-1- LYOPHI LI ZED PREPARATI ON COVPRI SI NG | NFLUENZA VACCI NE, AND METHOD FOR
PREPARATI ON THERECF TECHNI CAL FI ELD 5The present invention relates to
freeze-dried preparations containing an influenza vaccine. Mre
particularly, the invention relates to a freeze-dried preparation in which
t he i nfluenza vaccine exhibits inproved stability. The present invention
also relates to 10 a nethod for producing the freeze-dried preparation.
BACKGROUND ART I nfluenza is a di sease caused by influenza viruses
infecting the respiratory organs. In general, influenza 15 causes a fever
of 38C or higher in an individual infecréd with an influenza virus after a
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frozen preparations for use as 35 nasal drops have been known in the past;
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Respiratory symptoms such as coughing and sputum follow,

20 but the condition usually improves within a week. However,
when influenza infects individuals such as the elderly,
infants, expectant mothers, patients with chronic
respiratory or circulatory system diseases, diabetics, or
patients suffering from chronic kidney failure, serious

2%  and sometimes fatal complications such as pneumonia and
bronchitis may develop. Moreover, influenza, which causes
serious health problems, is also highly contagious, and
numerous people become infected in a short period of time,
resulting in enormous social and economical losses.

30 The administration of influenza vaccines is the most
effective way to prevent health damage caused by influenza
infections, and to reduce social and economical losses.
Influenza vaccine preparations such as liquid preparaticns
for use as injections and frozen preparations for use as

35 nasal drops have been known in the past; however, no dry



a frozen state during distribution and preservation in order to stably keep
t he preparations. The influenza vaccines that have been nade into liquid or
frozen preparations thus require advanced tenperature control 15 during
transportation and preservati on (see Non-Patent Docunent 2), naking it
difficult to distribute these preparations in areas wth power supply
shortages or without |owtenperature transportati on while nmaintaining the
activity of the influenza vaccines. 20l n order to overcone such drawbacks
of liquid or frozen preparations, it is Effective to distribute influenza
vaccines in the formof dry preparations Al though a techni que concerning
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freeze-dried preparatjon c ning an .1 nfluenza vacci ne:
the activity of the influenza vaccines.
20 In order to overcome such drawbacks of ligquid or

frozen preparations, it is effective to distribute
influenza vaccines in the form of dry preparations.
Although a technique concerning freeze-dried preparations
of influenza vaccines has recently been proposed wherein
25 influenza vaccines are made into preparations with the
addition of lactose or trehalose, the stability of such
preparations is nowhere indicated {see Non-Patent Document
3).
Like other vaccines, influenza vaccines are highly
30 susceptible tc heat, and are known to lose activity at
high temperatures or below their freezing point (see Non-
Patent Document 2). Even if the influenza vaccines are
simply dried or freeze-dried, their activity
problematically decreases with time during production or
35 preservation. A technique to overcome this problem has



(A) (i) an influenza vaccine, (ii) a hydrophobic amno acid, and (iii)
arginine and an acid addition salt 30 thereof are incorporated;

(B) the proportion of the conponent (iii) is from20 to 85% by wei ght
relative to the total anobunt of the resulting freeze-dried preparation; and
(C© the pHis adjusted to from8 to 10 by 35 controlling the proportion of
arginine to an acid addition -4- salt thereof that formthe conponent
(tii). The present invention has been acconplished by making further

i nprovenents based on these findings. _3_ In summary, the present
invention provides a freeze-5 dried preparation containing an influenza
vacci ne as sgit fof tihe b0V, and no ldedeks fALf ceen@ldsi ed pnepanatdon
contai ning an_influenza vaccine, Qqbtai . fr. e-dryi.c n u

sol ution coh%ﬁ? ??%F%?Sséﬁgi%ﬁ ﬁgﬁggl&%%%PﬁéF Gﬁﬁé gqfékggagogﬁgbﬁgHgnino
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of the conponent (iii) relative to the total amount of the freeze-dried
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according to erein the proportion of the (ii) hydrophobic
amno acid is from14 to 75% by weight relative to the total anpunt of the
freeze-dri edsyniegry adf OfHE INVENTI®EM 5. A freeze-dried preparation

accordi ng toddemds wheiei ﬂﬁﬁl ((;NI Earl@ﬁm@nd the acid addition 30 .
a hydroc e
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which the influenza vaccine exhibits significantly

improved stability.

20 MEANS FOR SOLVING THE PROBLEMS
The present inventor conducted extensive research to
overcome the aforementioned problems, and found that a
freeze-dried preparation in which the influenza vaccine
exhibits significantly improved stability can be obtained
25 Dby freeze-drying an agueous solution that meets the
following conditions {A) to (C) in the production of a
freeze-dried preparation containing an influenza vaccine:
(A) (i) an influenza vaccine, (ii) a hydrophobic
amino acid, and (iii) arginine and an acid addition salt
30 thereof are incorporated;
(B) the proportion of the compeonent {iii) is from
20 to 85% by weight relative to the total amount of the
resulting freeze-dried preparation; and
(C) the pH is adijusted to from 8 to 10 by
35 controlling the proportion of arginine to an acid addition



Iltem7. A freeze-dried preparation according to Item 1, wherein the total
anount of the conponents (i) to (iii) is from80 to 100% by wei ght relative
to the total amount of the freeze-dried preparation. 5ltem8. A
freeze-dried preparation according to Item1, which is an injection that is

di ssol ved prior to use. ltem 9. A freeze-dried preparation according
to Iltem1l, which is a pharnaceutical preparation for 10 transpul nonary
adm ni strati on. Item 10. A freeze-dried preparation according to

Item 1, which is a pharnaceutical preparation for nasally adm nistration.
Moreover, the present invention also pro ides a 15 nethod for producing a

freeze-dri ed; prepalatd on tq)%q:t@ th@”cbﬁFbH%HEa (yageine, as set forth
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resul ting freezer drdledr.25 preparation; and the pH of the aqueous sol ution
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Item 2. A freeze-dried preparation according to
Item 1, wherein the influenza vaccine is subjected to a
desalting process.
20 Item 3. A freeze-dried preparation according to
Item 1, wherein the (ii) hydrophobic amino acid is
phenylalanine, or a combination of phenylalanine with at
least one of valine, leucine, and isoleucine.
Item 4. A freeze-dried preparation according to
25 Item 1, wherein the proportion of the (ii) hydrophobic
amino acid is from 14 to 75% by weight relative to the
total amount of the freeze~dried preparation.
Item 5. A freeze-dried preparation according to
Item 1, wherein the (iii) arginine and the acid addition
30 salt thereof is arginine and a hydrochloride thereof,
respectively.
Item &. A freeze-dried preparation according to
Item 1, wherein the proportion of the acid addition
salt of arginine is 1 to 20 parts by weight relative to
35 1 part by weight of the arginine.



10 the aqueous solution used in the first stepis 1 to 20 parts by wei ght
relative to 1 part by weight of the arginine. ltem 17. A met hod
accordlng to Item 11, wherein the total content of the conponents (i) to
(iii1) in the 15 aqueous solution used in the first step is equivalent to 80
to 100% by weight relative to the total anount of the resulting
freeze-dried preparation. EFFECTS OF THE | NVENTI ON 20The freeze-dried
preparation of the invention can stably naintain the activity of an

i nfl uenza vaccine during preservation, thus making it easier to distribute
and preserve, conpared with previous preéarations Mor eover, the
freeze-dried prepgiatl n be eg tectlon Q% d|s§9IV|ng it in
an injection sol ut Qﬁ?lpr1o 56858 5?egsp5e%? Tati on Y qquWanspulnDnary
adninistratilﬁﬁmwlfiWhﬁ%ﬂﬂalﬁhﬁnhmtgdranm@mtagflthEScomenn@ntanbLheﬁo

advant age of iﬁﬁ)ff@@@&mﬁﬁﬂﬁdxpﬁﬁﬁﬂrﬁﬁﬂ%%1'%ttQ%Ha%Ev%aBobﬁhépﬁbtﬁﬂ to

vari ous nethods ofdﬁgnlnls ration, | PTI,ON REFERRED EMBCDI MENTS

In the specidTeHth eﬁ@h&F&§daPF§P&§aﬁé8§ured at 25C. A
freeze-dbi ed prepaﬁaﬁndh (0] 2 Eheezavennednpsépanapxosesc¢@gdzng|Wﬁ|uenza

vaccine, (ilg¢ »gﬁft\%ﬁ G anlir @c%qofalc't%ata@@ iy 's's))l@é@' pLps-and an acid
er'eo

addi tion salt t erein a peC|f|c proportion of the conponent (iii)
is incorpordt®, and the proportion of the arginine to the acid addition
salt thereof formigrt e canpesept-S¢ied)psapasbtesnaaspecifie range.
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freeze-drie repdration o & imvent i on ter sonetinmes denoted
sinmply &8 tfﬁ¥aﬂﬁﬁﬁﬂﬂﬁﬂﬁrx|%ﬁmﬂﬁhﬁﬂﬁﬁ%§9§ub un|t vacci nes produced after the
10 purification ofindnt alo.pant Fekesegaonedi prephr yohah escehidkean wggs and

|t uenza Hy (eRogluthil ) Vaselaes. el Brecan tune ol spLLLyyacci ne.

| nfl uenza vacci nes derive issue cultu
AIternatlve@ﬁmﬂﬂkﬁiﬂﬁﬂﬁﬁﬁms produced fron1attenuated 15 influenza viruses,
conmponent vacci nesacpjézﬁluﬁed thicomrdetoxi fiing@dnitabhuanza prousessweth their
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an influenza vaccine, as get forith below.
Item 11. A method for preparing a freeze-dried
preparation containing an influenza vaccine, comprising:
a first step of preparing an aqueous solution
20 comprising (i) an influenza vaccine, (ii) a hydrophockic
aminc acid, and (iii} arginine and an acid addition salt
thereof; the content of the (i) influenza wvaccine in the
agqueous solution being egquivalent to 20 tc 80% by weight
relative to the total amount of the resulting freeze-dried
25 preparation; and the pH of the agueocus solution being from
8 to 10; and
a second step of freeze-drying the resulting aqueous

solution.
Item 12. A method according to Item 11, wherein the
30 (i) influenza vaccine is subjected to a desalting process.

Item 13. A method according to Item 11, wherein the
(1ii) hydrophobic amino acid is phenylalanine, or a
combination of phenylalanine with at least one of valine,
teucine, and isoleucine.
35 Item 14. A method according to Item 11, wherein the



whol e viral particles may al so be used. The influenza vaccine for use in
the present invention may be produced 20 fromeither or both of the A and B
strains, but is suitably produced fromthe influenza vaccines of both the A

and B strains. An influenza vacci ne produced according to a known
met hod or a commercially avail able influenza vaccine may 25 be used as the
i nfl uenza vaccine for use in the invention. When t he produced

i nfluenza vaccine or a comrercially avail able influenza vaccine is in the
formof a solution or a powder and contaikns a salt such as a buffer or a
preservative, the influenza vaccine is 30 desirably subjected to a
prelimnary ¢eseddi nge prrocessi it Qayc&rmmm&e afdhb. aMhenihhenenbfuenza
vaccine is t subj ect e 10 rel im nar S It| CesSSy 4t ability
of the |nfld%%§é vé%C|ne i ﬁ%gpﬁfeég% gé% &% %§b§§%%ggg %§ %hegﬁni%ntlon
can be enhaneed/eiyiet 35k tfieca itvelthe Waﬁetaﬁ@@n@f ofesakt raguthengnf | uenza
-8- vacci ne fﬁeéﬁ Pardad %@Aﬂaﬂﬂdﬂ ted, and exanpl es include
ultrafiltration, ation, exchange ialysis the like.

order to prevent t Eaéf¥$V|f&n@FhPaeaFﬁ?FagﬂgaQQatg?%el}T ﬁh%ﬁ%reéﬁ?ng
during the déisiall iawpHiprocess,tidesalitd rgidis idesisedlbl gheaerfedsout using an

agueous SO'Lﬁféﬁhﬂﬁgﬁ%hdﬂé'H&é%ﬁdﬁﬂd%i&é)ﬂ%%rebgw‘§e%9e%@av@m9 preferably
from8 to 9, with an aIk e subst ance sgch as nL¥ydrOX|de pot assi um

hydr oxi de, ar gi ni ne;%r* MR&OMnaBEPF &DGaFO WG Eht he sane
10 conposi titme alsrebpau:tabnt foef st auta oid salcbj:letb.ed tsalftr eszex iy i hge | hnt he

productkgn ofnd heqfiEg6zey %rlluecqoqf qgéé@tmnt% th %s'tn\é%gﬂ ofy PXeePpot hat

the influenza vaCC|ne I'S not I's_suitab as sq%utlon for use
in the desalR3HgS pPHclsd 9nts TR I opdr EP oh BPthQYC& §h¢sed in the
‘freeze-dri eckyprepanati on of the invention may be suitably determ ned

according to the rﬁeéc{g:gdl”f)f %pRLEREth Egﬁo%?ﬁ eﬁgftQ%pi?P%}%féfh%the

| i ke. For exanple, proportion e co onent relat|ve to the
total 20 amduitdlofcAHET &z dhvly icsasrEHatatiton tos flllér)n er3tis 60% by

wei ght , 1pr efenaddus ksdionti0% s aseiightthentrie spr eftepallsy eZutioad89%:byowei ght ,
still nore f n a I r ef-e ly 3 to
20% by melgﬁ¥?t§£§§#¥|%“éggﬁgﬂ%gxgﬁggﬁg%ht%rgh%o%%gggn?%oﬁggl§% Eﬂ%ontalned
in the freeZ&SdHdd P ricindrzaibn oo Rﬂ%?%ﬁ%ﬁ%ﬂﬂ(ﬂ](herelnafter somet i mes
denot ed S|nply as the "conponent (ii)") include protein-conposing am no

aci ds such §“b? UC|ne phenyl al ani ne, and the like. In

t he |nvent|on ese o bIC anlno aci ds may be
The reeze ~-dried preparation of the invention can

stably maintain the activity of an influenza vaccine
during preservation, thus making it easier to distribute
and preserve, compared with previous preparations.
Moreover, the freeze-dried preparation can be used
25 as an injection by disseclving it in an injection solution
prior to use, or as a preparation for transpulmonary
administration or a nasally administration as it is; hence,
another advantage of the freeze-dried preparation is that
it can be applied to various methods of administration.
30
DESCRIPTION OF PREFERRED EMBODIMENTS
In the specification, the pH denotes a value
measured at 25°C.
A freeze-dried preparation of the invention
35 comprises (i) an influenza vaccine, (i1i) a hydrophobic



30 used singly or in conbination. In the invention, for exanple,
phenyl al ani ne al one or a conbi nati on of phenylalanine with at |east one of
val i ne, |eucine, and isol eucine nay preferably be used as the hydrophobic
am no acids. 35The proportion of the conponent (ii) used in the -9-
freeze-dried preparation of the invention may be suitably determ ned
according to the type of the conponent (ii), the nethod of applying the
freeze-dried preparation, and the |ike. For exanple, the proportion of the
conponent 5(ii) relative to the total anmount of the freeze-dried
preparation is 14 to 75% by wei ght, preférably 20 to 75% by wei ght, nore

preferably 20 to 70% by weight,. still, nore preferably, 25 to.65% by, wei ght,
PRd parti ul SPS° FTorE 4ty TSt b BOoY Swergner 76THe SARse38RdPFLY
preparation dferdef i rwiestdom 4 wspdrer! icompcipses iangiod néeasdmannact d

addi tion Sa|Eiiﬁ?rf§f16$6%§%fgﬁé&¥ é%H“%Hé“ﬁ%dﬁ%yﬂﬁ%% SIEMBhY asqgifene
"conponent (jil "%. Tngn%%i%tp s%%#_thﬁlfreeze-ered prepar ati on

essential ly E%n%ﬁ SESH iR i O oft e ety iteiEHe NEn ¢ P&n CREPERE8YI t i on
salt thebeof (ifThe stk fiokk ta spsal iiofraarggi.ni ne for use in the invention
s not particul arly, rigdisd ae.iang anidade phatiReaiogien, ey accentabl e,

and exanpl es include 1norganic acj tion salts such as hydrochl orides,
20 nitrates, U3 Sul ThE st c AR G hthiRE AGTd Wddd tiforSarrye8iéR as
acet ates. Ar ghartatendiadsocddmst deed siareriddonrachpds asprékerabheoaxatpl e of
the argini ”eg %)d %g?jt&&eons l&nftorva%%%r!eg, y}%diu@é%lmaif%%r kRt he invention,
an arginine acid addition salt may be use 'one or two or nore 25 arginine
aci d addPti oHBel e Rn el uskeerk Pasdisileat ggRvn 1n embryopgReefl eeze- dri ed
preparati on @fidiben igueentdon, ief hodirdda AP Uherelyqilhe ieamporenatiakky) (i.e.,
the total ampunt, of the arginine and .the aci.d _addifion t ) is
i ncor por at e%n%ha arreopoglr% i%rpeofoﬁfﬁ%&%%%cgﬁ%v%i g%{lkgﬁelﬁg aY%%]/(g{It?%g t he
total ampuntdefivete Friake e wiied Priap@satioon alsgckea ygedportion of the
conmponent (idide2vemIs, a 1dia£éh a;aascgzilﬁ'est @Qg@@ble\ﬁl tey-oaf a&menuat;euﬁnza .
vacci ne,durin reservation, there roviding a preparation wth excellent
stabili%g.'ﬁé?%%%ﬁﬁﬁtﬁ%ﬁ?%ﬁsBéx?ﬁéIg%ﬁpgﬁg E%FFL%f?rgfgpiggépq the tota
amount of t HetoxiEi4d eevielwirizad prnpesatiidh itoegrefiamabloge20ci6y80% by
wei ght, nor e frefier aly Wi d 0,480 Bie MRIORY, pstidulcciDrirecpr eharabkyt2d to
70% by wei ght ]%pifpartlgylarly:yrefer bky 3 to 65%iﬁ§ me%ght.ZSThe
conponent  (iT19 S atistHi & Hny~ ot Ws@q‘ﬁ ob5T 6K, +35ar¥%*3uch t hat
t he proportivaraneg Her use in the present invention may be produced
20 from either or both of the A and B strains, but is
suitably produced from the influenza vaccines of both the
A and B strains.
An influvenza vaccine produced acceording to a known
method or a commercially available influenza vaccine may
25 be used as the influenza vaccine for use in the invention.
When the produced influenza vaccine or a
commercially available influenza vaccine is in the form of
a solution or a powder and contains a salt such as a
buffer or a preservative, the influenza vaccine is
30 desirably subjected to a preliminary desalting process to
remove the salt. When the influenza vaccine is thus
subjected to a preliminary desaliting process, the
stability of the influenza vaccine in the freeze-dried
preparation of the invention can be enhanced more
35 effectively. The method of desalting the influenza



arginine to the acid addition salt thereof is adjusted so that the pH of

t he aqueous sol ution subjected to freeze-drying is from8 to 10. That is to
say, arginine is 10 alkaline, and an acid addition salt of arginine is
acidic, so that the pH of the aqueous solution subjected to freeze-drying
is adjusted within that range by adjusting the proportion of the arginine
to the arginine acid addition salt, provided that the anmount of the
conponent 15(iii) used satisfying any of the aforenentioned ranges. By thus
adjusting the pH of the aqueous sol utiongsubjected to freeze-drying wthin
the aforenenti oned range using arginine and an acid addition salt thereof,
it is possibtecdnentwncse: t]dﬁﬁ:tmcﬁﬂ%i’r\l@t ilcilfm&tedbi bntly e@bmp hesi bhtlesza 20
vacci ne. e Vi, e e ar. e cid

addi tion sal? ?%%ﬁ%% ﬂg<g% us e%% Og ﬁ§ ggﬁhg a%gé%gg golutlon
subj ect ed t BH4 eldre- hw@ﬁngIPsOﬁﬁ§ﬁ1BOt@rgveﬁhet$%r®¢thﬁﬁébu% st@ti on

subj ect ed t oidfBezezdrod ey eanxrcﬁ»rf Qfech%atsQn@eH@rlnﬁ’eﬁﬁé apsaguenys 25
sol ution sub ected to fr qge- ryl[l#3 pr.o uctlo t he freeze dried
oY S61 GEo

n, of
pr epar at Pon, P& 5 a % yéFﬁéﬁlﬁy S48i RE14P1 °8f t he
conmponent s cﬁqm¢ﬁu3r%ﬁﬁuﬁlqnlwhpqﬂWQ@an&tﬁ@UUQﬁEﬁhé0|heeﬁrpmn8t50ph@1f|ed

water. The %@%@eﬁ&léﬂlﬁ@ﬁﬁblse@é&(b t Qiftheezendk¥nRgel suBdibgted so 30
that, for exarr(]g1 t he, tot 6ﬁgou of the freeﬁg drlea regaratlon (the
total amountSefali 19E o é’rﬁls‘%efpé’rotfsr?ﬁ% A&°Z4t8ous g0 alton is 0.2
to 20 ng, preferfablyiiez 4 o ROrhgculere prebbrabby QivhttheSsangg still nore

prefer abby Qedinds 2ich h PAr! Il Y onrelienallyjLcteqlfpusyds,alt hough
t he |nvent|g$ I'S not p%{tlcularkﬁ_llnlte t hese” ano The

proportion SFEEY nithé % PR WG R @it it §5@?zﬁﬁgfé85 Pﬁe?ﬁEaEbﬂ%onent
(iii) is notofparte ciulweertydn,mexectras thang tas thelpenet vhecageedasnsol ution

subj ected t o fIRRzey drid NG, ;Ga 1R W thiN SLheabar egenpkaned gapge, and 5 is

suitably deternlne according to the type of the acid addition salt, the
type of the 6ipdndt R599°SFsed, and the like. Specifically, the proportion
of an ai§i ni ne aciTtheagdidportisal tofr eélhat icompbachtpdit byedeighthef argi ni ne

may, for example,e Qﬁgrgt%*%%’%%@E%“ %f“%%%thvéﬂtEBﬁfﬁ59bb¥ %PEEaﬁﬁyparts

by wei ght, nore pre g nor €
preferably Feg@ineds ﬁQQQQQHﬂE\EQ ghe m@ﬁéoﬁaPﬁléQP VP?gpFEPe?56?§eQ to 10
parts by meuxﬁMed'ﬂnfﬁéra&zewdkwﬁdtmmepamat|omoﬁfeiémpl®yemmeon may 15

compri se. i n.a0d11i00. 10 the conponents (i) LaatiLE) coMydLopBiLic ani no

aci ds other t argl ni ne ti mes enote ng ¥ as the
"conponéft @ERAUNE |Gf dilieh freeze-dried preparatlon is from O o 60%

by weight, preferably 1 to 5C0% by weight, more preferably
2 to 40% by weight, still more preferably 3 to 30% by
weight, and particularly preferably 3 to 20% by weight.
Specific examples of the hydrophobic amino acid

25 contained in the freeze-dried preparation of the invention
{(hereinafter sometimes dencted simply as the “component
(11)”) include protein-composing aminc acids such as
valine, leucine, isoleucine, phenylalanine, and the like.
In the invention, these hydrophcbkbic amino acids may be

30 used singly or in combination. In the invention, for
example, phenylalanine alone or a combinaticn of
phenylalanine with at least one of wvaline, leucine, and
iscleucine may preferably be used as the hydrophcbic amino
acids.

35 The proportion of the component (ii) used in the



a range that the effects of the invention are not inpaired. The hydrophilic
am no acid may be any amino acid with a 20 hydrophilic side chain,

regardl ess of whether it is a protein-conposing amno acid or not. Specific
exanpl es of hydrophilic am no acids include basic am no acids such as

| ysine, histidine, and the |ike; neutral hydroxyam no acids such as serine,
threonine, and the like; acidic 25 am no acids such as aspartic acid,
glutam c acid, and the |ike; am de group-containing am no acids such as
asparagi ne, glutam ne, and the like; glycine, alanine, cysteine, tyrosine,
and other am no acids. Preferable annng’@ﬁese hydrophilic am no acids are

al ani ne and §Qeg%¥gﬁ9§eds%f & dwdronh L,e, 'ﬂJgﬁ€¥andmg§yb%hsﬂﬁﬁgb§§ngly
or two or nore o 'gemma e use IN CO |na
hydr ophi | i c @fFREMARFE FSCeBMt fed e thed rdetéisdcosgopeaparati on of the

i nvention, theephepetdion &fplfendydiophidd £-AHiRQ aGlepairstAoh, akga 35
particul arl yehimigd: bul. fobexample, he proparbiop,ofcoplar.,the

hydrophlllc ani no aci d rel ALTVE T t
prepar at iPon fy) beeEaEbve 09 byhawd aftitl agtifcéffetr afl yhe foes0er-PByiwgi ght, nore

preferably %i@péﬁ%bdnw@m totidd ferp%*élﬂérébtw 29%:By 79ei ght,

and 5 particul arl r ef er abl 2 o ,

or der Fo naﬁ%yt% ¥%$¥ed?o%ﬁ é&%ﬁ%ﬁ d&fﬁﬁye“%]E@hfﬁl@§56|ﬁ@lﬁxrgore
significant prefeealblec’e-y iEd prepwriatiton aofd peetilowdatilgn, the total
amount of tfﬁké@%ﬂ%&ﬂ%?t§o(ﬂa GGL(B 'Qe; e the conponent (iv) is not 10

i ncl ude or the taqtal_anount,K o co onents .Where the
conpopeﬁp (iv) is 1HelUdedeT 4§%ﬁ# ?ﬁ%gé ﬁ% %ﬁ@ 48Py 85 to 100%
by wei ght, nﬁwmtmﬂef@wmﬁﬁ%séx)angxhﬂﬁ%t@ndmangmmmdsadbhtnnnespﬁeferably 95
to 100% by weidhics an%mﬁaica&a@ame%%eg %@n)bt%@lo%hl%}i‘_&?]@‘é’e't%t relative

to the total, amobunt of ht eeze- dried preparation reeze-dried
preparation of°tHE S Hve Jﬁd may TAPS o EohPr Fe&- t RS f Y P4 T t¥hponent s as
| ong as t he pfdmtsst igin tdes dmienitlivorcane inets iampainbeédatdonosdcchari des 20

such as:19l UGhapi, o antnan] RS £ Ueas SlGase cpliabbese, | actose, and

trehal ose; sugar al cohols such as mannitol ollgosaccharldes such as
cycl odextrin; poIQ@H%d?%ﬁq(ﬁ§§%§%9¥ S ldent #%9406188dREI FERaAT BBEyhydri ¢

al cohol s suczlnmqmajryetd’lyice:n@agit)mnnllarflqi tiyrdcied sal isngueb as s$edi um 25
caprates NUELSEUNS QUG OB Re SIS ARIL s sy
noni oni c, a§QQﬁﬁfQ%$|%C%QS%QQHﬁW%h ‘“%§%§Wiﬁsu§§§rpﬁhéﬁéﬁﬁﬁ§eutlca
pr oduct 30 Addittrizared | yand e iffeeze- dinidedrpmepar akiianadbithenpsasent
such as acetates. Arginine hydrochloride is mentioned as
a preferable example of the arginine acid addition salt
for use in the invention. In the invention, an arginine
acid addition salt may be used alone or two or more
25 arginine acid addition salts may be used in combination.
In the freeze~dried preparation of the invention, a
total amount of the component (iii) (i.e., the total
amount of the arginine and the acid addition salt thereof)
is incorporated in a proportion of 20 to 85% by weight
30 relative to the total amount of the freeze-dried
preparation. Such a proportion of the component (iii)
prevents a decrease in the activity of the influenza
vaccine during preservation, thereby providing a
preparation with excellent stability. The proportion of
35 the component (iii) relative to the total amount of the



30 invention optionally contains an adjuvant. The freeze-dried
preparation of the invention is produced by addi ng predeterm ned anounts of
t he conponents (i) to (iii) to purified water, adding the conmponent (ivV)
and ot her conponents as necessary, and subjecting the 35 mxture to a

freeze-drying process. Mirre specifically, -13- the freeze-dried
preparation of the invention can be produced through the followi ng first
and second steps: the first step: preparing an aqueous sol ution

conprising (i) an influenza vaccine, (ii)_a hydrophobic 5 amno acid, and
(iii) arginine and an acid addition salt “tHereof, wherei n the amount of the

(iii) arginine and theiasif addision, salt thereal; i s equl vebenty Lo 2 Lo

85% by wei ght relative to anoun resul
preparation, &AR&et RESHRFRBLY rdtn 80t 6°100Y avfef Aot hes tsiddompra éﬁdfeferably

freeze-drying 215heoaq0e0b§ SOl 4t Oz i epaFeru Thiine Fddisdra8118p 30 tabtaEisn a
freeze-dried B&e%ﬁg The target freeze-dried preparation can be
obtai ned b j ectrng the aqueous solution prepared in the first 15 step

to a freeZe-dryi ng phecesspomtry ef bre) satiheldd ragty stlegihaste aqueous
sol ution subj 9@bpert@oﬁ§eezﬁddtylmsd> Ssifiepatad 15 thatpdhe i epordHeon of

the conponents_in_the qu us so ot her th the ongnt (s), renoved
by freeze-dryfhg* "t he %r%lp%r? t5%t et’t‘?é’tgﬁrgpﬁ?%ﬁ%%ds 5 the
resul ting prephghttbn. pfﬂ/bw:édsf?ea‘ aqmw of luthieoraquégestsol md diremagpared in

the first steg,{s,adjystad by cpntg ol 't*h%% t@etBr 98 rtiegiAfinkhesarginine to
the acid_addit Salt of arginine, descri b ove. “The freeze-dried

pr epar at i-Gn o L KRELRw et Gt r@é‘yldo@%tal% @&%&ﬁ Gredndefe A idd Cake)
itsel f obtained byata fheqede-df Wheg Proeess,scdntimy ebs saaweiercgpr oduced

fromthe drieg. solid, ylngof J@&P%loghl%d@h@tsgaﬁtg'eo%gof (fjrﬁ%tltngd 30

freeze-dried preparatio the-invention I's not parti
For exanpl e, &M BireRnktaiqror ndj e i idsigia d@ |trlilea agoindme @%%ctl on
sol ution) priofdidisesengd qafmﬁ:ut@aewﬁty tadmaficsiner ed e&ea@dmyoeﬁnton The

freeze- diged 3J_e:@aruagt |Gonstar£ay i_aI %}gl stsocl ved flore%egll 1, u%%%i for m a

liquid prepar and ransﬁf rari 1S y of ranasal B Wit ered as
a phar maceut |3ﬁaltqﬂser?a5rja~tﬁtdﬂ19f éhe pyof r%@um@@r @Oédll’ﬁlmnstsrt@tjleeﬁe@r

nazal drop ad m&ﬁ@éﬁd&%ﬂ@&@%@h e gﬂcee%enttaloﬁedp&eh@reatus%gcan be
freoze dri od Togard FON 0 dedd AGLYINEr REEUETESEoR: pidpdratiotin FOF
t ranspul nonarby &dvnamicst rdel ereske nvasdlondrsgpbadmityi sttr ahieonnfiltiecana be
transpulg®naridati®e. More preferably, the proportion of the arginine
to the acid addition salt thereof is adjusted so that the
pH of the agueous sclution subjected to freeze-drying is
from 8 to 9. The term “agueous solution subjected to
freeze~-drying” as referred to herein means an aqueous
25 solution subjected to freeze~drying in the production of
the freeze-dried preparation, i.e., an aqueous solution
obtained by adding all of the components of the freeze-
dried preparation of the invention to purified watexr. The
agueous solution subjected to freeze~drying is adjusted so
30 that, for example, the total amount of the freeze-dried
preparation (the total amount of all the components) per 1
nL of the aqueous sclution is 0.2 to 20 mg, preferably 0.4
to 20 mg, more preferably 0.4 to 15 mg, still more
preferably 0.6 to 12.5 mg, particularly preferably 1 to 10mg,
35 although the invention is not particularly limited to

these amounts.



intranasally admnistered as it is, using a dry powder inhalation device in
whi ch the air inpact can be applied. The nethod of adm nistering the
freeze-dried 10 preparation is suitably determ ned depending on the age and
the like of the subject, but the preparation nay be adm nistered, for
exanple, in an anmount equivalent to 3 to 300 jxg of the influenza vacci ne,
once or twce at an interval of about 1 to 4 weeks. 15Wen the freeze-dried
preparation is admnistered as it is without being dissolved in a diluent
prior to use, it is preferably housed iim@. container for each single dose
(the anount adm nistered at one tine) in view of the conveni ence of use.
Wien the freeze-drTied praparatdromi s 20irddm icster ediby adidssabat kahtin a

di | uent prl%héPeyﬁeln'éhMo M ansed 1iin a_LsC%%ag@%lfcgrza%qghﬁfnﬁgé@ dose,

or nultiple doses of gﬂparatlon may be housed together in a container.
The freeze- dff etPH¥ e?)%lrfalﬁ éb%t%?%sa%leloéﬁuéééuﬁ&%nﬁﬁﬁﬂ e6f-cexEPpi ent
conpared to ﬁr@@@mfﬂrynng(nﬂﬁzhéuwuxhﬂﬁIum@na&ow&memmé@nbﬁatahgve pn@vi ously

been used asydmieeldions o Jherelore. . one.diedt e o LOgePraparationis that

t he armunt OJf rati on per contailne pr esent
i nventi on, t%ﬁﬁ%ﬁ&ﬁﬁns%ﬁtdrﬁ?qrﬁﬁﬂﬁaQﬁwﬁﬁﬁ g@mﬁpéﬁéﬁatﬂéﬁ Hé@gedaﬁﬁ a
cont ai ner |Stmt1p}aefll csplea;rilfytcbwyt,edhebptopsmi@ﬁ exaapl €rgOnind o 10 ny,

preferably O f re preferably
0.25 to 5 my aé)%%r G s esgebl 3 gud s pTRyelbhy TR S BT B ST A

present i nveﬁﬁqufvﬁ Inlla}be s @ apadl e n brﬁBDrle t@etdi PaBESowYWERIREF er ence to
Exanpl es;oanq:ﬁé@ﬁam MWRicch s, xrtQat 1:! ytended , t eckienot-ctrbe abnyent2on. 5

Ref er ence St.udy  of ndltlons for Ianu cci nes
Condi c1ons S8 TIE Saad ey oty '*:3%90%&% 2ERZORLY! o Su bR Ut ons. v ¢
studi ed. Spexiftitdty ywelahtl0 ant mﬁeﬁzna:mr\lafc@lrﬁée'rséulkfeﬁ" tepA8dpetrthane,

nanufactureqnpwﬁggﬂﬁa Sei ken, Lot No. 308-A) was used as an influenza HA
vacci ne sol ut’i on, ndA§TSU|ta nmount of .this s oured into

each Vivaspin 4 ni HEPRERTrEd by %gﬁtépﬁﬁg)lg d™@éntri f uged
at 30001ppmckBidmirs30 im maddd-icEadte die oPrphacssisut(iongoof(ithé,

formul at i ong,whowh:in cTallie ol Masid faﬁ;mae%d%@nt gr%%ﬂn\ef \(ﬁ@@le@na@la@@nt rator,
and the m xtures mere entri

at
o coror o weeba i ] S ) A0 e R ohggnRat Uo7 g Paiah  ed

i nfl uenza Fva\mﬂngauxhamem@e effects of the invention are not impaired.

The hydrophilic amino acid may be any amino acid with a

20 hydrophilic side chain, regardless of whether it is a
protein-composing aminc acid or not. Specific examples of
hydrophilic amino acids include basic amino acids such as
lysine, histidine, and the like; neutral hydroxyamino
aclids such as serine, threonine, and the like; acidic

25 amino acids such as aspartic acid, glutamic acid, and the
like; amide group-containing amino acids such as
asparagine, glutamine, and the like; glycine, alanine,
cysteine, tyrosgsine, and other amino acids. Preferable
among these hydrophilic amino acids are alanine and

30 glycine. Such a hydrophiiic amino acid may be used singly,
or two or more of them may be used in combination.

When such a hydrophilic amino acid is contained in
the freeze-dried preparation of the invention, the
proportion of the hydrophilic amino acid is not alsc

35 particularly limited; but, for example, the proportion of



measured for their activity (HA value) in accordance with the nethod

descri bed bel ow. Measurenent of Activities of Influenza HA Vaccines 1.
Preparation of 5 vol % Chi cken Eryt hrocyte Suspension 25 Preserved chicken
bl ood (by N ppon Biotest Labo.) was placed in a test tube and centrifuged
for 5 mnutes at 900 g, followed by the renoval of the supernatant and the
| eucocyte layer. A diluent of the conposition shown below (a 1/200 nol /L
phosphat e- buf f ered sodi um chl oride solution 30(pH 7.2)) was then added to
the erythrocytes in the test tube. The m xture was stirred and subsequently
centrifuged to renove the supernatant. T%%’procedure was repeated three

times, The eLybNLoaybes:iiot g hest.tuhe vore, drayn i (. Pipgtyandgpl aced
in a container 35 containin { hie dl(fuent, and were mxed to prepare-a 5

vol % -16- chl'@kERSBEGTAF bRt R SRR dAta DI duehtt THAFoIIM 6HIPRaCl 8.5 g 5
Na2HP|0412H20ﬂar425rfgblL<p+25>Oé@./.165 @y%igﬁﬂﬁd?dllﬁ ey A4 2.5 Mbassia%engnt of
HA Val ues 10Eac ; i.on t i uenza HA vacgine sal utions
with di ffereﬁ?gg?ﬁm ggjﬁy#algg%%sgﬁ%fs)é%%b?éﬁ gf]otoa mﬁcrlf’a/plwaetleq?ltangnt%hen 50 pL
of the 0.5 vBRULGEREERBAY ePyEReBRYte Buspeiorbivasigdded thereto (a

two-stage dil uti onvuoetbedy, Theosdples ndkd hendnarepiaty werne i1 rhyed
erature f hour, a t hen .t he

hi gheat di | UtTon:FabloP rbhG- THE ‘Eafipl b it alF 11 | hond SASVA6EFRe wi th
t he eryt hr ocyrenabet hgn cohptiet elyvemylan, Mdted ovast evalumdt ed abeits HA
val ue. 20Thecsgsshéstar ei phoun i Tablerd rHhedgsiddrs carf)i rredothat the
|nfluena§ HA.vaﬁC|n S sub ectedtto a desal t qﬁﬁﬁéﬁ%ﬁif with a solution of
pH 7 or Vel oW GnddFdo Uecreasketdh AR 3t ONERES i udfza HA
vacci nes subj et edh¢ve at ke sedrtporgepr odess W timal wiEdyt ien 86f tpH18025 to 9
are capabl e 9§ il NGrSEaPLS1 Add Wid 00s by weight, more
preferably 90 to 100% by weight, still more preferably 95
to 100% by weight, and particularly preferably 100% by
15 weight, relative to the total amount of the freeze-dried
preparation,
The freeze-dried preparation of the invention may
also comprise the following components as long as the
effects of the invention are not impaired: monosaccharides
20 such as glucose; disaccharides such as sucrose, maltose,
lactose, and trehalcse; sugar alcohols such as mannitol;
oligosaccharides such as cycleodextrin; polysaccharides
such as dextran 40 and pullulan; polyhydric alcohols such
as polyethylene glycol; fatty acid salts such as sodium
25 caprate; human serum aibumin; inorganic salts; gelatin;
surfactants; buffers; and so forth. The surfactant may
either be anionic, caticnic, or nonionic, as long as it is
a surfactant usually used in pharmaceutical products.
Additionally, the freeze-dried preparation of the present
30 invention opticnally contains an adjuvant.
The freeze~-dried preparation of the invention is
produced by adding predeternined amounts of the components
(1) to (iii) to purified water, adding the component (iv)
and other components as necessary, and subjecting the
35 mixture to a freeze-drying process. More specifically,



-17- Table 1 Formul ations and pHs of the Solutions Residual Activity
Condi tion 1 0. 5ngof Pheaddedi nt 00. 5nLof purified water;thepH adjusted t03.0
with NaOH 12.5% Condi ti on 2 0. 5ngof Pheaddedi nt 00. 5nlLof purified water;the
pH adj usted to4.0 with NaOH 6. 3% Condi ti on 3 0. 5ngof Pheaddedi nt 00. 5m_of
purified water;the pH adjusted to5.7 with NaOH 12. 5% Condition 4

0. 5ngof Pheaddedi nt 00. 5nLof purified water;the pH adjusted to7.0

_13_

the freeze-dried preparation of the inventicn can be
produced through the following first and second steps:
the first step: preparing an agueous solution
comprising (i) an influenza vaccine, (ii1) a hydrophobic
5 amino acid, and (iii) arginine and an acid addition salt
thereof, wherein the amount of the (iii) arginine and the
acid addition salt thereof is equivalent to 20 tc 85% by
weight relative to the total amount of the resulting
freeze-dried preparation, and the pH is from 8 to 10; and
10 the second step: freeze-drying the agueous solution
prepared in the first step to obtain a freeze-dried
preparation.
The target freeze-dried preparation can be obtained
by subjecting the agueous solution prepared in the first
15 step to a freeze-drying process. Therefore, in the first
step, the aqueous solution subjected to freeze-drying is
prepared so that the proportion of the components in the
aqueous solution other than the component (s} removed by
freeze~drying is the same as the proportion of the
20 components in the resulting preparation. Moreover, the pH
of the aqueous solution prepared in the first step is
adjusted by controlling the proportion of the arginine to
the acid addition salt of arginine, as described above.
The freeze-dried preparation of the invention may be
25 a dried solid (freeze-dried cake) itself obtained by a
freeze-drying process, or may be a powder produced from
the dried solid.
The method of administration of the freeze-dried
preparation of the invention is not particularly limited.
30 For example, the preparation may be dissolved in a diluent
(injection solution) prior to use and subcutaneously
administered as an injection. The freeze-dried
preparation may also be dissolved in a diluent to form a
liquid preparation, and transpulmonarily or intranasally
35 administered as a pharmaceutical preparation for



wi th NaOH 50% Condition 5 NoPheaddedi nt 00. 5nLof purified water; the pH
adjusted to 7.0 with NaOH 50% Condi ti on 6 0. 5ngof Pheaddedi nt 00. 5niof
purified water;the pH adjusted t08.0 with NaOH 100% Condition 7

NoPheaddedi nt 00. 5nLof purified water; the pH adjusted to 8.0 with NaCH 1000
Condi ti on 8 0. 5ngof Pheaddedi nt 00. 5m_of purified water;the pH adjusted to09.0
wi th NaOH 100% The "residual activity” in Table 1 denotes the
proportion (% of the HA value after the desalting process relative to the
HA val ue before the desalting process. 5 Test Exanple 1: Evaluation of the
Stabilities of Influenza Vaccines ~L%n influenza HA vacci ne " Sei ken"

(product nang, . NROU] ACK W6, BY; PENKA, 381 KEN. LAl NGy 398 i W8S cY58Toas an
Moreover, the freeze-dried preparation can be made into a
powder by appliying an air impact; therefore, when the
freeze~dried preparation is used as a pharmaceutical

5 preparation for transpulmonary administration or nasal
drop administration, it can be transpulmonarily or
intranasally administered as it is, using a dry powder
inhalation device in which the air impact can be applied.

The method of administering the freeze-dried

10 preparation is suitably determined depending on the age
and the like of the subject, but the preparation may be
administered, for example, in an amount eguivalent to 3 to
300 pg of the influenza wvaccine, once or twice at an
interval of about 1 to 4 weeks.

15 When the freeze-dried preparation is administered as
it is without being dissolved in a diluent prior to use,
it is preferably housed in a container for each single
dose {the amount administered at one time) in view of the
convenience of use. When the freeze-dried preparation is

20 administered by dissolution in a diluent prior to use, it
may be housed in a container for each single dose, or
multiple doses of the preparation may be housed together
in a container.

The freeze-dried preparation contains a reduced

25 amount of excipient compared to preparations containing
influenza vaccines that have previously been used as
injections. Therefore, one feature of the preparation is
that the amount of the preparation per container is small.
In the present invention, the amount of the freeze-dried

30 preparation housed in a container is not particularly
limited, but is, for example, 0.1 to 10 mg, preferably
0.15 to 8 mg, more preferably 0.2 to 6 mg, still more
preferably 0.25 to 5 mg, and particularly preferably 0.3
to 5 mg.

35



10 i nfluenza HA vaccine solution, and 1 nL (equivalent to 90 ng of the

i nfl uenza HA vaccine) of this solution was poured into each Vivaspin 4 niL
concentrator (manufactured by Sartorius) and centrifuged at 3000 rpm for 30
m nut es. Each one of the solutions of the conpositions shown in 15 Table 2
was then added into each Vivaspin concentrator, and the m xtures were
centrifuged at 3000 rpmfor 30 mnutes. This procedure was repeated a total
of three -18- tinmes. The final solutions obtained after such concentration
and desalting (buffer exchange) had the compositions shown in Table 2, and
their volune was adjusted to the i nitial+vol ume (1 nm). Aglass vial was 5
filled with Bypyptref each of the prepared solutions, and the solutions

were freeze-dried tg give freeze-dried products. Table 2
For nul at i onsandpHsofitthéSa Rt tordsUsadipnhe Bxakpl essardbednpareisve Exanpl es
Exam |l e 1 0.8ecvugidf b€hew Owbtirofe Arg-HCL andind1QES ama @heAngkadded into

0.5 nmL of purified ter, | e .2 .Q. .0f Phe, 0.3 ng of Arg-HCL
and 0. 050 nguw%{“airag}(\%drgé% ?’Jrl}r%mgg%r?rﬁ_elojfml%u%hf%?el&lvﬁé]ttép?‘pH 8 Exanple 3 0.5
ngof Phe, @ 2 ng of Il e, 0.3 ngof Arg-HCland 0.057 ng of Arg added into 0.5 nL

of purified paterengd Bxdam®l B: Sty M e BN :i0? dBQk 1 ¥ak, B3 Ny oOf
Ar g- HCland O 0§§u of Ang.added into 0.5 nL of purified water; pH 8
ny

Exanpl e 5 0.%n o Z?W%f .ﬁn%% of Leu, 0.3 ng of Arg-HCland
Conditions of the desalting process for influenza

HA vaccine solutions were studied. Specifically, an

10 influenza HA vaccine “Seiken” (product name, manufactured
by Denka Seiken, Lot No.308-A) was used as an influenza HA
vaccine solution, and a suitable amount of this solution
was poured into each Vivaspin 4 mlL concentrator
(manufactured by Sartorius) and centrifuged at 3000 rpm

15 for 30 minutes. Each one of the solutions of the
formulations shown in Table 1 was then added to each
Vivaspin concentrator, and the mixtures were centrifuged
at 3000 rpm for 30 minutes. This procedure was repeated a
total of three times.

20 The resulting desalted influenza HA vaccines were
measured for their activity (HA value) in accordance with
the method described below.

Measurement of Activities of Influenza HA Vaccines
1. Preparation of 5 vol% Chicken Erythrocyte Suspension

25 Preserved chicken blood (by Nippon Biotest Labo.) was
placed in a test tube and centrifuged for 5 minutes at 900
g, followed by the removal of the supernatant and the
leucocyte layer. A diluent of the composition shown below
{(a 1/200 mol/L phosphate-buffered sodium chloride solution

30 (pH 7.2)) was then added to the erxythrocytes in the test
tube. The mixture was stirred and subsequently
centrifuged to remove the supernatant. The procedure was
repeated three times. The erythrocytes in the test tube
were drawn with a pipet and placed in a container

35 containing the diluent, and were mixed to prepare a 5 vol$



0.052 ng of Arg added into 0.5 nL of purified water; pH 8 Exanple 6 0.5 ng
of Phe, 0.2 ng of Ala,0.3 ng of Arg-HCland 0.052 ng of Arg added into0.5 nL
of purified water; pH 8 Exanple 7 0.5 ng of Phe,0.2 ng of Ay, 0.3 ng of
Arg-HC1 and 0.052 ng of Arg added into 0.5 nL of purified water; pH 8
Conparative Exanple 1 0.5 ng of Phe and a suitabl e anount of NaCH added
into 0.5 nL of purified water; pH 8 Conparative Exanple 2 0.5 ng of Phe and
0.060 ng of Arg added into 0.5 nL of purified water; pH 8 Conparative
Exanple 3 0.5 ng of Arg-HCL and 0.030 ng of Arg added into 0.5 niL of
purified water; pH 8 Conparative Exanpl®l@ 0.5 ng of Phe, 0.5ng of His and
0. 030 ng of Aﬁg gdded into 0.5 nL olﬁpurified water; pH8 10 # The pH of
the sol uti ons™used i 7" ?ﬁﬁ¥§?]§%%? ’%ﬁﬁLCbnparative Exanples 2 to 4 was
adjusted to 8 using predeterm ned anmounts of their conmponents w thout the

use of otherppH,&¢f ustgrssiNa was added to the solution used 15 in
Cowparativeé§§gWﬁTé“T“§6“rhar‘T e pHwas 8 after the addition of a

predet erm n mount of its céhgb nt. -19- The resulting
freeze- d6i edigpHHoariati,ons wer e erpmapsul ated in each glass vial and
preserved fogy4gpeeks in a dark plece at 25C/ 60% RH. I medi ately after 5
preparation and,f, 2, 3, and 4 weeks after preservation, the influenza HA

vacci ne in Ath¥1¥782 R ed ﬁwgﬁhﬂgtion was neasured for its HA val ue
according to the sane nethod as described in Reference Exanple 1.

2. Measurement of HA Values

10 Each of 50 pL portion of the influenza HA vaccine
solutions with different dilution factors was added to a
microplate, and then 50 uL of the 0.5 vol% chicken
erythrocyte suspension was added thereto (& two-stage
dilution method). The samples in the microplate were

15 mixed well and left standing at room temperature for an
hour, and then the highest dilution factor among the
samples of each influenza HA vaccine with the erythrocytes
being completely agglutinated was evaluated as its HA
value.

20 The results are shown in Table 1. The results
confirmed that the influenza HA vaccines subjected to a
desalting process with a solution of pH 7 or below undergo
decreases in activity; however, the influenza HA wvaccines
subjected to a desalting process with a solution of pH 8

25 to @ are capable of retaining stable activity.



The results are shown in Table 3.

cont ai ni ng phenyl al ani ne whose pH was adjusted to 8 with only sodi um
it was inpossible to prevent the activity of the
i nfluenza HA vacci nes from decreasing during preservation (Conparative

hydr oxi de a

Exanples 1

nd ar gi ni ne,

and 2).

adjusted to 8 via the addition of arginine and argini ne hydrochl ori de

wi t hout the addition of phenylal ani ne,

In the cases of 10 using the solutions

Also in the case of using the solution 15 whose pH was

whi ch is a hydrophobic am no acid,

it was inpossible to prevent the activity;of the influenza HA vaccine from

decreasi ng (Conparative Exanple 3).

Mor eover,

20 in the case of using the

sol uti on whos&bp# has adjusted to 8 using a conbination of phenyl al ani ne,

hi stidine, Which TS a bafic am no .acid, and arginine, 1t was I npeSsibl €
prevent the| activity of Ih&FRiialeRyrs ?ﬂ@dﬁ@c?%etqqéﬁﬂaéb?%%3|ngxia5§p
contrary, iff was found t @I5Mﬂ§n<ﬁmep§9|gaag@ @FoUSE 5 Mt NEfpr eparati d
a freeze-dri ethrpriepasat i ppuEees Lhee£ONdhd | ONSad{Mscka €3) 3sef fortdy be
the activitly of the influgnzandAzvaccine in the final freeze-dried
preparation can be Stablyo Ml i aidFEibha30Gafcd NYEFORNGDI®L aBE N0 acid,
arginine, andcaaialghn nep@cideaddtion e toar gadneerpesaued; (2) sthe
proportion jof the argini ngidionkbg arginine acid addition salt|is adjust
so that the pH of "The So| gl ORgl &8, phe3) aBREAT Qhab aBUMNL OLf{Ne ar gi ni
and ar gi ni ne ®elkdcaddi 3 i ppusizisal taksradinst gl 4@pq4al thoson | hi ghers th
-20- predetlerm ned concengr@at @nui N the freeze-dried preparation. Tabl g
Fornmul ati ons™ of tThe Freeze: 5 Dhy €& tPreRar abhons iResi gual AcTi by Ty
Condition 4 |purified water; the pH adjusted to 7.0 50%
with NaOH
. No Phe added inte ©.5 mbL of purified o
Condition 5 water; the pH adjusted to 7.0 with NaOH S0%
0.5 mg of Phe added into 0.5 mL of
Condition 6 | purified water; the pH adjusted to 8.0 100%
with NaOH
s No Phe added intc 0.5 mlL of purified o
Condition 7 water; the pH adiusted to 8.0 with NaCH 100%
0.5 mg of Phe added into .5 mL of
Condition 8 |purified water; the pH adjusted to 9.0 100%

with NaOH

10

15

# The

“residual activity” in Table 1 denotes the proporticn

%

(%)

of the HA value after the desalting process relative to the HA

value before the desalting process.

Test Example
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influenza HA

pg of the influenza HA vaccine)
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1:
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by Denka Seiken, Lot No.308-A)

vaccine sclution, and 1 mL
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and centrifuged at 3000 rpm for 30 minutes.
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and the mixtures were centrifuged at 3000 rpm for 30

minutes.

This procedure was repeated a total of three

to
t he
n of
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ne
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| medi ately After

Preparation After 1 week After 2 weeks After 4 weeks

Exanple 1 4. 0%1A vacci ne, 44.6%he, 51. 4% Arq and Arg-HC1 100% 100% 100%
100% Exanpl e 2 5. 0%1A vacci ne, 55.9%he, 39. 1% Arg and Arg-HCl1 100%

10

15

_18_

times. The final solutions obtained after such
concentratiocn and desalting (buffer exchange) had the
compositions shown in Table 2, and their volume was
adjusted tc the initial volume {1 mL). A glass vial was
filled with 0.5 mL of each of the prepared sclutions, and
the solutions were freeze-dried to give freeze-dried

products.
Table 2
Formulations and pHs of the Solutions Used in the
Examples and Comparative Examples
0.5 mg of Phe, 0.5 mg of Arg-HCl and 0.075 mg cf Arg
Example L | l9.4 into 0.5 mL of purified water; pH 8
0.5 mg of Phe, 0.3 mg of Arg-HCl and 0.050 mg <cf Arg
E I
xample 2 added into 0.5 mlL of purified water; pH 8
0.5 mg of Phe, 0.2 mg of Ile, 0.3 mg of Arg-HCl and
Example 3 0.057 mg of Arg added into 0.5 mlL of purified water;
‘ pH 8
0.5 mg of Phe, 0.2 mg of Val, 0.3 mg of Arg~HCl and
Example 4 0.055 mg of Arg added into 0.5 mlL of purified water;
pH 8
0.5 mg of Phe, 0.2 mg of Leu, 0.3 mg of Arg-HCl and
Example 5 0.052 mg of Arg added into 0.5 mL of purified water;
pH 8
0.5 mg of Phe, 0.2 mg of Ala, 0.3 mg of Arg-HCl and
Example 6 0.052 mg of Arg added into 0.5 mL of purified water;
pH 8
0.5 mg of Phe, 0.2 mg of Giy, 0.3 mg of Arg~HCl and
Example 7 0.052 mg of Arg added into 0.5 mbL of purified water;
pH 8
Comparative | 0.5 mg of Phe and a suitable amount of NaOH added into
Example 1 0.5 mL of purified water; pH 8
Comparative | 0.5 mg of Phe and 0.060 mg of Arg added into 0.5 mL of
Example 2 purified water; pH 8
Comparative | 0.% mg of Arg-HCl and 0.030 mg of Arg added into 0.5
Example 3 mi of purified water; pH 8
Comparative | 0.5 mg of Phe, 0.5mg of His and 0.030 mg of Arg added
Example 4 inte 0.5 mL of purified water; pH 8

# The pH of the solutions used in Examples 1 to 7 and

Comparative

Examples 2 to 4 was adiusted to 8 using

rredetermined amounts of their components without the use
cf other pH adjusters. NaOH was added to the solution used
in Comparative Example 1 so that the pH was 8 after the
addition of a predetermined amount of its component.




- 100% - Exanple 3 4.1%A vaccine, 45.4%he, 18. 1% 11 e, 32. 4%\rg and Arg- HCl
100% - 100% - Exanple 4 4. 1%1A vacci ne, 45.4%he, 18. 2% Val , 32. 3%Arg and
Arg-HCL 100% - 100% - Exanple 5 4. 1%1A vacci ne, 45.6%he, 18. 2% Leu, 32. 1%Arg

] G

The resulting freeze-dried preparations were
encapsulated in each glass vial and preserved for 4 weeks
in a dark place at 25°C/60% RH. Immediately after

5 preparation and 1, 2, 3, and 4 weeks after preservation,
the influenza HA vaccine in each freeze-dried preparation
was measured for its HA value according to the same method
as described in Reference Example 1.

The results are shown in Table 3. In the cases of

10 using the soclutions containing phenylalanine whose pH was
adjusted to 8 with only sodium hydroxide and arginine, it
was impossible to prevent the activity of the influenza HA
vaccines from decreasing during preservation (Comparative
Examples 1 and Z}. Also in the case of using the solution

15 whose pH was adjusted to 8 via the addition of arginine
and arginine hydrochlcoride without the addition of
phenylalanine, which is a hydrophobic amino acid, it was
impossible to prevent the activity of the influenza HA
vaccine from decreasing (Comparative Example 3). Moreover,

20 in the case of using the solution whose pH was adjusted to
8 using a combination of phenylalanine, histidine, which
is a basic amino acid, and arginine, it was impossible to
prevent the activity of the influenza HA vaccine from
decreasing.

25 On the contrary, it was found that when the
solution for use in the preparation of a freeze-dried
preparation meets the conditicns (1) to (3) set forth
below, the activity of the influenza HA vaccine in the
final freeze-dried preparation can be stably maintained:

30 (1) a hydrophobic amino acid, arginine, and an arginine
acid addition salt are incorporated; (2) the proportion of
the arginine to the arginine acid addition salt is
adjusted so that the pH of the solution is 8; (3) the
total amount of the arginine and arginine acid addition

35 salt is adjusted to equal to or higher than a



and Arg-HCL 100% - 100% - Exanple 6 4.1%A vaccine, 45.6%he, 18.2%
Al a, 32. 1% rg and Arg-HCl 100% - 100% - Exanple 7 4.1% HA vacci ne,
45. 6%°he, 18. 2% Ay, 32. 1%Arg and Arg- HC1 100% - 100% - Conparative Exanple 1

About 8. 3%HA

-20-

predetermined concentration in the freeze-dried
preparaticn,

Tazble 3

Formulations Residual Activity
of the Freeze- | Immediately| After | After | After
Dried After 1 2 4
Preparations Preparation| week | weeks | weeks
4.0% HA vaccine,
Example 1 44.,6% Phe, 51.4% 100% 100% 100% 100%
Arg and Arg-~HCl
5.0% HA vaccine,
Example 2 55.9% Phe, 39.1% 100% — 100% —
Arg and Axg-HCl
4.1% HA vaccine,
45.4% Phe, 18.1% o . _
Ile, 32.4%5 Arg 100% 100%
and Arg-HCl
4£,1% HA vacclne,
45,4% Phe, 18.2%
Val, 32.3% Arg
and Arg-HCL
4.1% HA wvaccine,
45.6% Phe, 18.2%
Leu, 232.1% Arg
and Arg-HC1
4.1% HA vaccine,
45.6% Phe, 18.2% o — P —
Ala, 32.1% Arg 100% 100%
and Arg-HC1
4.1% HA wvaccine,
45.6% Phe, 18.2%
Example 7 Gly, 32.1% Arg 100%
and Arg-HC1
About 8.3% HA
. vaccine, about
gggggigtive 91.7%  Phe, a 1003 25% | 6.3% | 3.1%
suitable amount
of NaCH
‘ 7.4% HA vaccine
comparative | g; 9e ppe 5,94 100% 50% 25% 25%
Example 2 Arg
. 7.8% HA vaccine,
§§§§;§Zt§ve 92.2% Arg and 1003 — 25% —~
Arg-HC1
, 4,2% HA vaccine,
gggggigtﬁve 46.5% Phe, 46.5% 1003 508 | 12.5% | 6.3
His, 2.8% Arg

Example 3

Example 4 100% — 100% —

Example 5 100% - 100% -

Example 6

— 100% -

(2o

# The “residual activity” in Table 3 denotes the proportion (%)
¢f the HA wvalue of the freeze-dried ©preparation after
preservation relative to the HAR wvalue of the freeze-dried
preparation immediately after the preparation.

10 In Table 3, the unit % in the “Compositions of the Freeze-Dried

=]

Formulations” column denotes % by weight.



vacci ne, about 91. 7%°he, a sui tabl eanount of NaOH 100% 25% 6. 3% 3. 1%
Conparative Exanple 2 7. 4%1A vacci ne, 82. 7%he, 9. 9% Arg 100% 50% 25% 25%
Conpar ative Exanple 3 7.8% HA vaccine, 92.2% Arg and Arg-HCl1 100% - 25% -
Conpar ati ve Exanple 4 4.2%1A vacci ne, 46.5%he, 46. 5%

-2 -

In Table 3, “-” denctes “not measured”,



His, 2.8% Arqg 100% 50% 12.5% 6.3% # The "residual activity" in Table 3
denotes the proportion (%9 of the HA value of the freeze-dried preparation
after preservation relative to the HA value of the freeze-dried preparation
i medi ately after the preparation. 10ln Table 3, the unit %in the

"Conposi tions of the Freeze-Dried Fornul ati ons" col utm denotes % by wei ght.
-21- In Table 3, "-" denotes "not neasured". -22- CLAIMS 1.A freeze-dried
preparation containing an influenza vacci ne, obtained by freeze-drying an
aqueous 5 solution conprising (i) an i n_fjj.l_enza vaccine, (ii) a hydrophobic
amno acid, and (iii) arginine and an aci'd addition salt thereof;

the proportionpefisthe (iii) arginine and the acid addition salt thereof
relative to the total amount of 10 the freeze-dried preparation being from
20 to 85% by weight; and the proportion of the arginine to the acid
addition salt therkof bélngtieeaerdngedsuphephat:ttimer plaft4iei agueous

solution is frem8,te 19.4%2, Adveetss dﬂgfﬁ%:@é%gaﬁ%}i% agporgdidg, o

claim1l, vvherejrn the influenza vaccine Is ; Jaect ed to a desalting process.
3. A fre@ze-W e pRe R RT bRl A8 coridi ngt A I HFFR 2D VAR @i n (ERe (Fi)
hydr ophobi ¢ laydinophachbdci smphenyial ani aed driia jcosmbgnat hen aefd pheryd Bd ani ne

wth at | easgd@p@igifl ¥§hitnec’helreelbcﬂ ne, and isoleucine. 4. A freeze-dried
preparation according to claim ’ o ,
thé proporticn of the (iii} arginine and the acid

addition salt thereof relative to the total amount of

10 the freeze~dried preparation being from 20 to 85% by
weight; and the proportion of the arginine to the acid
addition salt thereof being in a range such that the pH
c¢f the agueocus soluticon is from 8 te 10.

i5 2. A freeze-dried preparation according to claim
1, wherein the influenza vaccine is subjected to a
desalting process.

3. A freeze-dried preparation according to claim
20 1, wherein the {ii}) hydrophobic aminc acid is
phenylalanine, or a compination of phenylalanine with

at least cne of valine, leucine, and isoleucine.

4. A freeze-dried preparation according to claim

25 1, wherein the proportion of the (ii) hydrophobic amino

acid is from 14 to 75% by weight relative to the total
amount of the freeze-dried preparation.

5. A freeze-dried preparation according to claim

30 1, wherein the (iii) arginine and the acid addition

salt thereof is arginine and a hydrochloride therecof,
respectively.

6. A freeze-dried preparation according to claim
35 1, wherein the proportion of the acid addition sait of



25 1, wherein the proportion of the (ii) hydrophobic amno acid is from 14
to 75% by weight relative to the total amount of the freeze-dried
preparation. 5. A freeze-dried preparation according to claim30 1, wherein
the (iii) arginine and the acid addition salt thereof is arginine and a
hydrochl ori de thereof, respectively. 6. A freeze-dried
preparation according to claim35 1, wherein the proportion of the acid
addition salt of -23- arginine is 1 to 20 parts by weight relative to 1
part by weight of the arginine. _o3. 7. A freeze-dried preparation
according to claim5 1, wherein the total anount of the conponents (i) to
(iii) is from@dnteel@@%iby el ghpakelatiyvesdgiihertbbal vamauntl gfatthe
freeze-drieqapregarﬁ%iOQ. C 8. A freeze-dried preparation
according to TIAF Y i %ﬁ@cﬁQQ3%ﬁp?hjection that is dissolved prior to
use. 9. A freeze-dried preparation according to claim

1, whi chi saphar maceut i Gal prepacalirQRiOr, A dsPul FRNAEY cadAiny Sid atiHim 15
10. A freeze-dried preparation according.to claim1, whichis a.

phar macedt i ci Hﬁ&ﬁ&%&ti% i a?W?ugﬁm?ﬁs?bﬁti%ﬂr}p%ﬁﬁ.i TE0hot £ or
preparing a freeye-idri édopr epar dta oA&dht abpi ngeig it | wedzdvacei ne, the
Conprising: toray aflohhbSbeSter quéﬂéf@aawadagraga%v&%o%ﬂl ution conprising
(i) an influenza vaccl ne, {ll) a hydrophobic 25 amno acid, and (iii)
arginine and an acid addition salt thereof; the content of the (iii)

argi nine and the &ci d Aadirteon-salitd hergqudr i dheaaqoeodusigsdlat ¢ baibei ng
equi val et 1o 20n10,8530 by welQhlc Sl athye 10 bestataly YUl Of she.
resulting freeze-dried preparation; 30 and the pH of the aqueous sol ution
being from8 to 10; and a second step of freeze-drying the resulting
aqueous solution. 9.-24x freeze-dried preparation according to claim

1, which is a pharmaceutical preparation for
transpulmonary administration.

15

190. A freeze-dried preparation according to

claim 1, which is a pharmaceutical preparation for
nasally administration.

20 11. A method for preparing a freeze-dried
preparation containing an influenza vaccine,
comprising:

a first step of preparing an agqueous solution
comprising (i) an influenza vaccine, (ii) a hydrophobic
25 amino acid, and (iii) arginine and an acid addition
salt thereof; the content of the (iii) arginine and the
acid addition salt therecf in the agqueous solution
being eguivalent to 20 to 85% by weight relative to the
total amount of the resulting freeze-dried preparation;
30 and the pH of the aqueous solution being from 8 to 10;
and
a second step of freeze-drying the resulting
agueous solution.

35 12. A method according to claim 11, wherein the



i nfluenza vaccine is subjected to a desalting process. 13. A met hod

according to claim1ll, wherein the (i1) hydrophobic amno acid is
phenyl al anine, or a 5 conbi nati on of phenylalanine with at |east one of
val ine, |eucine, and isol eucine. 14. A nmethod according to claim11,

wherein the content of the (ii) hydrophobic amno acid in the 10 aqueous
solution used in the first step is equivalent to 14 to 75% by wei ght
relative to the total amount of the resulting freeze-dried preparation.

15. A nethod according to claim11l, wherein the 15(iii) arginine and the
acid addition salt thereof is arginine and a hydrochl oride thereof,
respectivel yinfluenzal&Gaddimed hiod agispeding to el algwall i whesebdethe
proportion of the acid addition salt of arginine in the 20 aqueous sol ution
used in the first stepis 1 to 20 parts by weight relative to 1 part by

wei ght of the argih¥ne. A method7acpondihad tarcotdinglio clharain, thkerein

t he 25 tOtal{g@ﬂtemydﬁ&phbgi@Qnﬁﬁaﬁ6tSa&Eh th(iﬁhénymaEBﬂi®QHGO@§.SQ'Ution
used i n the fé£ Ens%eﬁ [ gqU|%ale t to 80 to 100% b MfI%h£ relat|v§ to
the total anBbURt - BFTERE r &dul PIRGYFEe Bt 4 i &8 PPepdfattonSt ©ne ©

valine, leucine, and iscleucine.

14. A method according to c¢laim 11, wherein the
content of the (ii) hydrophobic aminoc acid in the
10 agueous solution used in the first step 1is equivalent
to 14 to 75% by weight relative to the toctal amount of
the resulting freeze-dried preparation.

15. A method according tc claim 11, wherein the
15 (iii) arginine and the acid addition salt thereof is
arginine and a hydrochloride therecf, respectively.

16. A method according to claim 11, wherein the

proportion of the acid addition salt of arginine in the

20 agueous solution used in the first step is 1 to 20

parts by weight relative to 1 part by weight of the
arginine.

17. A method according to claim 11, wherein the
25 total content of the components (i) to {(iii) in the
aqueous solution used in the first step is eguivalent
to 80 to 100% by weight relative to the total amount of
the resulting freeze-dried preparation.



