the last DEX treatmentrinlr/a/I1b knockout  mice, it was considered that changesrgfandFjy, induced by

mice. The expression levels 6iYP3A mRNA and the effect DEX treatment influence the BA value, but changdargfdoes

of DEX in mdrla/I1b knockout mice were essentially similar to not, owing to the absence of P-gp. If orffy, need be consid-

those in wild-type mice. It was confirmed thadr/a andmdrib ered, the Clg; values after i.v. and p.o. administrations should

mMRNASs were not detectable in these tissues. be decreased equally by treatment with DEX, so the BA should
not be changed. However, the BA irdria/1b knockout mice
4. Discussion was decreased by high-dose DEX treatment, suggesting that a

change inFy occurs and causes the 27% decrease of BA. Thus,

In this study, we used wild-type andirla/1b knockout mice  we conclude that CyA in small intestinal epithelium is metabo-
to examine the contributions of P-gp and CYP3A to the intestinalized by CYP3A.
absorption of CyA. The AUg 24 values of CyA inmdrla/lb We found that the AUgG 24, value of CyA after p.o. admin-
knockout mice afteri.v. administration and after p.o. administraistration in wild-type mice was decreased significantly by DEX
tion were about 1.5 times and 1.8 times those in wild-type micein a dose-dependent manner, and the extent of the decrease was
respectively, and the Gd: value inmdrla/lb knockout mice  muchlargerthanthatindria/lbknockout mice. The BAvalues
was about two-thirds of that in wild-type mic&able ). These of wild-type mice after treatments with low- and high-dose DEX
differences between the pharmacokinetic parameters of CyA iwere decreased to 43 and 25% of that in the untreated control,
the two types of mice presumably reflect the lack of P-gp inrespectively. On the other hand, expressionndi-ia mRNA
mdrla/lb knockout mice. However, the small difference in the in duodenum of wild-type mice was induced equally strongly
BA values between these types of mice suggests that P-gp makieg low- and high-dose DEX treatments. Therefore, in the case
little contribution to intestinal absorption. Indeed, the expressiomf low-dose DEX treatment, it appears thgt and Fjy, do not
level of mdria/lb mMRNA was weakest in duodenum, which is change, whereak, is markedly decreased owing to induction
the absorption site of CyAQakaloglu et al., 1993 along the  of P-gp. We suggest that efflux via P-gp in the small intestine
small intestine of wild-type mice. The key factor in the clear- accounts for the decrease of BA in wild-type mice given low-
ance of CyA under normal conditions may be CYP3A activity dose DEX treatment.
in intestinal endothelium and liver, and P-gp may have only a Further, we found that the BA of wild-type mice given high-
limited effect on intestinal absorption of CyA. dose DEX treatment is greatly decreased. Strong induction of

It has been reported that DEX increased the protein level®-gp in duodenum and moderate induction of CYP3A in the
of both P-gp and CYP in vitroZhao et al., 1993; Lake et al., liver were caused by high-dose DEX treatment. These changes
1998; Laurent and Leslie, 1998; Demeule et al., J99& pre-  in Fa andFy synergistically result in a decrease of BA by 75%.
viously reported that DEX increased the expressiomdfla The dose of CyA used in this study is within the upper limit
andCYP3A2 mRNAs and the proteins in liver and intestine, and of the therapeutic dose range for infusion administration, while
lowered the absorption of CyA and tacrolimuékogawa et in the case of p.o. administration, the initial CyA concentra-
al., 2002; Shimada et al., 2002n this study, DEX treatment tion in the intestinal tract may be simply regarded as about
decreased the AULo4nvalue and increased the glvalue of  100uM, as calculated from the volumes of the intestinal tract
CyA to similar extents in wild-type mice anddria/Ib knock-  (1.5ml/0.02 kg) Davies and Morris, 1993and the dosing solu-
out mice after i.v. administration, while the AYGanvalue of  tion (0.2 ml). It is reported that the efflux of CyA by P-gp may
CyA in wild-type mice was greatly decreased compared withbe saturated at an apical CyA concentration of 0.28 @M1
that in mdria/1b knockout mice by DEX treatment, and con- (in rodent or human, respectively)de et al., 2005 and the
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expression of P-gp in the duodenum is weak under normal corkonishi, H., Sumi, M., Shibata, N., Takada, K., Minouchi, T., Yamaji,
ditions. Therefore, it is reasonable to consider that in the case of A., 2004. Decrease in oral bioavailability of ciclosporin by intravenous
p.o. administration, the efflux via P-gp would not substantially pulse of methylprednisolone succinate in rats. J. Pharm. Pharmacol. 56,

! ' S o . . 1259-1266.
influence the oral bioavailability of CyA. This is consistent with Lake, B.G., Renwick, A.B., Cunninghame, M.E., Price, R.J., Surry, D.,

the ObserVa_tion.th_at the Al 4nvalue pf Untreatedidﬂa/?b Evance, D.C., 1998. Comparison of the effects of some CYP3A and
knockout mice is increased only 1.8 times compared with that other enzyme inducers on replicative DNA synthesis and cytochrome
of untreated wild-type mice. P450 isoforms in rat liver. Toxicology 131, 9-20.

However, when the expression of P-gp is increased by DEXan L.-B., Dalton, J.T., Schuetz, E.G., 2000. Mdr1 limits CYP3A metabolism
' in vivo. Mol. Pharmacol. 58, 863-869.

treatment, the _Value of AU@?‘”" IS mar_kedly decreased to Laurent, S., Leslie, Z.B., 1998. Modulation of P-glycoprotein expression by
1/3-1/6 of that in untreated wild-type mice. We speculate that cytochrome P450 3A inducers in male and female rat livers. Biochem.
the initial CyA concentration in the intestinal tract may be nearer  Pharmacol. 55, 387-395.

the saturation level for P-gp efflux function, rather than the callee, Y.J., Chung, S.J., Shim, C.K., 2005. Limited role of P-glycoprotein in
culated figure of 10Q.M mentioned above, because of the poor the intestinal absorption of cyclosporin A. Biol. Pharm. Bull. 28, 760—

. - 763.
agueous solubility of CyA and the adsorption of CyA on thel_own’ K.S. Mayo, RR. Leichtman, AB. Hsiao, H.L, Turgeon, D.K..

gastrointestinal membrangiig et al., 200% This would explain Schmiedlin-Ren, P., Brown, M.B., Guo, W. Rossi, S.J.. Benet, L.Z.,
why enhancement of the P-gp efflux function by DEX treatment  Watkins, P.B., 1997. Role of intestinal P-glycoprotein (mdrl) in interpa-
markedly decreased the A4G4nvalue. The blood concentra- tient variation in the oral bioavailability of cyclosporine. Clin. Pharmacol.

tions of CyA in wild-type mice after p.o. administration were _ Ther. 62, 248-260. . .
Rocci Jr., M.L., Tietze, K.J., Lee, J., Harris, H., Danzeisen, J., Burke, J.,

within the range of 0'01_'29_/m| (0'(_)8_1'7p“M)’ SO tr"_msport of 1988. The effect of cyclosporin on the pharmacokinetics of predonisolone

CyA across the blood-brain barrier may be restricted by P-gp i renal transplant patients. Transplant 45, 656—-660.

efflux (Tsujietal., 1993; Sakata etal., 199kt is known thatthe Sakata, A., Tamai, I., Kawazu, K., Deguchi, Y., Ohnishi, T., Saheki, A.,

regional distribution patterns of P-gp and CYP3A expression in  Tsuji, A, 1994. In vivo evidence for ATP-dependent and P-glycoprotein-

small intestine of mice are similar to those in huma‘ﬁsdrn et mediated transport of cyclosporin A at the blood-brain barrier. Biochem.

. . . . Pharmacol. 48, 1989-1992.

aI:, 2009, so the roles of P-gp and QYPBA in mice clarified in Schinkel, AH., Mayer, U., Wagenaar, E., Mol, CAAM., van Deemter,
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