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Cholinergically induced ganmma osc:llanons are gecom-
panied by rhythmic-activity of the mhibltory network,
which shunts excitatory synaptic inputs and sharpens the
window in which pyramidal neurons can fire action
-potennals, leading to a tighter synchrony among
pyramidal - neurons (12). “Thus, oseltamivir-induced
populatlon bursts inay be shaped by the phasic.activity
of inhibitory mtemeurons, rather than pyramidal cells.
Qur preliminary data indicate that even at. & high’
. concentration of 1M, “oseltamivir does not mdut:e
* either depolanzauon or hyperpoianzanon of membrane
potential of hippocampal excitatory neurons in primaty .
dispeised cultures (n=8, data not-shown), Thus, our
data 1mply two, but not’ mmutually exclusive, possibilities .
concerning the action site of' oseltamivir: i) inhibitory .
intemettrons afe ap .action’ target of oseltamivir, and .
ii) ‘the effect of osehtamivir- -requires network activity ..
" flows, rather than single neurons. Given “that two.
structurally unrelated nevraminidase inhibitors, that is,
oseltamivir and. NADNA, exerted the sane effect on
network dctivity and: that 'sialic acid, a neuwraminidase -
substrate, regulates neurite adhésion between hippo-
‘éampal neurons (1), we - speculate that oseltamivir
- modulates sialylation-mediated neurite connectwlty and

enhances network synchronicity through interneurons.

Animal experiments with rodents demonstrate that
orally (30 — 300 mgrke) or mtravenously (8 #mol/h per
kg) administered oseltamivir accumulates in the brain
via the blood-brain barrier, the brain-to-plasma concen-
tration ratio ranging from 0.1.-0.7 (roughly €qual to
0.1 — 5 uM inthe brain) (13, 14). Safcty examinations of
Tamiflu™ (oseltamivir), conducted by Roche, show that
m 7~ I4-day-0ld tats, the brain c¢ancentration reaches °
- more than 500 times greater tharn that in adult animals
suggesting -

a hiigher iisk of a side-effect in younger brains. Intérest-
" ingly, a minor allele with singlé nucleotide’ poly-

morphism in HSNBU2 which. shows-a §trong binding .

affinity to oseitamivir, is frequentty observed-in Asians’

(9.29%), but not. in Europeans and. African Americans

(15). This Asian population’ may be highly susceptzble

to oseltamivir and thus affected by neuropsychlatnc
_disorders. Because our current data ‘are not linked to

behavioral alternations in human.and animals, iy estiga~ "
tions in vivo will be "necessary to examine whether

oseltamwnr—mduced popula.tlou bursts are related 1o
. some psycholocnc behawors frequently seen m mﬁuenza— .

(see basic product, mformanon of Tamiflu™),s

- mfected children.
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Fa ngenamme‘ls the main active
- substance responsible for the inhibitory
effect of Nandina domestica "Fhunbérg on
histamine-indueed contraction of gumea pig-
ttacheal smooth muscle
Takuro Jeki®®, Tatsihiro Akaishi',

~ Muneo Tsukiyama®, Hiroko Kikuchi®, Yoichi Yasuda®,

- Tsuneo Morioka?, Kazuho Abe'
*Lab. Pharmacol, Fac. Pharm,, Musashino Univ,, 1-1-20 Shmnmdn

Nishitokyo-shi, Tokyo 202-8585, Japm, “TOKIWA Pharmacext, Co.
Lid., Osaka 541-0052, Japart, 'NOEVIR, Co. Ltd., Kobe 650-8521, Japan

We have previously reported ‘that the crude extract from Nandina
damestica Thunberg (NDE! 0.1-1 mglml) inhibits histamine-
induced contraction of isolated guinea'pig trachea and the mhlbttmy
effect of NDE cannet be accounted for nantenine, a major
alkaloid isolated from NDE. To identify the active comtntucnt(s)

. responsible for the inhibitory effect of NDE on trachea! contraction, -

‘we obtained several fractions of NDE and investigated their
phamacoiogxcal effects on coatractile responses in lsolated guinta
. pig trachea. Among five fractions prepared from NDE by HP-20

column chromatography, only the 40% methano] fraction inhibited .
histamine-induced tracheal contraction. The 40% niethanol fraction -

was further-analyzed with the-ultraviolet spectrometer and liquid
chromatograph/mass spectrometer. Finally, we obtained only one
fraction’ that inhibited histamine-induced’ tracheal contraction, and
the mass spectrometry and nuclear magietic résonance -analysis
identified higenamine as the active substance We conclude that

E:&E&i‘*iﬁ #811H (2008. 03.

17—19, %

' P1L-41  Effects of pressure stimulus on
- cell proliferation and differentiation in L6
. skeletal muscle cells

Yoshiki Fujisawa', Kenji Hizuka', Noriteru Morita’,
Takuji Machida', Masahiko Hirafuji* o
'Dept. Pharmacol.; Facul. Pharm. Sci., Health Sci. Lini, of Hokkaido,
1757 Kanazmon, Ishikari-Tobetsu, Hokkaido 061-0293, Japan, *Dept.
Weliness Planning., School of Lifelong Learning Support Systems,
Hokusho Uni., 23 Bunkyodtzr Ebetsu, Hokkaido 069-8511; Japan

Mechanical forces. related to pressure is an important factor for
cell hypertrophy and proliferation. The effects of pressure stimuli
on skeletal muscles are not yet well characterized. The purpose of
this study is to examine the effects of a pure pressuré stimulus on

. skeletal muscle-cells. Atinosplieric pressure. was applied to rat L6

myoblasts and myotubes at 160 mmHg' for 3 hours. Protein and
mRNA expressnons were analyzed by using immunoblotting and
real-iime RT-PCR, rcspectwcly Phosphorylated ERK and JNK-
were both increased in pressunzed skeletal muscle myoblasts.

. Phosphorylated p38, myogenin protein and insulin-like growth

factor mRNA were all decreased in pressurized skeletal muscle

;myob[asts Tnduction of cell ‘differentiation to myotubes resulted

in an increase of phosphoryiatcd ERK compared to myoblasts:
However, pressurization to.myotubes failed to induce significant
change in phosphorylated ERK. These findings demonsirate that 2
pure mechanical pressure stimufus enhances cell proliferation and ©
suppresses cell differentiation in skeletal. muscle myoblast, and
raise the possibility that elevated iniramuscular pressure may have

- higenamine is the main active constituent of NDE in inhibiting

E tracheal contraction. .
' DI6s Zfi

PAHIHE Oseltamivirinduces spike
synchronization in.hippocampal networks
. Atsushi Usami', Takuya Sasaki', NObL_thrO Satoh?,
- Takahiro Akibaj, Satoshi Yokoshima?,
- Toliru Fukuyama®, Kenzo Yamatsugu’,
" - Motomu Kanai®, Masakatsu Shibasak?,
" Norio Matsuki', Yuji Ikegaya'

" - i nboratory of Cherical Pharmecology, Graduate School of Pharmaccutical

 Sciences, Tokyo University, 7-3-1 Hongo, Bunkyo-ky, Tokys 113-0033,
+ Japan, *Laboratory of Synthetic Naturdl Producls Chemistry, Gradunte
. Schaot of Pharwimceutical Sciences, Tokyo University, 7-3-1 Honge, .

© - Bunkyo-ku, Tokyo 113-0033, Jajan, *Laboratory of Synthetic Organic

Chentistry, Gradunte School of Pharmaceutical Sciences, Takyo Unfversity,
- 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Jopan

* Oseltamivir is an antiviral drug used to treat influenza. It inhibits -

neuraminidase, thereby preventing ififluenza virus from emerging
. from infected cells. The effect of oseltamivir on the central
nervous system is largely unknown, however, We menitored

the' activity of neurons treated with oseltamjvir in hippocampal .

slice cultures, by using electrophysiological recordings and
functional multineuron caleium imaging. Double patch-clamp
“recardings revealed that oseltamivir led to spike synchronization
among adjacent hippocampal CA3 neurons. To investigate how
. oseltamivir alters neurgnal network operation, we simultaneously
recorded the spike activity of hundreds of hippocampal neurons.
Oseltamivir and its active form both induced global spike
synchronization that recruited virtually all neurons in the network
and persisted for more than several seconds. The effect was
concentration-dependent, Network excitability may be regulated
by extracellular sialic residues through neuraminidase.

diver S‘e_effe'ctS‘a'c‘EorﬂTrrg'TO‘t‘ch*dlfferentlatlm Stage of skeletal
muscle.

P21-02% “Visualization of heuronal

' _nétwork'activity implications-for a new
drug-screening method: n systems.

neuropharmacology :

Naoya Takahashi, Takuya Sasaki, Norio Matsuk1
Yuji Ikegaya :

Lab. Chepn. Pharmacol., Grad. Scih. Pharm. Sci., Unio, Takya, 7-3-1
Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

‘Synchronization in cortical nctworks is.a prevalent feature

_ that reflects dynamic processing of sensory input and internal

information. We developed high-speed’ functional multineuron
calcium imaging (fMCI} to simultaneously record action

-potentiats from about hundreds of neurons at up to 2000 framesfs

and reconstructed the, spanotcmporal pattern- of hippocampal
CA3 network activity in vitro. Spentaneous activity displayed
the emergence and dynamics of synchronized network activity
with millisecond coordination. Whole-cetl recordings from
synchronized neuron pairs revealed that coordinated excitatory
inputs potentially contributed to precise synchronization. To
etucidate the profile of network synchrony, in MICI data sets, we
estimated the statistical significance of synchronicity between all
possible nevron pairs. The graphs, in which individual neurons
were functionally connecied based on strength of pairwise
correlation, were sparse, complex and locally clustered, exhibiting
small-world architectures. These findings provide a snmpllﬂed

“strategy for evaluating network operations, which will -provide a
‘new drug screening technique in systems neurophamacology.
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T As abnormal liehaviors such asjumpmg and falling from bal- X

cony were reported in patients aged 10 to. 19 years who adminis-

‘trated ogeltamivir phosphate (Tamifia) for treatment infiuenza -

“infection, the Mlmstry of Health, Labor and Welfare in Japan

T .notified that, as a rule, Tamiflu should not be prescribed to pa-"

tients aged 16 to 19 years: To examine the relationship between
. Tdmiflu and abnormal behaviors, we investigated the effects of

Tamiflu and its carboxylic acid metabolite, GS4071; on'the-cen- .

#ral nervous systeni, that is, on 3 nenrgtransmitters (dopamine,
.serotomn, and norepmephrme) in presynapses (inhibition .of re-
uptake, promotion of release) and postsynapses ‘(guanosine 5°-
triphiosphate (GTP) ¥S binding), usirig rat brain synaptosomes.
Neither Tamiflu nor-GS4071 influenced the- re-uptake!release of

" . the3 menozmines or GTP binding i in posisynapses.

Keywo:ds Tamiﬂu oschamwlr phosphate G54071; dopammc .5CTO- -

- tonix; norcpmcphrmc

v

". As an anti-influenza virus agent oseltamivir phosphate'

) (ethyl -(3R,4R,58)-3-(1-ethylpropyloxy)-4-acetamido-5-
ammo-l-cyclohexane-l -carboxylate phosphate, Fig. '1A)
) (proprictary name: Tam1ﬂu®) was developed by Roche Labo-
* ratory Inc. (Swntzerland) In Japan, the Ministry of Health,
_Labor and Welfare approved this agent.in 2000, In February
2001 and July 2002, Chugai Pharmaceutical Co., Lid., as a
. Japanese agency,- started the sales of 75-mg Tam:ﬁu cap-
. sules and 3% Tamiflu® dry syrup, respectively. The action
'mechanism of Tamiflu is reported as- follows': it suppresses

- viral release from the surfaces of infected cells by inhibiting .. .

" neuraminidase, an enZyme essential for the proliferation of
type A/B’influenza virus, preventing viral infection/pralifera-

tion in other celis. “This mechanism is similar to that of -

zanami'yii‘ .hydrate. (Relenza®, anti-inflienza virus. agent).
Relenza is an inhalation agent, whereas Tamiflu is an oral
- preparation; therefore, the administration method is simpler,
<. although the interval until Tamiflu reaches the infected site is
prolonged. Furtherrpore amantadine hydrochlonde (Symme-

/O:NHAC » J@iNHAc
Et0,C TUNH,HPO, HOOC W,
(B) GS4071

{A) Tamiflu

Fig. 1.  Chemical Structures
* A: Tamiflu toscllamivir phosphatc}, B: GS4071.

% To whom corrcsl-:oondencc should be addressed.
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trel®} is also administered as an oral anti-influenza virus
agent. However, it is not effective for influenza-infection
other than type A influenza infection. Thus, Tamiflu can be
simply administered to treat influenza infection, and may be
useful for preventing and treating bird infiuefiza infection.
According to Roche Laboratory Inc., the sales situation of

_ Tamiflu is as follows.? Japanese patients (n=34000000) ac-

count' for approximately 75% of the total world Tamiflu con-

sumption (45000000 persons, as of March 12, 2007). Ameri-
. can patients comprise the second highest percentage (20%).

The amount of Tamiflu administered to children in Japan was

--13 times higher than that in the United States. The usage of
. Tamifiu in Japan is'numerous.

" In 2007, abnormal behiaviors such as jumping and falling
were reported in 10- to’ 19-yéar-old patients administrated
Tamiflu. Therefore, the Ministry of Health, Labor and Wel-.
fare in Japan notified that, as a rule, Tamiflu should not be
. prescribed to patients aged 10 to 19 years.. On April. 25, .

2007, the Ministry of Health, Labor and Welfare published
the “Reports on the Side Effects 6f Oseltamivir Phosphate
(Tamifluy”,”) which liad been submiited.between the start-of .
sales and March 20, 2007, According to the report, abnormal
behaviors were observed in 186 of 1268 patients with side ef-
“fects (8 of them died), In the presence of influenza en-
cephalopathy, abnoimal behaviors similar to those after Tami-
flu administration have- also been. reported. In Japan (1995,
2000, encephalopathy frequently develops in children aged
less _than 6 years (2.5/100000 persons),*” and the mortality
rate (10 to 30% of patients with encephalopathy) and inci-
. dence of squeal (approximately 20% of thém}) are high.*® In
_children aged over 1 year, the side effects of Tamiflu are raré
and slight.” A study indicated that there was no association _
between Tamiflt and mortality/encephalopathy in infants

- aged less than 1 yeac® Concerning the felationship between

Tamiflu and abnormal behaviors, another study reported that
there was no sagmﬁcant difference in the incidence of abnor-
mal behaviors between patients with and without Taimiflu
(11.9% vs. 10.6%, respectively).”

To evaluate psychoactive drug activity qumkly, we re-
‘ported an assay system for mvoshgatmg the influence on ‘the
central nervous system using synaptosomcs prepared from
‘the rat brain'®: a system for examining the influence of vari- -
ous chermicals including psychoactive drugs on 3 neurotrans-
_mitters (dopamine (DA) system, serotonin (5HT) system, and
norepinephrine. (NE) system)-in presynapses (inhibition of --
re-uptake; promotlon of release). ‘Many of the monoamine
receptors, including DA, 5HT, and NE receptors, are consid-
ered to belong to.the superfamily of guanosine 5'-triphos-
.phate (GTP) binding’ protein-coupled receptors in postsy-
napses (GTP binding). Abnormal behaviors seen in the case
of Tamiflu administration to treat influenza closely resemble *
those seen in the case of the acute psychoactive drugs intoxi-

"+ cation, a pleasurable mix of stimulant-like and hallucinogen-

like effects. Oral administration of Tamiflu, an ecthyl ester
prodrug, is converted to ‘the active form, (3R,4R,55)-3-(1-
ethylpropyloxy)-4- acctamido-S-am'no t-cyclohexane-1-car-
boxylic acid (GS4071, Fig. '1B) in vivo." As an animal ex-
periment it is reported that Tamiflu passes the brain barrier,'"
we investigated the influence of Tamiflu and its metabolite
GS54071, which were supplied by Prof. Shibasaki (the Uni-
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versity of Tokyo,. Tokyo, Japan), on DA,.5HT, and NE 'as_v;«_:li

s .“as GTP binding using a psychactive drug-assay system fo

examine the refationship beiween Tamifluand abnormal be-
haviors. :

MATERIALS AND METHODS

Reagents - Tamiflu z_md‘ GS4071 - were a., kind gift from .
- Prof, Shibasaki. They -were synthesized according to .

Fukuta et al.”” and Mita ef al.'” Methamphetamine (MAP)
and’ cocaine were purchased from Takeda Pharmaceutical

Company Lifited and Dainippon Sumitomo Pharma ‘Go.,
" Ltd., respectively. Chemicals were dissolved in dimethyl sul--

foxide (DPMSO, final concentration: 0.1%)- SH-DA (2.20

TBq/mmol), *H-SHT (1.1}TBg/mmol), ‘H-NE (193

TBq/mmol), and [**SIGTPYS (46:25 TBg/mmiol) were pur-

. chased from PerkinElmer Inc. (MO; U:8.A.). Other reagents

used in the study were of the highest grade commiercially
available. ; .

Arimals Male Sprague Dawley rats {crlj:CD (SD)) at 5

.weeks old were obtained from Charles River Japan (Kana-

". gawa, Japan): After the rats were. preliminary bred for one |
_weck, they were kilted under ether anesthesia and'their brains

were -quickly temoved.'™¥ All animal studies were per-

formed in accordance with the UFAW Handbook on the Care..

and Management of Laboratory Animals. o
Preparation of Cerebral Syhaptosomes for Re-uptake
and Release Assay The stratym and cerebral cortex were

dissected from the rat brain. Crude synaptosomes werg 0b- -
10,14}

tained by the methods described in our previous reporls.
- The cride synaptosome from the striatum was used for the
assay of re-uptake and release of DA, and that from the cor-

tex was used for the assays of SHT and.NE. For the release .
assay, 1 4 reserpine was added to 0.32 M sucrose and buffer.”

The re-uptake and release assays -were started immediately
after the preparation of synaptosomes. Protein conceatrations
were determined by the medified Lowry method.using-a Bio-

"" Rad assay kit. ; . . ) o
Preparation of Cerebral Synaptosomes’ for ‘GTPYS
" Binding Assay The whole brain dissccted on jce was ho-

mogenized. Crude synaptosemes were obtainéd by the modi- .
.fied methods described in previous'® and our personal re-

poris. The synaptosome was divided into-aliguots and stored
.at —80 °C until use. : - )

" H.DA, *H-SHT, and “H-NE Re-uptake and Release

Assays - ‘The re-uptake and release assays were conducted
" :using the methods described in our previous reports.'' The’

final concentration of 0.1% DMSO had no effect on the ac- '

tivity. Specific uptake or release was calculated by subtract-

ing the non-specific uptake (DA; 260; SHT; 500, NE; 720 .

dpm) or refease (DA; 5210, SHT; 4960, NE; 2200 dpm) con-
tent from the total uptake (DA; 11600, SHT; 2960, NE; 3480
dpm) or release (DA; 10160, SHT; 7560; NE; 6770 dpm)

- content. From these results, the drug concentration giving the

}C,, or EC;y was obtained.
[*°S}GTPYS Binding Assay
- determined by the methods modified in previous'® and our
personal reports. Specific monoamine- or chemical-stimu-
fated [P*S]GTPYS binding values were calculated by subtract-
© ing basal binding values (obtained in monoamine or chemi-
cal absence; 900cpm) from’ stimulated values (obtained in

The GTP binding aséay was -

1817

" monoaminc or chemical presence). The % of 5-HT maxima

was determined by dividing DA-, NE-, or chemical-induced

rhaximal binding vsing the 5-HT-stimulated maximal hincjing: o

value (2110 cpm) as a reference compound. -

‘Statistical Analysis' ICq, and ECy,. values were déter-
mined using the sigmoidal dose-response curvé fitting ob-" '
tained by-a software, KalcidaGraphi ver. 4 (Synergy Software,
PA, US.A.). The data represented the mean values of three
independent experiments {n=3). - ’ ) T :

- _RESULTS AND DISCUSSION

In this study, wé examined, that Tamiffu and GS4071 6w -
DA, 5HT; NE-reuptake and release assays, and GTP binding -
assay using rat brain synaptosomes. We compared the influ-
ence of Tamifiu and GS4071 on *H-DA, *H-SHT, and H-NE
re-uptake with that of a.stimulant, MAP, and a narcotic, ¢o<’
caine (Figs. 2A—C): Both MAP and cocaine potently inhib-

“ited DA, SHT, and NE re-uptake, and their ICs, values were. ..~
similar fo those ptjaviously_,repurted;“’ However, neither”. -

Tamiffu nor GS4071 influenced re-uptake of the 3 mono--~ -
amines. In release dssay, MAP potently promoted DA/NE

" MAP's EC,, values and thie finding of cocaiiie wete consis-
‘tent with the-results of our. previous study. 1% Neither Tamiflu ,
nor GS4071 promoted the release of *H-DA, *H-5HT, and. -
3H:NE (Figs. 2D—F). Subsequently, we studied a [’SIGTP
binding assay under conditions which facilitated the adequate’ -
responses of DA, SHT, and NE. Neither MAP, por cocaine, *
promoted G-protein binding, as previously reported. Also,
‘neither Tamiflu nor GS4071 bound the G-protein binding of - *
DA, SHT, and NE receptors (Fig. 3% “*» - .- |
In a symposium held by the Japanese Society of Pharma-
cological Epidemiology (JSPE) (May 20, 2007), some inves- -

flu: administration. and abnar;r'nal behaviors based on statisti- -

Re-uptake Release ..

Re-uptake of 'H-0A
(% of conltol}
Retatned of *H.DA
{ratln 10 controf}

.| 3
ot 1wt W

:;1' TR

Agsugtake of YH-5HT-
(% of eontralf
Retatned of *H-5HT
frailo ta cenirol):

1:1'. 1:1' W

T

{ratio o control),

Re-uptake of *H.NE
% of conirol)
Retalnad of M-NE

A (C}

1&’ 1;),“ 1;1" _1:1" w1 1:5‘ 1n‘
Concentration (M}

W, et 18t )

Fig. 2. Inhibition of Re-uptake and Stimulation- of Relcase of Mono-,
amines by Tamiflu aad G84071 : ’

The synaptsome fraction prepared from striztum was uscd for the assay of dopaming «

{A arfd D), and that prepared from the coricx was used for the assay of 5-HT [B and E}

and narepincptirine {C and F). The 5.D. valucs ar less than 4.0%. (A}, (B), and (Cy: re-- - :

upteke assay; (D), (E), and {F); release assay. A: Tamiflu; $3: G54071; ®: mcthamphet-
amine: B cocaine. :
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release, but cocaine did not influence the 3 monoamines. . -

tigators reported fhat there was no dssociation between Tami- -



