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The calibration curves were constructed with 1/x* weighting
and the regression coefficients were greater than 0.99.
2.7.  Other analyses
_Protein concentrations wete determined with BCA assay
" . (Pierce) based on bovine serum albumin standard. Data are

presented as mean + S.D. All enzymatic assays were repeated
three times with the same microsomal preparation. Statistical

tests were performed to'compare means (Student’s (-test) or -
correlations (Spearman). In all cases, significant differences

were assumed when p-values were less than 0.05.

3.

* Results
31 Ontogenic expression of human carboxylesterases

_HCE1 and HCE2 by RT-qPCR

_In this study, we ‘first evaluated the expression patterns of
human carboxylesterases HCEl and HCE2 in various age

groups. A total of 134 ENA samples were analyzed including 48 -
samples from fetuses {82-224 gestation days), 34 from children

" (0 days-10 years of age) and 22 from adults (>18). The levels of

HCE1 and HCE2 riRNA were determined with RT-qPCR, and,

the' results are summarized in Fig, 1 and Table 2. Qvergll, the
" adult group had the highest levels of HCE1 and HCE2 mRNA,
and the fetal group had the lowest levels for both enzymes.
Based on the values of the means, the adult group expressed

-HCE1 at levels 319-fold hlgher than the fetal group, and ~50% -
higher than the child group (Fig. 1 and Table 2). Likewise, the *

‘adult group expressed HCE2 at levels 55-fold highier than the
fetal group and ~40% higher than-the child group. Inall cases,

the differences among various age groups were statistically -
significant {Fig. 1). It should be noted that two different sets of -

. Y axial values were used in Fig. 1 to accommeodate the iarge
- difference in the mmRNA levels between the fetal and the other
‘two graups. ‘

-In -ad@itién to the large difference among various age

groups {inter-group), a large inter-individual variability was

detected within a-group. The fetal group, for example, showed )

ar431-fold difference (ratio between the maximum and the
- minimum) in HCE1 mRNA with-a coefficient of variation (CV)
of as high as 172% (Table 2). The child and adult groups, on the

_other hand, vatied less in HCEL mRNA with a 218- and 12-fold -

" difference, respectively {Table 2}, Slrmlarly, the levels of HCE2
mRNA varied in all age groups, however, the overall variability
~ was much Jess than HCE1 mRNA. The variation in HCE2 mRNA
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Fig. 1 - Levels of HCE1 and HCE 2 mRNA in the aduls, child
and fetal groups. Total RNAs were subjected to RT-gPCR

~ analysis for the level of HCE1 mRNA (A) and HCE2Z mRNA
(B) by Tagman probes as described in Section 2, The adult
group contained 22 samples, the child group contained 34
samples and the fetal group contained 48 samples. The

- signals from each target were normalized based on the
sigmal froin Polll and expressed as relative levels. among
all samples. The data -are presented as mean + S.D. ()
Statistical significance at p < 0.05, () statistical
significance at p <0.001,

was the same in the fetal and child groups and hlgher than '
that in the adult group (21~ versus 4-fold) (Table 2).

~ We next examined whether the expression of carboxyles-
terases is age-related within a group. The levels of mRNA were
plotted against agé or gestation days, and the correlation
coefficients were computed, The adult group showed no clear
correlation for either HCE1 or HCE2 (data not shown), In the
fetal samples, the level of HCE2 but not HCE1 mRNA was’
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I-‘ig. 2 - Age-related. expresswn of HCE1 and HCBZ The dam from Fig. 1 were plotted against age with SPSS version 16: (A}
-.Cc:rrelatlon of HCE1 mRNA with gestation days. (B) ‘Correlation of HCE2Z mRNA with gestation days. (C) Correlation of HGE1

mRNA with age in the child group (0~10 years ald). (D) Correlation of HCEZ mRNA with age in the child group (0-10 years

old). (E) Con'elat!on of HCE1 mRNA with age in the sub-child group (0-1-year-old) {!-‘) Con’e’lahon of HCEZ mRNA with age in.
~ the, sub-ch:ld group (O—l—year-old), (‘) smtmncal sxgmﬁcance (p< 0.05} '

h éigniﬁcanﬂy cotrelated with age (Fig. 2A and B)"..In contrast, the

child group showed bétter correlation with age-on HCE? than -

HCE2 mRNA, although neither correlation reached the level of

. statistical significance (Fig. 2C and D). To gain additional -
. information -on age-related expression, correlation analysis
. .wasperformed on the samples from donors under oneyear ¢ld

(01 year). in this sub-group, much improved correlation was

" ° observed on both HCE1 and HCE2 with a p-value of 0.00¢ and

0.111, respecuvely (Fig. 2E and F).

3.2. Inter—individual uariability in carboxylesterase
proteins and oseltamivir hydrolysis in the child group

We: next examined whether-the levels. of carboxylesterase
"mRNA reflected the levels of corresponding proteins. RNA-

mfc_-rosoine matched s'al‘tipies.from 11 available pediatric-aged
subjects were evaluated. Fetal matchéd ‘samples ‘were not

‘tested because of low mRNA expression and low activities
“towards marker substrates (described below}. No RNA-micro-
some matched samples were available for the adult group. The

raicrosomal samplés were first analyzed by Western imrmu-

" noblotting ‘with .antibedy against HCE1 or HCEZ, and the
] 1mmunosta.1mng intensities were quantified by the KODAK 1D
Image Analysis Software.’ As shown in Flg. 34, all samples

contained HCE1 and HCE? protema. uut the relative gbun-

" dance vaned markedly. In particular, one donor {lane )
showed extremely low levels of both carboxylesterases.

(Fig. 34}, Based on the immunostaining intensites, HCEL

. protein varied by ~100-fold, and HCE2 protein varied by ~20-

fold. The inter-individual variability, however, was decreased

—22- .
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Fig. 3 - Individual variation of HCE1 and HCE2 proteins.and oseltamivir hydrc.nlys"ls in the child group. (A) Western analyses, .
Microsomes (1.5 p.g) were resolved by 7.5% SDS-PAGE and transferred electrophoretically to nitrocellulose menibranes. The
" - blots were incubated with an anubody against HCE1, HCE2 or GAPDH and chemiluminescent substrate. The signal was
captured by a KODAK Image Station 2000 and. the relative intensities were quantified by the KODAK 1D Image Analysis
Software. {B) Correlation analyses. The immunointensities of HCE1 and HCE2 were plotted against the levels of respective
mRNA. The con'e'lation coefficients and evaluations on statistical significance were performed with SPSS version 16..()
Statistical significant (p < 0.001). (C) Oseltamivir hydralysis by individual liver samples of the child group. Microsomes (20 ig)
-were incubated with oseltamivir (200 ;xM) at 37 °C for 10 min, and the formation of oseltamivir catboxylate was détected by ’
LC-MS/MS. Data were assembled from three independerit experiments with two injections of each experiment.

to ~8-fold for both carboxylesteraseé when the data-point

"{lane 6) was eliminated. For both HCE1 and HCE?, the mRNA.

levels were correlated significantly with the levels of respec-
‘ive protéins (p < 0.001) (Fig. 3B). The HCE1 matched samples
had a correlation coefficient of 0.9047, and the HCE2 matched
samples had a slightly lower correlation coefficient (0. 8471)
(Fig. 3B). :

~ Thelarge mdnndual vanablhty in carboxylesterase pro tein
pointed to the possibility of marked differences in the

" metabolism of therapeutic agents and other xenobiotics. To

- directly- test this -possibility,. the. .anti-zinfluenza viral agent

oseltamivir (an ester prodrug) was mcubated with 1nd1v1dual
donor sampies (Fig. 3A), and the hydrolySIs was monitored. As
shown in Fig. 3C, all samples hydrolyzed this anti-viral agent,
and the overall hydrolysis varied by 127-fold. Such a large

. inter-individual variability was in agreement with the varia-

tion in the abundance of HCE? (Fig. 3A), which has been shown

o catalyze the hydrolvsis of oseltamivir: {3).-As-expected, .. . .

Q=g L

sample 6 (lane 6) contained the lowest HCEL protein and

. showed the lowest hydrolytic activity toward oseltamivir.
Conversely, sample 7 {lane 7) contained-the highest level of ’
HCE? protein and was the most active toward this anti-viral

~-23-
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l-‘:g. 4 - Hydrolysis of oseltamwlr, aspirin, deltamethrin and permethrin. (A) Westem analysns of pcuoled samples for various. -
groups..Microsomes. (1.5 pg) pooled from the adult, child and fetal group were analyzed by Westem blotting and the .
immunaostaining intensities were. guantified by the KODAK 1D Image Analysis Software. (8) Hydrolysis of oseltamivir by
- pooled microsomes. Microsomes: (20 ng) from various age groups were incubated with oseltamivir (200 p.M} at 37 °C for

10 min, and the formation of oseltamivir carboxylate was detected by LC-MS/MS. {C) Hydrolysis of aspirin by pooled
microsomes. Microsomes (80 jug) from. variouis age groups wére incubated with aspirin (1 mM) at 37.°C for 60 min, and the :
formation of salicylic acid was detected by HPI.C. (D and E) Hydrolysis of permethrin by pooled microsomes. Microsomes (50 rg)
from various.age groups were incubated ‘with permethrin (100 kM) at 37 °C for 60 min, and the disappearance of the parent: .
‘compounds was detected by HPLC. Permethrin contaihed a mixtute of cis- and trans-lsomers at a ratio of 46 and 52%,
respectively with the cis-form having a retention tinie.of 10.41-amd the trans-form of 10.18. (F) Hydrolysis o_f deltamethrin by
paoled microsomes, Microsomes {50 pg) from various age groups were incubated with deltamethrin (100 uM) at 37 °C for o
‘60 mih, and the, dlsappearance of the parent compound was detected by HPLC. Data were assembled from three - :
independent expenments with each expenment havmg twao’ mjecnons. )

agent (Fig. 3A and C). The hydrolys:s of oseltamivir among
these individual samples was highly correlated with the
. protein tevel of HCE1 with a correlation coefficent of 0.9373,

' aithough samples ‘8.and 10 exhibited relatively lower hydro-

qJ.

.3_.'3._ Hj;drolysis of dritgs and insectfddes'by liver
microsomes of fetuses, children anid adults

“We next extended the metabolism study to include the anti-

inflammatory agent aspirin, and insecticides permethrin (cis-

and trans-) and deltamethrin. In addition to-their pharmaco-
logical and toxicological implication, these chemicals were

lysis compared with their relauvely HCE1 contents (Fig. 3A and .

.chosen because they are hydrolyzed in an 1soform specnﬁc
manner, Oseltamivir and deltamethrin are predominately
hydrolyzed by HCE1 {3,19,20], whereas aspirin is predomi-
nately hydrolyzed by HCE2 [4]. The cis-form of permethrin is -
favorably ‘hydrolyzed by HCE2, whereas the trans-form 'is
- comparably hydrolyzed by both forms. The extended meta- .
. bolism study was performed with microsomes pooled from

various age groups, and the microsomes “Were 50 pooled by
_mixing equal amount from all individuals in an age group. The
pooled samples enabled companson tobe madeonthe omerall.

- hydrolysis of these chemicals among different : age groups. -
We first determined the levels of HCE1 and HCEZ in the'
peoled samples by Western unmunoblotnng. Based.on the

immunostaining intensities, the child group expressed ~25%

_24_
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of carboxylesterases {both HCE1 and HCE2) of the adult group
and the fetal group expi'essed less than 10% of the adult group
(Fig. 4A). Overall, the magnitude of hydrolysis of these
-chemicals was correlated well with the relative levels of
- carboxylesterases in these samples (Fig. 4B-F). The adult
pooled sample showed the highest activity toward all

chemicals and the fetal pooled samples showed the lowest

gctivity. Hydrolysis of aspirin and trans-permethiin (Per-1) by
the samples pooled from the fetuses and children was slightly

higher than. that predicted according to their relative -

abundance of carboxylesterases. For example, the fetal
sample contained less than 10% of carboxylesterases of the
adult sample but showed 25% of aspirin hydrolysis {Fig. 4A and

C). Conversely, the hydrolysis of oseltamivir, cis-permethrin

. and deltamethrin by the fetal group was less than 10% of the
adult group. The precise mechanism on these discrepancies

remains to be'determined. On the other hand, the higher-than

predicted hydrolysis, in the case of d@spirin, was likely due to
* hydrolysis by other enzymes (highly expressed in the fetal
liver) or due to polymorphic variants. In support of these
... possibilities, butyrylcholinesterase has been shown to hydro-
* ‘lyze aspirin [21}, and certain polymorphic variants of HCE2
were found to differ from the wild-type enzyme in hydrolyzing
this anti-platelet agent [4], In addition, the liver expresses a
third- carboxylesterase [22], but it remains to be determined

‘whether this carboxylesterase hydrolyzes these compounds

"(i.e., aspirin and trans-permethrin} and whether thé- expres-
. sion of this carboxylesterase is developmentally regulated. ’

. 4.  Discussion

Carboxylesterases constitute a class of hydrolytic enzymes

that play important roles in the metabolism of therapeutic.

-agents and detoxication of insecticides f1]. In this study, we
analyzed a large number of individual liver samples for the
" expression patterns of HCE1 and HCE2, two human carbox-
- ylesterases predominately expressed in the liver. Overall, the
" adult group expressed significantly higher HCE1 and HCE2
. than the child group or the fetal group. The age-related
expression was confirmed on the levels of both mRNA and
protein. Iri agreement with the expression pattems, the adult
microsomes were approximately 4 imes as active as the child
". microsomes and mmore than 10 times as active as the fetal
. microsomes in hydrolyzing a group of therapeutic agents and
insecticides. Everi within the same age group, a large inter-
" individual variability was detected in mRNA and protein levels
as well as hydrolytic activity. '

Although both HCE1 and HCEZ exhibited a similar expres- .

_ 'sion pattern among the various age groups, there were several
' major differences. First, HCE1 exhibited much greater inter-
group and inter-individual variability than HCE2. For example,
based on the values of the means, the adult group displayed a
319-fold higher level in HCE1 mRNA compared with the fetal
- group. in contrast, these two groups showed only a 55-fold
. difference in the level of HCE2 mRNA (Fig. 1 and Table 2).
Likewise, the adult group showed a 430-fold inter-individual

. vaﬁability'in HCE1l mRNA (ratic between maximuri over

" minimum), in contrast, only a 2i-fold difference in HCE2

mRNAWas detected in the same group (Table 2). Second, HCE1 ‘

. displayed better age-related expression than HCE2 in the child

group -with coirelation coefficients of 0.3138 and 0.1058,
respectively (Fig. 2C and D}. In contrast, HCEZ displayed better
correlation in the fetal group with correlation coefficients of
0.4362 and 0.1136, respectively (Fig. 2A and B).

The large inter-individual variability, particularly in the
fetal and children groups, was likely an cutcome coordinated
by multiple mechanisms, In this study, we have shown that
the adult group expressed the highest levels of HCE1 and HCE2
followed by the child group, and the fetal group expressedthe
lowest levels of both enzymes (Fig. 1 and Table 2).-Such age-
related expression patterns were confirmed by RT-qPCR and
Western analyses {Figs. 1, 3 and 4) and established that
developmental regulation is involved in the expression of
HCE1 and HCEZ. However, the correlation with age in many
cases was only moderate at the most and did not reach the

‘Tevels of statistical significance (Fig. 2C and F). Although the

precise mechanisms remain to be determined, the lack of
strong correlation with age in these groups was likely due to -
complicated factors such as the administration of therapeutic
agents and disease conditions. We have previously reported
that pathological condition and therapeutic agents markedly =
altered the expression-of HCE1 and HCE2 [6,8}. Interleukin-6, a
cytokine usually elevated during inflammation, profoundly

. suppressed the expression of both HCE! and HCE2 (8).
- Consistent with the suppression of carboxylesterases by

cytokines, patients with elevated cytokine conditions such

. asliver cirrhosis had much lower capacity of hydrolyzing ester
‘drugs such ds _perindqpril, a l}on-sulphydryl angiotensin

converting enzynie inhibitor {23,24].
The significantly. lower level of HCE1 in the child group,
compared with the adult group, provides a molecular
explanation to the latge pharmacckinetic difference - in

* oseltamivir between these two groups. In this study, the
sample pooled fromi the children was only ~15% as active as

the sample pooled from the adults in hydrolyzing oseltamivir
(Fig. 4C). Consistent with the in vitro metabolism, children-
under 12.years old reportedly produced only approximately '

- half of the hydrolytic metabolite produced by adults (25].

Apparently the low level praduétion of vseltamivircarboxylate. .
in children was likely due to ineffective hydrolysis of the
parent drug and higher clearance of the metabolite. Further-
more, we have shown that individual sariples in the child

.group varied by as many as 127-fold in oseltamivir hydrolysis

(Fig. 4A}). Pharmacokinetic studies in children, however, did
not detect such a large inter-individual variation in the
production of hydrolytic metabolite of oseltamivir [25,26].
One explanation is that the frequency with an extremely low
expression level of HCE1 is rare in the general population, and
the pharmacokinetic studies were performed in 24 or fewer
children [25,26}. Indeed, there was a reported rare case thatan

- adult patient with diabetes mellitus had only 1-2% capacity of

normal peaple in hydrolyzing clopidogrel based on the values -

" of the means and standard deviations [27). Like oseltamivir,

clopidogrel is a substrate of HGE1 [3]. Ineffective hydrolysis of
oseltamivir, on the other hand, likely leads to increased
concentration’ in the brain. Some patients taking oseltamivir
reportedly devéloped neurobehavioral changes [28}, although
a direct link remains to be established between the developed
neurotoxiciy and the use of oseltamivir, .

_25_.
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In contrast to oseltamivir, py’rethfoids have lbrig been

recognized to exert neurotoxicity [29]. As a class of the most
used insecticides in the world, both the general population

and workers have a high risk to be exposed to these

" insecticides. Epiderniological studies have shown that the
exposure level, in some cases, can be high [30,31). Pyrethroid
insecticides are generally considered safe to. mammals,

because they are rapidly eliminated by carboxylesterases:

In this study, we have shown that the fetuses and children
hydrolyzed pyrethreids at a rate of only ~20% or lowerof the
adults (Fig. 4D-F), suggesting their vulnerability to pyre-
throids-induced toxicity. In support of this notion, neonatal

rats were reportedly 17 times as sensitive as adult rats to  ~

~cyperrnethrin [12]. Neurotoxicity induced by pyrethroids

- appears tb eause irreversible damage. Prenatal exposure'to
deltamethrin, for example, led to a deficit in locomotor
activity of offspring post-natally at 9 weeks [32]. In humans,
‘micromolar concentrations were réported in the meconium

. {33]. This is particularly of relevance as fetuges have only
. limited -capacity of hydrolytlc detoxication as descnbed in
this report. .

;.. In summary, our work’ pomts to several impertant
conclusmns First, the expressiori of both HCE1 and HCE.Z
increases with age, establishing that their " expression is
developmentally regulated .and that fétuses and children

" ‘generally have lower capacity of hydrolytic metabolism than ..
{14] ‘Pope CN, Karanth S, LiuJ, Yan B. Comparative

" adults. Second, there is a large inter-individual variability in
the expression of these enzymes, particularly in the fetal and
child groups. It is likely that the expression of HCE1 and HCE2
in these age-groups is subjected to non-developmental

. regulation with high sensitivity (e.g., , xencbiotic regulation}.
~Carboxylesterases are recognized to play important roles in
diugmetabolism and insecticide detoxication. The findingson

the large vardability among diffe;ent age groups or even within,
the. sgame age group have important pharmacological and’

" toxicological implications, particularly in relation to altered

phannacolﬂneﬂcs of ester drugs in children and vulnerabﬂlty ’

" of fetuses and chlldren to insecticides such as pyrethroids.

REFERENTCES

[1].8atoh T, Hosokawa M. Structure, function and reguiation of
. carboxylésterases. Chem Biol Interact 2006;162:195-211.
[2] Schwer H, Langmann T, Daig R, Becker A, Aslanidis C,
Schmitz G. Molecular cloning and characterization of a
novel putative carboxylesterase, present in human
intestine and liver. Biochem Biophys Res Commun
1997;233:117-20.
3] Shl D, YangJ,- Yang D, LeCluyse EL, Black C, You L, etal
: ti-influenza prodrug oseltamivir is activated by
carboxylesterase hurnan carboxylesterase 1, and the
activation is inhibited by antiplatelet agent clopldogre] J
Phiarmacol Exp Ther 2006;319:1477-84.
[4] Tang M, Mukundan M, YangJ, Charpentier N, LeCluyse EL,
Black C, ei al. Antiplatelet agents aspirin and clopidogrel
are hydrolyzed by distinct carboxylesterases, and
- clopidogrel is transesterificated in the presenice of ethyl
alcohiol. } Phajnnacol Exp Ther 2006;319:1467-76. .
{5} Wu MH, Yan B, Humerickhouse R, Dolan ME. Irinotecan
activation by human carboxylesterases in colorectal
adeénocarcinorna cells. Clin Cancer Res 2002;8:2696-700.

" Dexamethasone differentially regulates expression of
carboxylesterase genes in humans and rats. Drug Metab
Dispos 2000;28:186-91.

[7] Morgan EW, Yan B, Greenway D, Patkinson A. Regu]anon of

two rat liver microsomal carboxylesterase isozymes:
‘'species differences, tissue distribution and the effects of -
age, sex and xencbiotic treatment of rats. Arch Biochem
Biophys 1994;315:514-26,

{8] Yang J, Shi D, Yang D, Song X, Yan B. Interleukin-6
. suppresses the expression of mrboxylasterases HCE? and
HCE? through transcriptional repression. Mol Pharmacol

2007:72:686-94, ..

[9] Oxford ]S, Mann A, Lambkin R. A designer drug against
- “influenza: the NA inhibitor oseltamivir {Tamifiu). Expett
Rev Anti Infect Ther 2003;1:337-42.

[10] Anand SS, Kim KB, Padilla S, Muralidhara S, Kim HJ, Fisher
JW, et aL. Ontogeny of hepatic and plasma metabolism of
deltamethrin in vitro: role in age-dependent acute
neurotoxicity. Prug Metab Dispos 2006;34; 389-97. .

{11} Pape CN, Chakraborti TK, Chapman ML, Farrar jD, Arthun
D. Compatison of in vivo cholinesterase inhibition in
neonatat and adult rats by three: organophosphorothmate
insecticides. Toxicology 1991;68:51-61.

12} Cantalamessa E. Acute toxicity of two pyrethroids,

.permethrin, and cypermethiin in neonatal and adult rats.
Arch Toxicol 1993;67:510-3.
[23] Sheets LP, Doherty JD, Law MW, Reiter LW, Crofton KM, -
Age-dependent differences in the susceptibility of rats to
deltamethrin, Toxicol Appl Pharmiacol 1994;126:186-90.

carboxylesterase activities in infant and adult liver and
their in vitro sensitivity to chlorpyrifos oxon. _Regul Toxn:o]
Pharm 2005;42:62-9.
[15] vyhlidal CA, Gaedigk R, Leeder JS. Nuclear receptor
*  expression in fetal and pediatric liver: correlation with
_ CYP3A expression. Drug Metab Dispos 2006;34:131~7.

[16] Wortham M, Czerwinski M, He L, Parkinson A, Wan YJ.
Expression of constitutive androstane receptor, hepatic
nuclear factor 4 alpha, and P450 oxidoreductase genes

. determines interindividual vadability in-basal expression
and activity of a broad scope of xenobiotic metabolism
‘genes in the human liver. Drug Metab Dispos 2007;35:
1700-10.

[17] Leeder JS, Gaedigk R, Marcucci KA, Gaedigk A, Vyhhdal CA,
Schindel BP, et al. Variability of CYP3A7 expression in_
human fetal liver. ] Pharmacol Exp Ther 2005;314: 626-35.

[18] Radoni¢ A, Thulke S, Mackay IM, Landt O, Siegert W,

Nitsche A. Guideline to reference gene selection for
guantitative real-time PCR. Biochem Blophys Res Commun
 2004;313:856-62.

[19] Godin S], Scollon EJ, Hughes MF, Potter PM, DeVito M]J, Ross
MK. Species differences in. the in vitro metabolismn of
deltamethrin and esfenvalerate: differential oxidative and
hydrolytic metabolism by humans and rats. Drug Metab
Dispos 2006;34:1764-71.

. [20] Nishi K, Huang H, Kamita SG, Kim IH, Morisseau C.
" Hammaock BD Characterization of pyrethroid hydrolysis by . .

the human liver carboxylesterases hCE-1-and hGE-2. Arch
Biochem Biophys 2006;445:115-23.

" [21} Kolarich D, Weber A, Pabst M, Stadlmann J, Teschnerw

_Ehrlich H, et al. Glycoproteomic characterization of
“butyryicholinesterase from human plasma. Proteonms

BTy

2008;8:254-63.

{22] Sanghani SP, Quinney SK, l‘-‘redenburg TB, Davis W1, Murry

DJ, Bésron WF. Hydrolysis of ifinctecan and its oxidative
metabolites, 7-ethyl-10-[4-N-(5-aminopentanoic dcid)-1-
piperidino] carbonyloxycamptothecin and 7-ethyl-10-[4-(t~
piperidino)-1-amino]-carbonyloxycamptothecin, by human

_26_

6} Zhu W, Song L, Zhang H, Matoney L, LeCluyse E; YanB.



BIOCHEMICAL PHARMACOLOGY 77 {2009) 238-247 247

carboxylesterases CES1A1, CES2, and a newly expressed
carboxylesterase isoenzyme, CES3. Drug Metab Dispos
- 2004;32:505-11.

[23] Thiollet M, Funck-Brentano G, Grange JD, Midavaine M,
Resplandy G, Jaillon P. The pharmacokinetics of perindopril
in patients with. liver cirrhosis. Br j Glin Pharmacol
1992;33:326-8. :

124} Eriksson AS, Gretzer C, Wallerstedt S. Elevation of
cytokines in peritoneal fluid and blood in patients with
liver cirrhosis. Hepatogastroenterology 2004;51:505-9.

{25] Oo C, Barrett J, Hill G, Mann J, Dorr-A, Dutkowski R, et al.
Pharmacokinetics and dosage recommendations for an

oseltamivir oral suspension for the treatment of influenza’

in children. Paediatr Brugs 2001;3:229-36.

[26] Oc C, Hill G, Dorr A, Liu B, Boellner S, Ward P.
Pharmacokinetics of anti-influenza prodrug oseltamivir in
children aged 1-5 years. Eur ] Clin Pharinacol 2003;59:411-5.

{77] Heestermans AA, van Werkum JW, Schormig E, ten Berg JM,
Taubert D. Clopidogrel resistance caused by a failure to -

- metabolize clopidogrel into its metabohtes I Thromb
Haemost 2006;4;1143-5. .

[28] FDA Patient Safety News (2007) Caution on
Neuropsychiatric Events with Tamiflu: Show #59:http://
www.accessdata.fda.gov/psn/printer.cfm?id-486.

{29} Ray DE, Fry JR. A reassessment of the neurotoxicity of
pyrethroid insecticides. Pharmacol Ther 2006;111:174-93.

* [30] Leng G, Kithn KH, Idel H. Biological monitoring of

pyrethroids in blood and pyrethroid metabolites in urine:
applications and limitations. Sci Total Environ
1997;199:173-81. _

{31] HeudorfU, Angerer /. Metabolites of pyrethiroid insecticides
in urine specimens: current exposure in an urban
population in Germany. Environ Health Perspect
'2001;109:213-7.

[32] Johti A, Yadav S, Singh RL, Dhawan A, Ali M, Parmar D.
Long lasting effects-of prenatal exposure to deltamethrin

_ on cerebral and hepatic.cytochrome P450 s and behavioral
Cactivity in rat offspring, Eur J Pharmacol 2006;544: 58-68,

{33] Ostrea Jr EM, Bielawski DM, Posecion Jr NG, Corrion M,

Villanueva-Uy E, Jin Y, et al. A comparison of infant hair,

cord blood and meconium analysis to detect fetal exposure

to environmerital pesticides. Environ Res 2008;106:277-83.

=27~



.l * '.
P RN

L .
- t%&m} )—r/e/fﬁﬁm E&azmm}mﬁi{? méascma) tuﬁ:t\f?vzﬁ%ﬁ& e
C 5t 40 AFNCFOKITRUEEY STHE L, RUMKY 5 3 CORE LB (RUSY ERitaE

 REGHETLEL lﬁf'@%ﬁﬁﬁ-‘)v LELHFHICHT ST TN
' j_%’,ﬁt%a)mﬁl-ﬁ's"%ﬁm ’ -

 ONEHEXL, FRikF. AHAE
- Emk - E%&!#ﬁ%

[ﬁ‘ﬁ-& Eﬁ?f 2 7»%&:&21‘6&4 /7»::/#’94 mmm;a%»a &ﬁﬁaom #i .

Ll BRI LR tnassh. BERLRERABERS, TO%T ORBUSCALTHERNE.
1 memam sammsfmmruaﬁ ARG TR, Uit BRI R -

i BLY BEELYE, i, = o XN T OMEa~ N T Eikizyy, BOOHERS Fa—i

.+ B & haloperide!0.6 mglkg Gp) b 531 clonidine lomgllcg(ip)?i‘-*i-b BEE~ ) Lﬁ@&ﬁfébfq )
LA ?&J;o%wczsﬁ&ﬂhalopendo! Iﬁﬁﬁ"k&nﬂ#b ﬁ‘fﬁl—ﬁﬁtﬁ&'*?»ﬂaa E»h. mﬁﬁ"
& pr L )
Al EERMTICHE] & £ A I50mefke. ha.lopeﬁdol clomdme-'&i’b{'h-,ﬂ&-s-ﬂiﬁﬁiﬁfm )
i )i’/f/'ﬁﬁiﬁliééﬂhéﬁt#ok. ‘haloperidal & clonidine @HEAICHE, 0.63 EED S v !
o5 TSR R N, —O halopemdol-clomdme ﬁ%’ﬂ'ﬁl‘i yE 720 150mgﬁ:g OPERIE L 9-‘22&
N SRR B RN, T0F ST E SRR, scetisolaniids 20 melky FUREIC LY © -
ff 0.50 ENE L HBITHFL . 160 mefke IR TRV Y VBB RRICHR IR, 6, 21
k . diazepam'0.5, 1 mgfkg, valprorate 40 mglke, fluoxetine & mgfke RRBIS LY . & s?lbko‘-"&ﬁ ..
I BT T e L VS EBRWA L. LEN 0T, SOX IRV UL VITEHE, RETHO—D L
i OfRGSELLTHALEX OIS, SREETES n%waﬁmﬁaﬁrﬂimﬂ?baas &ﬁqiﬁmg .
| GRaEROTYESNS L @ﬁf?ﬁﬂlﬁ%ﬂ%IELJ:é;_&ﬂfﬁ%ﬁEéhé. e o

Morphme %ﬁﬁ#ﬁi‘i %ﬂtl-..}‘al-f%: L %%‘:ﬁ%ﬁmﬁﬁ ;w-mac«v:zz ‘
Che (HVCCS) #ﬁamﬁétﬁﬁ?é PI 3-kmase OPEE- :

' ottesm ﬁ!ﬂ?’ui & an, k‘é&l:&ﬁm
mmzx gy

S |2 IE&‘JI 5:": r-':%(s.\ %ﬁ&fmﬁﬁ%'tbé%@d&fﬂﬁ*%ﬁﬁuhhf Lﬁmcc #ﬁt%" .
S (T mfedxpme a..!:u morphine BREMBESTECHASh I L ERELE, —~F. PL"
)| 8-kinase dlass IH ¢ 5 Vpsa4 4 trafficking (35S 4775 & L SR & TV DT LS, morphine .
CB R EB LEHVCC oRBMAMCES L TWATEENEA GRS, T I CHRHE TR, inorphine &
1 a:aﬁem&ﬁismm.bwaLgﬁvccw%m&#arw‘mg&ﬁ:—& fRpkTEr o ABE 0 -
- vﬁ#&m&ﬁ&@ﬁbrmﬁ%ﬁm&ﬁ#&mﬁ (#amm) arﬂwr. ﬁ&m%faxﬂ
L NSNS O R L T

(3] Morphiné = X5 ﬂmﬁ%ﬂ%ﬁdﬂ%ﬁﬁm{h J: g ﬁo f“-. HEHR~n morpbme

| RS, Honls MR LR LOCBRIEREHIIALE, (SCREA. 2 A0 30 mM - ©
L § mOLRES ey g ~d b RENABATEER T L, B ARSI Western blot BT D
& T Ir e

[F545 L USEE2]) Morphine [ 1.5 HEHSRE.. L5 HVCG M (uifsdiving) OIfRIC L5 .

 SICBALE = ORETONSERES ARSI TABEEREMN TS5 LEHVCCele BEKs
i 275 subunit 2 5T Vpsid EAORRRICABLIRMNANED Sk, M. HERIC morphitie
| ¢S LB A R RES A S 30 mM KOl SRISCa TRADEINE, LR BVCC MEROGAIT
L f FoRAEEESh, £i, mophine DELEEIC LY L HVCCo e BEF s subunitz
| & TR Vpssd B EOAESRNHAEL bitk, o ale subunit EEEOMME. PL $iinase @
B (I¥204002) OHARBCLIHFBEHPLE, MEORRL Y, morphine LD L&HVOC ‘
| o lc subunit EEREBEMBME, Vp534 H—EEETE S aat%e.:ox}_-tcof- >

E*ﬁﬁ%‘-‘*ﬁ&a& %113@(2008 06. 20, B

— 3] - Lo

_28._



