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Fig. 3.
Binding by Tamiflu and GS407! in the Rat Whole Brain Membranes'
Specific [”S]GFP?S bindinjz was measured in.the presence of various concentrations

of Tamifle and GS4071 as described in Materdals and Methods. The results are ex-
pressed as g pereentage of the specific binding of SHT at 107*m. The S.D: values arc -

* less than 5.0%. A: Tamiflu; O: GS407i; ®: methampheiammc l cocaine § A DA
D "S-HT; ©: NE . .

cal data; and that Tamiflu decreased the incidence of poeu-
moria to 1/3. Others suggested the relationship between
Tamiftu ddminisiration and abnormal behaviors. A consensus

has not been reached. Concerning anti-influenza virus agents
other than Tamiflu, the Miriistry of Health, Labor and Wel- -

" fare. also announced the incidences of dbnormal behaviors
afier administration on May 14. According, to this, 10 and 6
" patients with abnormatl behaviors after administration of Re-
lenzafamantadine hydrochloride (denominators unpublished)

have been reported, since 2000- and 1998, respectively® In -
the package inserts of amantadine hydrochloride, side effects

on the -ceniral nervous system (hallucination, delusion) are
described. , They may -be probable, since it is described that
the -agent_inhibited DA re-uptake while promoting its re-
leasc/synthesw in"an animal (rats) experiment in the new
drug application. However, in the new drug application of

" Tamifit (materials regarding its’pharmacological effects), it

- is describéd that Tamiflu may not influence any symptbmsl

" activities, the central/autonomlc nervous - systeins, “smooth -

muscle, nor immune system based on the results of géneral
- pharmacological and toxicity studies using aninals, and that
néither Tamiflu nor its carboxylic acid metabolite (GS40’?1)

. influenced 19. receptors involved in nausea/vomltmg inanin,

) wrra study regarding the central nervous system,
“In. the United: States, 153 patients (0.21/100000 persons)
aged less than 18 years died of influenza in thé season be-

tween 2003 and 2004.'" They consisted of 0.75 persons aged .

--less than 1 years; .0. 30 persons aged 1 to 4 years and 0.11
persons aged 5 to 17_ years per 100000. persons. -The ‘inci-
dence of influenza-encephalopathy in children aged less than

. 6 years in Japan (2.5/100000 persons)*” is-higher than that’

_ in the United States. This reflects differences in genetic back-
grounds.*® As the number of patients in whom Tamiflu was
prescribed-was not reported * we estitnated the mortahty rate

Representative anpentratmn—Rcsponse Curves' for [“SJGTPYS .

Vol. 30, No. 9

according to abnormal behaviots as 0.024/100000 persons

from Roche’s report.? The incidence of influenza en-
. cephalopathy is much higher than that of the abnormal be-
haviors occurred in those who were administered Tamifiu to
treat 'influenza. Neither Tamifiy nor (GS4071 inhibited the re-
uptake of 3 monoamines. in presynapses, promoted their re-
lease, or influenced G-protein binding in postsynapses'in.our
in vilro ‘assay system. It is thus indicated that mechanisms
underlying the abnormal behaviors dise to Tamiflu are differ- '
erit from those underlying the effects of psychoactive drugs.
It hias been-suggested that Tamifiu inhibits encephalopathy-
‘related death and the onset of pneumonia in children.'®
Therefore, this agent may be uscful for.treating influenza in-
fection in high-risk groups consisted of children or elderly
persons.' We propose that the relationship between Tamiflu
and. abnormal behaviors should be examined quickly using
influenza-infected animals, and then Famiflu must be adrmn-
istered, consndenng its nsks ancl bencﬁts
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Oseltamivir, an Anti-influenza Virus Drug, Produces Hypothermia in
Mlce. Companson Amung Oseltamlwr, Zanamivir and Diclofenac
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Oseltammr phospha'te (Tamlﬂu). an antl-mﬂuenza ﬂrus drug, is hyvdrolyzed by carboxylesterase to an ac-
. tive metabolite. The metabolite inhibits the influenza virus—spcclﬁc nesraminidase. Ia chis study, the effects of o5~
eltamivir on nermal core body emperature were studied n. mice. Oseltamivir (30—300 mg/kg, Intraperitoncally
. (i.p-) and 100—1800 mg/kg, orally (p.o.)) dose-dependcntl\' lowered the body témperature. The cffeéts of os-
celtamivir {p.o.) continued longer than those of oseltamivir (.p.), and approximately (riple doses of oral os-
. eltamivir were neaded to produce the same peak effects as intraperitoneal oseltamivir, The non-steroidal anti-in-
* flammatory drug diclofenac (1—30 mgfkg. i.p.) did not, affect body tempevature,.and (at 30 and 60 mg/kg, s.c.}’
. did not interact with the hy pothermic éffects of oseltamivir (100'mg/kg, Ep.). Zanamiyir, which also inhibits neu- .
rnmmldase. did not produce hypothermia-at doses of 100.and 300 mg/kg, Lp. Clnptdoarel {100, 300 mglkeg, Lp)
which-Is metabglizéd by the’ same carbn\\lesternse, tended to decrease the hypothermic eéffects of pseltamivir
{100 mull-u". i.p.}. These results suggest that the hypothermic effects of Oseltammr are due to its -hydrolytic
metabolite, and-that the hypothermia observed in mice has some relationship to the antipyretic el‘l‘ects and severe

Cohy pothermla (ad\erse cvent) observed in influenza’ patients.after lahmo oselaamivin

Iu:,\ words oseltamivirs hyporthermia: zanamivis: diclofennc: mouise

..The anti-influenza drug oseltamivir (Ro64-0796) is hy-
. drolyzed to the active metabolite oseftamivir calboxylate
-{Ro64-0802. OC) by human liver carbo‘(y]eslemse (CES).
“and -OC .inhibits 1he infiuenza virus-specific neuram-
- inidase.!” ¥ Oral administration of the-parent compound os-
eltamivit (OP) relieves the symptoms of influenza .(cough.
myalgia, nasal obstruction. sorethroat, fatigue. headache.

leverishness).” OF has strong antipyretic effects, which be-

“come apparent within 24 h after taking the drug.® Ih addi-
* tion, an adverse event*(unknown caswal relationship)—hy-
pothermia—after ingestion ‘of OP has. been reported. Forty-
four cases of hypothermia had been reported to the MHLW

(Ministry of Health, Labour and 'Welfare, Japan) up to March -
. 20, 2007." Data released by the Food-and Drug Administra--
tion {FDA) ha\.c .also described hypothermia to 34°C in 2.

 cases®
“1n the present smdy we tmestmated the effec:s of -OP aon

norma! core body temperatyre using mice, and found. rela-”
tively strong hypotherniic effects. Z'mamiy:r which-is also a

" neuraminidasé inhibitor and dn anti-influenza virus drug. was
compared with' the effects of OP. Absorbed OP is hydrolyzed

by human liver CES1 to the active metabolite OC." The by-"

drolysis is: stron"ly inhibited by the anti-platelet drug clopi-
- dogrel, which'is metabolized by the same esterase CES] ™
- Thercfore, clopidogrel was used to inhibit hydrolysis of OP
in an.atternpt to swdy the involvement of GP or OC in hy-
pothermia after OP administration.
As the antipyretic diclofeniac carries a warning of possible
-severe hypothermia. in children and the elderly with high
fever in the package insert and an interview form.™" the ef-
fects of diclofenac ou body temperature and its mteracnon
) w:th OP were also studied.
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MATERIALS AND METHODS

Animals  One hundred forty-six male mice (dd¥ strain.
51.C Shizuoka. Japan) were kept for @ Iéast 7d under a
12212 h tight-dark cycle before experiments with full access
‘1o water and food, éxcept those used for oral ddmmlstmnon-
of OP, which were fasted for more thari-15 h.

All experimental protocols used were approved. bv the An-
imal Care and Use Committee of Nagoya City University
and were.conducted in accordance with the wiidelines of the
Japanese Pharmacological Society.

Measurement of Rectal Temperature At 5 weeks of |
age. the mice were used to study the effects of drugs on body
lemperature in an experimental room for animal behavior
which was nmaintained at 23—23°C. Each mouse was placed
individually in a Plexiglas ‘cage {19X612% 11 em (depth)),
:hen removed every 10 min, held looesely in a small cloth bag.
and the core body temperanire was measured using a digital
thérmometer with a resolution of 0.1 °C (MT-132. Mother
Tool, Uéda. Jupan}. The thermometer probe was inserted 23
mm into the rectum.'' After each measurement. the mouse
was returned to its cage. Mice whose rectal temperature be-
fore drug administration was below 37 °C were not used. for
.experiments. Drugs were adiministered after the temperature
‘became stable. ' '

. Drugs Thedrugs used were oseltamivir phosphate (Tam-
iflu capsule, Chugai Pharmaceutical Co.. Tokyo, Japan).
zanamivir hydrate (Relenza, dry powder inhaler, Glaxo-
SmithKline Co.. Tokyo, Japan), clopidogrel sulphate (Plavix
tablet. Sanofi-Aventis Co.. Tokyo, Japan) and diclofenac
sodium (Sigma, St. Louis. MO. U.S.A.). A Tamiflu capsule
{75 mg} contains 98.5 mg of oschamivir phosphate and 64.3
mg of additives, The seluble additive is povidone..and the in-
soluble additives are pregelatinized- starch, croscarmellose
sodium. talc and steary] furnarate sodium. The content of the
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