
PHARMACEUTICAL COMPOSITION COMPRISING PYRAZINE
DERIVATIVE, AMU METHOD OF USING PIR ZINE DERIVATIVE IN
COMBINATION  TECHNICAL FIELD [000:1] The present
invention. relates to a:.  pharmaceutical. composition
comprising a nyrazine  5 derivative a salt. thereof
and one or more neuraminidase inhibitor(s), which is
useful in the  treatment (e.g., therapy y t% or
prevention) of viral diseases. Moreover, the present
invention relates to a  method of using a pyrazine
derivative or a salt thereof  10 and neuraminidase
inhibitor (s) in combination for treatment (e.g.,
therapy or prevention) of influenza.  BACKGROUND ART
000{i2] influenza virus infection (hereinafter, 15
referred to as influenza.) caused by influenza virus
is  ., c . disease. a fatal ax . c:._>a'^'=',. In
recent years, viruses frequently  such as avian
influenza have occurred,, whict exhibit:  strong
pathogenicity to humans. Avian influenza  threatens be
pandemic. 20 However, drugs applicable to influenza
are  much fewer than antimicrobial agents or the like.
For 2 _.iampie, amant adine and oseltai:ii'vir
currently used have  problems such as resistance to
them. A method of using anti-influenza . virus agents



in combination has been discussed for the purpose of 5
reducing drug resistance of influenza virus, ennancing
t:hera.::eut:.ic effects, and/or reducing side
effects, etc.  However, the drugs used in combination
are limited i  number and do not always produce
satisfactory effects. 10 For example, neuraminidase
inhibitors are  known as drugs that exhibit effects on
influenza virus.  Neuramin.dase; which is a spike
glycoprotein found an  the surface of influenza virus,
is required for  influenza virus infecting ..infecting
cells of the throat or 15 influenza bronchus and
proliferating to spread to their neighboring cells.
The inhibition of neuraminidase may  suppress the
spread of such influenza virus to the  neighboring
hbor.inr cells. For example, a r, ma in) ib .t:or ose
J.Ca ivir converted its active form  20 (S-4071 in
vivo, which exhibits antiviral effects such  that
inhibits neu.;aininidase on influenza virus (NON
PATENT DOCUMENT )O.seitaiii;;'r and zanamivir are
commercially available as neuraminidase inhibitors.
Such drugs have still been developed and studied. 25
On the other hand, a pyraz.ine derivative  having
antiviral activities is known (PATENT DOCUMENT 1).
This pyrazine derivative is known to exhibit
antiv.ral effects upon intracellular
ibosyi,b.osphoryla.:__on such that it inhibits virus
RNA  polymerase (PATENT DOCUMENT 2). However, nneither
a pharmaceutical composition  comprising a . .euramil'
da >e inhibitor and a pyra'sine 5 derivative nor a
method co : using a. neu :' mi.nidase  



inhibitor and a pyrazine derivative in combination has
been known so far. [00041 PATENT DOCUMENT ....
Pamphlet of W000. 10'569  110 PATENT DOCUMENT 2,
Pamphlet of W003/015798  NON-PATENT DOCUMENT It
Japanese Journal of  Clinical Medicine, 2003, vol. 61,
p 1975-1979 DISCLOSURE OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION  _'.5 [00051 There has been a
demand for a pharmaceutical  composition which has
strong anti-influenza virus  activities with few side
effects and is useful for the  treatment (e.g, therapy
or prevention.) of influenza 20 and for a method of
treatment of influenza,  ME1\NS FOR SOLVING THE
PROBLEMS [0005 Under such circumstances, the present
inventor has conducted diligent studies and 25
consequently completed the present invention by
finding  that a pharmaceutical. composition comprising
a piy_.a i7 e emivatlve represented by the following
general formula  ] of a salt thereof and one or more
neurani rti_clase  inhibitor i s) (Mmula 11 E 0  5
wherein R' and R2 are the same or different and each
represents a hydrogen atom or a halogen ge.n atom; and



R  represents a. hydrogen atom or an amino-protecting
group F has strong anti-'influenza virus activities
10 and is ;s useful for triE_`. treatment treatment of
_ influenza, and that o  a method of using these
compounds in combination is  useful as a method of
treatment of influenza.  ADVANTAGES OF THE INVENTION'
[0007j,  15 A pharmaceutical composition comprising a
[ vra:zlne derivative or a sail thereof and one or
more  has neuraminidase inhibitor(s) h<:; synergistic
strong anti- influenza virus activities and. is useful
for the  treatment (e.g., therapy or prevention) of
influenza.  20 A method. of using these compounds in
combination is useful. as a method of treatment (e.g.,
therapy or  prevention) of influenza. BEST MODE FOR
CARRYING OUT THE INVENTION;  [00Cs] Hereinafter, the
present invention will be  described in detail, in the
present specification, unless  8 halogen atom
S:i.7.:72 specified, otherwise means fluorine,
c.h.t.i`:r .n; bromine, and iodine atoms; an acyl
group  means, for example, .., to _my Q1:c:iup, a
linear or branched al.kanovl group (e acetyl,
propianyl,  10 butyryl, .sova.Leryl, and p valoyl) ,
an ar-Cp-6 



Y '7 y ..,_ :~%:Cc,_ .~.r Yol 1yl group (e.g., t,Y:2.
jt.:-Gt}1'`ilt:~,j ;. a cyclic  hydrocarbon carbonyl
group (e.g., :oensoyrl and  nr`p.'to .3i. , yi; r
hc:teracyr,:rr, carbonyl :roue. (e.g.,  nicotinoyl.
then( yl, pyxro.lid. nocarbonyl, and furicy'l 1 5a
succinyl group, a glubaryl. group, a. Sale ;yi. group.
a  phthaloyl group, and a linear or branched a _..^t
._.oaika.noyl group (which may be N -t.erminail w
protected) derived from amino acids (examples of the
amino kids include glycine, alanine, valise, leucine,
20 so eu..cine, ,.erne, threok :.nee, : y+stein.e, mer
Toni e,  as ar? c acid, glutamic acid, aspa :aagin'e,
C utamine,  a.rg nine, lysine, . ist.id ne, ;ydreo
ylys .n.e,  pnenylalanine, yrosirte, trypt:ophan,
praline,, and  hydr'oxyproline) : an alkylozycarbonyl
group means, for 2.5 example, a linear or branched
C:i.-u aiky.''loxyc r ony.Tl  group such as
methoxycarbonyl, e hoxy car'hon y'l , 1, l  di ;echyl
ro o ycarbonyi, isopropox'ycar"bi.ny
ethylnexyl.oxy'carbonyl., tert..hutoxycarhonyl, and te
:t t,. _ntyloxyca :bonyl; an a. ra : ky ,'.Y,yca
rt:ion.ya. group means,  for example, an av.-i",--"
a....kyloxvca rhori group such  benz y!o ycarbon.'yl
and pheneth.yloxyca._'bony groups;  aryloxyyca rur:ny7
group means, for example, a 5 phenvloxycar bonyl
group; aralkyl group means, for  example, an .arC1..t
al;_ group such as . i1 Z y. J. ,  d:Lphf_nylmethyl,
trityl, phenethyl, and ) aphti yimethyl;  an
alkoxyalkyyl group means, for example, a CI-6 



a!ky"! group such as methooxymethyl and 1  10 et.h
oyethyyl; an aralkyloxy ..ky.. group means, for
example, an ar...: CI-6 alkylozy-C1-G alkyl group such
as  he nzyloxyme hyi and phe.net:t'...yloxymethyl;
[0009]  an a y i hio group means, for example, a phe
iy thl o 15 group; an i ..ky sulfor ." croup means,
for example, a .6,  alkyylsulfonyl. group such as me;
:hylsu fonyYl.,  ,rhylsulfony', and pr'opylsulfony!;
an arylsuifonyIl  group means for example, ~e ,, t.
-.;.1'w '.:;ies:1i 3`" Gti'1.1r ._._ ,.uenesu .io:nyl,
and n ,pilthalenesulfony groups; a 20
diaikylaminoa!kyrlidene group means, for example, N,
N- d. ..met} yy!a minom'e thy:+_ene and N, N- d
ethy!.aminomethylene  groups; an aralkylidene group
means, for example, P. en.: ylidene. and naphthvlmet
yl.ene groups; a nitrogen- containing heterocyclic
alkylidene group means, for  25 example, a .. hyr`e
oxy 4-p'y i :;7lmet "yyiene group; a, cycloalkylidene
group means, for example,  cyclopen. yiidene and
:yclohexy"lioene groups; a  d.at::ylphosphor'yi group
means, for example, a dipYtenylphosrihory group; a
diaralky'i_ ,osphor', group  means, ;:Cr. example, ea
dibenzylphosphoryl group; an  oxygen-containing
heterocyclic alkyl group means, for  example, a
5i.tr.-.32yi '+ .-. .,tc ::`^t.._.J.r.>-C.1.1?::
}J.'.. ld '.'G`.LPiC-"hyl. group; and a substituted
sil.y], group means, for  example, ,.rim.eth:ylsiiyl,
._rhethy:.si l.yi, and t ."ibu.tylsilyl groups. 



An amino-protecting group encompasses :i.ll  10 groups
available as usual amino-protecting groups.  Examples
thereof include groups described W. Greene  et U.,
Protective Groups ;.n. Organic Synthesis, Ad  ed., p
4.91...653, 1.999, john Wiley & Sons, M Specific
examples thereof include an a y group, an 15
aikyioxyc:: zbc:nyh group, an arali LL loxycarbonayl
group, an  arylo. vcarbony l group, an aralkyl group,
an alk'oxyalkyl.  group, an aralkyloxyalkyl group, an
arylthio group, an  alky'lsulionyrl group, an arylsu .
oryl group, a dia kylaminoalkylidene group, an
aralkylidene group, a  20 nitrogen-containing
heterocyclic alkylidene group, a  cycloal.kyl den..e
group, a diarylphospnoryl group, a  diara .ky
phosphoryl group, an oxygen-containing  heterocyclic
alkyl group. and a substituted sil group.  25 [0011,
Examples of a salt of thc:: ....:31pound of the
general formula , used in the present invention may
include usually known salts of hydroxyl groups, 8
Examples thereof may include: salts with alkali metals
such sodium. and potassium; salts with alkaline-earth
metals such as calcium and Ciagn?silim ammonium
sa:lt-,  and salts with nitrogen-containing organic
bases such  as _r'irnethylamine, trig th'ylainii,-,
trihutylamine,, N- methylpiper'idire.,
N-methylmor'pho_ine., d ethylain files  dicycloh
xylaminer procaine, dike :ylamine, nntt e z
phenethylamine, 1--ephe amine,, and N,N' - 



dihenzyleth yl.erediam.ine, 10 Desirable examples of
the salt include  .t: .  pharmacologically acceptable
salts. A salt with sodium.  preferable. [0012]
Desirable examples of the compound of the  15 general
formula [1] used the present invention  include the
[al..owing- compounds compounds represented by the
general formula  [1] wherein R' is a hydrogen atom, R2
is a fluorine  atom, and is a hydrogen atom.. 20
["013-, The compound of the general formula [ 1 ] used
in the present invention is produced by combining
methods known per se in the art and may be produced
according to, o . ex.aampie, a production method 25
described in PATENT DOCUMENT 1.  [0014.'' ':samples of
a neuraminldase inhibitor used in  the present
invention include compounds themselves or their
in-vivo metabolites having inhibitory effects on
neuramin; cta such as oseltami.vir, zanar, ivire
peramivir, CS..89`8 and FRUNET. O C  ~,SE6l i:.d33'.=
V.3_Y' and  zanami. it are preferable. Oselt amivir is
furthermore 5 desirable,  



[0015] The administration route of a.
phalanaceutica.].  composition of the present
invention is not.  particularly limited, and it may be
administered 10 intravenously, orally, int na
1:7.scu..1.ai ly. hypodermically,  by inhalation, by
sp'ay'ing, through other d t  d.. ma. [..:.Si::: a3:.
.oC; routes. Moreover, t" derivative represented by
the e general formula [1] a .  the salt thereof may he
administered with the 15 neuraminidase inhibitor
simultaneously or in a  articular order, The
pharmaceutical composition of the present invention is
useful for the treatment e.g., therapy or  20
prevention) of influenza.. The pharmaceutical
composition of the present  invention allows treatment
(e. ., therapy or  prevention) of more severe?
influenza. Moreover, the  individual . drugs used
exhibit strong anti-influenza 25 virus effects even
when they are administered in  decreased amounts.
Therefore, their respective side  effects can _educed.
.'L" When the pharmaceutical composition of the
present. invention is used, it may usually be mixed
appropriately with pharmaceutical aids used in.
formulation, such as an exc ipi.ent, a carrier,, and a
`: diluent. These formulations may administered orally



mare tera_.l} in a form such as a tablet, a capsule,
a powder, a syrup, a granule, a pill, a suspension, an
emulsion, a solution, a powdered preparation, a
suppository, eye drops, nasal drops, eardrops, a
patch,  10 an ointment, or an injection according to a
conventional method... Moreover, an administration
method, a dose, and the frequency' of administration
may  be selected appropriately according to age, body
weight, and symptom a patient. It may usually be 15
administered orally or , arente ally e. g. , in ec'ti
r" n,  intravenous drips, and administration to a
rectal site)  to an adult one to several divided
dose(s) at  dose(s) of 0.01 to 2000 mg /kg per day.
EXAMPLES  20 [00.8 Next, the present inventicn will be
described  with reference to lest Examples. However.
the present  invention not intended to be limited to
them, [001  25 ... . (hereinafter, referred to as
1--?05) was selected as a  test compound. GS-4071,
which is an in-vivo active. form of U. . ] a.l.. J7
r,, and zanamivir were selected as
.i._.aL':.dit::.iiid l:o... inhibitors. in this
context, GS-407:1 used in the present. tests was
obtained by extraction  from Tamiflu :coral?ler"c ,a''
iy available drug), followed by  5 hydrolysis
according to a conventional method. 1 0020 Test
Example 1 



T-705 was selected as a test compound. GS  ,.0,... was
selected as a rteuraral.^._L se inh bi'.:.=..... 10
(1) Culture of MDCK cells Madin-Darby Canine Kidney
(hereinafter,  referred i. _f} as s MDCK) cell,.
subcultured at 370C under .: - .. "  carbon dioxide
conditions in an Eagle's "'::,M medium supplemented
"'ith. 0 fetal bovine serum in the oulture  .LF.:
solution were dissociated by an,
...':,:'_enediami'ne'.tetraacetic acid;trvpsin method
and  suspended in the same medium above. The cell
suspension y repa-red to contain 2 \ l0i cells in 100
p1  was in turn inoculated to a 96--wel.l plate. The
cells  20 were cultured overnight at 3 %`_. under
carbon dioxide  conditions to obtain a m nclayer of
MDCK c ells= [00217  (2) influenza virus infection and
drug addition A test medium used was a medium prepared
by  ~ 25 adding L-' l:r:;S'v`- .+amido-'2-pheT.t . .;
'.:...'.'.,ti4'- i1-CrJrCia;: C ti1\%i. ~CE`.'_`t;.:,
(..:.. CK) ea .:i trypsin at concentration . of 3
,pl.gtmL to  an E'agle's MM';N aec..1.um containing 1%
bovine serum  albumin supplemented with 60 pq/mL
kanamyc:.n. and four 1 -1 times the usual
concentration of vitamins, The MDCK cells obtained in.
the paragraph (1)  were rinsed with an Eagle's MEM
medium. after removal of  the culture supernatant.
Then, to each well, the 



5 following agents were adored. 100 pL of an Eagle's
MEN  medium containing bovine serum albumin and
vitamins  two Ames The concentration of the test
medium; 50 '.+ +a ,i an influenza virus. (PR/8 (H!Nl)`
solution adjusted  to 4.0 x . 100 FU mL with an
Eagle's MEM medium 10 containing TPCK-treated trypsin
at four times the  concentration the test medium; and
50 p.1 of an  Eagle's N[?J$ medium containing T-705 or
GS-4071 at four.  times the target concentration
(T-705 target  concentration (tsg 'mL) : 0.0156. 0. U
i_ 3, 0.0525, 0.125, 15 0.2 5, 0.5, 1, 2, and 4; and
GS-4071 . target  concentration (LG/m ) : 0.0 0313,
0.0062 5, 0.0125, 0.025,  0. )5, 0..1,. 0. 2, 0.4, and
0.5) or containing a T-705/GS--- 4071 . (5:1 ratio by
weight concentration) mixture at the  fou?. times the
target concentration. 20 lkf:er drug addition, the
cells were cultured  35'C for 2 days under 5% carbon
dioxide conditions,  [0022i ( ) Neutral red uptake
assay Cytopathic effect. , Pt'.'i) observed along
wi-An  2.5 influenza virus proliferation was assessed
by the  methods described in V. Viral Methods, 2002,
val. 106,,  .' 11-79 and Proc. Nat!.. Aced. SM., 1998,
vol. 95. p.  8574-8849.. ,After the completion of
culture, a VHS.  neutral red solution diluted with a
caic .um/raagnesiurC- free Dulb cola' phosphate buffer
i~d ye, .. _ .hrl'ir^.'.  



'~ . added . a volume  of 100 iii each well. The plate
wasallowed to stand  at 35" 0 iin.^3::... 5% carbon
dioxide conditions. Two hours  later, the solutions in
the welis were removed by aspiration. After rinsing
twice with 100 }aL of a  calcium/magnesium-free
Dulbecco's phosphate buffer, 100  ML of a mixed
solution of a buffer (pH 4.2, composed of 10 0.1 mol/L
sodium citrate and 0.1 .:cl L hydrochloric.  acid) and
ethanol at 1:1 ratio by volume was added to  each
well., The plate was allowed to stand room
temperature, protected from light.. Thirty minutes
later, absorbance (540 rim,' was measured using a 15
,'.'.i:c: oplate. reader (BID-9AD Model 550)
Uninfected  controls were prepared by adding, instead
of the  influenza virus solution, 50 gL of an Eagle's
$}.'.M  medium containing TPCK-treated _. yps:..:n. at
four ..:::Gies  the concentration the test . medium
and subjected 20 the same procedures as those for the
test group,  followed by a!sorbance measurement. For
blank, wells  without being inoculated with the MOCK
cells were  subjected to the same procedures as those
for the  uninfected controls, followed by absorbance
25 measurement, Eight wells were used in each
concentration. An average value was used, and a
numeric value obtained by subtracting the absorbance
of  blank from the measured value was used for
following i calculation as absorbance. A value
obtained by  subtracting the absorbance of infected
controls from  



that of the uninfected controls was used as a value of
complete inhibition of virus proliferation. The _.
inhibition rate of virus proliferation in each test
was  calculated according to the following formula:
inhibition rate of virus proliferation  [(Absorbance
of single drug combined drugs)- (Absorbance of
infected control; ] , . (Absorbance of 10 uninfected .
control)-(Absorbance of infected control)],  [+0023,
(4) Analysis of combination affects From the
concentrations singe drugs and  two drugs i3s;ed in
:,osabirtar ion, the ratio the, 15 combination drugs,
and the inhibition rate of virus  proliferation, the
combination effects were analyzed  using SAS release
8.2 (SAS lnst?tu. e Japan Ltd.)  according to the
Median effect method of Chou et U.  Of methods shown
Advanced Enzyme Recuxla. i.on, 1984, 20 vol.. 22, p.
27-55, an equation for drugs whose  mechanisms of
action are completely independent from  each other
(mutually nonexclusive drugs, was used to  calculate a
CI value. The combination effects were  determined
based on a C]. value at 50% inhibition of 25 virus
proliferation according to the description of the
paper of Taira et [Acta e; .ca Okayama., 2006, vol.
60, p. 25-34] wherein CI o :0.8 represents synergism,,
0.8 C: < 1.2 represents acditiv" ty, and 1.2 A Cl
represents antagonism.  0 0241 The inhibition rates of
virus proliferation  



of 105 singly used, GS 071 singly used, and the 5
combination of these drugs are shown in Table 1.
Results of analysis using these values are shown in
Table 2, [0025];  [Table
_].............................................._.....
.__.................._....................._..........
._............................ Single use of Single
use of Combined use of  T-705 GS-4071 T-705 and
GS-4071  Conn. Inhibition Can= Inhibition Cono,
Inhibition  WON rate (pg/an1,) ..tats (Pgta L) rate
..------ ..................
...__..............._............................_....
..._............_..............................._.....
....._  0,0155 0.019 0,00313 0.019 0101373 0.040
0.0313 0.067 0.00625 0.11 0,03755 0.21  0.0625 0.097
0.0125 0.14 0.075 0.41  0.125 0.27 0.025 0.255 0.15
0.59  0.255 0.43 0.05 0.29 0.3 0.73  0.5 0.60 0.1 0.42
0.6 0.96  1 0.955 0.2 0.61 1.A^ OAS  2 0.93 0.4 0.73
2.4 0.95  4 1.0 ON 0.54 4.8 0.94  [00261 [Table 2]
------------ ------------------------------- ---------
------------ Ratio of combined drugs CI value at 50%
inhibition  dT-70.E:GS-4071) 5:1 0.66  [00271 ?0 The
combined administration of T-705 and GS- 



4071 (in--vivo active form of oseltamivir) exhibited
more excellent synergistic inhibitory effects on virus
proliferation than that exhibited by the single-drug
16  administration. [00281  Test Example 2 705 was
selected as a teeLs_ compound ,  ,. Za.namivir was
selected as a neuramx.rL dase inhibitor. A  test was
conducted in the same way as in the method s'
described Test Example xample 1. [0029 The rates of
virus proliferation .  10 of T-715 singly used, z,
namivir singly used, and the combination of these
drugs are shown in Table 3.  Results analysis using
tnese values are shown in  Table 4. [0030 . Table 3]
--- -----------
------------------------------------------------------
------------------------------------------------------
-- cxisaso use of Skye tn. of dmbk d use of  T-75
zanaml it T-705 and ZanamMr Conc.. Inhibition Conc.
Inhibition Cons, Inhibition  (g.9f0.Y") hate  .;1mr$
.rata. Wq ML) rate
---------------------------------------------_.._----,
,._..,. ...'_.. ............... 6.0
_--------------------------------------------- 0-0f25
0.0 2 F.M21 0,,552 6575 l.10  



OA 25 25 U7 0.00825 0.12 0.0375 0.23  1.25 0.14 0. 125
0.23 0.375 0.38  0,5 0.54 0125 125 0,35 519  9 177
O.05 O.48 0.3 &37  2 0.59  .1 5.60 0.5 05.54  0.2
1..67 [003?1]]  .Table 41 -------- _---.  Ratio of
Coined Mugs CI n1uc~ at 50% inhibition  ''70;5.z .;
vsr} (N ....... .........
...............................................-ti----
----------------- .... -----------.......  S ol 0.38
1.7  0;0:32_ The combined actin: n 1st:it::i._.."l _?i
.. :...  h ~.b1. `.. C?i'q'' e:[-_::i on virus
proiife_a.Oil :::7;'-n thi3. t:  .zh . :i.ted by
,ia?q] e. f_3i :c3 administration ti-on.  :+033 705 ._
,.:_...ectea _ test. .::D,irour:d, GS  411"'i ..  ....
was ..., .i. t',C et a5: 8. A test 10 was ,_Gf
ductECG. .n the sfiante way a. _n .:.rte method
described in r.._ s'._ Example 1 is_ ,:Y ric:t r 3; ,
:. ;N3  0041 The 1It," ibition rates of virus pro' f
crat.ion...  



singly used, G. ' 107 1 J.ng y' _ised, an the  C,:Jiix
1.,1a t~ P. of these .U^`: a1: E'. _._ ow Resu .. `..
o analysis us ...:j Iue ci re.. Shown 'n  ^a 'le Tta
le. 1 Single use of Singie use of Combined use of
T-705 GS-4071 T-705 and GS-4071  Conc. Inhibition
Cone, Inhibition Conc. Inhibition  (pgh Lb rate...
bg/aL4 rate lug/ML) ..........rate . , --------- - ---
0125 0.026 0.003125 0.006 0.01875 0.15  0.25 0.09
0.00525 0,14 0.0375 0.37  0.5 0.42 0.0125 0.44 0.075
0.72  1 0.76 0.025 0.54 0.15 0.92  2 0.86 0,05 0.69
0.3 1.03  4 0.94 0.1 U O :,"s ................._0.86
.---- ---------------------------------------------- I
>:  [Table  ,Ratio o. :axi.ned drugs w% value at 50%
inhthition  WI f0._i6  [003 ] The combined
administration of T-705 and GS- 4011 (in-vivo active
form of oselt arnivir) exhibited 5 more excellent
synergistic inhibitory effects on virus  proliferation
than that exhibited by the single.-.drug
administration, 



MOM;,  Test Example 4 10 05 was selected as a test
c,ompound..  Zanamivir was selected as a neuraminidase
inhibitor. A  test was conducted the same way in the
method described in pest Example 3,  [00391 US  ...,~
The inhibition ta..._ rates of virus proliferation of
T-705 singly used, r: ciP. c.L__..-. ._ singly used,
and the  combination these drugs are shown in Table 7.
.. e~. these JilL._ 1.3'  Results of analysis using
values a.l -.e shown  Table 8. :1.  04 0] [Table 71,
------------------------------------------------------
-------------sin
------------------------------------------------------
----------------------------------------------- - t
In~ie we of e use E3 Cotn B1ned use B  T--705 2anani&
T--705 aidZanamivir  Cone, Inhibition conc. Inhibition
Conc. Inhibition  B'7JznS,P rates (dg/F sate
{}xgfalil',} rate  0.125 0,0120 0.04 25 0.0374 0.01875
0.032  0.25 0,092 0.025 0.14 0.0375 0,12  0.5 4.42
0.05 0.27 0.075 0.27  1 0.76 0.1 0.40 0.15 0.70  2 016
0.2 0.00 0.3 0.87  



4 0.04 0.4 0.71 0.5 0.94 1.3 OO1  [0 - 1 J, [Table st]
......................................................
......................................................
..... ......._  Ratio of cotthinecd drugs CI value at
50% inhibition  (`P-7O5Zarsamimrir
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,  5:1 0.25
............... . . . . . . . . . . . . . . .
............... . . . . . . . . . . . . . . .
............... . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . ............... . . . . . . . .
. . . . . . . --------------------- 10042] The
combined administration of T-705 and  zanamivir
exhibited more excellent synergistic  inhibitory
effects on virus proliferation than that  exhibited by
the single-drug administration. [0043] As seen from
the results, the combined  administration of a
pyrazine derivative represented by  10 the general
formula [I] or a salt thereof and various
neuraminidase inhibitors exhibits synergistic anti
in.fuenza virus activities and is effective for the
treatment (e. ., therapy or prevention) of influenza,
INDUSTRIAL APPLICABILITY n  0044] A pharmaceutical
compos:z_tion comprising a  p.yrazi e derivative or a
salt thereof and one or more  neuraminidase inhibitor
(s has synergistic strong anti.   



5 influenza virus activities and is useful for the
treatment (e.g., therapy or prevention) of influenza.
A method of using these c-ompoowls in combination is
useful as a method of treatment (e.g., therapy or
prevention) of influenza. i CLAIMS  1. A
pharmaceatical composition for treating  influenza
virus infection, comprising a pyrazine  derivative.
represented by the following general formula  or a
salt thereof and one or more neuraminidase
inhibitor(s). [Formula T fit;,. 'I' r,NH W wherein Ri
and R2 are the same or different and each  represents
a hydrogen atom or a halogen atom; and  represents a
hydrogen atom or an amino-protecting  group. 2. The
pharmaceutical ccm~ claim , wherein R.` is a
hydrogenatom, R2 is ... fluorine  atom, and Rz is a
hydrogen atom. 3. The pharmaceutical imposition
according to  claim 1. or 2, wherein the neuraminidase
inhibitor is  oseltamlvir or zan<=mivir. i. The
pharmaceutical composition according to  claim or 2,
wherein the neuram:i.nldase inhibitor is  o e t:
mii'.i r . S. The pharmaceutical composition according
to  claim I 2, wherein the neuraminidase inhibitor is



zanamiv' . 2  6. A method of using a rpyrazine
derivative  represented by the following general
formula or a salt  thereof and one or more
neuraminidase inhibitor(s) in  combination for
treatment of influenza virus infect .on  Formula 2.. E
RP IN, 0  wherein t,i and P are the _:amCe or
different and each  represents a hydrogen atom or a
halogen atom; and R-`  represents a hydrogen atom or
an amino-protecting  group, ! The method according to
claim e7 r wherein 4V is a hydrogen atom., 2 is a
fluorine atom, and R` a R hydrogen atom, 8, he method
according to claim 6 or 7, wherein  the neurami icase
inhibitor is oseltamivir or zanamiv i 9.. The method
according to claim 6 or 7, wherein.  the neucraminida
e inhibitor is o seltam . i is 10. The method
according to claim 6 an wherein  the neurasr:.nidase
inhibitor is a.nalxuLvir. 


