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ABSTRACT:
Oseltamlwr is an.ethyl ester prodrug of [GR 4R,55]—4-acetam1do-5-

T amlnn-a-ﬂ-ethylprODoxy)-‘l—cyclohexene-1-carboxy!ate phosphate

. (Ro 64-0802), the anti-influenza’ drug. Abnorrnal behavior has been
*suspected to be associated with oseltamivirmedication in Japan.The
purpose of the present study is to.examine the Involvement of trans-

.+ portets in the brain distribiition of oseltammr and.its: active form Ro
* §4-0802 across the blood-brain batrier {BBB). The bram-to~plasrna

concentration ratio (K, prar,) of oscltamivir after L. infusion of osel-

“tamivii in. FVB mice was increased by pretreatment with N-{(4-[2-

. ‘{'I,2,3,4—tetrahyi:lro~6,7—dimethoxy-z-isoquinoliny!)ethyl]-p!;enyl}-QJO-

' dibydro-5-methoxy-8-oxo-4-acridine carboxamide (GF120918), a duat .

inhibiter for P-glycopretein {P-gp} and breast cancer resistance pro-

tein (Borp), whereas that of Hlo §4-0802 was only slightly inéreased.

-‘Furthermbre, the. distrii;utidn volume of Ro 64-0802 following kv.

" administration of Ro 64-0802 in-the brain was.similar to the capillary

vo[ume, sugg%ﬁng its rainimal dlstnhuhon The K bratn Value of os-

) -eltamivir fn multidrug-resistant [Mdrj 1a/tb P-gp knockout mice was
5.5-fold higherthan that-in wild-type mice.and ‘comparable with that -

obtained by pretreatmentwith GF120918, whereas It was unchanged

.In Berp knockout mice. The K, b, Value of oseltamivir was signifi-

cantly higher in newbom rats, which is In good agreement with the
ontogenetic expression profile of P-gp. Intraceflular accumulation ot
oseltamivir was lower in-human and mouse P- p—expressmé cells,
which- was reversed’ by P-gp inhibitar va!spodar {P5C833). These
results sugges‘t that P-gp limits the brain uptake of oseltamivir at. the’
BEB and that Fo 64-0802 itself bare[y crosses the BEB. However, it )

‘nay be possible that Ro -64-0802 is formed in the- bralh from the

oseltamivir, considering the presence of carboxylesferase inthe bram

" endothelial cells,

- Oseltarnivir (Fig. 1) is an ester pradrug of Ro 64-0802, a’potent and
selettive inhibitor of neuraminidase, rcsultmg in an inhibition of
release of Influenza virus from the host ceils and growth of influenza
" virus. Oseltamivir is used in the, treatment ang prophylaxis of both
Influenzavirus A and Influenzavirus B .(Bardsley-Elliot and Moble,
1999). The number of prescribed, oseltamivir has reached .approxi-
" mately 10 million in Japan, which accounted for 75% of the world,
_total in.2006. Recently, abnormal behavior has been reported in
influenza patients prescribed oseltarnivir (hitp:/fwww. fda.govicder/
. drugfinfopage/tamiflu/QA20051117. htm; Fuyuno, 2007). According
-t a report by the Ministry of Health, Labor, and Welfare, the number
of people who behaved abnormally following oseltamivir treatment

.

. This study was supported by Grants-in-Ald for Scientific Research (A} from the
* . Japan Society for the Promotion of Science (JSPS) (KAKENHI 17209008} .
Articte, publication date, apd citation information can be found at
hitp/fdmd.aspetjournals.org.
doi:10.1124/drnd 107 018556,

has incréased— to 211 (0.062% of all patients),'appmxix-natel.).r 80% of -

whom are teenagers or younger. The relationship between abnormal
behavior and Gseltamivir medxcahoh remains an opén quéestion and
has not yet been elucidated. The Mm:su-y of Health, Labor, and .
Welfare has published a caution for oseltamivir medication.to teen-
agers or younger people>Recently, it was shown that oseltamjvir and
Ro 64-0802 affects neuronal excitability in rat -hippocampal slices,

. and-Ro 64-0802 exhibits-30 times more potent than oseltamivir (lzumi
.etal,, 2007). Based ori this background, there is growing interest in-the

penetration -of oseltamivir and ifs active form” Ro 64-0802 into the
brain. ' -

The purpose of the present study was to tharacterize the transport
of oseltamivir and Ro 64-0802 ‘across the blood-brain barrier (BBB).
Oseltamivir is rapidly hydrolyzed to its active form, Ro 64-0802, by
human carboxylestérase 1 (hCES1) in the liver (Shi et 1., 2006) and
then exclusively excreted intd the urine by glomerular filtration and

“active tubular secretion via organic anion transporter 1 {QAT1) with-

£

ABBREVIATIONS: Ro_64-0802, [3R,4R,58]—4-acetamido-5-amino—f3—(1 -ethylpropoxy)-1-cyclehexene-1-carboxylate phosphate; BEB, blood-
brain barrier; hCEST, human éarboxytesterase 1; OAT, organic anion transporter; P-gp. P-glycoprotein; Berp, breast cdncer resistance protein;
* GF120918, NH{4-[2H1.2.3  4-tetrahydro-6,7-dimethoxy-2-isequinclinyl)ethyl]-pheny(}-9,10-ditydro-5-methoxy-9-oxo-4-acridine  carboxamide; MDR,
multidrug-resistant; PSC833, valspodar; mMdria-LLC-PK1, mouse Mdrla-expressed LLG-PK1; MOCKI;, Madin-Darby canine Kidney iI; hMDR1-
- MDCKH, human MDB1-expressed MDCKII; gapdh, glyceraldehyde-3-phosphate dehydrogenase' PCR, polymerase chain reaction; PBS phos-
phate-buffered saline; TBST, Tris-buffered saline/Tween 20; ECL, enhanced chemiluminescence; LC/MS, liquid chromatography/mass spectrom-
etry; Kp, praine Drain-to-plasma concentration ratio; CES, carboxyleslerase; SNP, single nucleotide polymorphism.
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 FiG. 1. Chemical structures of ascltamivir (A) and Ro 640802 (B).

. out further metabolism (He et 2L, 1999). In healthy volunteers, both
.pseltamivir and Ro 64-0802 were. detected in the blood circulation, -
. although the Cp,,, of ‘oseltamivir was 6-fold smaller than that of Ro
64-0802 (He et al., 1999). The penetration of drugs into the brain is
limited by thé BBB formed by the brain capillary endothchal cells.
Because of. highly dcveloped tight junctions between- adJaccut cells, as
- well as-a.paucity of fenestea and pmocytouo vesitles, the penetranon
across the pamcellular route is very Iumteﬁ and thus ,transcellular
transport across the: endothelial cells s the major pathway Therefore, .
‘there is a good’ correlation betweén BBB permeability and’ hpopmhc—
ity. Becausé oseleamivir is an- ester<type prodrug, it should exhibit
" higher BBB permeability than Ro 64-0802. hCES]I is also e.xpresscd :
in the brain at mRNA level (Satoh et al,,-2002) and may convert
.-oseltamiyir to Ro 64-0802 in the brain, leading to an accumuiation of
Ro'64-0802 in the brain once oseltamivir penetrates’ the. brain-across
the BBB in addition 1o the direct peneiration of Ro 64-0802 from the
systemic irculation. In addition to the. physiclogical characteristics _of
the. BBB, it has been accepled that active efflux across the BBB also .
provides a barrier function to the BBB. P-glycoprotein (P-gp), a
" 170-kDa membrane protein, is 2 well Known gatekeeper protein §n the
BBB that plays a pivotal role in limiting the brain penetration- of 4
_tange of xefabictic’ compounds (Schinkel et al,, 1994; Tamdi and
TSU]J. 2000; Kusuhara and Sugiyama,’ 2001) Ir addition to P-gp.
recently it was fouid that breast caficer resigtance ‘protein (BCRP/-
| ABCG2) also acts s active efffux pump in the BBB and functional
:mpalrment of Berp- reésults: in -a sigpificant 1ncrease in the brain
concentrations ofimatinib (Bteegveld et al: 2005) t\nd phytoestrogens
(Enokizéno ¢t al., 2007). These transporters may limit Lhe axposure of
the brain o osc\tanuwr andfor Ro '64-0802..
1n.the present study, the efféct of GF120918 on the brain d1smbu~ .
tion of: -pseltamivir @nd Ro 64-DB02 was examined in wild-type mice
' to suggest transporters involved in _the- efflux transport across ‘the.
* BBB. Ta support this in vive mhlbmon study, the brain-to- -plasma
" codcentration ratios were debcrmmed in both mulndmg-remstam
(Mdo la!lb P-gp :.md Berp knockout mice.

Matenals and Methm]s -

Reagenls and Angmnals. Os::ltammr plosphate and its active r:mtabohtc Ro.
64-0802 were synthesized {Kiin <t al, -1997; YomatsuZu ‘et al., 2007).
GF120918 (Elaceidar) was a gift t’romGla.mSmnhKlme (Ware, UK) PSCe’3
W‘lSpSUpplled by Novartis Pharma AG {Basel; Switzerand). Movse Mdrla- |
e.v.pressed LUC-PKL (derl.a—LLC PKT.) cells (Schinket et al,, l995) were a-
gift fron Dr. Alfred #. Schinkel (The. Nl:therlnnds Cancer Institite, Amster-
daw, The Nc.lhcrlnnds), and Rurman. MDR1-expressed Madin-Datby casine -
kidoey ll {MDCKID (hMDRI-| MDCKIE) celly (Evers et al., 2000} were pro-, |

" vided Gy Dr. Piet Borst (The Nemcxlnnds Cancer lnstitute, Ambierd'\m The .
_Netherlands). All the other chemicals used in thc cxpcnments were of analyt-
\c?d grade”

~ Male FVB mice, Mdrlaf/lb P-gp knookout m:ce, amd Borp knuckoul micc

were obteined from Taconic Farms (Germontown, NY) and maintained n
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Shimizu ].,abomtory Supplm (Kyoto Japan). Male W‘star rats were supphed

by Charles River (Kanagawa, Japan). Al the mice (10-18 weeks) and rats ~ '

(342 days) were maintained under standapd conditions with a reverse dark; .
light cycle. Food and water were available ad libitum. Al the experiments’

using animals in this study were camied out according to’ the guidelines
provided by the Institutional Ammal Care Commitice (Graduate School of
Phanmnaceutical Sciences, The University of Tokyo, Tokyo, Japan).

In Yivo Infuslon Study in Mice and Rats. Male FVB amice, Mdrlallh
P-gp knockout Tice, and Berp knockout mice (10-18 weeks) weighing ap-

proximately 25 to 35 g and male Wistar mits weighing approximately 10 g ) .

3 da§s). 13 g (6 days), 26 g (11 days), 48 g (21 days), and 200 g (42 days),

* respectively, were used for these experiments. Under pentobarbital anésthesia.

(30 mg/kg),-the jugular vein was cannulated with 2 polyethylene-10 catlieter
for the injection of oseltamivir and Ro 64-0802. GF120918 (10 mg/3.3 ml/kg,
dissolved in 2 3:2 mixture of propylene glycol/water) was injected i.v. to male

FVE mice 15 min before the i.v. infusion of oseltamivir and R’ 64-0802. The

mice and rats then received a constant Lv,.infusion of oseltamivic and Ro

64-0802 at a dose of 8 and 5 wnollhlkg, respectively. Blood samples were ..

collected from the jugular vein 'at 60, 90, and 120 min in mice and 20, 40, and

(10,000g). Esterase inhibitor, dichlorvos (200 pp/ml), was used to prevent ex

lissues were weighed and stored at —80°C until used.
Quantification of Mdrla mRNA Expression in Rat Cerebral Cortex.

. 'l‘he mRNA levels of Mdrla and glyceraldehyde-3-phosphate dehydrogenase
(gzpdh) were quantified by the real-time polymerase chain reaction (PCR) -..

miethod, Total RNA was isolated from rat cercbral cortex pooted from one to
Tour vats using ISOGEN (Wako Pure Chemicals, ‘Osaka, Japan). Real-lime
PCR was performed with a QuantiTect SYBR Green PCR Kit (QIAGEN,

Valencia, CA) and a LightCycler system (Rochs Diagnostics, Mannheim,.

Germany). The following primers were designed: Mdrla forward AACT-
TAGICTATGGG GGAGG, reverse ACCACACCTTTCTGCTTACA; gapdh
forward AGCCCAGAACATCATCCC.T G, reverse CACCACCTTCTTGAT-
GTCATC. An external standard curve was generated by dilution of the rargel

PCR product, which was purified by agarose gel electropboresis. The absolute,

coneentration of the w.ternal standatd was measured with PicoGreen double-
stranded DNA Quantifi ication Reagent {Molecular Probes, Eugene, OR).
Western Blot Apalysis. Crude membranes from tat cerebral conex were

preparcd as follows. After the addition of cold phosphale—huﬂ'ered saline (PBS) o
_ sharatio of 1 g of cercbrat corte/d m, the cersbral coitex pocied from one.
to four rats, was homogenized using a Polytron homogenizer. The homogcnatc .

wios centrifuged at 4°C for 15 min at 2000z, and the supematant was coliected

"and centrifuged at 4°C for 15 min at 100,000z The sesultant. pellet was
resuspended in PBS containing 0.1% protease inbibitor mixure {Sigma-Al- -

drich, St. Louis,’ ‘MO) and stored at —80°C unti} used. The protcm concentra-
tion Wwas measured by the, Lowry method, The specimens weie Joaded onto an
85% SDS-polyacrylamide gel clectrophoresis with a 3.75% stacking gel:
Proteins were electroblotted onto a polyvinylidenc difluoride- membrane (Pafl,

containing 0.05% Tween 20 (TBST) and 2.5% enhanced chemiluminescence

! 60 min in rats. Plasma was p:eparcd by centdfugation of the Blood samplw -

- vivo hydrolysis of oseltamivir to Ro 64-0802 in the bloed and plasma-(Wilt-" ‘
shire et al,, 2000; Lindegardh et a).,, 2006). The mice and sats were sacrificed- .
after 120 2nd 60 min, respectively, and the brain was excised immediately. The | -

.o

. Port Washington, NY). The membrane was. blocked with Tris-buffercd saline -

(ECL) Advance Blocking Agent (GE Healthcare,-Little Chalfont, Bucking- ©

. hamshire, UK) for 1 h at room emperature. After washing with TBST, the
- miembrape was incubated with monoclonal anti-P-gp C219 antibody (Signet .
Labaratoties, Dedbam, MAY {12100 in T8ST contaiping 2.5% ECL -Advance -

Blocking Agent) overnight at 4°C. Detection was carried out by binding a

hosseradish peroxidase-labeled anti-mouse 1gG aitibody {GE Heoltheare) (42" )

5000 in TBST contaiting 2.5% ECL Advance Blocking Agent). Immunore-
actvity was.detected with an ECL Advance Westem Blotiing Detection Kit

_(GE Healtheare). Thc intensity of the band was quantifi ed by Mult Gauge'.v )
“software version 20 (Fujlf flm, Tokyo, Jupan). Smppmg of membranes was

performed with Restore Wester Blot Stripping buffer (Plerce, Rockford, IL) ’

for 30 min 21 37°C. After washmg with TBST, the inembrane was blocked with
“TBST tontaining 5% skim milk for [ h at room températire. After washing

with TBST, the membrane was incubated with monacional anti-actin antibody .

(Chcmlcon Internationul, Temecuta, CA) (1:1000 in TBST containing 0.19% .~

bovine scrum albwmin for 1 h at room lemperntare, Detection was carried out
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by- binding 2 horseradish pcmxldasc—labeled anti-mouse lgG anubody (GE
Healthcare) (1:5000 in TBST containing 0.1% bovine. scrum aibumin).

Rat Liver 8% Fraction Preparation. Male Wistar wats ()1 and 42 days)
were anesthetized with cther, and their lvers were quickly temoved and
washed in cold PBS. The-livers were blotted dry and weighed, After the
addition of cold PBS at a ratio of | gof lives2 ml, the livers were homogenized
using & glass homogenizer with n Teflon (DuPont, Wilmington, DE) pestle,

- The homogenized liver was then centrifuged at 4°C for 30 min at 9000g.
Aliquots of the resulting supematant were placed jn several polypropylene

tubes and'stored at —80°C until used. The prolein concentration was mcasurcd -

by the Lowry method.

Ro 64-0802 Formation in Rat Plasma and Liver 59 Specimens. A 0.5-m}

incubation mixture contained 2.5 g of protein of rat plasma or liver $9 in
. PBS. After temperature equilibmﬁon_(:‘!?“c. 5 min), the incubation was started
“by atlding 5 g of oseltamivir (final 1.5 M) and performed for various time
_ periods up to 30 and-180 min for plasma and liver S9, respectively. Afier the
- reaction was teaminated by ethanol, the concentrations of oseltamivir and Ro
64—0802 were detcrrmned with hquld chromatography/mass spectmmeuy {LCY
_MS) analysis.

Ro 64-0302 formal:lon rates in the plasma protein or lwcr 89 protein were
-extapolated (o the fn vivo value by taking the plasma protein content (50 mg
* of plasma protein/mi) or fiver 89 protein conteat ($6.1 mg of S9 protein/g
Tiver) (Jzumi et al., 1997) per milliliter plasma or.gram liver, respectively, into
consideration. Furthermore; Ro 64-0802 formation rates cxprc-sscd per mitli-
liter plasma or-gram liver were expressed per kilogram body weight by taking
the plasma content (38.5 ml of plasma/kg weight) or liver weight (40 g of

- liverfkg weight) per kilogram body weight into consideration. -

Cellufar Accumulation Studies. mMdrla-LLC-PK1 cells and hMDR1-
MDCKII cells were maintaincd ag deseribed with minor modifications. Uptake
was initiated by adding the compounds to the incubating buffer in eithr the
presence or the absence of 5 pM PSCE33 after cells had been washed twice
angd preincubated with Krebs -Henseleit buffer at 37°Cfor 15 min. The Krebs-
Henseleit buffer consisted of 142 mM NaCl, 23.8 mM NaHCO,, 4.83 mM
KCL 0. 96 mM KH,PO,, 1.20 mM MgS0,, 12.5 mM HEPES, 5 mM glucose,

and 1. 53‘ mM CaCl, adjusted wo pH 7.4. The uptake was terminated at

. desrvnaled times by adding ice-cold Krebs-Henseleit buffer, and the cells were.
washed twice. After the cells weré suspended in waler, the concentration,of the
compounds was determined with LC/MS analysis. The protein cancentration

was measured ysing the Lowry method. Cellular uptake is given.as 'thc'

cell-to-medivm concentration ratio determined as the amount of compound
associated with cells divided by the medium concentration. . )
. * Quantification of Oseltamivir and Ro 64-0302 in Pldsma and Brain.
Sample preparation. The brain was homogenized with a 4-fold volume of PBS to
" obtain a 20% brain homogenate. The plasma samples (10 guf) were mixed with 40
‘ud of cthanol, and the brain homogenates (100 ul) were mized with 400 pul of
ethanol, All these mixed solutions were centrifuged at 15,000g for 1) min, The
supcrnamnts of bmm sample (350 pl) were cvapomted and the pellets were

¢econstituted with 50 £l of 20% etha.nol The reconstituted samples were centri- .

" fuged at 15,000g for 10 min 10 remave particles, and an aliquot of the supmmmm

" . was subjected to LC/MS analysxs The supematants of plasma sample were mlxed

wilh an equal volurne of water and sub]cc.icd 1o LC/MS analysis.

LC/MS analysis. An LCIMS-2010 BY -equipped with a Prominence LC
spétem (Shimadzu, Kyoto, Japan) was used for the analysis. Samples were
sepacated on a CAPCELL PAK C18 MGl column (3 pm, 2 X 50 min)
* {Shiseido, Tokyo, Japan) in binary gradient mode with flow rate.at 1 mlfmin.
* For the mobile phase, 0.05% formic dcid and acetonitrile were used. The

- acetonitrile concenteation was initially 10% and then linsarly ntreased yp 10

40% over 2 min. Finally, the column was ré-equilibrated at an acetonitrile
concenteation of 10% for 3 min, The total run time was 5 min. Oseltamivir and
Ro 64-0802 were eluted at 2.5 and 3.5 min, respectively. In the mnass analysis,
pseltamivir and Ro 64-0802 were detected at a mass-to-charpe ratio of 313.20
and 285.15 under pusitive electron spray ionization conditions, respectively.
The interface voltage was —3.5 kV, and the nebulizer gas (N,) flow was 1.5
Vimin. The heat block and curved desolvalion line temperatures were 200 and
150°C, respectively. )

Pharmaceliinetic Analysis. The appareni brain-to-plasma concentration,
£atio (K, i) Was caloulated using the foltowing equation: Kp i = G Cor

where €z, nd C, represent brain coneentration at 120 min in mice and 60
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" 'vir and Ro 64-0802. The plasma concentrations and X,
- oseltamivir and Ro 64-0802 were determined after dosmg with osel-
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min in rats (amol/g brain) and plasma concentration at 120 min in mice and 60

min in rats (uM), respectively.
Statistical Analysis, Data are presented as Lhe n'mn,: S.E. for three to-

seven animals unless specified otherwise. Student's two-tafled unpaired ¢ test ™

and one-way analysis of vardance followed by Tukey’s mulliple comparison
test or Dunoett’s multiple comparison test were used to. identify signi't'eam
differences between groups when apprapriate. Statistical s:zmt‘ icance was set

. at P <Q.05..

Results

Effect of Pretreatment with GF120918 on the Brain Distribu-
tion of Oseltamivir and Ro 64-0802 FVB mice were preu-eau:d with ©
GF120918 (10 mg/kg, i.v. administration), 2 dual iphibitor for P-gp

-and Berp (Allen-et'al., 1999), 15 min before iv. infusion of oselta-
mivir. The plasma concentrations of oseltamivir and Ro 64-0802 were -

incréased by GE120218 (Fig. 2A). Furthermore, the brain-to-plasma
concentration. ratio (K, 1min) of oseltamivir was 4.8-fold increased in

" the .GF120918- treated group compared with. the control group (Fig.

2B}. The K i, of Ro 64-0802 was slightly increased by GF120918
(0.007 0.001 versus 0.011 * 0,002 ml/g brain) {Fig. 2B) without
any statistical significance. The K ,.s; of Ro 64-0802 after dosing
with Ro 64-0802 was also found to* bc unchanged between GF120918-
treated and control groups (data not shown)

Effect of P-gp and Bcrp on the Brain Distribution of Oseltami-\

p.brdn of

tamivir in Mdrla/lb P-gp knockout mice and Berp knockout mice.

- The plasma concentrations of oseltarnivir were unchanged between
* wild-type and Mdrla/lb P-gp knockout mice, whereas the K

p.beain of
oseltamivir was 5.5-fold greater in Mdrla/1b P-gp.knockout mice than

that in wild-type mice (Fig. 3). The K, unin Of oseltamivir was un-

‘changed in Berp knockout mice (Fig. 3B). The K, ., of Ro 64-0802

following oseltamivir admiinistcation in Mdclallh P-gp knockout mice

and Berp knockout mice was not swmf cantly different from that in -

wild-type mice (Fig. 3B).
‘Brain Distribution of Oseltamivir in Newborn Rats and Adult

Rats. The plasma concentrations, brain concentrations, and K p i 0f

oseltamivir were determirnied afier dosing with oseliamivirin ncwbom

*and adult rats on postnatal day (P} 3, 6, 11, 21, and 42, respectively.

The 'plasma and brain concentrations of pséltaimivir in newborn rats

was found to be below the hmlt of quannf’ catlcm in the brain. of the
newborn rats,

mRENA dnd Protein Expressmn of Mdrla in the Cerebral Cor-
tex from Newborn Rats and Adult Rats. The mRNA cxpresswn
levels-of Mdrla in the cerébral cortex from P3 through P42 rats were
determined using real—urne. quanutatwe PCR. The mRNA levels in the
cercbral cortex from newborm rats (P3— 11) were significantly lower as

compared with’ those from adult.rats {P42) (Fig. 5). The protein .
expression of P-gp in the crude membrane fraction ofrat cercbral -
- cortex from P3 through P42 was also examined by Western blot

.were significantly higher than those'in adult rats (Fig. 4). Ro 64-0802 -

analysis. Two bands were observed around 175 kDa by anti-P-gp -

-monoclonal antibody (Fig. 6). Because the lower signal is likely {but

not shown) to be nonglycosylated P-gp (Maines et al, 2005), the
densitometric analysis was perfonmed for the upper signals as specific
signals of matured P-gp. It was shown that the expression levels of

- P-gp protein in the cerebral cortex form newbom rats were signifi-

cantly tower than those from adult ats (Fig. 6),

Formation Rate of Ro 64-0802 from the Oseltamivir in the
Plasma and Liver 89 from Newborn Rats and Adult Rats. The
enzymatic activities of hydrolytic 'reaction of dseltamivir 0 Ro 64-
0802 were compared in newborn and adult rats using plasma and liver
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. - 89 specimens. Oseltamivir was more stable in both plasini_z and livcr IG and 35% of lhe adult rats, respectively "(Table l) Takmg the
- 89 from newborn rats than in those from adult mts (Fig. 7). The scaling factors into consideration, the formation rate of Ro 64-0802 in
fortnation’ rates. of Ro 64-0802 from oseltamivir in the plasma and plasrn'l expressed per.kilogram body weight was dppro,x:m'uely 10-

fiver 59 specimens are shown in Table 1. The formation rates of Ro
64-0802 in the plasma and liver SY specimens of newborn rats were . (Table 1).
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and 20Xfold higher-than ihat in Hiver $9 in both newbom and adult rats’
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- Fig. 5. The mRNA expression of Mdrla in‘the cerebral cortex from P3 to P42 rats,
total RNA was isolated from the ceretiral cortex poolcd froim one to four rats and
then sibjected 1o reverse wanscription. The expression-of mdrla and uzpdh MRMNA

* in the cerebrut cortex” of P3 through P42 rats was determined using real-time
quanlltativc PCR. Each bar represents the mean o= S.E. of. the ratio of the mRNA
expression of mdrla and gupdh. The quannﬂc:mon was repeated three times using

. three EDNAs independently prepared, from one o four ruts. Asterisks represent

stansr.lcnlly s]nmf'cant dlﬂ'crcncr_s loward P42 I'dtb, s P < o1,

Celiular Accumulation of OSeltanmur ia derla-LLC—PKl
Cells and hvIDR1-MIDCKII Cells. “To determine whether oseltami-
- vir is.a possible substrate for human and mouse P-gp, cellular accu-
mulation - studies weré conducted using mMdria-LLC-PK] and
* hMDR 1-MDCKII cells. Oseltamivir exhibited less accumulation in

mMdria-LLC-PK1 and hMDRI-MDCKI cells than in each parent

< eell, and PSCB833 increased oscltamivir accumulation in both

mMdria-LLC-PK[ and hMDRI-MDCKIL celis (Fig. 8).

Discussion

In the present study, we investigated the transport of oseltamivir
and Ro 64-0802 across the BBB using Mdrla/lb and Berp knockout
rmice and showed- that P-gp extrudes oseltamivir into the circulating
biood. The plasma and brain concentrations of oseltamivir were deter-
m1nt:d in wild-type mice following iv. infusion of .oseltamivir. The

39

-
-,
N
=
]

-t
£ 9
S .9

|- I -
s ®

P-gp proteln e:Xp ression
{/Actin, % of P42)
[~2]
d

0- L L
P3 Pé P11 P21 P42

Ha, 6. Ontowe,neuc expression of P-gp protein in the crude membrme fractions of
cerebral contex from P3-through 42 mits. A, crude membrane fractions weie prepared”
from the cerebral cortex from P3 to 42 rats, Each sample (50 pg proeinflane) was

. subjectcd o SDS-potyacxyInmide zel clectrophoresis (3.5% separating gel). P-gp-

and actin pr.otcm; were detected by monoclenal anti-P-gp C219 antibody and
mopoclonal antiuctin untibody, respeetively, A typical immunoblot is shown in A.

B. the Intensities of the bands of P-gp and actin were quantified by densitometric
analysis. For P-gp, the intensity "of the upper bafd was used lor the calculation, The
bar represents the ratio of the band densitics of P-gp and actin relative to that in P42
ruts. Buch bar represents the mean = 5.E, of three determinations using three crude
membrane fractions of the cercbral cortex prepared independently from one to four
rats. Asterisks represent statistically sugmf' icant differences toward P42 rus; +, P <
0.05. .



