-1- 2193631 STABLE PHARNACEUTI CAL PREPARATI ON CONTAI NI NG ,
GRANULOCYTE COLONY STI MULATI NG FACTOR "AND PROCESS FOR Pgmggi?E SAMVE
The present invention relates to a pharmacgutical 5 pr | ont ai ni ng
a, granul ocyte colony stinulating factor. Th particul ar, the present
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a varietycof 4 é%dééﬁé"&%ib?'ta!érQﬁ‘ﬁléé?[ﬁécéalbﬁbeEmeJQ'all&dnbhat
chennthergpy causes sone serious clinicCal problens such as the generation

of drug-resi fguto® Jath Sp@rt SEAIYE, OthéappesenNt hgention, raldtlesghosiade
effects. In order to avoid these probl ens associ ated wi th chenot herapy

i nvol vi ng t hes iasi Df zéd ephaend ceuttbeal spseparatiéfi eonthiningsaagganulo-
bactericides, attenpts are being nade to use a substance that activates the
prophyl act i c oytpabedlengssbimubat ingt factan thatcisoprobected eggdnsém and
thereby pro- viding a conplete solution to the aforenentioned probl ens of
chenot her apy.la¥s tée imacbivabionhgf athecaekpusi coppegest 44 .ehe 9E&NULOTe
phagocytic bactericidal action_of Ieucocggg .S belie%ed to.cause
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association, polymerization or oxidation of said component.
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Chemothérapy has been undertaken as one method for €?ﬁ
treating a varietf of infectious diseases but it has
15 recenﬁly been found that cheﬁotherapy causes some sérious
clinical problems such as the generation of drug-resistant
organisms, change of causative organisms, and high side
effects. In order to avoid these p;oblems associated with
chemotherapy invdlvihg the use of therapeutic agents sucp as
. 20 aﬁtibiotics and bactericides, attempts are being made to use (b'
i .a substance that activates.the prophylactic capabilities of
the host of an infection-causing organism and thereby pro-
viding a complete solution to the aforementioned problems of
chemothefapy. Of the various prophylactic capabilities of
25 the host, the phagocytic bactericidal action of leucocytes
is believed to cause the strongest influence in the initial
period of bacterial infection and it is therefore assumed to

be important to enhance the infection protecting capabili-

ties of the host by promoting the growth of neutrophiles and



-2- their differentiation into the mature state. A granul ocyte col ony
stismukating factor (G CSF) is one of the very useful substances.that
exhi bit ~such actions and the sanme assignee'of the present invention
previously filed a patent applica- 5 tion o@=an infection protecting agent
usi ng G-CSF (Japanese, Patent Appl.icat,ion hqi 23777/ 1985). As nentioned
above, -chenot h M fferenkiakion dnta Fhe, patpre tors dh@Frangdecyte
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very smal | anmount and a pharma- ceut’ical prepardtion cont/aining O.

[err] (preferaBatedt App1akdtdion INf 37571983 sual |y administered at a
dose rate of 1 - 7 tines a week per adult.. However, G CSF has a tendency to

be adsorbed on the walds afenttivonedtabove, hEmctherapnad edraentljyect i on or
a syringe. Therefore, if the drug is used as an injection in such a form as
an aqueous 25 pradtiicred iinwalve sheraarisars athawo itdab lenlproifl entss aneh tizitrear—
such as an anpule or a syringe. This either results in the failure of
G CSF to ful |y shve [efifdnts @amne heingmadeio mse cediugisuhsb@anas that is.
necessitates the incorporation of GCSF ~ -3-
\—~ 10 capable of activating the prophylactic functions of the host
or the person who has been infected.
Needless to say, G-CSF displays by itself the ability
to activate the prophylactic functions of the host and it
- has also been found that G-CSF exhibits greater therapeutic
15~ effects in clinical applications if it is used in combina-
tion with a substance that activates the prophylactic
capabilities of the host.
G-CSF is used in a very small amount and a pharma-
U - ceutical preparation containing 0.1 - 500 pg (preferably
20 5 - 50 pg) of G-CSF is usually administered at a dose rate
of 1 - 7 times a week per adult. However, G-CSF has a
tendency to be adsorbed on the wall of its container such as
an ampule for injection or a syringe. Therefore, if the
- drug is used as an injection in such a form as an aqueous
25 solution, it will be adsorbed on the wall of its container
such as an ampule or a syringe. This either results in the

failure of G-CSF to fully exhibit its activity as a pharma-

ceutical agent or necessitates the incorporation of G-CSF



%
I n a nore-than-necessary anount meki ng all owance for its possible Ioss due
to adsorption. In addition, GCSF is |liable and highly susceptible to
environmental factors such as 5 tenperature, humidity, oxygen and
ultraviolet rays. By the agency of such factors, G CSF undergoes physi cal
or chem cal changes such as associ ation,~3ol yneri zati on and oxi dation and
suffers a great loss in activity. These phenonmenon neke it difficultg 20s)
ensure conpl eti @ BEXerkhantieIAsSAry wretpmk@mcqllkgwm o er}d}g a

very smal | tarrgmél s&mb%&@mw&géol P i's tpeg_egngeth o
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surfactant, sacc ther ht corrpound
According to t ‘F%r% 9’25% %ﬁ/l’dé(?‘?’qu
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t hat cont £0 te ¢ factor
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phar maceut i calvgmmlhtﬁmow elirGRSE iR, a seexsheXakt mqmm:e-l ns and

ot her high- nol ecul g %f%ﬂ:@lﬂgk?eéé@%r
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t he f0||0mﬁrquhﬁgﬂQgﬁ#E*ﬁ |preparation ‘of G-CSF that is ful
protected against a drop in the activity of its
15 effective component. This is the principal object of v
the present invention which provides a stable
pharmaceut1ca1 preparation of G-CSF.
The present inventors conducted intensive studies
in order to enhance. the stab;lzty of a G-CSF containing
20 pharmaceutical preparation and found that this object
can effectively be attained by addition of a
pharmaceﬁtically acceptable surfactant, saccharide,
protein or other high-molecular weight compound.
According to the present invention, there is

25 provided a stable granulocyte colony stimulating factor e
containing pharmaceutical preparation that contains, in
addition to the granulocyte colony stimulating factor
present as the effective ingredient, at least one v/

substance selected from pharmaceutically acceptable

30 surfactants, saccharides, proteins and other high-
molecular weight compounds such as natural polymers or
synthetic polymers; wherein the granuiocyte colony
stimulating factor has the following physicochemical
properties:

35 (i) molecular weight: about 19,000 ¢ 1,000 as

- measured by electrophoresis



; _
properties: 35 (1)- mol ecul ar melght 'about 19,000 1,000 as neasured
by el eéctrophoresis ' -4- through a sodlunldodecylsulfate- pol yacryl am de
gel; (ii) isoelectric point: having at |east one of the 5

three isoel ectric points, pl =5.5 0.1, pl =5.8 0.1, and pl = 6.1 0.1;
(iii) ultraviolet absorption: having a nangyn1absorption at 280 nm and a
m ni num-10 absorption at 250 nm (|v) am no acid sequence
of the 2T residues fromN ter#inus: through a sodium
[err]-Thr-Pro-Leu-dy-Pro-Al a-Ser - Ser-Leu-Pr

Ser - Phe- Leu- Leu- Lys- Oys- Leu-d u-d n- Val - g" ecylsﬁllefad'reesent i nvention

al so provides a process for producing a stat;b@lﬁmllam}de gullony

stimulating factor co n R S5
conpr 1 ses i xi g or anit oLyt B0 BRGEEREHbLFEY RIPRRL AL Taadliiat RIS
| east one subBtance sel ected 20 fron1pharnacéth¢Qﬁﬂ soelaalinish|points,

surfactants, saccharides, proteins and other P ob 5104 ecuyj Ay, gﬁ_lghg .8 &
subst ances such as natural pol ymers and synthetjc pol yners, dissalving the

resulting mxture in a buffer solution, and c?na}glqﬂf aP]E:d'T'ltGal]ne"’r Quikih 't he
sol ution; 25 wherei n(§aiy € €Savieket F&bé@tﬂ:@ﬂbmg ey td faximym Mol ecul ar

wei ght - about 19, 000 1,000 as absorption at 280 nm and a minimum
| 10 absorption at 250 nm;
| (iv) amino acid sequence of the 21 residues from N
terminus:
B,N-Thr-Pro-Leu-Gly-Pro-Ala-Ser-Ser-Léu-Pro-Gln-
SeréPhe-Leu-Leu—Lys-Cys-Leu—Glu-Gln-Val-.

—/ 15 The present invention also pfovides a process for
producing a stable granulocyte colony stlmulatlng
factor containing pharmaceutlcal preparatlon, which
process comprises mixing granulocyte colony stimulating
factor (G-CSF) with at least one substance selected

20 from pharmaceutically acceptable surfactants,
saccharides, proteins and other high molecular weight
substances such as natural polymers and synthetic
pélymers, dissolving the resulting'mixture in a buffer .

U - solution, and charging a container with the solution;
25 wherein said G-CSF has the following properties:
o (i)' molecular weight: about 19,000 t 1,000 as
U | _ measured by electrophoresis
through a sodium
dodecylsulfate-
30 ' ~ polyacrylamide gel;

(ii) isocelectric point: having at least one of the
three isoelectric points,
pI = 5.5 £ 0.1, pI = 5.8 &
0.1, and pI = 6.1 & 0.1;

35 (iii) ultraviolet absorptlon. hav1ng a maximum
absorption at 280 nm and a minimum



measured by el ectrophoresis through .a sodi um dodecyl sul fate- 30

pol yacryl am de gel; (ii) |soelectr|c poi nt: having at |east one of the
three isoelectric points, pl ='5.5+ 0.1, pl =5.8 0.1, and pl =6.1 0.1; ;
35 (tii) ultraviolet absorptlon havi ng a nmaxi num absorption at 280 nm .
and a m ni num -5- absorption at 250 T (iv) amno acid sequence of t he
21 residues fromN term nus:

H2N- Thr - Pro- Leu- G y- Pro- Al a-2R801Rtion, ato 250 mms 5 ' i“ 4
Ser - Phe- Leu- Leu- Lysivy sankine @aidi sedisnce foff that 21 resfidues feidkon for
prepari ng tm%é%égﬁiép be used in the present invention, see the
specifications o apanese Patent Application Nos. 153273/1984

269455/ 1985, 2694%Nr%s-Pm@w/-ﬁésstdAle-a¢9889rines-Puo+Ghav| ng been

filed by tde assi g@_e.m{e.tm.m dypetiduds1ulita nlyaal .G CSF cont ai ni ng
sol ution obt ai ned dfe st.ored a fr ze ate after belng further
purified and conceé&a‘%/ fed{}f W&SRF BRERRTLRG: &b, GGSF

Al ter nati vel yto the lﬁsédltimrtl:rmypmawrmtvafﬁmm baeeg thehydrat ed by such

neans as free éiiréll ww%a%e%%ﬂeﬁ‘tphgﬁ%%dﬁtg%gb% rocessed as

. specified by resen’t nvent inor G- CSF
cont ai ni ng leaﬁ 984 20MRH/AL985,s.269456/1985, 270838/1985 and

10 270839/1985, all having been filed by the assignee of
the present invention.

The human G-CSF conteining solution obtained may ;)
be stored in a frozen state after being further
purified and cencentrate&, as required, by any known

15 technique. Alternatively, the solution may be stored
after being dehydrated by such means as freeze-drying. \4
.~ The human G-CSF thus prepared can be processed as
speclfled by the present lnventlon in order to attain
. stable G~CSF containing pharmaceutlcal preparations.
20 - Typical examples ofithe_surfactant that is used to
attain the stable G-CSF containing phermaceutical
 preparation of the present invention are listed below:
nonionic surfactants with HLB of 6 -18 such as sorbitan
aliphatic acid esters (e.g. sorbitan monocaprylate,
25 sorbitan monolaurate and sorbitan monopalmitate), o
lecerin aliphatic acid esters (e.g. glycerin
monocaprylate, glycerin monomyristate, and glycerin _
monostearate), polyglycerin aliphatic acid esters (e.g. W/
decaglyceryl monostearate, decaglyceryl distearate and
30 decaglyceryl monolinoleate), polyoxyethylene sorbitan
aliphatic acid esters (e.g. polyoxyethylene



20 ‘Typi cal exanples of the surfactant ‘that is used to attain the

st abl.e G CSF cont aini ng- phar maceut i-cal preparation of the present invention
are listed bel ow. nonionic surfactants with HCB of 6 -18 such as sorbitan
aliphatic acid esters (e.g.  sorbitan nonocapryl ate,;, 25 sorbitan

nonol aurate and sorbitan nonopal mtate), gﬁ?cerin al i phatic acid esters
(e.g. glycerin nonocaprylate, glycerin nononyristate, and glycerin

nonost eaf at e) , L Al ti ' { & . L
Tonost 8A° 2L ¢). o RELYELY oA LI | SoRGeR R ond Sern iRt Ridate,
pol yoxyet hyl o 6?&&@@9&9“@%&&@% dnb5dSESakLed; Pl perpetplane
sor bi tan nonol-aurate, pol yoxyet hyl ene sorbitan nonooleat’e, “pol yoxyet hyl ene

sorbitan nmonosieas At Sn ROAYBXVRILNEEPEPSDYOky@thy DD HdEB it trioleate,
pol yoxyet hyl ene sorbitan triol eate, and pol yoxyet hyl ene sorbitan '

tristearate), edypsyedkyéeEngléneosdbibitanl tpiatéarals X, giloroxyethylene
pol yoxyet hyl ene sorbi- tol tetrastearate and pol yoxyet hyl ene sorbitol

tetraol eatey, sothitdy| abiphayieracidl epberscl(acyd polyrxyetthylenmisanbi-

ethyl ene glyceryl nonostearate), polyethylene glycol aliphatic acid esters
(e.g. pol yet hytehetgtyastedrateaand epol yoxypthybayet $gthkitolal it raaleate),

(e.g. polyoxyethylene |auryl ether), polyoxyethylene pol yoxypropyl ene alkyl
ethers (e.g. ppdyyeyhyhgnenglyeeyinyptiphatie 3Fidpserrer (€ gbi \RRAYOXY-

ol Yoxypr opy] CAERELEDE SLHER FYL pBOBRTRRAGFERe BOLVRHRLISHS 118 %hr s (e g.

Do oA TRRNE RN Atkah P b, LNy RV ERER G0b8L Slduapraten,

bk uans! Y2EY hOY 8L 8L RFTENT a TRV BLRLES (8.9, BOlysHyELIYIahehapipL ol
ether), polyoxyethylene polyoxypropylene alkyl ethers (e.g.

o . | |
- polyoxyethylene polyoxypropylene glycol ether, polyoxy-
. ethylehe polyoxypropylene propyl ether!_and:polyoxygthylene.
polyoxypropylene cetyl efher){ polyoxyethylene alkylphenyl
is ethers (e.g. polYoxyethylene nonylphenyl ether){ polyoxy-
: _ethyléted castor oil, polyoxyethjiated hardened castor oil
”(polyoxyethylated hydrogenated castor oil),.polyoxyethylafed
beeswax derivatives (e.g. polyoxyethylated sorbitol beeswax),
‘polyoxyethylene lanolin derivatives (e.g, polyoxyethylene
20 ianolin), and polyoxyethylene aliphatic acid amides (e.g.
N polyethylene stearic acid amide); anionic surfactants such
as alkyl sulfuric acid salts having a C10 - C18 alkyl gfoﬁp
(e.g. sodium cetyl sulfate, sodium lauryl sulfate and sodium
oleyl sulfate)! polyoxyethylene alkyl ether. sulfuric acid
25 salﬁs wherein the average molar number of ethylene oxide
addition is 2-— 4 and the alkyl group has 10 - 18 carbon

atoms (e.g. polyoxyethylene sodium lauryl sulfate), salts of

alkyl sulfosuccinate esters wherein the alkyl group has 8 -



’ ]
pol yoxyet hyl ene | anolin derivatives (e.g. polyoxyethylene 20 |anolin), and
pol yoxyet hyl ene aliphatic acid am des (e.g. polyethylene 'stearic acid _
am de); anionic surfactants such as alkyl sulfuric acid salts having a ;
[err] alkyl group (e.g. sodiumcetyl | fate, sodiumlauryl sulfate and
sodlun1oleyl sul fate), pol yoxyethyl ene al kyl ether sulfuric acid 25 salts
wher ei n t HE8 avarbgp abbms hengersodiumhlaenglosdﬂﬁoeddclnabe|esEer)ﬁga
the al kyl group has 10 - 18 carbon atons (e:.g. polyoxyethylene sodi uis-

| auryl SLnamdeyateaalss@rfamkgmteusﬂgbueeuhacet gner glyberephosphoal kyl
group has 8 - 18 carbon atons .g. sodium |l auryl sulfosuccinate ester)
and nat ur diBids a&thsogheﬁphelieeﬁt keng- gppRéREpRMEEhED) ;| apddsucrose

hi hos hi I d | i phat d_est
wheroin t rLLPRaRAEi 8048 5 Fae ”%%%ér“nﬁ@%?%iﬂﬁ%@ié ach8obas iPacidfits
may of cours be u ed eit |nde k I n adn1xture The surfactants
|i sted AbRF g?ﬁrab 5e%§eﬁ° ﬁﬁﬂ ¥sm8¥ 9f_coBrggobparedhy wei ght
t ht Th haride to b d Ki
Phe ot bl FHERRY a%ﬁ%mﬁé%ﬁa?ﬁaaaueﬁrsarggfgﬁér i on of tﬁe”éfes'eﬂt B
e Ry MEnd°LEEEELE A ON gggegangseégcsﬁér Peerfbi §oassacERal i des,

and pol ysacchari des, as we ate esters nuc vatives

t hereof s St hey_ 19g p ceyt e a
exanpl es g?gg€?§$eafbglom?° ??Sanﬁggaﬁg ?g g¥ gﬁgagsch§XoV§!§thbgs
glycerin, grggpritol, arabitol, xylitol, sorbitol, and mannitol; acidic .

sugars such as glucuronlc aci d, |duron|c aci d, neuram nic-acid,
gal actygonic aCIdTh€|Q@OﬁharﬁdedtOZBenﬁséﬂrQﬁlﬁahﬁhd thetsghbmelcccseld

ket ogal actoni ¢ acid and

containing pharmaceut1ca1 preparation of the present inven-
‘tion may be selected from among monosaccharides! oligo~ T NG
saccharides, and polysaccharides, as well as'phosphate
esters and nucleotide dgrivatives thereof so long as they

15 are pharmaceutically acceptable. Typical examples.are
listed below: trivalent and higher sugar alcohols such as
glycerin! erythritol, arabitol, xylitol, sorbitol, and
mannitol; acidic sugars such as glucuronic acid! iduronic
acid, neuraminic acid, galacturonic acid, gluconic acid, o

20 mannuronic acid, ketoglycolic acid! ketogalactonic acid and

ketogulonic acid; hyaluronic acid and salts thereof, chon-
droitin sulfate and salts thereof, hepariné inulin, chitin
and derivatives thetéof, chitosan and derivatives thereof,
dextrin, dextran with an avetagé molecular weights of 5,000

25 - 150,000, and alginic acid and salts thereof. All of these

saccharides may'be used with advantage either independently

or in admixture.



ket ogul orii ¢ acid; hyaluronic acid and salts thereof, chon- droitin sulfate
and salts'thereof, ‘heparin, inulin, chitin and derivatives thereof,

chi tosan and derivatives t her eof , dextrln dextran with an average

mol ecul ar wei ghts of 5,000 25 - 150 000, arl alginic acid and salts
thereof. Al of these saccharides my be used with advantage either

i ndependently or in afhexsaccharid@heliatefaabdve aretprefidvablyrused in
preferabgfy used in anpunts of 1 - 10,000 parts by -wei ght per part by weight
of G CSF. Typiampupkanpfed oflﬂheoﬁrnaéta by weigbtdpen Fﬁktn§Y5W€h§h§t@ | e
G CSF cont ai ni ng pharmaceutical preparation of the present invention

i ncl ude human S=2€8F»al buni n, human serum gl obulin, gelatin, acid-treated

Caverage mol . ve. = 7T¥Bbcal §saBBbsS Ghdcbbi PAOEAINNERGPeSUsEd 1h,Maiiing
h h d d I
brotel s |1 5t chbapBEEbLF cCrrEFoFaBFgLnLEH Sﬁéaﬁsé’%veé98395“&356%560&?#5 by
i gh ol ecul ar th8, BREEENEoanyePEThe doghuds hupfHCbERimcEERRnER, Chyhdf
Al i g PhaLRER  q1bbERine 8 Biééih FFLP?eQEE Ge1bEYRN(bparhBs fee:
pol yners such ypropy ose rox ymet hyl  cell ul ose,

Sodlun1carb0xya€th¥|709bbUL0§90 90@?hyglﬁé!QLEYEaE@dCQéhakﬂﬁe(a@ééage mol.
synthetic pol yners such as polyethy ene glycol (nol 00),

pol yvinyl alco@el, &nplo00t - 30800000 ,- ah@0c0800agennd Mebk@Yesy! pyr sakidone
(mol. w. = 20,000 - 100,000). Needl ess to say, these high-nol ecul ar
bt 10 these proteins may be used either independently or in
admixture.
U The proteins listed above are preferably used in
amounts of 1 - 20,000 parts by weight per part by'weight of
G~-CSF.

15 Typical examples of the high-molecular weigh compound
to be used in making the stable G-CSF containing pharmaceu-
tical preparation of the present.invehtion include: natural
polymers such as hfdroXypropyl cellulose, hydroxymethyl

W, - cellulose, sodium.carboxymethyl cellulose, and hydroxyethyl
20 cellulose; and synthetic polymers such aé polyethylene

glycol (mol. wt. = 300 - 6!060)! polyvinyl alcohol (mql. wt.
= 20,000 - 100,000), and polyvinylpyrrolidone (mol. wt. =
20,000 - 100, ,000) . Needless to say, these hlgh-molecular
we1ght compounds may be used either alone or in combination.

. 25 The high-molecular weight compounds listed above are
desirably used in amounts of 1 - 20{000 parts by weight per
part by weight of G-CSF.



wei ght conpounds may be used either alone or in conbination. 25 . The
hi gh- nol ecul ar wei ght conpounds |isted above are desirably used in anouhts
of "I - 20,000 parts by weight per part M* wei ght of G CSF. I n addition
to-the surfactant, saccharide, protein high-nol ecul ar melght conpound

descri bed above, Sul%aaialsnet Ehe' saeleacafle! aULLRS 9nQ 8.Ppegest ! Lno, of

an am no acid ur eous re ucl ng agent an fan an b 5

i ncor por at ﬁfé?hnma%hwa&hae%gﬁﬁFc%Bbahal Resk %eacsu bea' ak’ §8a5e! bﬁ@

t he present fnvention | lustrative am no aci ds include glycine, threonlne
trypt ophanpempérngelrdeaxfrvm Bhe Groupdcbasistihg €. afyamthBeacsust i ne,
and nethionine. [Illustrative sulfureous reducing agents 10 i ncl ude: -
N-acetyl cyat eumw:bbaeet;ﬁhe&agyagenme anhaachntisgidanthimagi glxecbe

t hi oet hanol am ne, thioglycerol, thio- sorbitol, thioglycolic acid and salts
t her eof g smdcuupbhahedsdhfmak;ngodhenﬂhﬁﬂ@ogentaﬁhuhg phatdmacepyiecadl fite,
sodiumsulfite, thiolactic acid, dithiothreitol, glutathione, and a 15 mld
sul f ur eousprepacatgoagefit thevprngsentulinveatibngr odplustiragive pminp

t hi oal kanoi ¢ acid. _Illustrative anti- oxidants include erythorbic acid,

di but yl hydaeidsoinedudenglycingrokparradne, t&vpPtopbasphd¥sineyocopher ol
acetate, L-ascorbic acid and %#ts thereof,, L-ascorhic acid palmtate, 20

L-ascorbi c &éFS;X@XgF&Fe hﬂﬁt& PegaPFgﬂélnﬁWoﬁyﬁtQ&PPatEY§ﬁ&n@h§P§§|ng
- EDTA

S?FEE%?SE&?@&RE&@SE?W%& A6 LRn Fb1 £hire g, F ORI SHRPS aci do.

B?efEﬁ§Efilﬁ§§§5?29a§§a%?EQE?Y%QQ1§%568€EQ%Q&§h§&°%§§3%%%§g?Q@&S?Eb?re

acid, thlodlglycol, thloethanolamlne, thloglycerol thio-

-

sorbitol, thioglycolic acid and salts thereof! sodium thio- <
sulfate, sodium hydrogensulfite, sodium pyrosulfite, sodium -
sulfite, thiolactic acid, dithiothreitol, glutathione, and a

15 mild sulfureous reducing agent having a sulfhydryl group
such as é ¢, - ¢ thioalkanoic acid. 1Illustrative anti-
oxidants include erythorbic acid, dibutylhydroxytoluene,
butylhydroxyanisole, di-a-tocopherol, tocopherol acetate,
L-ascbrbic.acid and salts thereof, L—ascorbic acid palmiéate! '

20 L-ascorbic acid stearate, triamyl gallate, propyl gallate
and chelating agénts such as disodium ethylenediaminetetra- )

acetate (EDTA)! sodium pyrophosphate and sodium S
metaphosphate.

The above-listed amino 3cids! sulfureous reducing
25 agents and antioxidants or mixtures thereof are preferably

used in amounts of 1 ~ 105000 parts by weight per part by
weight of G-CSF.

-



mbight of G CSF. For the purpose of fornulating the stable G CSF
cont ai ni ng preparation of the present invention in a suitable dosage form
ope or .nore the follow ng agents may be incgrporated: a diluent, a
solubilizing aid, an isotonic 5 agent, an eﬁ%ipient, a pH nodifier, a
soot hing agent, and a buffer. The stabilized G CSF pharnmaceuti cal

preparagion of the presenthe nperpose oRyEdemblatingt€ite aitdsTe fercay al

adm ni stfation or for parenteral administration such as by 10 injection
applied in varconsaiwing preparatiortgf of helopremperdior ivverlyidre Hnm oyed
dependi ng upon. the specific node of adm nistration. Typical dosage forns

i ncl ude: thoses@it ddmage)r%nrtagmm sex ane o the feklawingtagents Imgy
capsul es, granul es and suspensions; solutions, suspensions 15 and
freeze-dried RepReRFRREakRd ncidAiluent errlcso¥uhil ining enidis amjkantamic
I ntramuscul ar injection, supcutaneous injection and intracutaneous

inj ection; AncPIse 3t SFCERLSN: . (3 PR ARGLEIe By A Heathing ARty &and a

rectal suppositosz.ries, nasal drugs, and vagi nal suppositories. 20
Accor di ng totﬁﬂf?ﬁ%Sent i nvention, at |east one substance selected from

oo B ocene! okt o0 e Mkl Ried ileof RCHRLAEIGA MRS Lor o
phar maceut i Calttfgt.?%%%ﬂt?nir?&eﬁmn %ax?];%é)cﬁiyﬁe“%%éﬁ%%pgf&ds&%ed on

25 the wal |- of alner or a syri e same tine,

oo ene. SopdieiLABeelonaer for Ot E GRS, BRIPIIS B
bei ‘g 10 injection applied in various ways, and a variety of dosage
forms may be employed depending upon the specific mode of
U administration. Typical dosage forms inclﬁde:' those
intended for oral administration such as tablets, pills{
capsules, granules and suspensions; solutioné! suspensions

15 and freeze-dried preparations principally intended for
intravehous injection, intramuscular injection, subcutaneous
injection and intracutaneous injection; and those intended
for transmucosal administration such as rectal supposito-—

W - 'ries! nasal drugs, and vaginal suppositories.

20 | According to the present ihvention! at least one
“substance selected from the group consisting of a surfac-
tant, a saccharide, a protein or a high-molecular weight

- compound is added to a G-CSF containing pharmaceutical
preparation so that it is prevented from being adsorbed on

25 the wall of its container or a syringe while at the same
time, it remains stable over a prolonged period of time.

The detailed mechanism by which the substances

mentioned above stabilized G-CSF or prevent it from being



adsor bed

is yet to be clarified. In the presence of a surfactant, the

surface of G CSF which is a hydrophobic protein would be coveted with the
surfactant to beconme solubilized so thﬁi the G CSF present in a trace

amunt is

5 effectively prevented fro

being adsorbed on the wall of its

container or a syringe. A saccharide_or hydrophilic high-nolecul ar weight

conpound \RASerhed nig YS kI b0 e | ajrFifiedecnIn tie Bresence a0foapt i Ve,

surface of the wall of jits container

adsorptio
G CSF for
effective
adsorptio
preventio

the prese
conpouﬁg,

retard the autoxidation of GCSF that is accel erated under high tenperature

a_syringe, thereby prevgntingﬁ#

rﬁ?fﬁ%ﬁt§§¥§¥£#%h%HF%TT%C?fy@iﬁﬁﬁn@??c ﬁ?o?ehﬁdﬁgﬂhqbbgﬂpetg'mﬁth
B SR oA e orpve 6rd ord 6B (GRS %égfég%?ﬁie%ﬁé%gﬁ@ff)ne&e G cse
ot Eiited 08 BRFE CREGLOOE LRRAEe BN & PLiCe cORMINE 1S ° |1°

f : or Seur bt
Eedonvaty Predtieed MEESR bfngPadlaied obf e THaPE (0BT 1O
subst : ' ' t F : 4
Surti ol oniEeeditalee 16k B4 Syt fg0F IR abbRaRIBS T ThPROBRILEE, |
 their assogi gilRelédulPt YWEL 4B EofipolRd 2H8u180Borh g SRydrRELantgge poul d

or hum di tie ©e§h eGCSF 28nd> €8¢ 44901 PELI Ve sacpacet 6f BhepehYIE6Ezed as a

result of

G CSF or pityementeinér foonabsyningesothetrebyoprevéntitngradedrpbion be

further e
10

15

20

25

its autoxidation. These effects of retardi ng autoxidation of

nhanced by addition of an am no : -
of G-CSF in an effective manner. A protein would compete

with G-CSF for adsorption on the wall of its container or

a syringe! thereby effectively inhibiting adsorption of
G~CSF.

| _Besideé the prevention of G-CSF adsorption, the
substances mentioned above would also contribute to the
prevention of association or polymerization of the molecules
of G-CSF. In the presence of a_surfactant,_saccharide!
protein or high-mcleculaf weight compound! the indiéidual
molecules of G-CéF are dispersed in these substances and
the interaction between the G-CSF molecules is sufficiently
reduced to cause a significant decrease in the probability
of their association or polymerization. 1In addition, these
substances would retard the autoxidation of G-CSF.that is
accelerated under high temperature or humidity oi prevent
G-CSF from being associated or polymerized as a result of
its autoxidation. These effects of retarding autoxidation
of G-CSF or preventing it from being associated or polyme-

rized would be further enhanced by addition 6f an amino

Y

v

i



acid, a églfurous reduci ng agent or an antioxidant. The probl ens descri bed
apove-are particularly noticeable in solutions for injecting and in
suspensi ons but they also occur during the process of 5 formulating G CSF
in other dosage forns such as tablets. The addition of surfactants,

sacchari des, proteins or high-nolecular wei gft- conpounds is also effective
I n thls.latter case. Through the addition of at |east one substance 10

seIectéﬂ“fron1thea@&ﬂgpac@naﬁatbng wedacingf ageabt.ersancantidgidantiei n and
a high-mol ecul ar wei Nl GO TRAN dmeCatabriBell' ABbYeSheR! bhzeicadrigi ntai ns

its activity for a prol per enpnstrated in the
exanpl es t hat foIh@W;déahdﬁtaMnspguﬁhegg ﬁ@§ulﬂ§ecth§§fépﬁohpng ranges of

_the amount of eacf&u%em&%ssmt% e?sa%% de&uﬁ:aahemaj théOpPBBesd’ 68 by
wei ght of surfactant, 10, 000 t of _sacchari 1- 20, 000
parts by wei ght off ting, Gr 5%?§gﬁyfﬁﬁw hEY Sg &Bgh- 20

nol ecul ar wei ght aaRletsd, |Te hdaﬁ.lﬂldnyqﬂemghﬂfactaﬁtsQSEacﬁhavldeag to the

B e o et S R AR sl GEBuRd 36 1o

hi gh- nol ecul ar weil oncentration and
this 25 is effect mfa‘autuwmlm Mu;ﬁ é:aetmarnga@eGSF from bei ng adsorbed on

the wall of its contai \Wn JSat apgien abi | it
of a G CSF containing p arm§ eut I ca rég'par?t | (%I’tl: oAk ?glsuﬁubhﬁaﬁ S Y

possi bl e to eddur saliectodrifiran the &?%‘tp &%’It’ﬁ?t 0 3hFYH ?ckp'FEg'se dose.
of G CSF to pat | edavchdricie Credtdin il lay hiighs-mellleiculent weight

— compound, G-CSF is highly stabilized and maintains its
' activity for a prolonged period of time, as will be
demonstrated in the examples that follow. To attain
o " ° 15 these results, the following ranges of the amount of
each of these substances are desirable: 1 - 10,000
parté by weight of surfactant, 1 - 10,000 parts by
weight of saccharide, 1-20,000 parts by'weight of
protein, and 1 - 20,000 parts by weight of high-
20 molecular weight compound, per 1 part by weight of G-
CSF.
According to the present invention, a surfactant,
a saccharide, a protein and/or a high-molecular weight
compound is used in a specifiéd concentration and this

u- .

25 is effective not only in preventing G-CSF from being
adsorbed on the wall of its container or a syringe but
also in enhancing the stability of a G-CSF containing

-/

pharmaceutical preparation. As a result, it becomes
possible to ensure the administration of a small but

30 highly precise dose of G-CSF to patients; since G-CSF
is costly, its efficient



, ]
utilization will lead to lower costs for the production of G CSF containing
phar maceuti cal preparations. The foll owi ng exanpl es are provi ded for the
purpose of further illustrating the present invention but are in no 5 sensey
to be taken as limting. In these exanpbes, the residual activity of G CSF
was determ ned by one of the follow ng nethods. (a) Soft agar nethod using
mouse boneygpl { Ak £6h! §i1 i‘@ééetéeié%foe&s%)f?g- £ndl p9$a&85%6§n8ég§0- 1

. - ~

m 10 of a C3H He (fenale) nouse bone marrow cell suspenhsion

[err] nucle@acseetdhtairifg Oplarhacéuei 681 hiepadhepyns, SA culture sol ution

containing 0.75% of agar were m xed, poured into a plastic dish for tissue

culture (35 [err]Fhecbollowing, eraniplest aredpiovidedagorathéepatposde 5%

[err]/95% 15 air .and at 1Q0% hum dity. The nunber of col onies fornmed was

- counted (oo £utbhercibhlustrating thel pnesend imvénstiandbutecametini Ay was

determined with one unit being the activity for form ng one colony. The

nmodi fi el \eelge st betaker 28| Limbhinged Im theseOexampdes¢atheas prepared

by the follow ng procedures. Mdified McCoy's 5A culture solution (double

concent r atFesdduak| setiviry of §redf was deterniredobyitene oL bhke), 2.55 g

~of MEM am po._ aci gd-vitam n_nmedi um (Ni ssui Seiyaku Co., Ltd.), 2.18 g of

“sodi um bi EPbb¥IRI MREBOABOO units of 25 potassiumpenicillin G were

di ssol ved tw ce_ipn 500 m of distilled water, and the_sol utjon was

asepti cal | BE s im-i ma A R oY e Pt e e s bl o PR 39 ¢ (b)

Rever se- phase hi of- REELE BBRGR (oS! LF]" 67R' R9" 8P ¥he 'ShRG18, " 6YE RE- Phase
) ' o/

C8 colum (4.6 nmmX _
10 of a C3H/He (female) mouse bone marrow cell suspension (0.5

5

-1 x10 huclear cells), and 0.4 ml of a modified McCoy's
5A culture solution containing 0.75% of agar were mixed, S
poured into a plastic dish for tissue culture (35_mma),
coagulated, and cultured for 5 days-at 37¢C in 5%.C02/95%“

15 air.and at 100% humidity. The number of colonies formed was
counted (one colony consisting of at least 50 cells) and the
ractivity was determined with one unit being the activity for
forming one colony. |

The modified McCoy's SA culture solution used in the ‘;J

20 method (a) was prepared by the following procedures..

! A t o . n
Twelve grams of McCoy's 5A culture sqlution (Gibco)(
2.55 g of MEM amino acid-vitamin medium (Nissui Seiyaku Co.,
Ltd.), 2.18 g of sodium bicarbonate and 50,000 units of
25 potassium penicillin G were dissolved twice in 500 ml of

distilled water and the solution was aseptically filtered

through a Millipore filter (0.22 pgm).



5 [err]) "and an n-propanol /trifluoroacetic acid mixture as a nobile phase,
the residual activity of GCSF (injected in an 5 anount equivalent to 1
[err]). was determined under the follow ingdgradient conditions: Tine (sec)
Sol vent™ (A) Sol vent (B) G adient O 100% 0% }
| inear 15 a i 9%d ¢ igqui :100%
0% Sol ¥ent (A): 30% n-propanol and 0.1%trifluoroacetic acid Solvent (B):
60% n- propanol and 0.ydird id | tesrenmneipiraseiCB Reslanin ofd Mg endB.00 eth;at a
“wavel ength of 210 nmand t hé ‘percentage of the residual G CSF activity was
cal cul ated 15 Syumheard| drowm+prdpamed A rifluomEahtdlc amidtmikt @GeCSHs a
Residual GCSF _ after the |lapse of a given tine 100 activity (9.
the initial amobilefplaRs the residusl aghimnitwioflCEGSBs(igriegtaddn @mn
this method correlated very well with the result attained in nmeasurement by
‘the soft agar amaunkl ¢eyivalent risk dho/mrdefipdined undes 4kl Lol vy 5
[err] of GCSF, one of the stabjljzing agents listed in Table 1 was added
and the nixt urkG@c3dignt AN tARIT ved in a 20 nM buffer sol ution

(contai ning 100 nM sodi um ch] ori de; 7,4) to ke .a phart iC
prepara- 25 tion ccﬁ*—‘ﬁﬁ—n&%di [ﬁl%fié%F Mhm

freezer-dried. The tinme-gdependent gﬂ@gge I n G CSF q&%ivity was neasured
by nethod (a) and the reSults are sho in _ } linear
' 15 0% 100%
- } linear
\ 10 25 _ 100% 0%

Solvent (A): 30% n-propanol and 0.1% trifluoroacetic acid

Solvent (B): 60% n-probanol and 0.1% trifluoroacetic acid

Detection was conducted at a wavelength of 210 nm and
the percentage of the residual G-CSF activity was calculated
15 by the following formula:

the residual amount of G-CSF
Residual G-CSF _ _after the lapse a given time x 100

activity (%) B the initial amount of G-CSF

. The residual amount of G-CSF as determined by this
'method correlated very well with the result attained in
.\//

measurement by the soft agar method (a) using mouse bone
marrow cells.
— 20 Example 1 |
To 5 pg of G-CSF, one of the stabilizing agents
listed in Table 1 was added and the mixture was aseptically
dissolved in a 20 mM buffer solution (conﬁaining 100 mM
 sodium chloride} pH 7.4) to make a pharmaceutical prepara-
25 tion containing 5 pg of G-CSF per ml, which was then

freezér-dried. The time-dependent change in G-CSF activity



Table 1. The term"activity (9" in the table represents the residual
activity of GCSF relative to the initial unit and is defined by the
follow ng formula: activity unit after éctivity (%9 =the |apse of a given't
tine initial activity unit x 100 5 ] Freeze-dryi ng was conduct ed

by the followi ng procedures: The G CSF solution containing a stabrlrzrng
agent was WAR neaspred thy MQ#-M feak rand deheyiresnltisiare dm [ er(#(-
bel ow for 4 hours, subé ect ed o primary drying hy heating 10 from [erf]

[err] over q—p rkod The & %‘f’n’—l’fh‘e‘i's)pre"é1 e £able Kerreseandis 0. 03 to

torr, then to, ond uri y#ﬁatrn fro MJS % r] for a
perlod oftﬁerﬁﬁﬁ‘sg%%tlfér%%r sé%éq |
there- aft er {heginie Ied with a sterile 15 dry
ni trogen tlds a‘hé}l’l édaﬂs% %e]rjr"%“ﬁ}%?sm ‘d the vial was plugged
with a freeze-drying rubber stopj ‘ﬁ$§g h an al um num cap.
Table 1 Activity (% Amunt St ) (ﬁké@édq ts by Af ter

After wei ght) Ackioktie(®l = forx @ bnt hs 1
nonth xylitol - 86 nmanni t ol

10, 000 91_Freeze-dr;3§1@'¢&%”é&hd?u&§édj by the follJ&uQQ_P 86
- 82 hyal?rronlc acid
: procedures:

The G-CSF solution. containing a stabilizing agent was
put into a sterile sulfa-treated glass vial{ frozen at -40°C
or below for 4'hours, subjected to primary drying by heating

10 from -40°C te 0°C over a period of 48 hours with the pres- O
- sure increased from 0.03 to 0.1 torr, then to secondary _
during by heating from 0°C to 20°C for a period of 12 hours
with the preesure increased from 0.03 to 0.08 torr; there-
after, the interior 6f the vial was filled with a sterile
15 dry nitrogen gas to attain an atmosbheric.pressure and the
vial was'plugged with a.freeze-drying rubber stopper, then

sealed with an aluminum cap. B -



dext ran (n1m1 40, 000) 2,000 95 - 90 heparin

5, 000 85" 80 chitosan 2,000 93
91 algimic acid ~ 2,000 3 90 hunman serum
al bum n - 1, 000 98 human serum gl obul i n
1,000 98 95 acid-treated gg!at!n 2, 000 97
95 alkali-treated gelatin 1, 000 - 96 col | agen
2,000 »= g5 90 pol yet hyl ene gl ycol . 10, 00 94
90 (mw. 4,00q) hydroxypropyl cellul ose 1, 000 R5g1V1tY (%) 94 1
sodi um car boxy et hyl cel | ul ose Amount 1, OOOAft 88 after '
80 hydroxynet Hyl c8thbidising B8gend (pargs by y .
al ool 2,000 9 vessith f 428 D gpreediloe ac |
pol yvi nyl pyrrdl i done 2,000 95 6 Mok Fh¥- {501 Of t%unah
serum al buni n 2000 —renni-t-of 2000 00—
.97 cysteine xylitol 100 110Tabbe Y (congrd) Adtivitge(
- Amount St abi | | p+Rg—agent— par-ts—by Af-ef Af-t-er—tet
storage. at stiomagaiebl[err] for [err] 10;050nnqths 911 north 85
glucuronic acid 10,000 86 82
hyaluronic acid 2,000 92 B 89 i
o dextran (m.w. 40,000) 2,000 95 90
N _
heparin : 5,000 - 85 80
chitosan ' 2,000 93 .91
— alginic acid 2,000 90 90
human serum albumin 1,000 98 99
human serum globulin 1,000 98 - | - 95
acid-treated gelatin 2,000 97 95
alkali-treated gelatin 1,000 99 _ 96
collagen _ 2,000 95 90
polyethylene glycol |
o (m.w. 4,000) 10,000 - 94 80
\J .
hydroxypropyl cellulose 1,000 98 94
| sodium carboxymethyl
U cellulose 1,000 88 80
hydroxymethyl cellulose 5,000 92 90
polyvinyl alcohol _
(m.w. 50,000) 2,000 96 95
polyvinylpyrrolidone
(m.w. 50,000) 2,000 95 94
human serum albumin 2,000
mannitol 2,000 100 97
cysteine 100




, '
100, .
2,000 human

98

human serum al bum n 2, 000 pol yoxyet hyl ene
99 96 sorbitan nonol aurate mannitol
ser:Um al bumi n 2,000 hydroxypropy, cellul ose

500 ¢

92 dextran (mw. 40, 000) 2,000 po oxyethylene sor bitan nonol aur at e
100 98 96 sorbitol , 000 polyoxyethylated
har dened castor oil 108akke 1 (cont @D dextran (mw. 40 00
2, 000 not fadded ? 2
To 10 [erd] of G CSF, one of the stlabilizing q;nts ALl vify nf #bble 'mas
added andjthe m xture was asepticalryAmbwwblved [ fa.20 myl p @hate Quffer
sol uti on (contStabitiHiddOagahsodi Un{patiosible;| o) id a r at
phar maceutli cal preparation’ contai nijngredglite) rJj o o g§¥?
pr epar a- Hion was aseptically charaed into a <uliﬁ§ﬂ eq q@ﬁ’ and
sealed tolmmke a G CSE sol ution Te_iicreflnnsndp rannd Ln pm‘flvity
of G CSF iimidls SO th i ObWiesn 10 masug egppy the same met fod as used ifn
Exanple 1l}land the results are sho in Table 3. Activitly (% Anmount
(parts AéEByoxyetiiyPéne After .
sorbitan monolaurate 100 99 96
mannitol 2,000
human serum albumin 2,000 -
hydroxypropyl cellulose 500 .98 92 -
dextran (m.w. 40,000) 2,000 '
poiyoxyethylene 100 }
sorbitan monolaurate : U
98 96 e
sorbitol 2,000
polyoxyethylated 100
hardened castor oil ‘
' 94 - 92
dextran (m.w. 40,000) 2,000 :
not added - 74 58
Example 2
To 10 ug of G-CSF, one of the stabilizing agents v
listed in Table 2 was added and the mixture was aseptically
dissolved in a 20 mM phdsphate buffer solution (containing -
5 100 mM sodium chloride; pH, 7.4) to make a pharmaceutical e
preparation containing 10 pg of G-CSF per ml. The prepara-
tion was aseptically charged into a sulfa-treated glass vial
and sealed to make a G-CSF solution. The time-dependent
change in the activity of G-CSF in this solution was
10 measured by the same method as used in Example 1 and the

results are shown in Table 2.



Stabilizi'ng agent by storagé storage storage weight) at [err]

at 4G ﬂgt RT for 7 for 2 - for 1 days , nonths nmont h manni t ol
5,000 ~’ 91 87 82 hyal uronic $5id 2,000 93
87 70 dextran (mw. 40, 000) 2,000 96 95 85
gl ycerin 10, 000 90qapre 90 88 neuramnic acid
5,000 93 ok 84—chitin able 2—000- o=
92 >=¥86 dektrin . b, 000 90 Acti¥ity (3) 67
hUITBI’l Ser Uma| bum n ’ 1, 000 9 b IIUIIDlII St
gl obul i n - {1, 000 Y 94 Am° mﬁt@meatnafgekatlnAfter
2,000 97] sta®dlizing a@én&lkal ed| gtloxtaige | storagé | storage
95 ~ 92 co| | agen : ht) atode°C | at44°C | aB8RT
pol yet hyl ene g| ycol 10, 000 98%)ghfor 7 pdEogm2w. |4 forO}
hydr oxypropyl fellulose 2,000 opdays opmopihgm| month
car boxynet hyl 2,000 92 Ul 80U Cell [T ose nydr oxyet nyT |
cellulose 4, Jg@nm.tol 92 94 5,8900%o0|yvi W al coléd 82
4,000 - 97 90 (m w. |50, 000) pol'yvinyl pyrral i dgne
4, 000 95 hYal‘@inc acidg? (mw. ,((9(9(9§ sor bi%Ban: hon&%aurate 79
400 97 95 polyQ ye1 | 4 1
96 94 sbﬂﬁﬂt&ﬁﬂmﬁ%waur‘i&t :9560)3 ?évﬁltrb&’ (g 96 33 ¥5
| glycerin 10,000 90 90 88
— neuraminic acid 5,000 93 91 84
chitin | 2,000 95 | 92 - 86
_ dextrin _ 2,000 90 92 87
human serum albumin 1,000 99 95 92
human serum globulin | 1,000 98 .| 94 | 90
acid-treated gelatin 2,000 97 96 87
alkali-treated gelatin 500 99 95 92
collagen ' 2,000 99 94 88
| polyethylene glycol
(m.v. 4,000) 10,000 94 89 . 90
~ | hydroxypropyl cellulose| 2,000 98 95 92
sodium carboxymethyl '"
cellulose - 2!000 92 91 80
- | hydroxyethyl cellulose | 4,000 .92 94 90
| polyvinyl alcohol :
(m.w. 50,000) 4,000 97 93 90
polyvinylpyrrolidone ' .
(m.w. 50,000) 4,000 95 95 92
sorbitan monolaurate 400 97 96 95
polyoxyethylene 400 100 96 94

sorbitan monolaurate




- 61

Anmount After After After Stabilizing agent by storage
storage storage at [err] at [err] at RT weight) for 7° for 2 for 1
days— months  nont h pol yoxyet hyl ene Sﬁrbitan nonost ear at e 409
98 .. 97 94 pol yoxye thyl ene pdftyoxypropyl ene 400
100 94 93 gl ycol ether pol yoxyethyl ated hardened castor oi
400 99 98 90 scﬂtmm_l.bufqdnts'lﬂ)f ate 2, 000 2
93 g7—eTrThrN o097 —————sA———240
hunan serufn al bumi n 2,000 n&nnltol Activity 2(%)000 ~ 100
99 97 cysteine Amount 19U human $er.um al opm n _
2,000 pol ybxyet h){_{ ene rts |(Ffter dfter | MFewnrbilt an
monol aur at ¢ ijiizing agent by?2. 00( B esﬁarﬁﬁﬁ%ﬁ% i§Eorage '
1, 000 hydr pxypropyl cellul ose 50Gseight) 4°C 4° RRxt fan -
(mw. 40,0p0). 2,000 poI yoxyet hyI ene or 7 100% it 1
~ nonopal m t te 96 3|sorbitol | 98Y¥s mont ZWUﬁﬁ‘
- pol yoxyet hyl % hyle 100 hclrdened castor oil {95 5?2 92
dextran ( oL monozegoreatﬂeot adde4d0 98 97 94 72
polyoxyethylené _
polyoxypropylene 400 100 94 93
glycol ether '
polyoxyethylated _ "
hardened castor oil 400 99 98 950 At
sodium lauryl sulfate 2,000 97 93 87
lecithin | 2,000 97 94 90 |\
human serum albumin 2,000 .
mannitol 2,000 100 99 - 97
cysteine © 100
human serum albumin 2,000
polyoxyethylene
sorbitan monolaurate 100 99 97 95
mannitol 2,000
human serum albumin 1,000 gj
hydroxypropyl cellulosej 500 99 97 95
dextran (m.w. 40,000) 2,000
polyoxyethylene 100 o/
sorbitan monopalmitate
: 96 96 93
sorbitol 2,000
polyoxyethylated' 100
hardened castor oil -
95 92 92
dextran (m.w. 40,000) 2,000
not added - 72 61 47

¥
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E&anple 3 To 10 [err] of G CSF, one of the stabilizing agents listed in
Tabl e 3 was added and the m xture was aseptically dissolved in a 20 nM

phosphate buffer solution (containing 5 10 sodiumchloride; pH 7.4) to
make a pharnmaceutical preparation containing 10 [err] of G CSF per nm. One
mlli- liter ofxdmeléereparation was charged into a sulfa-treated

silicong-coated glass vial and left at [err]. The effective- ness of. each
stabllﬁ%fng agent in Poel@npgngt CGESEF pdene pof 16hé | pvabibkbi zing uagent by
neasurlng the residual activity of GCSF in the solution after 0.5, 2 and
24 hours.  The hissed eimnTabbe 3owasicaddedyamdt bivel ribyturse rvps ewseeatexqamhhxe
hi gh- performance |iquid chronaxography The results are shown in Table 3.
15 Tabl e '3 @i®setved in Fés?ﬂumm nbesnhatye bgf&amﬂtﬂr@namtammg
(parts by initial 0,5 h 2 ht) non

5, 000 500100 mM %dlumgehlogidﬁyapﬁr o?né at;%lmake 2 pharpaggetical 100
97 92 92 dextran £ Og f

gl ycerin preparat °n16°6551n1 g {60"9 °f Q2CSF @ﬁF mbg ng%rmh 11'
2, 000

o5 90 ol kbshIFhothe Rermerafish hel Spfista inge o supsdPregreagy’
silicone-coated glass vial and left at 4°C. The effective~-
'ness of each stabilizing agent in preventing G-CSF adsorp-
U ' 10 tion was evaluated by measuring the residual activity of
| G-CSF in the solution after 0.5, 2 and 24 hours. The
measurement was conducted by method (b).using reverse-phase
high-performénce liéuid chromatography. The results are

shown in Table 3.
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human serum al bum n 1, 000 100 100 101 99 hunman se}um .

gl obulin 1, 000 100 98 100 98 alkali-treated gelatin
500 100 99 98 99 acid-tfkhkted gelatin 2,000 100
99 97 97 collagen 2,000 100 100 98 99
pol yet hyl ene gl ycol 10, 000 . *801e 3 100 100 - 99 (mw.
4,000) hy "UA,p.upy1 e-tH-o5e——2866- +56 ~3-60 100 _ HT um
ﬁaéboxyne;hrl _ 000 100 AmoggﬁS 9ﬁe51aﬁa§ehbuio§ey (%) A

ydr oxyet ity 4 (pd bbs —96 ety

al cohol §€a§¥%gg§n agggg 15} ﬂogn. ggl( W 0 0 d) h.

pol yvi nyl gyrrol i done .4, 000 welghbt) 15 _ ng W4

50, 000) sqrbrTam monocapryrare 200 100 100 lUU 58—

pol yoxyet Hymenaiteibi t an nonost earft 8,000 | 40000 1083 Jg 90d 919d 100
pol yoxyet HyT at ed — 400 TOT narjgened

100 IY
castor oi || hyaburqagceagi@cont' d) |AndefPO RB8i dyal aZtiviQ%;(@QZ(parts
Stabilizinfg tifal 0.5 H 2 h |24 sodiLu
| auryl sulfé?gtranz(ﬁeﬁ ergﬁﬂgo 2,409 [ 9800791 | caB;if 95 | 96

2,000 ' 100 _ 98 h erjum afpum|n 2.000 ggnr t ol
2, 000 gh¥esrinio  Too o | 107000 fod 94 | “o¥" 8B
heparin 2,000 100 92 90 90
glucuronic acid 5,000 100 96 | 90| 91 |
. - - T u
ketoglycolic acid 5,000 ‘100 92 88 90
human serum albumin | 1,000 100 100 |101| 99
human serum globulin 1,000 | 100 98 [100| 98 | \J
alkali-treated gelatin 500 100 99 98| 99
~acid-treated gelatin 2,000 100 99 97 97 .
collagen | 2,000 100 100 | 98| 99
polyethylene glycol | ' :
(m.w. 4,000) 10,000 . ;oo 100 |100]| 99
hydroxypropyl cellulose| 2,000 100 100 | 100 | 99
sodium carboxymethyl | ‘ .
ol luloss 2,000 100 98 | 96| 95 U
hydroxyethyl cellulose | 4,000 100 96 93| 92
polyvinyl alcohol - o
(m.w. 50,000) 4,000 1 100 99 |100] 98 |
polyvinylpyrrolidone
mer '50,500) 4,000 100 98 | 98| 96
‘sorbitan monocaprylate 400 100 100 |100| 98
polyoxyethylene 400 100 100 | 98/ 100

sorbitan monostearate

polyoxyethylated '
hardened castor oil 400 100 99 101 | 99




. o
cysteine "

100 hunman serum al bum n

2,000
pol yoxyet hyl ene 'sor bi t an nonol aur at e 100 100 100 98
manni t ol 2,000 human serud& bumin 1, 000
hydr oxypr opyl cell ul ose 500 100 101 99 100 dextran (m w.
40, 000) 2, 000 pol yoxyet hyl ene g§04pi tan nonol aurate 100
100 99. 09 _soarhitaol Lbl&?'l %ggnnl \/gyv d
100 haﬂﬁéned dastor oil 100 - 100 Rﬁoun97 dextﬁggléaay/aéglpﬁgg (%)
2,000 not addgd (partg0
CLAIMS 1. A staﬁtébglhﬁ&PSc§9§nEolonL sbynulath? afto§ i a%8$ N
_phar maceuti cal| preparation that contalnwelgntaddf? bhe h gra cgafe
col ony 5 sti mi-atrg—Facter—present—asithe—effectve—trgredrentt—at—teast
one substance sgbeﬁﬁndléuoylpbalﬁateut cal bgoacicepl@dl e |sulb@ctands, 97
saccharides, proterms—and—other—tmygh-nptecutar rght—cynmpourndy—sucty as
natural pol ymgr3ecithgnt hetic pol ymersj @a@08in t h&08r arjul 029t § 100col BBy
stinul ating fgotor—tas—tte ot oWy ppysttoch cal_prqpertieq. (1)
mol ecul ar  wei ghhumahosera®, 8dbumino0o hs2,000
mannitol 2_000 100 . 100 100|101
cysteine 100
human serum albumin _2{000
o polyoxyethylene '
sorbitan monolaurate 100 100_ 100 98 93
mannitol 2,000
N human serum albumin 1,000
hydroxypropyl cellulose 500 100 101 99 | 100
dextran (m.w. 40,000) 2,000 -
polyoxyethyiéne_ 100
sorbitan monolaurate
100 100 99 | 99
sorbitol - 2,000
polyoxyethylated 100
hardened castor oil
100 100 98 | 97
U dextran (m.w. 40,000) 2,000 '
not added - 100 91 72 73




nmeas oresis through a sodium 15
dod JJ |4i "ﬂ crylam de gel; (ii) isoelectric point: having
one | ectric points, pl =5.5 0.1, pl = 5.8 [err]

= 6. 1 0.1; (iii) ultraviolet absorption: having a maxi num
absorptlon at 280 nm and a m ni mum absa@Ps i on at 250 nm (iv) am no acid

0.1, and pl

sequence of
H2N- Thr - Pro
Ser.- Phe- Leu-

claim1l which contalns t he, surf ctant

Fagker eantat ’Qﬂfﬁg Pharmaceukigat preparatriontthal ati ng fact or.

by weight p

the 21 residues fromN 25 term nus:
QIAINS v - Pro- Al a- Ser-Ser-Leu Pro- d n-

at | east
20

xR
~, ‘7"

o

Leu- Lys- Org- beus £ Uafliobyte Toolody REERRIAN gy according Lo

an ano

000 30 parts

3. A prepwﬁtmapcmchmtﬂoﬁlwntﬂeogr&mﬁ@ dalighpurfactant is a

noni oni ¢ SurtSbEe R ARCds RieanRs) S0 Stistrtl fondfietks

noni oni ¢ “sur
aliphati c a@tl ksast one pmhlygtqmmalectém frdm mtmmmﬁmﬂt]fy’

pol yoxyet hyl e
al i phatic acg g ster, é f#éox et Iene %éﬁ?h H%Eitlc aci 0 65 er, a
poI yet hyl en Jgglym %ﬁ#%t%l@%&wmr@s sugh|amnatunalene al kyl et her,

10

15

20

25

30

35.

polymers or synthetic polymers, wherein the granulocyte
colony stimulating factor has the followxng
physicochemical properties:
(i) molecular weight: about 19,000 £ 1,000 as
measured by electrophoresis
through'a sodium

dodecylsulfate-
polyacrylamide gel;

(ii) isocelectric point: having at least one of the
three isocelectric points,
pI = 5.5 + 0.1, pI = 5.8 &
0.1, and pI = 6.1 + 0.1;

(iii). ultraviolet absorption: having a maximum
absorption at 280 nm and a minimum
absorption at 250 nm; |

(iv) amino acid sequence of the 21 residues from N

terminus:

H,N-Thr-Pro-Leu-Gly-Pro-Ala-Ser-Ser-Leu-Pro-Gln-

Ser-Phe-Leu-Leu-Lys-Cys-Leu-Glu~Gln-Val-.

2. A preparation according to claim 1 which
contains the surfactant in an amount of 1 - 10,000
parts by weight per part by weight of the granulocyte
colony stimulating factor.

3. A preparation according to claim 1 or 2
whereln said surfactant is a nonionic surfactant, an
anionic surfactant or a natural surfactant; the
nonionic surfactant being a sorbitan aliphatic acid
ester, a glycerin aliphatic acid ester, a polyglycerin

t he 35
in
a
r bi t ol

s



pol yoxyet hyl ene pol yoxypr opyl ene al kyl ether, a polyoxyet hy mﬂmn

et her,” a pol yoxyet hyl at ed hardened castor oil, a pol yoxyeth , ,ﬂ
derivative, a polyoxyethylene |anolin derivative or a 10 pol'yokyet hyf erse

al i phatic acid am de; the anionic surfactant being an al kyl sulfate salt, a
pol yoxyet hyl ene al kyl ether sulfate salt, orLpgn al kyl sulfosuccinate ester
salt; and.the natural surfactant being IeC|th|n gl ycerophosphol i pid, 15

Sphlngobﬁ%sph0|lphdlphht&csaeidsesﬁérphatpﬁlﬁSkﬂeﬂﬁfEéne4sorbft£ﬁeparat|On
according to clai an a

| t he_sac 1
10,000 parts by mgh RﬁhbgF % B§REr gftt P8 Y?ﬁ%°§?%ﬂﬁ?6c§? %Eﬁ ny
stinmul ating factoallgbatlc ac5d esnpregapalyonyethpldmegglycérnmn11 or 4

wherein said saccgg%gﬁgthé a&lhegggegneaogogyggﬁgigne §%%@éi f§5t0|

xylitol, sorbitol nni t ol g ucuronic_ a roni c uronlc
aci d, neuraninPc 8€id eQF?Eon cPadyexyathriebsi al 5¥1deth§rke%oglycollc

aci d, ketogal act opblyd dthyméﬁGUbemyexﬁﬁrdpynaﬁéUépnyr éghérpng salts
thereof chondr0|t| epar |

f I hi t d
derivatives ther eBP: Y%#VF%&XﬁeﬁﬁdaggYiPQFP¥gOthﬁF90? nﬁ%&$¥¥% ¥é§l éﬁ o
with an average nbardehed cesgbr 01130a5p6DpoxyéﬁﬁyDﬂﬂedﬂHee&@nn|c acid and

salts thereof. 6. der’fv?i%gér ag ggégsﬁgséhgﬂeag i%ﬁbﬂ& &é& # Ahe

protein in an_anmount o Yo Wei per
t he granul ocy#8 cBPéH9x¥?Fhﬁ1&F¢n@liﬁbﬁﬁic geid amld#: h¢\®mh®@#%llon

according to clai gutfaetln¥hBeehyg aai d1Ry0t 8alfhfedbalepsy one of human
sery polyoxyethylene alkyl ether sulfate salt, or an alkyl
sulfosuccinate ester salt; and the natural surfactant
"being lecithin, glycerophospholipid,
U/ 15 sphingophospholipid, or a sucrose aliphatic acid ester.
4. A preparation according to claim 1 which
- contains the saccharide in an amount of 1 - 10,000
parts by weight per part by weight of the granulocyte
colony stimulating factor.

20 5. A preparation according to Claim 1 or 4
wherein said saccharide is at least one of glycerin,
erythritol, arabitol, xylitol, sorbitol, mannitol,
glucuronic acid, iduronic acid, galacturonic acid,

< neuraminic acid, glyconic-acid, mannuronic acid,

25 ketoglycolic acid, ketogalactonic acid, ketogulonic
acid, hyaluronic acid and salts thereof, chondroitin
sulfate and salts thereof, heparin, inulin, chitin and
derivatives thereof, chitosan and derivatives thereof,
dextrin, dextran with an average molecular weight of

30 5,000 - 150,000 and alginic acid and salts thereof.

6. A preparation according to claim 1 which
contains the protein in an amount of 1 - 20,000 parts
by weight per part by weight of the granulocyte colony
stimulating factor. -

- 35 7. A preparation according to claim 1 or 6
wherein said protein is at least one of human serum



erum gl obulin, gelatin, acid- or alkali-treated :

gel age nol ecul ar wei ght of 7,000 - 100, 000, "and col'l agen.

mHmmlag ccording to claim1l which 5 contains the high-nol ecul ar ¢
wei ght corpowndsi n*an amount of 1 - 20,000 parts by weight per part by

wei ght of the granul ocyte col ony stinm#Rgti ng factor. 9. A preparation

according to claim1l or 8 wherein said high-nol ecul ar wei ght conpoundl s at

| east 10 onelbhmﬁydrbmypmopﬁruueHMMhniin,hgddaxﬁnathyﬁdeebkulose SO'gh

car boxymet hyl A cel p ol with a

nmol ecul ar V\Iéll q' %E%%%ed‘é@& 0 ?{)?j{?\% I'ﬂ al co 8 R\\ikmitéﬁﬂih I@ggéﬁgr wei ght

of 20, 000 °§0@r@@@ 'a&@Qmﬂ 1di@g@Bne 15 with a nol ecul ar wei ght

of|20 000 - I100 @QOf Opr aQ'{dtG.%‘ixS aWﬁﬂ&%%U%Pn&lﬁlﬁt a‘bhmt&hanulaﬁytﬁ
colony s |nu a in or cqQnt ai.ni nq pharmaceuti ca ration iC
process conf %ﬁigﬁﬁ hﬂﬁﬁh &€§P§aEbﬁ8ﬁ@ FﬁHPQPB I:C')'F‘aEE"or (G CSF) with
at | east onan@ﬁlm:ulmﬁ ane-emalm geh xftreo loyp vearight-c pieirc pary byc wptighite
surfactants fs%x éﬁc%%t Q:’cﬂ.%n@n &MQ%%Q g@lt g:ul ar wei ght

subst ances SUch ‘as na ur yners-an (o polyners di ssol ving the
~resulting mxtur®.in &tmmr#mqn asorgiag: ker gladma lcomt 8 ner 25 with

the SO'Ut'OﬁhéWQﬁh?b&iﬂmﬂidﬁﬁﬁgiéaﬁi ar Geli GhtO Wolhoin@P8’s! @S 1ekisk

nol ecul gr. wei bout 19,000 [ e 000 "as jreasure el ectrophoresis

through%g g droxypropyﬂ ellﬁiose, ydroxy&g@gg ysulfate-p

polyacrylanbdﬂlgﬂbse, sodium carboxymethyl cellulose, hydroxyethyl .
cellulose, polyethylene glycol with a molecular weight o

of 300 - 6,000, polyvinyl alcohol with a molecular
weight of 20,000 -~ 100,000, and polyvinylpyfrolidone _

15 with a molecular weight of 20,000 - 100,000. )

10. A process for producing a stable granulocyte

colony stimulating factor containing pharmaceutical
preparation, which process comprises mixing granulocyte
colony stimulating factor (G-CSF) with at least one

20 substance selected from pharmaceutically acceptable
surfactants, saccharides, proteins and other high
molecular weight substances such as natural polymers
and synthetic polymers, dissolving the resulting
mixture in a buffer solution; and charging a container

25 with the solution; wherein said G-CSF has the following ™~
properties:
(i) molecular weight: about 19, 000 * 1,000 as
measured by electrophoresis \)_

_ _ - through a sodium
30 dodecylsulfate~
' polyacrylamide gel;

(ii) isocelectric point: having at least one of the
three isoelectric points,
pI = 5.5 ¢ 0.1, pI = 5.8 ¢

35 0.1, and pI = 6.1 £ 0.1;
(iii) ultraviolet absorption: having a maximum



(||) |soe[ectr|c p0|nt havi ng at | east one of the three isoelectric

poincs, b= 55 0.1 pl =8l ferr] 35t LT nglm:mm:ummmum
I

-26- absorption at 280 nmand a m ni num absorption at 250 nm

aci d sequence of the 21 residues fromN teLgsnus 5

H2N- Thr =*Pr.o- Leu- G y- Pr o- Al a- Ser - Ser - Leu-Pro-Gd n

Ser-PheXLeu Leu-Lys-Cys-Leu- G uabsorption at. 2aophﬁpaﬁataom1ﬁﬁﬁnmd|ng to
claiml1, substantially as hEFEI%g for descrlpgﬂ in,any of the 10 Exanpl es.
12. A process according to clai &Bgtgﬁt I as her ei nbef ore
.described in any of tﬂeﬂﬁxampmgsaCiﬂ saqueapdkec ofr &hel 3dyresidieayfrom N
stimulating 15 fagl gﬁ&nﬁgntalnlng pharnaceutlcal prepar ati on, when produced

by a process accor n% to claim110 or_12.
N- hr-Pro-Leu-Gly-Pro-Ala—Ser-Ser—Leu-Pro-Gln-

Ser-Phe-Leu-Leu-Lys-Cys-Leu-Glu-Gln-Val-.

11. A preparation according to claim 1,
substantially as hereinbefore described in any of the
10 Examples.
12. A process according to claim 10,
N substantially as hereinbefore described in any of the
Examples. _ -
13. A stable granulocyte colony stimulating
W/ 15 factor containing pharmaceutical preparation, when
produced by a process according to claim 10 or 12.




