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© Fi. 1. Efflux of intracellularly formed Ro 64-0802 from mock-transfected and MRP4- -

‘expressing MDCKH cells, A and B, Westemn bloting. A, cell lysates were prepared from
mock-transfected (GFP/CES1AL-MDCKIT) and MRF4-expressing MDCKI cells

(MRP4/CES] AL-MDCKII) and subjected to SDS-polyacrylamide gel e!edrophormn i

(75%). B, Ninked carbohydrate groups were cleavéd from the MRP4 protein in the
céll kysates using N-glycosidase F (PNGase F). MRPS s deteciedl by the monoclonal
ani-MRP4 M4L-10 antibody, C and D, efflux transpost Study: MRPA/CESIA1-MDCKI
(®, A) and GFPICESTAI-MDCKII cells (O, &) were incubated with 10 M oseltamivirin
" the presende (A, AY or absence (@, Q) of indomethacin (50 uM) at 37°C. Each point
represents the mean * SE. (n= 6). Smnmisnpxﬁmwaswdaﬂaiedbyone—way
ANOVAfoUowdb}'Tuh:ysmuiﬂplcoompmsmm* P < 0.05; #=¢, P < 0.00; ++,
P < 0001; sgnificandy different between MRPA/CESIAL-MDCKI md GH’:CESIA]-

C?lspetp LRKUG IMLE LADVUILADIVIAMY A JID I OL L INJIN

MDCKH cells, ##, P <<-001; ##4, P < 0001; significantly different in GFPACESIAL- -
MDCKI cells with and “withont indomethacin. ++, P < 001; +++, P < 000I;

significantly diffesent in MRPAXCESTA1-MDCKII cells with and without indomethacin,

-

mice exhibited delayed elimination of Ro 64-0802 From lhe braim. _:.- :

compared with that in wild-type mice.

Efflux of Ro 64-0802 from the Cerebral Cortex of Wild-Type.
and Mrp4~'~ Mice after Microinjection. Real-time PCR was used
to check the adaptive regulation of efflux transporters at the BBB of
Mrpd™ mice. No significant differences ‘were observed in the
mRNA expression levels of Mdrla, Berp, Oat3, Qatplad, or Oatplcl
in the cercbral cortex, quantified by real-time PCR between w:ld-type
and Mrp4~"" mice (data not shown).

To examine the involvement of Mrp4 in the efflux transport of Ro . - '

64-0802 across the BBB, Ro 64-0802 was direcily injected into the
mouse cerebral cortex, and the amount of Ro 64-0802 remaining in
the brain was deteimined. at 60 and 120 min after injection. The
amount of Ro 64-0802 remaining in the braiti was compared between
wild-type and Mrp4~/~ mice (Fig. 4). As shown in Fig. 4, Mrp4™'~
mice exhibited delayed elimination of Ro 64—0802 from the brain
compamd with that in wild-type mice.

Brain/Plasma Concentratnon Ratio of Ro 64-0802 at’ter Subcu-

" taneous Infusion of Oseltamivir or Ro 64-0802 in Wild-Type, " '

Oa3~'~, and Mrp4~'~ Mice. To clasify the importance of the Oat3-
and Mrp4-mediated efflux .of Ro 64-0802 at the BBB, Ro 64-0802

.~ was given to mice by subcutaneous infusion for 24-b,.and the K, yraint’
* of Ro 64-0802 was determined. The concentrations of Ro 64-0802 in -
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.FiG. 2. Integration plots of the efflux transpoit of Ro 640802 from MRP4/ -
" CESIAI-MDCKII and GFF/CESTAI-MDCKE cells. A, integration plot: the

amount of Ro 64-0802 in bulfer-[A,q. ()] was plotted against AUC,,, ©-) in

MRNICF_SIAI—MDCKII (®, &) and GFP/CESIAI-MDCKI cells (O; A)in the .
presence (A, A) or absence (@, O,) of indomethacin (50 M), The data used forthe -

calcaladon are cited in Fig, 1, C and D. The slope of the plot represents the efflwc
clearance. Each point represents a mean * S.E. (1 =.6). B, efflux clearance of Ro
64-0802: The effiux clearance of Ro 64-0802 was. calculated from the slope of the
integration plot (A), Statistical significance was calculated by onc-way ANOVA
fallowed by Tukey's multiple compasison test. *++*, P < 0.001; significattly
different between MRP4/CES1A 1-MDCKI! and GFPACES1AI-MDCKH cells. 111,
P < 0.001; significantly different effiux clearance in the presence and absence of

indomethacin. Data represent means * oompuler-calcu!ated SD. (nucrohters per -

mityte per milligram of protein).
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FiG. 3. Comparison of the amounts of Ro 64-0802 in the ipsilateral cercbrum after
intracercbral mlcmmjecum of Ro 64-0802 in wild-type (WT) and Oat3™'™ mice.
Ro §4-0802 (1 mMj in 05 pl of ECF bnﬂ'er was ijected Into the Par2 region (4.5
mm lateral to the bregma and 2.5 mm in depth). The amount of Ro 64-0802 in the
- ipsiltateral cerebrum was determined at 60°and 120 min after treatment. (J; data for
wild-type mice; W, data for Qat3™" mice, Each bar represents the mean + S.E.
Gt = 3-4). Statistically significant differences between wild-type and 09.3"“
mice: % P < 0,05; *&*, P < 0001. .

hé plésma were 4.5 * 0.6 and 4.5 * 1.3 uM in wild-type and
. Oat3™" mice, respectively. Thie K, yean of Ro 64-0802 in Qar3 ™~
mice was not significantly dlfferent from that in wild-type mice aid
remained- close -to the capillary volume in the brain (Fig. 5). After
subcutaneous infusions of oseltamivir in wild-type or Mrp4 ™~ mice,

the plasma concentrations of Ra 64-0802 werg 6.9 + 23 and 12 *'5-

- M, respectively. The K, o, of Ro 64-0802 was 3.8-fold higher i in
Mrp4™'~ mice than that in wildstype mice (Fig. 6). Even after sub-
cutaneous infusions of Ro 64-0802, the K, yuin Of Ro 64-0802 was
6.4-fold greater in Mrp4 ™/~ mice than lhat in.wild-type mice (Fig. 6).
The plasma concentrations of Ro 64-0802 were 5.7 £ 0.8 and 3.8 =
1.7 M in wild-type and Mrpd"’“ mice treated with Ro 64-0802,
respecuvcly

_ Discussion
Abnormal behavior is a suspected adverse effect of oseltamivir on
the central nervous system. To understand the phannacological action
of oseltamivir in_ the brain; its uptake and efflux transport across the
BBB were mvesugated as factors that determine its exposure to the

central nervous system, In this study, we focused on Qa3 and Mrp4
as’ transporters of Ro 64-0802, a phammacologically active form of

.oseltamivir, across. the BBB. .
* First, we ¢xamined the involvement of Oat3 in the chmmatmn of .
Ro 64-0802 from the cerebral cortex after microinjection because an -
in vitro transport study using OAT3-expressing HEK cells identified

o 0.5 - .
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gE 0371
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SE 029
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a5 0.4

E

L4 0.0 .

; WT Mrpé* “WT Mrpét
‘ 60-min 120 min

intracercbral microinjection of Ro 64-0802 in wild-type (WT) and Mrp4™" mice.
Ro 64-0802 {1 mM) in 0.5 pl of ECF buffer was injected inta the Par2 region (4.5
mm lateral to the bregma and 2.5 mm in depth). The amount of Ro 64-0802 in the
ipsilateral cercbrum was determined at 60 and 120 min after treatment. [, data for
wild-type mice; B, data for Mmp4 '~ mice. Each bar represents the mean * S, F.
mice: =, P <00%; i P <000]

- significant differences between wild-type and Mpd™~
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Fig. 5. Comparison of the brain/plasma concentration rato (K, o beain) Of RO 64-0802
after subcutaneous infusion of Ra 64-0802 in wild-type and ‘Oat3 - mice. Mice
received a-continuous subcutancous infusion of Ro 64-0802 at a dosc of 80

nmol/imouse for 24 h, with an osmaotic pump. The plasma and brain concentrations -

of Ro 64-0802 were: determined at 24 b after treatment. [, data for wild-type mice;
W, data for Qar3™'~ mice. Each bar represents the mean * S.E. (n = 3-4).

Ro 64-0802 as a substrate of OAT3, The elimination of Ro 64-0802

from the brain after its microinjection into the cercbral cortex was '

markedly delayed in Qa3 mice compared with wild-type inice
(Fig. 3). This suggests tha¢-Oa plays a significant role in the efflux

of Ro 64-0802 from the brain by facilitating its uptake from the brain' -

interstitial space to endothelial cells. For the directional efflux of Ro
64-0802 from the brain to the blood across the BBB, a transporter(s)
is also required to Facilitate its luminal effiux, considering the hydro-
philic nature of Ro 64-0802. In a previous study, we demonstrated that
the brain concentrations of Ro 64-0802 in Mdrla/Ib™" and

" Abcg2™'™ mice are similat to that in w1ld-type mice (Ose et al., 2008),
cxaludmg the possibility that P-gp and Berp are iivolved in the -

luminal efflux of Ro 64-0802. Therefore we focused on ‘Mipd,

.another ATP-binding cassette transporter 4t the BBB, as a candidate," -

transporter because it has been reported to mediate the active efflux of
topotecan and adefovir across the BBB (Leggas et al., 2004; Belinsky
et al:, 2007). To show that Ro.64-0802 is a substrate of MEP4, we
constructed double transfectant cells expressing both CES1Al; an
enzyme producing Ro 64-0802 from oseltamivir, and MRP4 (MRP4/
CES1A1-MDCKII). The doub]e transfectant exhibited enhanced ef-
flux of Ro 64-0802 (which was inhibited by -an MPR4 inhibitor,
indomethacin} compared with GFP/CES1A1-MDCKI (Fig. 2B). It
should be noted that the hiost celis also. exhibited indomethacin-

sensitive efflux of Ro 64-0802. This is presumably attributable to’

endogenous canine MRP4 because its mRNA expression was detected
by reverse transcription-PCR in MDCKIT cells {data not shown). The
involvement of Mrp4 in the efflux of Ro 64-0802 across the BBB was

o~ 0.05 9 . i e wew
o '
g 4 o . .
390
9 £ 0.03 ' '
zg )
-
S 3 0.02 4
£E .
N
5T 001 .
2 [ .

0.00

WT Mrpdt  WT Mrpdh- -

oseltamivir-dosed Ro 64-0802-dosed

© FIG. 6. Compansou of the brain/plasma concentration ratio (K,,.w,) of Ro 640802
FG. 4, ‘Comparison of the amounts of Ro 64-0802 in the ipsilateral cerebrum after .

after subcutaneous infusion of either oseltamivir or Ro 64-0802 in wild-type (WT)
and Mrp4~'~. mice.. Mice received a continuoug subcutancous infusion of either
oseltamivir or Ro 64-0802 at a dose of 400 or 80 amoli/mouse, respecave]y,

24 h with an osmotic pump: The piasma and brain concentmations of Ro §40302
were determined at 24 h after reatment. [J, data for wild-type mice; W, data for
Mrp4~'~ mice. Each bar represents the mean % S.E (n = - 4-6). _Statistically
mice: =, P < 0.0]; #+,
P <0001,
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‘then examined using Mrp4 ™/~ mice by microinjectiod into the cere-

bral cortex. Mrp4™'~ mice exhibited delayed elimination of Ro 64-

‘0802 from the cerebral cortex after its microinjection compared with

that in wild-type mice (Fig. 4). Therefore, Mrp4 plays an important
role in the luminal efflux of Ro 64-0802 afterlts cellufar uptake by

- Oat3 from the brain side.
To show. the importance of the active efﬂux of Ro 64-0802 at the -

BBB mediated by Cat3 and Mrp4, the K, ., of Ro 64-0802 was
determined in Cat3™~ or Mrp4™'~ mice given Ro 64-0802 by
subcutaneous infusion for 24 h. Qur approach was based on the
pharmacokinetic concept that reduced efflux across the BBB may lead
to an increase in the K, y..1, Consistent with a previous report (Ose
K, prain Of RO 64-0802 was close. to the capillary

volume in wild-type mice. The K, ., of Ro 64-0802 obseived

" in Qa3 ™'~ mice was also close to the capillary volume (Fig. 5). In

contrast, the K, pegin Of Ro 64-0802-was 4- to_6-fold greater_in
Mrp4" mice than that in wild-type mice recemng either oseltamivir
or Ro 64-0802 (Fig. 6). These in vivo results using. Mrp4™'~ mice
thus indicate that Ro 64-0802 crosses the BBB from the blood side to
the brain, but Mrp4. limits its penetrat:on into the brain by extruding
it into the blood. The latter finding is consistent with the results of our
microinjection cxpenment. However, the lack of effectof knockout of

second explanation is that, conisidering the mediation of bidirectional
trangport by Qa3 (Balchlya ctal., 2003), it is possible that Oat3.on the

in its uptake from the brain to the endothelial cells (Fig. 7). The third
explanation is that, considering the - hydrophilic character of Ro 64-
0802, with an ariignic charge, its luminal uptake probably involves
trangporters. Kikuchi et al. (2003) suggested that Oat3 is expressed on

Brain Side

.'Ro 64-0802 DA oseltamivir

/' Brain Capillary. -
Endothe[ial.Cel!

Ro 64-0802 +—-C—Es-1-i1—— oséeltamivir
4 4

Ablunyiral
Meatbrage

Lum}nal . i

oseltamivir

Ro.64-0802

‘-;———i
GCES1A1{Liver)

Blood Side

BG. 7. Schematie reprecar

distribation of oseltamivir and Ro 64-0802 in humans, Oscltammrcmssms the BBB,
and Ro 64-0802, is prodiced by CESIA] during the penetration of oscltamivir

- across-the BEB, Both oseltamivir and Ro 64-0802 are subjected to active efflux by
P-gp and MRP4, respectively. The functional ‘importance of OAT3 at the human .
BEB has not yet been estabhshed. so the hypomencal pathway is shown with a_ -

broken line. .

4

Oar3 on the K, 11, of Ro 64-0802 seems to contradict the results of

the mlcrom_]ecuon experiment. There are three. ¢xplanations for this "
discrepancy, The first explanation is that -luminal Mip4 is more
importait in preventing brain penetration .than abluminal Oat3. The

abluminal membrane of biain endothelial cells may actin the efflux of
"Reo 64-0802 from inside the endothelial cells into the brain, as well as

ntafion of the proposed mechanism undcrlvmz the brain .
. CiL, Kusuhara H, Adachi M, Schuerz ID, Takeuchi K, and Sugiyaing Y (2%‘7) Twolvesatof

OSE ET AL.

both the luminal and abluminal membranes of rat brain capillaries;

however, this localization is controversial (Mori et al., 2003; Roberts .

et al., 2008). Oat3 may serve as an uptake system for Ro 64-0802 on
the luminat membrane from the circulating blood into the brain (Fig.
7). Further studies using Mrp4 and -Gat3 double knockout mice can
answer these questions and perhaps confirm these speculations.
Figure 7 summarizes the proposed mechanisms determining the
brain distribution of oseltamivir and Ro 64-0802 in humans. P-gp,

MRP4, and CES1Al are factors that determine the brain distribution -

of oseltamivir and Ro 64-0802 in.humans. CES 1A is predominantly
expressed in the brain capillaries in buman brain (Yamada et al,,

1994), although whether CES1A1 is the only enzyme responsible for -

the conversion of oseltamivir remains to be examined. MRP4 s also

expressed on the luminal membranes of human brain capillaries (Nies

et al., 2004; Bronger et al., 2005). Because oselthmivir'_ crosses the
BBB, Ro 64-0802 can be produced during the penctratien of oselta-
mivir across the BBB and then be subjected to active efflux by MRP4.
Although Northem blotting did detect OAT3 mRNA expression in the
human brain (Cha et-al., 2001), its distribution and membrane local-
ization remain to be-determined. Therefore, whether Ro 64-0802 can

penetrate into the brain and is climinated from the brain by OAT3 in '

humans, as well as in mice, also remains in ‘question. Fluctuations in

their activities will cause interindividual variations in their exposure -
to the central nervous system. For instance,'genetic variations have

becn réported for P-gp and MRP4, which -may alter their transport
activities and expression. The silent mutation 3435C>T is associated
with reduced P-gp expression (Hoffmeycr et al., 2000) and. “affects
protein folding; resulting in a substrate-dependent functional change
(Kimchi-Sarfaty et al,, 2007). In MRP4; the nonsynonymous muta-

tions 559G>T, 1460G>A, and 2269G>A are associated with altered ™

“transport activity and expression (Abla et al., 2008; Krishnamurthy et
" oal, 2008). It i$ possible that these polymorphisms are associated with

“the adverse effects of Ro 64-0802 on the central nervous system.

In conclusion, Mrp4 and Oat3 are responsible for the eliminatios of

_ Ro 64-0802 from the brain across the BBB although, at stcady-state

Oat3 may not affect its brain distribution, probably because of its

" possible contribution also to the brain uptake of Ro.64-0802. This is

the first (}emonsuhtion of the cooperation of uptake and effiux trans-
porters in the directional (brain-to-blood) transport of anionic drugs

across the BBB.
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Carboxylesterases hydrolyze chem:cals containing such functional groups as a carboxyhc .
. -acid ester, amide and thioester. The liver contains-the highest carboxylesterase activity and
‘expresses two major carboxylesterasgs HGE1 and HCE2. In this study, we analyzed 104

individual liver-samples for the expression' pattemns of both carboxylesterases. These -

samples were divided into three age groups: adults (> 18 years of age), chlldren {0 days—
10 years)-and fetuses (82-224 gestation days). In general, the adult group expressed sig-

nificantly higher HCE1 and HCE2 than the child group, which expressed significantly higher

than the fet'al_ group. The age-related expression was confirmed by RT-qPCR and Western
immunoblotting. To determine whether the expression patterns reflected the hydrolytic

expression patterns, adult microsomes were ~4 times as active as child microsomes and
10 times as active as fetal microsomes'in hydrolymng these chemicals. Within the same age

detected in mRNA’ (420-fold), protein (100- fold) and hydrolytic activity (127-fold). Carbox-
ylesterases are recognized to play critical roles in drug metabolism and insecticide detox-
ication. The findings on the Iarge variability among different agé groups ot even within the
same age group have important pharmacological and toxicological implications, particu-
larlyin refation to pharmacokinetic alterations of ester dmgs in children and vulnerablhty of
fetuses and Chlldren to pyrethroid insecticides.

. © 2008 Elsevier Inc. All rights reserved.
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.  activity, liver microsomes were pooled from each gioup and tested for the hydrolysis of .
drugs such as oseltamivir and insecticides. such as deltamethrin. Consistent with the -

" " group, parhcularly in the fetal and child. groups, a large inter-individual variability was )
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1. . Introduction

Carboxylesterages constitute a class of enzymes that hydro-
lyze chemicals containing such functional groups as a
carboxylic acid ester, amide and thicester [1]. These enzymes
are known to play important roles in drug metabolism and
insecticide detoxication. Two major human carboxylesterases
(HCE1 and HCE2) are abundantly expressed in the lver,
whereas HCE? is predominately expressed in the gastro-
intestinal tract [1,2]. In addition to the difference in tissue
distribution, these two enzymes differ markedly in the
hydrolysis of certain drugs., For example, HCE1, but not
HCE2, rapidly hydrolyzes the anti-influenza viral agent
oseltamivir [3.4]. In contrast, HCE2,- but not HCEL, rapidly
hydrolyzes the anticancer agent irinotecan [5}. In addition to
‘hydrolyzing numerous compounds, carboxylesterases cata-
" lyze transesterification. In the presence of ethyl alcohol, HCE1
- effectively converts the anti-platelet agent clopldogrel (a
" methyl ester) into ethyl clopidogrel {4].
" The expression of carboxylesterase is altered by xenob1o-
tics and pathological conditions. In human primary- hepato-
cytes, therapeutic agents such as dexamethasone and
‘phenobarbital cause a slight or moderate induction of HCEL
. and HCE2 [6]. Dexamethasone and phenobarbital also alter the
" expression of rat carboxylesterases [7]. However, the pattern
of the alteration is different Phenobarbital moderately
" induces rat carboxylesterases (hydrolase A and hydrolase B),
whereas dexamethasone profoundly suppresses the expres-
sion of these enzymes {7]. Suppression also occurs in human

"~ primary hepatocytes treated with the pro-inflammatory
cytokine interleukin-6 {IL-6), and.the suppression is achieved -

by transcriptional repression [8]. Mare importantly, the iL-6
mediated suppression strongly alters cellular responsiveness
to therapeutic agents such as clopidogrel, irinotecan, and
oseltarnivir [8]. Hydrolysis of clopidogrel represents inactiva-
tion. In contrast, hydrolysis of irinotecan and oseltamivirleads
to the formation of therapeutically active metabohtes thus
_represents activation {5,9}.
The expression of carboxylesterases is regulated in a
. developmental manner, and it seems likely that these enzymes
are developmentally regulated in humans as well. One to two
week old rats express no hydrolase A or B based on
immunoblotting analysis {7]. Consistent with the low level
expression of carboxylesterases, the intrinsic clearance of the

. pyrethroid deltamethrin through hydrolysis in 10-day-old rats .

is only ~3% of adult rats [10). Even in 4-week-old rats, the
- intrinsic-clearance is less than half of that of adult rats [10]. In
addition, young animals are génerally much more sensitive to
pesticides such as organophosphates and pyrethroids [11-13].
- Carboxylesterases are known to protect against these chemi-

cals by hydralysis in the case of pyrethroids or scavenging -

‘mechanism in the case of organophoaphates. The develop-
mental regulation of human carboxylesterages remains to be
established. A previous report by Pope et. al. [14] cbserved that
. infants differ from -adults in the expréssion and hydrolytic
. uctivity of carboxylesterases, but the difference wasstatistically
insignificant [14]. The Pope's study, however, used a small
number of samples and had only five samples for each group.
" In the current study, we analyzed a total of 104 individual
liver samples for the expression patterns of HCE1 and HCE2

These samples were grouped according to age: adults {>18
years old), children (0-10} and fetuses. Multiple experimental
approaches were used including RT-qPCR, Western analysis
and enzymatic assays. The fetuses expressed lower carbox-
ylesterases than the children, and the children expressed
ltower carboxylesterases than the adults, Overall, the expres-
sion of both HCE1 and HCE2 showed a large inter-individual
variability with the largest variability in the fetal group.

2. - Materials-and methods
21,  Chemicals and supplies

Acetaminophen, aspirin, naproxén, and salicylic acid were
purchased from Sigma (St Louis, MO). Clopidogrel and

clopidogrel carboxylate were from- ChemPacific (Baltimore, ’

MD). Oseltamivir and oseltamivir carboxylate were from

Toronto Research Chemicals (Canada). Deltamethrin and- _

permethrin were purchased from ChemService (WestChester,
PA). Deltamethrin had a purity of 99%, and pérmethrin was
from abatch that contained a mixture of cis- and trans-isomers
at a ratio of 46% angd 52%, respectively. TagMan probes were
from Applied Blosystems (Foster City, CA). The antibody
against glyceradehyde-3-phosphate dehydrogenase (GAPDH)
was frbm Abcam (Cambridge, MA): Unless otherwise specified,

all other reagents were purchased from Flsher Scientific

{pittsburgh, PA).

2.2.  Liver RNA and microsomal samples

A total of 104 RNA samples were used in this study andsomeof *
the RNA samples were matched with ‘microsormes. Pure RNA -

samples were purchased from (ADMET Technologies (Dur-
ham, NC). Liver tissues were acquired from the National

Disease Research Interchange (Philadelphia, PA), the Midwest :

Transplant Network (Westwood, KS), the University-of Mary-
land Brain and Tissue Bank for Developmental Disorders

. {Baltimore, MD), and the University of Washington Central -

v

Laboratory for Human Embryology {Seattle, WA). Isolation of .

total RNA from the liver nssues was described previously

-[15,1€], and the quality was determined on an Experion RNA

StdSens micro fluidic chip (Bio-Rad, Hercules, CA) or by
electrophoresis. Microsomes® of child and fetal livers were
prepared by differential centrifugation as described previausly
[17): Adult liver microsomes {individual samples) were from
CellzDirect (Pittsboro, NC) and. described previously {4]. The

demographics of the RNA samples in each group ate

sumimarized in Table 1. The use of the human samples was
approved by the Institutional Review Board.

'GI‘mIp i H

Fetus ~ 48 - 26722 19 17 . 1 [ 6
Child 34 15119 " - 21 8-. 3 2

Adult - 2 B . 19 2

Abbrewauons MJI—‘ malelfemale CA. Caumsmn-.ﬁmenan, AA:
Afncan Amencan. H: Hitpartic; UnI:': unknowh,

o ~19-
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2.3
redction (RT-qFCR)

Total RNA (0.1 ng) was subjected to the synthesis of the first
strand ¢DNA in a total volume of 25 . I with random primers
and M-MLV reverse transcriptase. The reactions were con-
ducted at 25°C for 10min, 42°C for S0min and 70°C for
10 min. The cDNAs were then diluted 6-fold and quantitative

. PCR was performed with TeqMan Géne Expression Assay

{Applied" Biosystems, Toster City, CA). The TagMan nssay
identification numbers were: HCE],

" (NM_001266); HCE2, Hs00187279_m1 (NM_198061); and poly-
-"merase {RNA} II, Hs03108291_m1 (NM_000937). It should be

noted that the HCE1 probe could detect both HGE1A1 and
HCE1A2 transcripts. The PCR amplification was conducted ina

" total volume of 20 pl containing universal PCR master mixture

" in a mini-gel apparatus and transferred electrophoretically to .

(10 1), gene-specific TeqMan assay mixture (1 il), and cDNA

template (3 x1). The cycling profile was 50 °C for 2 min, 95 °G for
10 min, followed by 40 cyeles of 15 s at 95 °C and 1 minat 60 °C,
.as recommmended by the ianufacturer. Amplification and

quantification were done with the-Applied Biosystemns 7900HT
Real-Time PCR System. All samples were dnalyzed in triplicate
and the signals-were normalized to polymerase (RNA) If [18]

-and- then expressed as relanve levels of mRNA among all

samples
24, Western analysis
‘Microsomal profeins (15 ng) were resolved by 7.5% SDS-PAGE

nitrocellulose membranes.. After non-specific binding sites

. were blocked with 5% non-fat milk, the blots were incubated

" with an antibody against HCE1, HCE2 and GAPDH, respec-
" tively. The preparation of the antibodies against HCEL and .

HCE2 was described elsewhere [6}. The primary antibodies
were subsequently localized with goat anti-rabbit IgG con-
jugated with horseradish peroxidase, arid horseradish perox-

: idase activity was detected with a chemiluminescent kit

" tions (e.g., protein concentrations) to maintain the metabo-

2.5,

" (SuperSignal West Pico). The chemiluminéscent signals were

captured by a KODAK. Image Station 2000- and the relative
intensities were quanuﬁed by the KODAK 1D Image Analysis

" Software.

Enzymatic assays .

.Allenzymatic assays were cartied out at 37 “Cin a total volume

of 100 pl. Pilot studies were performed to determine condi-’

. lism in the linear range. Generally, microsomes (20-80 ug

‘protein) were prepared in 50 pl incubation buffer (phosphate
buffer, 100 mM, pH 7.4; or Tris—HCI, 50 mM, pH 7.4)-and then '
. mixed with an equal volume of substrate solution (the same

buffer). Hydrolysis of aspirin was performed in phosphate
buffer; whereas hydrolysis of oseltamivir, déltamethrin and
permethrin was carried out in Tris-HCI buffer. Aspirin -was
assayed at 1 mM, oseltamivir at 200-pM, both deltamethrin
and permethrin at 100 pM: The incubations lasted for 10-

60 min depending on a substrate, and the reactions were .

terminated with 150 il of acetonitrile containing an internal
standard (IS): acetaminophen (750 ng/ml) for aspirin, clopido-

Reverse traﬁscﬁpﬁon-qi:&nﬁt'dtii;é' polymerase chain

Hs00275607_m1 .

grel carboxylate (50 ng/ml) for oseltammr. napronex (4 ;.u.g/ml) -_ o

for deltamethrin and clopidogrel (33 pg/ml) for permethrin.

The reaction mixtures were subjected to centrifugation for -

15 min at 4 °C (15,000 g). Bydrolysis of aspirin and oseltamivir

was previously reported [3,4]. It should be noted that varicus .

controls were performed such as Omin incubation and.
incubation without microsomes.

26, Monitoring of hydrolysis by HPLC or LC-MS/MS

The hydrolysis bf aspirin or pyrethiroids was separated by

high-performance liquid chromatography (HPLC} {Hitachi .
LaChrom Elite-300) with a Chromolith SpeedROD .column -
RP-18e (Merck, Germany). The supernatants (1020 1l) of the -

_ reaction mixtures were injected and separated by an isocratic

for aspirin or gradient mobile phase for deltamethrin and

permethrin, The isocratic mobile phase, consisted of 12% -
methanol and 0.25% acetate acid at pH 3.9 [4). The gradient -

mobile phase consisted of acetonitrile and 0.01% formie acid.
The gradient was run at 20-50% acetonitrile (v/v) for 6 min, 50-
80% for Imin followed by 80-20% for 6 min. Both mobile

phases were run at a flow rate of 2 mV/min. For aspirin, the
formation of hydrolytic metabolite was monitored, whereas

for deltamethrin and perméthrin the disappearance of parent
compounds was monitored by a diode array detector at

230 nm. All quantifications were performed using peak area

ratios and calibration curves generated from the internal
cantrol. The calibration curve ranged from 2 to 300 pg/mL with

~ good linearity for’ sahcylxc acid, 0.8-160 pg/mL for deltame-. )
thrin, and 0.6-120 pg/mL for permethrin,

- The hydrolysis of oseltamivir was monitored by LC—-MS/MS

system (APl 3200) as.described previously [3]. Briefly, .the .-
supernatants of the incubation mixtures were separated‘

isocratically using a mobile phase compasition of 70:30% (v/
v) acetonitrile: 0,05% (v/v) formic acid in deionized water

maintained at a flow rate of 0.25 ml/min with a total run time -

of 6.0 min. Detection of the analytes was petformedin positive
ion mode using the mass transitions of m/z; 313.3 — 166.1 for

oseltamivir, m/z: 285.2 — 138.0 for oseltamivir carboxylate and: :
Cmfz

308.2 - 1520 for IS. Flow. injection analysis wras
performed at a flow rate of 20 ul/min to obtain optimum

source parameters. The following compound parameters were”
- used for oseltamivir, oseltamivir carboxylate and IS, respec-

tively. Declustering potential: +5, +5 and +30V,. focusing

" potential: +360 V each, entrance potential: +8 V each, collision
cell entrance potential: +20 V each, collision energy: +25, +25 -
and +30V and collision cell exit potential: +7 V each, The”

optimum source parameters that gave the highest oseltamivir
intensity were Curtain gas: 10 psi, collision gas: 4 psi, fonspray

- voltage: +5500 V, temperature: 450 °C, ion source gasi: 25 psi

and fon source gas2: 85psi. Integration of the peaks was
petformed by manual baseline adjustment using the ANA-

LYST SP version 1.2 software (Applied Biosystems). All
_quantifications were performed using peak area ratios and
calibration curves consisted of cseltamivir or oseltemivir

carboxylate to clopidogrel carboxylic acid concentration ratios
plotted against the oséltamivir or oseltamivir carboxylate to
clopidogrel carboxylic acid peak area ratios. The calibration

curve ranged from 1 to 250 ng/mL with good linearity for

oseltarnivir and 4 to 1000 ng/mL for.oseltamivir carboxylate.

._.20___



