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- ABSTRACT
Oseltamivir (Tam:ﬂu

Roche Laboratories, Inc.) is a neuraminidase inhibitor that can cause jump-

down behaviors in children. There is a mouse sl:p-down model, in which the dopamine D2 recep-
tor activity is increased by serum slaloglycollpxds and the mouse Jump-down behavior appears in-
_ - response to the dopamine D2 receptor agomst "PPHT. The present study -examined- the ‘effect of -
-+ oseltamivir on, jump-down behavior in mice. Oseltamivir sialylates a serum glycolipid and this
modified glycolipid induces jump-down behavior via the. stimulation of dopamme D2 receptors.
" “This mechamsm may bc involved 1 in the abnormai behavmr of chlldren takmg oseltamivir,

". Oseltamivir (Tamiflu®, Roche Laboratories, Inc.) is
an antiviral drag used to treat influenza. It can re-
. duce the duration and 'severity of the illness if ad-

- muinistered within 48 hours after the onset of
" -symptoms’(4, 13, 19). Recently, fatal accidents due

- . to abnormal behaviors such as jumping fromn high

places after taking oseltamivir have been reported in
juvenile patiénts in-Japan (7, 18, 20}, These abnor-
mal behaviots usually occur a&er the initial admin-
istration of oseltamivir (8). In' March 2007, the
Japanese Ministry of ‘Health; Labour and. Welfare
_announced a ban on the-use of oseltamivir in pa-
_ tients from 10-19 years of age (12). However, little
is known about either the contribution of this drug
to these behavtqrs or the mechanism involved. .
Sialic acids exist mostly in the terminal positions’
of biomolecules (such as glycoproteins, glycolipids
and gangliosides) and cell membranes and are in-
volved .in a wide variety of physiological processes,
-including immune functions (24, 26). Neuraminidas-
" es are called sialidases because they hydrolyze the
terminal. sialic acid linkage in these biomolecules
.and variations in human sxahdase actw:ty have been
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implicated in serious diseases and symptoms includ-

_mg neuropsychlamc problems. (1, 2, 25). Oseltami-

vir is a representatlve neuraminidase inhibitor.
Shp-down behavior in mice-is induced by a com-

paratively Iow-dose of the dopamine D2 ‘receptor

agomst PPHT (17), and that the representative -do-
pamine D2 receptor .agonists morphme and quin- . .
pirole induce jump-down behavior in’ mice (6, 10).

In addition, we noticed that mouse jump-down be-
havior appeared by increased deses of PPHT during
previous expenmcnt An increase in dopamme D2
receptor . activity is closely associated with si-
alylation: of a:serum glycolipid (15): Oseltamivir

-.might influence’ the dopamine. D2 receptor activity
through sialoglycolipids and oseltamivir might be .

connected to the manifestation of the jump-down
behavior: An animal model is useful for understand-

_ing these behavioral phenomena. Therefore, the

jump-down behavior in mice .could be a model for
the jump-down behavmr in human children takmg
oseltamivir. -

. The present study mvesngated the effect of osel-

" tamivir on jump-down behavior in mice, a serum

glycolipid associated with this -behavior and changes
in glycosylation of .this glycollpld in.response to os-
eltamivir.
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' MATERIALS AND METHODS

Animals. Eight-week-old male ddY mice that-
weighed 25-30.g were purchased from Japan SLC
(Shizu_oka, Japan). A group of 5 mice were housed
in a plastic cage (338 x 140.x 225 mm) with free ac-
cess to food (ED-7; Clea Japan, Tokyo, Japan) and
water. The animal room was kept at 21-25°C with

50-60% humidity and was _illuminated from 7:00 -

to 19 : 00. All experiments were carried out accord-
ing to the guidelines of the Ethics Committee for
- Animal Experiments of the Aklta Un1vers1ty School
of Medlcme

Dosage of 'PPHT 'mducmg mouse jump-down
. ‘behavior. The dopamine. D2 receptor agonist 2-
) (N-phenylethyl-N»propyl) amino- 5-hydroxytetralm
-hydrochlonde (PPHT; Funakoshi, Tokyo, Japan) was
dissolved in water. The observation of mouse jump-
down behavior is the-same as procedure of obser-
vation of mouse slip-down behavior which we -
_ previously reported (17). This method was estab-
lished for the detection of neuronal D2 dopamine
receptor actlv:ty In brief, a ra:sed platform measur-
'ing 10'em in diameter and 20 cm hlgh was prepared.
-. One group of five mice in a cage was intraperitone-
ally injected with: 200, 150, 100, or 50 pg/kg of
PPHT, or 100 ul. of p_hysiolo_gi‘cal saline (PS) as a
conirol. Twenty minutes after the injection, the mice
. ‘were placed individually on the platform for 5 min
“and thereafter- both slip-down.behavior and _]ump-
"down behavior were mvestigated

‘Effect of oselramzvrr on jump-down behavior. From’

" . results of the above experiment, 50 pg/kg of PPHT

was determined to be a snboptlmal dose of mouse
Jump-down behavior. Other naive mice groups were
prepared. Two trials separated by a 20-min interval

" weré observed to confirm “that all .of thie mice re-

" . mained on the platform for 'S min without jumping-
down and slipping-down before the administration
. of drugs. Then the mice were injécted intraperitone-
ally with ‘oseltamivir solution or with PS as a con--
“trol (5 mice each). Oscltamivir was dissolved in
water and 25 mg/kg, 50 mg/kg, or 100 mg/kg was .
" injected intraperitoneally in mice (5 mice each).
Two hours after injection with oseltamivir solution
or-with PS, each mouse was placed individnally on
the platform and jump-down behavior was. examined
- for 5.min. These mice were also injecied mtrapento-
neally with PPHT at the suboptimal dose of 50 pg/
'kg. Twenty minutes after injection with PPHT of -
"50 pg/kg, jump-down behavior was again examined

M. Suzuki et al

" for S min,

Isolation. of the glycolipid fraction from sera. The
effect of oseltamivir was thought to be related to se- -
rum glycolipid. Oseltamivir solution (100 mg/kg)
was injected intraperitoneally. in-5 groups of mice

and PS (100 pL) was injected into another 5 groups.. ~

Sera were collected 2 h after this treatment. Glyco- *
lipids were separated from the sera by the methanol--

* chloroform method, as reported previously .(16). ‘In -

brief, } mL of sera was added to 2.5 mL methanol
and 1.25 mL chioroform. The fluid was agitated for
2 min and left at room temperature (RT) for 10 min.
Then another 1.25.mL chloroform was added and

. the mixture was agitated for 30 5. After addition of - .

1.25 mL water and- agitation for another 30's, the -
mixture was: centnfuged at 150 x g for 5 min at RT,
thus resulting in arn uppér methanol-watsr layer con- .

_'taining proteins and a lower chloroform layer con-.
taning lipids and. glycolipids. The lowex- layer was.

collected and evapo,rated and the hpxds and glyco- -

lipids were redissolved in-2 mL water.. The solution
was applied to an jon-exchange DE-52 colymn -
(Whatman International, Maidstone, UK} saturated
with 10 mM NaHCO,, pH 8.3 and eluted with' 50;
100, 150, 200, 250 and 300 mM NaCt in _stag‘gs.
The eluted fractions were refined to less than 3kDa -
with the use of an ‘ultrafiliration. membrane (Centri-

con; Amicon, Tokyo, Japan). Two hundred microli-

ters of each fraction was injected, intraperitoneally . -
into the naive group of 5 mice and then the mice - .

were additionally injected with 50 pg/kg PPHT

20 min after the fraction injection. The effect'on '~

neural D2 receptor -activity was mvestlgated by the
_}ump-down method.

De;ection ‘of the sugar chain structures of effective - - '

glycolipids. To detect the sugar chain. structures of
the glycolipids, a 50% ethanol lectin-enzyme-linked
immunosorbent assay (lectin-ELISA) was performed,
as reported previously (16). In bref, 50 pL of the
lipid fraction eluted with 250.mM NaCl in the se- -
rum' of 5 mice treated with 100.mg/ke oseltamivir -
or 5 mice treated with PS-was mixed with 50 pl.
cthanol and poured into one well of a 96-well plate -
(Sumitomo -Bakelite, Tokyo, Japan). After 2 h, the
well was washed three times with a washlng
solution (PS containing 0.005% Tween 20; Sei- .
kagakn Co., Tokyo, Japan). After a 30-min block -

" with 5% bovine sefum’ albumin (Sigma-Aldrich,

$t. Loms, MO), the well was washed again three -_
times with the same washing solution. Five different”
biotinylated lectins that recognize specific sugar
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chain structures (ABA Galf,_,GalNAc; DBA,
- ‘GalNAca, ;GalNAc; SSA, Siala, ,Gal; AAL,
Fuca, ,Gal; MAM, Siali, ;Gal) were prepared at
2 pg/mL in PS and 100 pL of the mixture was add-
ed'to the well. After 1 h incubation at RT, the well
“was washed three times with the washing solution.
One hundred microliters of peroxxdase—con_;ugated

avidin (Seikagaku Co.) prepared at 0.1 pg/mL in PS -

- ‘was then added to the well. After 15-min incubation
at RT, the well was washed four times with PS. De-
velopment of the color reaction was performed with
a developing kit (Sumitomo Bakelite) and absor-
bance was measured at 455 nm and 650 nm. .

 Confirmation of the- glycolipid effect. The glycolipid
fraction eluted with 250 mM NaCl from the sera of

mice treated. with PS or the sera of mice treated
with- 100 'mg/kg oseltamivir was. applied to a Macck-
ia amurensis agglutinin (MAM) affinity column
{Seikagaku €o.). MAM is the. specufic lectin for

i Siala,.;Gal and this aﬁ'imty column was used to re- -

_ fine the glycolipid that has Slalu,,‘:,Gal in the sugar

" : chain termijnal. Fractions chited with 6 M urea were

‘desalted over a CD-50 desalting column (Pharmacia,

Uppsala, Sweden) and freeze-dried. Glycolipids’

were redissolved in water to a concentration of
. .10pug/mL. A concentration of 25, 50, or 100 uglke

“of glycohpld solution was mjected mtrapentoneally
. into mice (5 each) and the effect on jump-down be-

- havior was investigated after treatment with the sub~

i optimal dose of PPHT.

v Statistical analysis. The Kruskal-Wallis rank test
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was used to determine significant differences among
groups. The Mann-Whitney U test was used for fur-
ther analysis. P <0.01 was consuiered to be stafisti-
cally significant.

RESULTS

Suboptimal dose of the dopamine D2 receptor ago-
nist PPHT ) ) ‘

A concentration of 100 pg/kg of PPHT nduced slip-
down behavior, -but 50 pg/kg did not. On the other
hand, concentrations of 200 and 150 ug/kg induced
jump-down behaviof, but 100-and 50 pg/kg did not

-(Table 1).

Effect of oseltamivir on jump-down behavior

To- determine whether oseltamivir induces jump-
down behavior in mice, the behavior of the mice 2h
were examined after the injection of various concen-
trations of oseltamivir-or PS and then at 20 min af- -
ter the injection' of 50 pg/kg PPHT. Mice treated
with oseltamivir or PS showéd na jump-down

.behavior, but after being treated with ‘D2 receptor'

agonist, the mice treated with 50.or 100 mg/kg osel-"
tamivir ‘showed jump-down behavior (Table 2), The
number of micé exhibiting Jump-down behavxor in-
creased dose-dependently : '

Effects of serum glycolipid fractrons on jump-down

behavior :
To determine whether g[ycollpld fractlons from
100 mg/kg oseltamivii-treated mice induce jump-
down behavior, the mice were injected intraperitone-

“ Table 1 Juipp—down or slip-down behavior induced by the‘daparhine D2 receptor agonist PPHT

- " Dose.of PPHT {pg/kg) = P3
: ) 200 150 100 50 (control)

Jumnp-down behavior - 5 5 . To0. 0 0
Slip-down behavior L 0 5 : 0 07

Values in this tablc indicate the number of mice that showed _]I.lmp-dOWn or shp-dovm behavior among the 5 trealed .
. mice. PPHT: 2{N-phenylethyl: N—pmpyl) a.mmo—S-hydroxytetralm hydrochlonde PS: physmlog:c saline, -

Table2 Number of mice exhibiting jump-down behavior

Dose of oseltamivir solution (mg/kg) PS

100 - 50 25 (control)
2 h after oseltamivir injection 0 0 0 : 0
.20 min after further D2 receptor agonist injection 5% 2* 0 0

Values in this table indicate the number of mice that showed jump-down behavior among the 5 treated mice. The
D2 receptor agonist was used at 50 ug/kg. In the lower data, a statistically significant difference was found (k=3,

n=0=ny=
test). PS: phys:ologlc saline.

5, n=15, H=12.5, P <0009, Kruskai-Waiiis rank test). “P <0.01 vs. control (Mann-Whitney U
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- ally .with serum glycolipid fractions. eluted with
various concentrations of NaCl and evaluated their
behavior. The glycolipid -fraction from. 100 mg/kg
oseltamivir-treated mice eluted with 250 mM NaCl

- induced jump-down behavior (Table 3). None of the

_other fractions from 100 mg/kg oseltamivir- or PS-
h‘eated mice induced this behavior.

.Sugar chain reactivities of glycalrprd eluted with

250 M NaCl

To identify the sugar chain structures of the
.effective glycolipid eluted with 250 mM NaCl, the
- .reactivity .of five kinds of sugar chain structures

were investigated using by the 50% ethanol

lectin-ELISA method. The sugar chain structures

Galp,_;GalNAc, GalNAca, ;GalNAc, Siala, (Gal and.

Sialo, ;Gal were found in the glycolipid fractions of
‘mice. treated with 100 mg/kg oseltamivir or PS (Ta-

M. Suzuki ef al.

¢

Conﬁrmanan of the g!ycohprd effect
To confir the glycolipid effect, three concentra-
tions of the glycolipid fraction or PS ‘were each in-

- jected intraperitoneally into' 5 mice and the effects -
_on jump-down behavior were investigated. After re-

finement with a. MAM column, the glycolipid from
mice. treated with oseltamivir dose-dependently in-

-duced jump-down behavior after treatment with’

50 pg/kg PPHT. The glycolipid from mice treated.
with PS did, ‘not induce this behavior, even at the

dose of 100 ug/kg and’afier treatment with 50 pg/kg o
_PPHT (Table 5). -

‘ D'ISCUSSION '

ble 4). No Fuca, ;Gal reactivity was found. The .-
Galp;_,GalNAc; GalI*TAcal,3GalNAc and Siala, (Gal

reactivity was similar in both- groups, but the
Sialoy, ;(Gal reactivity was greater in the mice treated

- :with 100 mg/ke oseltamwlr than .in the mice treated .
T “with PS.

Oseltamivir is.a sialic acid analogue that inhibits _in-.
fluenza type A and- type B neuraminidase, the viral

‘enzyme that allows the release of virus from infect-
‘ed cells. In addmon oseltamivir is an ester prodrug

activated by hepatic carboxylesterases. It is thought

"that the sudden onset of reactions such' as abnormal -
" behaviors and’ sudden death during sleep are caused
by the prodrug of oseltamivir, oseltamivir phos-

phate. On the other hand, adverse reactions. such as
Table 3 Jump-q'own behavior-lin'miée treate& with. ga/oolipiﬁs isolated fro}n sera
‘ : Serum glycolipids from -
Injec:téd fraction mice treated with PS- - mico troated with 100 mglkg N b.
? - oscltamivir
Eiuted W|th 50 mM NaCl ° Q
100 0 '0 1
150 0 0
. 200 0- ‘o
250 B .5,
300 , .0 - , 0
Values in this tablé indicate the number of mice that showcd jump-down behav:or among thé 5
injected mice. All mice were also treated with 50 pg’kg dopamine D2 receptor agomst PPHT
20 mir after the fraction injection. PS phys:ologlo sallnc
Table 4 3ugar chain reactuwnes of the serum g{ycohpfds eluted wrth 250 mM NacCr
) Serum ghycolipid from
mice tréated with PS " mice treated with 100 mglkg PS (negative control) .
. ’ : oseltmmvxr ) :
Galf,_,GalNAc 0.126 0,127 0.036
- GalNAca, ;GalNAc - '_0.116 0118 - 0.050
Siala, (Gal 0.091 0.088 0.045
Siala, ,Gal 0.086° -0.153 0.043
- Fuca, ,Gal . 0.037 0.035 0036 .

.Values indicate absorbauce at dual wavelengths of 455 nm and 650 nm. ’
-Serus glycolipid was obtairied from the 5 mice treated w:lh PS or the 5 mice treated with 100 mglkg oseltanivir.

Ps: physmlog:c szline.
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Table5 Mice jumping-down after treatment with refined glycolipid

Glycolipid dose (pg/kg)

Gilycolipid from
mice treated with 100 mg/ke

, mice treated with PS oscltamivis
100 - 0. 5*
50 - 1] 3
25 0 0
PS (control) 1]

Values in this table indicate thé number of mice that showed jump-down behavior among 5
treated mice. All mice were treated with 50 pg/kg D2 receptor agonist. In the rght column data,
- statistical differences were analyzed by the Kruskal-Wallis rank test (k=3, == =S,

n=15, H=125, P <0.009).

*P < 0.01 vs. control (Mann-Whitney U test), PS: physiologic saline. -

pneurnonia, sepsis, hyperglycémia and gastrointesti-
nal bleéding are thought to be delayed reactions in-
".duced by oseltamivir and - the activé metabolite of
. oseltamivir, oseltainivir carboxylate (OC), is thought
" to be. the cause of delayed reactions. (9). Recently,.
. OC has been described to have an inhibitory action
on human' cytosolic sialidase.- It was hypothesized
that this effect might be a mechanism by which os--
eltamivir induces -adverse neuropsychiatric reactions
{14). Since OC inhibits the human cytosclic siali-
dase and it ¢an also damage the cell funcétions in

. various human.tissues, this may explain the delayed .

reactions induced by oseltamivir. However, abnor-
mal behaviors occur aftei the initial administration

©  of oseltamivir (8), therefore, it is- -supposed that the .

.mechanism of such abnormal behavior might be dlf-
ferent from the hypothesis (9). .
~ There were two.novel findings in the’ prcsent
study: 1) oseltamivir induced jump-down behavior
in niice in association with stimulated neuronal D2:.
receptor activity and 2) this effect of oseltamivir

was associated with the Siala,_;Gal form of si- -

- dlylation .of serum . glycolipid. Neither oscltamivir
" mor its carboxylic acid metabolite, GS4071, influ-

ence the re-uptake/reledse of three moncamines (do-

pamine, serotonin and norepinephrine) or GTP
‘binding in postsynapses (23). However, another in-
vestigation using rats. indicates the possibility that
-oseltamivir has effects on the central nervous sys-

tém, especially when combined with other agents

(11). Serum glycolipid would be expected to be si-
- alylated following oseltamivir treatment; however,
the mechantsm of sialylation with the Sialo,_,Gal
form is not clear. Lipids can pass through the blood-

brain barrier and dopaminergic neurons possess gly-

coside receptors (21). Serum glycohpld regulates the
" dopaminergic neuron activity, while stalylation en-
" hances thg effect of increased D2 receptor activity

. by agonists. A previous siudy repbrted ‘that oseltami-

vir enhances the effect of ganglioside on opioid re-
ceptors (3).

Hyperthermia excites. the hypothalamus, which
decreases the plasma sialic-acid level (3). Decreased

 sialylation of serum glycolipids regulates dopami-
" nergic neuron activity relating to hyperthermia. With
“regard to the jump-down -behavior of children taking’

oseltamivir, oseltamivir may block: glycolipid "desi- -

alylation and neuronal D2 ‘Teceptor activity in. chil-

dren infected with influenza may be increased.

.Slip-down behavior in mice is caused by dopami-

nergic hyperactivity to escape from an uneasy situa-

tion. (15). Jump-down behavior in mice “is.also - -

caused by dopaminergic hyperactivity and could
also indicate behavior to escape from-a_ui~uneasy sit-l '
uation. This is a basic adaptative behavior in ani-
mals and experietice refines the behavior. Some

«children may not be able to handle this type of hy- '

peractive D2 activity.
The results of the present study shed hght on the
mechanism underlying abnormal ‘behaviors of . some-

- children in response to oseltamivir, It would be use- _
ful to examine the oscltamivir-induced jump-down

behavior in influenza-infected mice. Human studies
such as a sugar-chain analysis of blood phospholip-
ids of patients who take oseltamivir are also needed.
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~ Activation of the Antiviral Prodrug Oseltamivir Is Impaured by Two
Newly Identified Carboxyleste_rase 1 Variants
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ABSTRACT: -

Oseltamivir phosphate is an ethyl ester prodrug widely used in the
treatment and prevention of both Influenzavirus A aid B infections,
The conversion of oseltamivir to its aclive metabolite oseitamivir
carboxylate is dependent on ester hydrolysis mediated by carboxy-
lesterase 1 {CES1). We recently identified two finctional CES1
-variants p.Gly143Glu and p.Asp260fs in a research subject who

. displayed significant impairment in his ability to metabolize the

selective ‘CES1 substrate, methylpheridate. §n vitro functional
stadies demonstrated .that the presénce of either of the two nu-
tations can result in severe reductions inthe catalytic efficiency of
CES1 toward methylphenidate, which is required for hydrolysis and
pharmacologncal deactivation. The aim of the p‘resent study was to
investigate the function of these mutation$ on activating (hydro-

expressing wild type (WT) and each mutant CES1. In vitro incuba-
tion studies demonstrated that the 59 fractions prepared from the
cells transfected with WT CES1.and human liver tissues rapidiy
convert oseltamivir to oseltamivir carboxylate. However, the cata-
lytic activity of the mutant hydrolases was dramatically hindered.
The V., value of p.Gly143Glu was approximately 25% of that of
wWT enzyme, whereas the catalytic activity of p.Asp260fs was neg-

Ilglble. These restults suggest that the ther'apeutic efﬁcacy of os- "

eltarmwr could he comprom:sed in treated patients expresslng

' eithér functional CES1 mutation. Furthermore, the potenhal for _

mcmased adverse effects or ‘toxicity as a result of exposure to
high conoentratuons -of the nonhydrolyzed prodrug should be

* considered. . . . S
Iyzmg) oseltamivir to OSeItamlwr carboxylate using the cell lines . ’

4

. .Oseltamivir phosphate (Tamiflu; Roche, Nutley, NJ)is widely used
in the treatment and prophylaxis of both Influenzavirus A and B

infections. In addition, oseltamivir may be effective in preventing or .

treating avian influenza or so-called “bird flu.” Oseltamivir is an ester
prodrug and, in general, it is readily converted to its active form

oseltamivir -carboxylate Tﬁcdiated. by hepatic carboxylesterase 1 °
{CES1) (Fig. 1) (Shi ct al., 2006). The active metabolite exeris its

antiviral effects, via @h'c selective inhibition of neuraminidase.
Carboxylesterases are members-of the af hydrolase -fold family

and expressed in many tissues, especially in the liver, small intestine,

and lung (Satoh and -Hosokawa, 2006; Ross and Crow, 2007). The

_-imajor human caiboxylesterases include CES1 (UniProtKB/Swiss-Prot

P23141) and carboxylesterase 2 (CES2) (UniProtKB/Swiss-Prot

.000748). CES1 and CES2 are largely distinguished from one another

by their substrate specificity and tissue distribution (Imai et al., 2006;

- Satoh and Hosokawa, 2006). CES1 more readily catalyzes substrates

with a relatively large acyl group and small aleohol group such as
methylphenidate, temocapril, and oseltamivir (Sun et al., 2004; Imai
et al., 2005; Shi et al., 2006). In contrast, CES2 preferentially hydro-
lyzes compounds bearing.a small acyl moiety and bulky alcohol
group, -which includes agents such as cocaine and irinotecan. CESI1
predominates in the buman liver, whereas CES2 is the major carboxy-
lesterase expressed in the intestine (Irmai et al., 2006). Hepatic CES1

- is- the major esterase goveming the metabolism of numerous and

Article, publlca‘aon date, and citation information can be found at
http/dmd.aspetjounals.org.
d01101124ldmd108024943

structurally diverse therapeutic agents formulated as carboxylic acid
esters, carbamates, thioesters, and-amide compounds including those

prodrugs. formulated as estars, Ini addmon a number of endogenous .

substrates are recognized.

I a recent study, we identified two CES1 mutations, p. Glyl43Glu .

and . Asp260fs (Zhu et al., 2008), in a sulg]ect who displayed pro-
found alteration of the phannacokinetiés of racemic (df)-methylpheni-

. ‘date (Ritalin; Novartis Pharmaceuticals, Summit, NJ), a selective .

CES1 su_bstraté, during a single-dose pharmacpkinéﬁc studly (Patrick
et al., 2007), The minor allele frequency of p.Gly143Glu was esti-
mated to be 3.7, 4.3, 2.0, and 0% in white, black, H:spamc, and Asian

- . populations, respectively, by a genotyping study that contains a total -

of 925 subjects with varied racial and ‘ethnic backgrounds It was
concluded that the p.Asp260fs variant was extremely rare because
none -of the 925 screened subjects carried this mutation. The func-
tional consequences of both mutations were investigated using cetl
lines stably expressing eachiindividual mutant. The in vitro iricubat_ion

study demonstrated that the catalytic function of both p.Gly143Glu
‘and p.Asp260fs is impaired to such a significant degree that CESI-

mediated methylphenidate hydrolysis was essentially nil using these

two CES1 mutants, whereas wild-type (WT) CES1 readlly cleaved the .

ester (Zhu et al., 2008).

Even though the two newly discovered CESI mutations were deter-

mined to be dysfunctional enzymes in terms of hydrolyzing methylpheni-
date fo its inactive metabolite ritalinic acid, the influence of these CESI
variants on prodmg activation has not been examined to date. Oseltamivir

(adrug in wide therapeutic use) bas recently been shown to be a selective

ABBREVIATIONS: CES1, carboxylesterase 1; CES2, carboxylesterase 2; WT, wild type; PNPA, p-nitropheny! acetate; PNP, p-nitrophenol; HPLC,

high-performance liquid chromatography.
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