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| NJECTI ON COVPRI SI NG DOCETAXEL AND | TS PREPARATI ON
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 5
The present invention discloses a injection containing
Docet axel conpounds, particularly a injection
cont ai ni ng Docet axel conpounds with a prol onged
stability and conveni ence for nedical personnel, said
injection is a three-part injection containing

IeER; TG CXRPERISING 0K X EL ANBTHS EREPARATION

approved to be a new anti- cancer drug by U S. Food
and Drug Administration (FDA) in 1992, and have been
recogni zed as one of the nost inportant anti-cancer
[ i - I.{..was not very successf ul
B&E@ﬁ&@%ﬁawﬁ}%ﬁm@m@% mar ket, for that, in
addition to the imted 15 resource of its raw
FiFRR ORTHIUBYVENTIGRUs brevi folia and Taxus sumatrana
(Mqg.) de Laub, it is also found that the patient

adm TiespRss@d ivbhidnh@istlasdsi 4 axebticiutbmathel DR ERI | @SHounds,
allergy in Phase | clinical trials. The allergen is

PR N SehBfibe byl RHNER: phf 5 PLASH! Ry and
Cr enopho EL,.%$e current, research direction has. ..
conyeliies 1o M myrsenadwsad) Piehtion & PelliercRATLIMAGIRofONtaINIng

EL. 20 Due to the high hydrophobicity of taxane, whose
Deastaxil ¢amppunds.wat er is | ess than 10g/nl, the process

to find a new solvent to replace Crenophor EL for

di ssolving the Paclitaxel is not very successful. The

only Paclitaxel -containing drug approved currently is

D %ﬁﬁgﬂéN'dFiﬂﬁlﬁ%TEﬁnAﬂT"e' oped by U S. Bristol-Mers

conpany. wever, the

Paclitaxel, which belongs to the class of taxane, was approved to be a new anti-

cancer drug by U.S. Food and Drug Administration (FDA) in 1992, and have been
recognized as one of the most important anti-cancer drugs since then. However, it was not
very successful when the drug first entered the market, for that, in addition to the limited
resource of its raw material such as Taxus brevifolia and Taxus sumatrana (Miq.) de Laub,
it is also found that the patient administered with the Paclitaxel suffered from serious
allergy in Phase I clinical trials. The allergen is not Paclitaxel itself, but the solvent to
dissolve Paclitaxel, Cremophor EL. To prevent the allergy from Cremophor EL, the
current research direction has focused on finding a new solvent to replace Cremophor EL.
Due to the high hydrophobicity of taxane, whose solubility in water is less than
10pg/mL, the process to find a new solvent to replace Cremophor EL for dissolving the

Paclitaxel is not very successful. The only Paclitaxel-containing drug approved currently is
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solvent of the IV injection used for dissolving
Paclitaxel is still a m xture of ethanol and

Crenophor EL at 1:1, and it is still possible to cause
allergy in patients even with low Crenophor EL
content. 5 Some researchers have proposed to use
organi c solvent in place of Crenophor EL to dissolve

Pacl i taxel (see, Andersson, B, "Parenteral Paclitaxel
T%QI@EVS g%itgcgbl\lge\ﬁa ﬂcbé'r Eoén'ﬁ_f ﬁg*ﬁf&aﬁs é’quLblSSU %Zr%ga%% 'However, the
Seet haramul u, P., USP6, 040, 330, "Pharmaceuti cal

sopspindl thei [ nigiestionasednios dissaing H’azlitaxel 2980} a neryee of ethanol and

t hough the preparation process disclosed by these
Cremiophorakl at d:kiamdlie isastdl pessiblkOtoheaylse plitrentin phtidnts evem with low

market, it is not widely accepted due to high toxicity
(ggﬁmbngqg[g@ﬂmq solvent. To find a substitute sol vent,

many researchers forward the study in two different

as P%ﬁeorﬁ}efééw Y& ESF(&)(OSQJ td ‘F's% Jrg&{‘&‘ %cﬁ\ée%fé n‘t glgce of Cremophor EL

I Nnj uses

enul g 0.di ssol v Pacllt
tog gjgso wep %Cé‘g?éal néﬂ%qrﬁseﬁ 53 Frarepieeal Gi;p(ﬁcl“éf“?ldﬁ adﬁrqb#gNon toxic
storage, which Iomers the stability of the drug. In
Faomgltionsc $EPSS771265pridatcbm2, t Y% nHeetheon F 4l stMdpeadl, a9, and,
| yophilized crystal powder. However, it is required

Sdethafdn@ gz e d UK Pb a0 35 p osaiaBhadeatidill Fatrh@latidm3t ¥ Taxanes”, March 21,
| yophi l'ized crystal powder by using a costly freeze

26@56)/'1:Rgn Qﬁcﬁ:%ﬁrtgé F&galraﬁ&l? & di%&s‘é@ b %hesg?)ﬁlepﬁrt 1sbs1mple and has

econom cal an ul'ts n a pr uct HMDF

G FUEREAR B Rl o 2 R SLaFITH G375 BAFe e orsani
"Emul si on Vehicle for Poorly Sol uble Drugs”, April 4,
sop@oR; Kaufman, R J., and Richard, -2

To find a substitute solvent, many researchers forward the study in two different
aspects:
1. Improvement of the formula of the injection

It mainly uses liposomal agent and emulsifying agent to dissolve Paclitaxel.
However, the liposomal formulation forms precipitation during storage, which lowers the
stability of the drug. In order to solve the problem, the injection is stored as lyophilized
crystal powder. However, it is required to freeze dry the liposomal formulation into
lyophilized crystal powder by using a costly freeze drying preparation technique, which is
not economical and results in a product unworthy to be commercialized.

The research of emulsion have been disclosed by Panayiotis, P. et al, W002/26208,

“Emulsion Vehicle for Poorly Soluble Drugs”, April 4, 2002; Kaufman, R.J., and Richard,
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T.J., USP5, 616,330, "Stable QI -1n-Water Enul sions

I ncorporating a Taxine (Taxol) and Method of Making

Same", April 1, 1997; Chu, I.M, and Wang, T.R

USP6, 348,491, "GO l-In-Water Emul sion for

Encapsul ati on Paclitaxel", Feb.19, 2002, and the

Pacl i taxel emrul sion produced with an enul sifying

agent shows excellent effects. But the preparation 5

r e i i_cat n ly,. and.it al-so

TS senr s PR A AR RSB Epind o and

fornul ati on during storage, therefore this
Mgthat rf Making ajameor Aarhd i g%%a@%ﬁMia RadWarg dhR. USP6,348,491,

stability. 2. Synthesis of Docetaxel having a higher
“QGiblndBiatdrt kmylbian fPadincapamletion Paclgaxed’, yellilPf 2602, tandathe Paclitaxel

find a good solvent for taxane due to its |ow

enf i prdduyed Withah efmulsififle 38cPRBEN ¥Rl Mt teffe@s NBENGE preparation
solubility than Paclitaxel is synthesized chemcally.

dSPURASIE) oS BR T PRGBGSR i

.injection is dissolved with surfactant. It is a . .
hp@ﬁ%a%l ioFauRter HigPe S19rag5 dherslare iy hEaFeutcplefamyfagion has an
still sone di sadvantages for dissolving Docetaxel with
ingxidient stabtlity. nst ead of Crenophor EL. Wiile Tween is
selected as the surfactant with a 15 | ower toxicity

2.t I53hthbyPbLBbCOH@BRIvingSOhiyRIiHsBlubdityf MaAPh@iix@n i n whi ch
Docet axel is dissolved wmth Tween needs to be n xed

Wi t My R&HHE cﬁ%%’ &hd ?%oég %&Léﬁf PG G a v Wk P8t TP §ohtl‘t91it¥ in water,

inj ect1 on. resu e mxture my be so viscou

tQ forma.gel, thus the dissolution requires a.

s PsFOs e g SO B Do P e e BOE S edpggically. Taxotere®
Rhone- Poul enc proposed a two-part injection '
INciygstien triade bwildsetakel haslbpen anproeddyy Fladdp reatir dheemarket, wherein

solution, thereby 20 prevent the m xture fromgelling

thé s tion BANSYABCWRARREG f2 BATRItGKa BReat BVIhrough il S field.
GUERI N, M CHEL VEILLARD, TW00271395, " Two- part

N GG8 ARy, BRAPORE! LN SGARPHIAIAMaGed RAAMSACHLY Bobtiiel with
in surfactant and an additive to prevent gelling
surfactant instead of Cremophor EL. While Tween is selected as the surfactant with a
lower toxicity than typical organic solvents, a formulation in which Docetaxel is dissolved
with Tween needs to be mixed with perfusate such as 5% glucose solution prior to
injection. As a result, the mixture may be so viscous to form a gel, thus the dissolution
requires a vigorous stirring. To improve the defects above, Rhone-Poulenc proposed a
two-part injection composition with the addition of an intermediate solution, thereby

prevent the mixture from gelling (see, JEAN-MARC BOBEE, PATRICK DE LANTY,

GILLES GUERIN, MICHEL VEILLARD, TWO00271395, “ Two-part injection

composition comprising a taxane derivative in surfactant and an additive to prevent gelling
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-3 on dilution"” ), wherein the internediate sol ution
i ncl udes an additive such as organic conpounds
(MA200) or sodium chloride and water. The
internediate solution is an aqueous solution having
the additive at a concentration higher 6% by wei ght
than that of surfactant. According to the clains of
said patent, the intermediate solution is a solution
oS SRR P ABAP TP RS a9y s oranic
the followi ng problens: (a) Problens in usage:
cofipoondl (W -200Be2 soGanecibriGhapd evaserl Thé ntermediate solution is an
pharmaceutical dosage forms-injections, it is
aquBSLY! JoRfioh Malink lthd HRIitSr dt RORnBertfALiBK WRHSr ¥l By Reldh€than that of
injecting a general viscous fluid. For instance, the
s fil.]l i (.249 ' .10 ..
YRR AYEIUTE s bl phn T GOSN Y chion o
I njection. containing Docetaxel and surfactant jS sQ .
L gaﬁhaflﬁbgﬂlae% iy v agst c Bloavey el (e ag@ﬂ%@ ithe tefmegisfq solution may
thus increasing the cost and it takes long tine for
resrddindlad folewmgrpmeblems wi t hdraw t he vi scous i nj ecti on.
Moreover, this would lead to a poor control on the
actay ProtAemintusidd: MEEEIhg th ISP Hf Gafetd Waptes<1 dOSag@irmaceutical
accuracy and therapeutic effect. Even though the

do?g%fggﬁ?hngctibﬂg ?trig?é#lhﬁ%c? %cﬁglll IH{r?JI Sgg?%’leg‘ﬁ{tﬁ? dekd %lgﬁg Iv\?lgtrll injecting

VI SCOSIty O s re

is limted an he problem still exists. )

a gﬁn@ﬁmf%ﬁ?%f ﬁ@.r EREAR Y S VPlue 9 ﬁ@ |lse6~§% (g e by weight)
solution has a ethanol concentration of 95% In order

for @ QP eplainisctiGymampunieildist vissohignof theninggchiedlicaniaining Docetaxel and
solution, a 95% ethanol solution nust be wei ghted and

suffaxtedt 1866 bict ithglayhigh Elvevwaridtiime HYWGMAI, astviredll ehudGncdéBing the cost
may be sone variance anong the concentration of

an tibﬁg@ loﬁgltiiﬂei Pnﬁﬁi%aﬁfe%{i)ngé’l t5 3G hdr W R idouS AL tibh. 'oreover,
es n add

eSSl ) Itional sterilization step I1s require
thlfsovrvmfllgllfeeiuf l[(; ggpotorr]econtrol on the actual amount withdrawn, thus affecting the
dosage accuracy and therapeutic effect. Even though the addition of intermediate solution
facilitates to reduce the viscosity of the injection, this reduction is limited and the problem
still exists.

(b) Preparation risk: A commercially available ethanol solution has a ethanol
concentration of 95%. In order to prepare 13% by weight ethanol intermediate solution, a
95% ethanol solution must be weighted and mixed accordingly with water. However, there
are may be some variance among the concentration of ethanol solution prepared by each

human at each time. Besides, an additional sterilization step is required for fulfilling the

safety issue, which greatly increases the complexity and risk of the manufacturing process.
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safety issue, which greatly increases the conplexity

and risk of the manufacturing process. -4 Therefore,

the use of the conmercially avail abl e 95% et hano

solution would enable a relatively easier production

and a lower risk in the sterilization step, with an

obvi ous progress. (c) Stability problem The

formul ati on prepared can not be stable in a prol onged
Ther&? X Ug% Use 8 cdmmg 8{?@}/ %gglga@f'e d%ﬁ) etﬂaﬁﬁpgolutl% l};\fould enable a

that the product nust be used within 4 hours onc
relgiiyely e\ﬂﬁlﬁlhpltqﬁi@ctw pfspglewer sk dpBe stegiliggtipgr ep, With an obvious

precipitation fornms after 12 hours in the m xture of
pregiiesk. pr oduct, it has been proved by an

experinentation The crystal precipitation may cl og

(LgdStwﬁﬁtSj/ ehiSbleN A heCRMElafict PrepdRAIGIN A& Eeh@ta@l@hh@ﬂbrolonged
UMVARY OF THE I NVENTION I n view of the |ow

pe\?\h&)ﬁ.bw&ré&(zelo flt fsrﬁ%l\ﬂhgs&éy ﬁctélh ?Iﬁt I:‘uc%) 8@{@ %&I%?&L@Jd%? Rhone-

I SSO or enen

t hr ee- pa in ectlon cont ai ni.ng Docet axe

Poydspgr Bgteﬁle pratugs B} et Uss ‘Ylﬂég dr Bah OnpeJEFR Withithe prfusion
provide a three-part injection containing Docetaxe

Mg eofiera a grystabpigeigitaticibiorms gftearld hoursie themeture of saré grakt, it has
personnel . For the above purpose, the present

bebﬂ‘pﬁcﬁed‘b? aprexpéilaent@idnhmae cpafal piddipgtibrdmay et dH Vdsels, and
Docet ax mhlch includes: a nother liquid, which is a

a@g!%%%gggﬁgﬁnﬁggw%gbggﬁfFaxel and a pharmaceutically

SUMMARY OF THE INVENTION

In view of the low stability of the IV injection of Docetaxel (Taxotere”™) which is
dissolved with the aforementioned solvent, a three-part injection containing Docetaxel is
developed.

An object of the present invention is to provide a three-part injection containing
Docetaxel with a prolonged stability and convenience for medical personnel.

For the above purpose, the present invention provides a three-part injection
containing Docetaxel, which includes:

a mother liquid, which is a solution comprising Docetaxel and a pharmaceutically
acceptable surfactant;

ethanol, which is an anti-gelling agent for preventing gel formation after the

injection is mixed; and
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et hanol, which is an anti-gelling agent for preventing
gel formation after the injection is mxed; and -5
wat er, which serves as a flow agent to keep the nother
liquid in a honpbgenized state, in synergy with the
et hanol . Werein, the weight ratio of the anti-gelling
agent to the surfactant is not less than 1 % the
wei ght ratio of the flow agent to the surfactant is
o . .
B?tev\lgan ?1’5,' v%hgc%gs é\?er%asts%ggxg K %I?[;tgﬁﬂ%eleh gl\{eg gntglrt] Oe? h‘égﬁ in a homogenized
formation when the pother liquid is mxed wth
staerif guiessy Wi theisdhnokych as an aqueous 5% gl ucose
solution, and the flow agent can adjust the viscosity
of tWoemenmt Herwdigljunttp of thgenheagellng tapertthie theasurfaciget isinogless than
agent. Therefore, the three-part injection prepared by

1% hiBe RN ht RCTIRSHI NG abéht té IR BFfE&SMts hetMeRthaN das a
reduced viscosity and i s honbgeneous w t hout ge

for i Thi | des j L C :
R TR S B R
and confirmthe amoynt wthdrawy. Furthernore, the,
whigthe iofhsy 1@85& et with H%‘{}ﬁf’%me‘il% 4N 4588 &IPFQUsEe glucose
fromthe injection solution is prolonged, thereby '
sofution ezl the flowagentabi hiljiust thefisedsdy ohjheandtber, liquiskd tagethgr with the
the fatal danger to patients adm nistered with

anfiBebllimanmesit. ARdtefoed) Biad b degpalrhiajethiar @@Fﬁ—t&ﬁ By €Héahdthyd ackdrding to
In the injection containing Docetaxel according to the

thg Efeﬁ&ﬁtin\jeﬂt\f&{]ﬂds%q?dﬁ&g lViSE gﬁﬁ ?#]Ldgl‘fcgehé(oﬁ %ﬁf&hfﬁ%& €ormation.

actant is preferably oncentration o

et hanol used therein . referabl y not bess t.han .90% .
Th PV Bee PP ABEYFSI0r PO FEIIATSE0R U™ 108 RUHOR AYhgh yringe

of Docetaxel in the nother liquid is preferably 20
anggopdirm egmongy yithdrawa. Furdiegrhereothe praodfariDagetakelig form a

agent of ethanol is preferably at |east 1% of that of
crysigl@n¢cigitage from the injection solution is prolonged, thereby increasing the stability
of the injection, reducing the fatal danger to patients administered with medicament and
enhancing the therapeutic quality.

In the injection containing Docetaxel according to the present invention, the
pharmaceutically acceptable surfactant is preferably Tween. The concentration of ethanol
used therein is preferably not less than 90%, more preferably not less than 95%. The
concentration of Docetaxel in the mother liquid is preferably 20 mg/ml to 60 mg/ml. The
weight of the anti-gelling agent of ethanol is preferably at least 1% of that of Tween; the
weight of the water is preferably at least 10% of that of Tween.

The present invention also provides a method for preparing a injection containing

Docetaxel, which comprises steps of: (a) mixing a mother liquid and ethanol evenly into a
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20 weight of the water is preferably at | east 10% of

that of Tween. The present invention also provides a

nmet hod for preparing a injection containing

Docet axel, which conprises steps of (a) mxing a

nother liquid and ethanol evenly into a -6 mxture

liquid; and (b) adding water into the aforenentioned

m xture liquid and mxing it evenly. BRIEF
oRSRTHED §D ey N T ORGP s

honogeneity test of the present invention. DETAILED
eVBRISCRI PTI ON OF THE | NVENTI ON The follow ng detail ed

description to the present invention is nade referring
BRUEF DESCRIPIFOMN ODFITHEGDORAVENGSdoes not intend to

limt the scope of inplenenting the present 10

| NVERT. on. shbhe b NEeib@N t6pNYiswnNbnNth [9ERErR¥Elinjection vial in the

according to this invention including: a nother

[ 1 qui [ S| - ion of Docetaxel and one or
mﬁ%ﬂ%thH§$EEQEU??%§ ngggg%eptable surfactants, wherein

the surfactant is Tween (i.e. polysorbate), and the

concentration of Docetaxel dissolved in Tween is 20

ng/m to 60 ng/m; 15 an anti-gelling agent, which
DETAIBRDsDESCRABTHAN QR TAEANMENHEMNer |iquid is m xed

with a perfusate, such as 5% gl ucose solution, wherein

the ”HinbH@\ein%id@Qtilécg eedcriporPloethe hadabnt inabio@ishandd refediih to the

the weight of the ethanol is not |ess than 1% of that

%,: ' - |
R Bl S O TG0 0 e

) honogenized state, in
mventioft.

The injection containing Docetaxel according to this invention including:

a mother liquid, comprising a solution of Docetaxel and one or more
pharmaceutically acceptable surfactants, wherein the surfactant is Tween (i.e. polysorbate),
and the concentration of Docetaxel dissolved in Tween is 20 mg/ml to 60 mg/ml,;

an anti-gelling agent, which prevents gel formation when the mother liquid is mixed
with a perfusate, such as 5% glucose solution, wherein the anti-gelling agent is preferably
95% ethanol, and the weight of the ethanol is not less than 1% of that of Tween (ethanol

= 1% by weight of Tween); and

a flow agent, which is water to keep the mother liquid in a homogenized state, in
synergy with the ethanol, and serves to adjust the viscosity of the mother liquid, wherein
the flow agent is pure water or water for injection, and the weight the flow agent is not

less than 10% of that of Tween (water = 10% by weight of Tween).
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20 synergy with the ethanol, and serves to adjust the
viscosity of the nother liquid, wherein the flow
agent is pure water or water for injection, and the
wei ght the flow agent is not |ess than 10% of that of
Tween (water > 10% by wei ght of Tween). -7 The
three-part injection, which conprises the anti-gelling
agent, the flow agent and the nother |iquid, can be
pr epar in.a.mre flexjbl wnand. the adj ust t
D1 S el haft {TRGon R gl 8RO B4 o by oent anc
conparing with the conventional conpositjon ) )
the gipsher JidAg- £9eDs PIERAREHY AfOTS HPIRIP Srivary thetadiistment to viscosity
liquid. 5 The nethod of preparing a three-part
ofi th¢ exttheyriqonintaai e mgreDbeetlpxemmciog vdimthetanvértienal composition
present invention includes m xing the nother |iquid

cottpfisinB @hdintermediheisbmitida 8Rd meuRAliyuid. t hen addi ng and
evenly m xing the flow agent. The preparation nethod

desof bGP QY %re?)@@xgé g%ltn%?-ﬁgrt %&%%%e&%ta%i%%%o%&aw 3&&brding to
a honbgéeneous state; a e ti'ne to use, Dy m Xing
them directly.through hand shake or. .a 10 nachipe

the SRS ARV liSR %%mag the-maiber Lgpid taeairfly'& aiieelingrpgent evenly.
advant ages of the injection containing Docetaxe

theroadsingnatsl eyenly mexipg dedlnw agenvent i on are furt her
depicted below with the illustration of exanples,

whi chheaéit@ion B&1BOd desdfibedohor Badblddedcidsorhpdtichirhixei $o reach a
to the scope of the present invention. 15 Exanple 1:

' . i : Lf t
ho%}?ﬁ%é@% g?d@em%?( iﬂ%ghm%'% hed 'bg/r}n&ﬁ%uﬂhgrﬁdduf&@}gk o%ltléheﬁeﬁfa shake or a

he present I"nventi on

different thgds of mixing to ensure ease of use,
SR T g Feflol HRFY) O ChALD B ERPBAt ont T of _gr oupt The

test in this group was performed by mxing firstly the

ant i Theetdviapiggesgeitheviiteption containing Docetaxel compounds of the present

invention are further depicted below with the illustration of examples, which however

should not be construed as limitations to the scope of the present invention.

Example 1: Observation on gel formation resulted from different methods of mixing

The present invention adopts different methods of mixing to ensure ease of use,
and the gel formation was observed.

Control group:

The test in this group was performed by mixing firstly the anti-gelling agent with
the flow agent, which is similar to the intermediate solution in prior art, then carrying out
different mixing steps. The mother liquid, anti-gelling agent and flow agent used are listed

in Table 1, whereas Table 2 and 3 list different methods of mixing and corresponding



the flow agent, which is simlar to the internediate
solution in prior art, then carrying out different
m xi ng steps. The nother liquid, anti-gelling agent
and fl ow agent used are listed in Table 1, whereas
Table 2 and 3 list different nethods of m xing and
corresponding -8 observation results. Table 1
Intermedi ate solution conprising mxture of
nti-gelling Mther |liquid agent and fl ow agent
d%%@%‘%%@ﬁﬂghd surfactant 1.5 m 13% by wei ght et hano
formed by mxing 0.24 mM Tween (0.5 mM in total)
ethanol and 1.26 m water Table 2 M xing nethod 1
bservation Result inject the internediate sol ution
Table Table 1 into Step 1 No gel formation the nother

Lt v d +n f A myvtiirn cnlitiAan 1Nt Aart tha Mmooyt e
T qurG— O AT AT ot € SOrot T O 1 CCo it 1Th At o € — -
sol ufj on fnta 500 MNCSNEAIS NPUGR PBPRERE oRixture of anti-gelling
per fus 2'¥4bl e 3 rﬁg’éh{‘ﬂldqﬁ)w&%n? observation Result

ate sol utl

I nject the internedi n of Table 1 into
Docetaxel and surfactant|1.5 ml 13% by weight ethanol formed by mixing 0.24 ml

Tween (0.5 ml in total) ethanol and 1.26 ml water

Table 2

Mixing method 1 Observation Result

inject the intermediate solution of Table 1 into ‘
Step 1 o _ _ No gel formation
the mother liquid to form a mixture solution

inject the mixture solution into 500 ml

Step 2 No gel formation
perfusate
Table 3
Mixing method 2 Observation Result
inject the intermediate solution of Table 1 into _
Step 1 No gel formation
500 ml perfusate

then inject the mother liquid to perfusate ‘
Step 2 o _ _ Gel formation
(containing anti-gelling agent and flow agent)

It can be found, by comparing the two mixing methods above, that the final mixture
liquids had the same composition, but different local compositions surrounding Tween
molecules. In mixing method 1, the anti-gelling agent and flow agent would attach to the

Tween molecules firstly, so that there were more anti-gelling agent molecules surrounding




Step 1 No gel formation 500 m perfusate then inject
the nother liquid to perfusate Step 2 Gel formation
(containing anti-gelling agent and flow agent) It can
be found, by conparing the two m xi ng net hods above,
that the final mxture |iquids had the sane
conposition, but different |ocal conpositions
surrounding Tween nol ecules. In nixing nmet hod 1, the
\?\etélleﬁl%%g ng} itlpg!%’ldccgncgtwraftlﬁgpofi ‘éﬁ? 8 V\rg,rc} tagg e%rgullici1 Surfactant
anti-gel.ling agent nolecul es surroundin ween .
malsfule iy I@gher% ta preveat peldarmatione dhidng awgf@r’ 2, the anti-gelling agent
anti-gelling agent around surfactant nolecule is
andi gbner agent haprarcedy bged dilotedaby dhe perfusate ibafprerghéogotBer liquid
the anti-gelling agent and fl ow agent had al ready

cdRBRIng Thdee dabinjdche ipeY the peEfgsaRe fvafiéh ToRerdiothbebndentibifich of the
contai ning Tween was injected into the perfusate,

ang%ﬁplgngpﬁrtﬁ e&h?m%ﬁ@& $O\Jte£‘1§h1| Pﬁgulgg s'otme ga%ﬁm&i& U\}aﬂgole extents

e aroun ween nol ecll e

fo n riapl.e extents throughout t he mhole
thgwggﬁﬁdhew¥&esgm9ﬂ%s known that the main cause to

prevent gel formation is not the anmount of the
ant ilt gethhy kiepvearghat thggean coise to prankiest gek fortriaon is not the amount of
anti-gelling agent can be mxed evenly wth

thé uiti-gelliag hedi® L@V bey ik WHeliRr et dvgir gdllingUgentdéani BrOnikBE evenly with
process of mixing so as to prevent aggregation with

su%agﬁt I?ineEt"ﬁg iR 0he MRLRE li{qﬁﬁl d efh%gﬁg&%% o@n‘ﬂ%ﬂ szhﬁ té) prevent

|qu| antl-gel I ng ag OM/age use

aglgpegglgcl)ﬁc’ with o‘HPer St cltaln% rn%?ecufgs

Experimental Group:

The mother liquid, anti-gelling agent and flow agent used in this group are listed in
Table 4, but the mixing steps are different from those described in the control group in that:
the anti-gelling agent and the flowing agent were mixed with the mother liquid separately.
Table 5 lists the mixing steps and corresponding observation results which can be

compared with those in the control group.

Table 4
Mother liquid Anti-gelling agent Flow agent
Docetaxel and surfactant
0.1 ml ethanol 0.53 ml water
Tween (2ml in total)
Table 5
Mixing method 3 Observation Result
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Table 4, but the m xing steps are different fromthose
described in the control group in that: the
anti-gelling agent and the flowi ng agent were mni xed
with the nother liquid separately. Table 5 |lists the
m xi ng steps and correspondi ng observation results
whi ch can be conpared with those in the control
group. Table 4 Mother liquid Anti-gelling agent Flow
dgcnl L all It act.alit U, L I _jeuintalror U, 55 111
I TREEh T T P T ar ) Fab e oMe: ng KR8 Aaion
rvatiiid Result -10 inject the anti|-gel agent
into the nother Step 1 No gel formatio Liquid inject
t he fl ownggehe ﬂaWoageh‘e intotthe mdthepuliqhidt ep 2 No

f SfCHBt i g cont ning t.he anti-gellind agehtogd gﬁr@é‘flon
t he not I’&Pmi @Etb%?lzlifl%'f‘gf@‘t)t he anti [Step 3 gelling

agent angided h%ﬂie?@iﬁ.gﬁhé(cbftﬂ‘ttﬁféﬁngﬂﬁe%nge' TOT MaC i on

perfusatle’ In this exa ti-gel|ling agent and
t Bepf3l ov&geﬂlg%nhgmﬂaraldadtéeﬁOWOagdna imnd hre No gel formation

perfusate

In this example, the anti-gelling agent and the flow agent were added to the mother
liquid sequentially (i. e., the flow agent and the anti-gelling agent were mixed with the
mother liquid), which is different from mixing method 2. It was observed that the
concentration of anti-gelling agent molecules around surfactant molecules was higher.
According to this mixing method, the ratio of anti-gelling agent molecule to surfactant

molecule can be 5 % by weight (< 6 % by weight) without gelling.

Example 2: Fluidity test
The injections with or without the flow agent are listed in Table 6, and mixing of

each of the injections was observed and compared.

Table 6
Mother liquid Anti-gelling agent Flow agent Observation Result
0.5 ml 0.24 ml ethanol No gel formation
No gel formation and
0.5 ml 0.24 ml ethanol 1.26 ml water the fluidity was better
than sample item 1
1.0 ml 0.24 ml ethanol No gel formation
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Example 3: Homogeneity test

After each components are mixed, the injections were produced by different

stirring processes, and then tested for their homogeneity.

As shown in FIG. 1, homogeneity test was performed by using the top view of a

cylindrical injection vial as a reference, taking the central point as well as points at 0", 90°,

180° and 270" of the circumference of the cross section of the vial as sampling points for

homogeneity, and then analyzing by High Performance Liquid Chromatography.

Control group:

Similar to the intermediate solution in prior art, an intermediate solution was

formed in this group by mixing the anti-gelling agent with the flow agent firstly. And then
the intermediate solution thus formed was withdrawn, injected slowly into the mother
liquid, stirred by different stirring processes, and analyzed. Table 7 shows the used mother
liquid, anti-gelling agent and flow agent, whereas Tables 8 and 9 show the observation

results after stirring.
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the injection, which allows a precise control on the
dosage of injection w thdrawn. Exanple 3: Honobgeneity
test After each conponents are m xed, the injections
were produced by different stirring processes, and
then tested for their honbgeneity. As shown in FIG 1
honogeneity test was perforned by using the top view
of a cylindrical injection vial as a reference,

v OB T BBl oL 0

_ _ ggénce_of t he cross

¢an of the vial '@gersadiblesOmitiBR cBhpridedthe mixture of anti-gelling
honogeneMotherdiqdidt hen anal yzi ng by H gh Performance
Litepui d Chr omat ogr aphy. Control greenandflaiviagentt o t he

LNt A NN + Pl
LIS~ L U

Al At A oAl siE T N i Ay ar t an 1 Nt Ar A A A
so{ utijon wass for med 7 Hﬂtlﬁi(yéﬁél’“@ﬂ@t 6@‘%?%%“‘%%@54 ml ethanol
anti-gel 1ing agent wishh 4y fheyy agent firstly. And

then |the internedi ate solution’ 'thus fornmed was

wi t hdrjawn, inject ed|s0 aM1§ % by eveidhe etiahdldmixthiteqnficd6 ml ethanol
stirred by 0 filerent stirring processes, and anal yzed.
Tabl e |7 shows the us®d Sftmewater)i qui d, anti-gelling

agent and fiow agent, whereas fables 8 and 9 show the
observation results after stirring. -12 Table 7
conpgsition of two-part_ injection_conposition Sanple
| nt ohregieapedias salkiigh %fo%%mpfeslaani] REVETE RE NGy and Tjected slowly
anti-gelling Mdtther liquid itemagent and fl ow agent

intb the Brothher ligaidminditBensheyreswdiinghmixgarhdiqoid wasi mildly epiofied and stirred
0.24 mM ethanol and 1.26 mM water)

for at least 40 seconds so as to prevent the formation of gas bubbles during the mixing of

mother liquid and intermediate solution. The analysis results obtained are shown below:

Table 8 Homogeneity test of two-part injection composition after mild stirring

Test Central . . . . Relative standard
0 90 180 270
item points deviation
1 55 4.4 1.7 82 43 49%
2 7.5 8.9 73 6.6 9.0 13%

(the unit of concentration is mg/ml)

The intermediate solutions of sample item 1 and 2 were withdrawn, injected slowly

into the mother liquid, and then stirred vigorously by a desk Vortex for at least 40 seconds

to create gas bubbles in the mixture liquid of intermediate solution and mother liquid. The

analysis results obtained are shown below:

Table 9 Homogeneity test of two-part injection composition after vigorous stirring
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22.0nm 6.0 M 13 % by wei ght ethanol

0.96 nl et hanol

(m xture of

solutions of sanple 1 and 2 were w thdrawn and
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into the nother |iquid,

and 5.04 m water) The internediate
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| east 40 seconds so as to prevent the

formati on of gas bubbl es durlng t he n1X|ng of  not her

I N nternediate sotuttTon.—Theranatysis ot
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iteR- par poih3j ection conposition after mld stirfingdeviation
Test ICentral Relative|standar 0" 90 180" 270" item
pdints dedi atj on881 5,5 404 1|7 8.8 4,3 49% 2|7.5 &%
+-3—6 9-0—13%{the—pnt—of :on“eﬂtr't;o. S—irgtr)

The |nte9ﬁed|ate solutio of | sa e ite and 2

Wi thdrawn, injected sfowy 1nNto thegf SHig Jml
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| east 40 seconds
i ntermedi ate sol uti on and not her

['iqui

d of

to create gas bubbles in the n1xture
liquid. The

analpisinSihk @8N %sﬁgt &l 9840 Rh&hahAWmniB&loavétirtal)i&r8usly is mixed
I njectiron conposition

anDgenelty test of

OrOﬁgP§

af ter

myigJomep

Vi

1.rrl

t wo- part

b s B

9.4 8.8 10 9.8 9.1 5%
Experimental group:

anpl e

Centr al

0" 90
poi nts deviation 1

In the experimental group, the anti-gelling agent and the flow agent were injected

into the mother liquid separately, stirred by different ways, and then analyzed. The used

mother liquid, anti-gelling agent and flow agent are shown in Table 10, whereas the

analysis results after stirring are shown in Tables 11 and 12 and were compared with those

of control group.

Table 10 composition of three-part injection composition

Sample item Mother liquid Anti-gelling agent Flow agent
3 0.5 ml 0.24 ml ethanol 1.26 ml water
4 2.0ml 0.96 ml ethanol 5.04 ml water
5 1.5 ml 0.24 ml ethanol 1.26 ml water
6 2.0ml 0.48 ml ethanol 2.52 ml water

Each anti-gelling agent in the three-part injection composition from sample items 3,

4, 5, 6 was withdrawn and added into the mother liquid, and then was stirred vigorously by

a desk Vortex for at least 20 seconds. After that, each flow agent was respectively added

and mildly spinned and stirred for at least 20 seconds so as to prevent the formation of gas
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2 9.19.49.510.3 8.85% (the unit of concentration
is mg/mM) Fromthe above results, it is known that the
injection stirred vigorously is mxed nore
honogeneous than the injection stirred mldly.
Experimental group: In the experinental group, the
anti-gelling agent and the fl ow agent were injected
into the nother liquid separately, stirred by
bul%t)les Otﬁe bin %XI%UP? Hurlﬁgaﬁlrrn?é’] Zaﬁ%‘gsisr reglélﬁst (%ge}lréggg re %ﬁovlvn below:

TabI eas the anaIyS|s results after stirring
Tablel ]s]H@Wﬁg?IWItSI‘é%‘F eStFoP-RATINIEONIhEPHRASHI0B G EY WA

ntrot _gropp. Tabt g 1O composition
s%’hﬁee- par%rglP nj ectg’on conpeEsi ti{oniganpl e ixzem M)?ﬁléltrwe standard

htepui |d Pihis- gel | i ng agent Fl ow agent |3 0.5 nl | 0. 2dkviskion

m3 water985 1.5 W20.24 A8 et han®l.11. 26 nP.7water 6 2%

Casrh

pthc\%l 1.26 Ml water 4 2 0 096 M ethanol 5 04

2 0 048 nt—ethano—252m—water Eac
aﬁltl - gelllor?g ageRtJ/ in thg'(fhr ae-%agrt i nj egt)i on 2%

Cc@nMposi tjoo Tromesanpl e 3¢ ens| 3, 1dg S| 6 (yas Wit hdr awy
and added intjo the nother liquid, and|then was|stirred

viegorjouslsy7 by| aledesk| Vord.ex forlab | eastl5S20 second2%

Afterl t hnf each fl ow nmnnf was—respec tivel i added

aouoaco

and mildly spinned and stirred for Athelugk&f corpeniEgisngsme/ml)
so as to prevent the formation of gas -14 bubbles in
the final solution during stirring. The anal ysis

resul ts obtaj.ned are_shown bel ow
Eacﬁ anti-gelling agent of ‘ale three-part injection composition from sample items 3,

4, 5, 6 was withdrawn and added into the mother liquid, and then was vigorously stirred by
a desk Vortex for at least 20 seconds. After that, each flow agent was respectively added
and vigorously stirred by the desk Vortex for at least 20 seconds to creates gas bubbles in
the mixture liquid of anti-gelling agent and mother liquid. The analysis results obtained are
shown below:

Table 12 Homogeneity test of three-part injection composition after vigorous stirring

Sample | Central . . . . Relative standard
0 90 180 270
item points deviation
3 10 9.9 10.1 9.9 9.9 1%
4 9.9 10 10 9.8 10.1 1%
5 20.1 19.9 20 20.2 19.8 1%
6 16.2 16 15.9 15.8 16 1%

(the unit of concentration is mg/ml)

It is known from example 1 that the local concentration of anti-gelling agent
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Tabl e 11 Honopgeneity test of three-part injection
conposition after mld stirring Sanple Central 0 90
180" 270" Relative standard item points deviation 3
9.8 10.2 9.8 10.1 9.7 2% 4 10.2 9.7 9.6 9.9 20 2% 5
19.8 20.1 20.2 19.6 19.5 1% 6 15.7 16.3 16.1 15.6
15.4 2% (the unit of concentration is ng/m) Each
anti-gelling agent of the three-part injection
L T R S R
was_ vigorously stirred b a desk Vortex for at |east
the polubioBndRe resfstapee t4%a1St BYRASNCHYy fg@)éﬁpe\,g&g itselt can be reduced.
respectively added and vigorously stirred by the desk
Caropdred td dre apelimastl SOup of pnatsnttioventiont s sgefactinibblties two-part
in the mxture liquid of anti-gelling agent and

inféBtidie Eorhpstitici. of T @nabY Sicup WelpleSdiRibidaiwiesh RE& to a low local
shown bel ow. Table 12 Honpgeneity test of three-part

¢ Q%n?r%tal}n? gf ﬂ%@ﬁ%&f@%%{ttaﬁ@n\ﬁ' sgl?fragtld?t ﬁéfg?@g,nlﬁt tg%atﬁlfg | &io of gel

ative stan

. points deviation 3 10 9.9 10.1 9.9.9.9 1% .4 9.9 1

inflp <9 iongnd MoseSans agartiy hystgenglArarh L aelgtsed cpgnal bpgeduced
15.9 15.8 16 1% (the unit of concentration is ng/nl)

Even after a vigorous stirring, the homogeneity of control group is still lower than that of

the three-part injection composition of the present invention.

Example 4: Stability test

The injection composition was mixed, and placed at room temperature to observe
the formation of crystal at different time.

Control group:

The intermediate solutions of sample item 1 and 2 in Table 7 were withdrawn,
injected slowly into the mother liquid respectively, then stirred vigorously by a desk
Vortex for at least 40 seconds, and tested for their stabilities. The results are shown in

Table 13:

Table 13 Crystal test for two-part injection composition after vigorous stirring

Sample
‘ 0 hour 4 hours 8 hours 12 hours 16 hours 24 hours
1tem

1 | No crystal | No crystal | No crystal |Few crystals| Obvious crystals | Massive crystals

2 | No crystal | No crystal | No crystal |Few crystals| Obvious crystals | Massive crystals
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It is known fromexanple 1 that the |oca
concentration of anti-gelling agent -15 around the
surfactant nolecule is higher, therefore, in addition
to reduce the ratio of gel in the solution, the
resi stance agai nst honogeneity fromthe gel itself can
be reduced. Conpared to the experinmental group of
present invention, the surfactant in the two-part
i njection conposition of the control group was
pre-diluted, which leads to a |low |local concentration
of the antl-%elling agent around surfactant nol ecul e,
so tiRperimentalgroupof gel in the sol ution and the
resi stance agai nst honogeneity fromthe gel itself
cannigich beti1gelliug egent oEvterthedetpart igjeviigoemumsgionrafisagple item 3, 4,
the honobgeneity of control group is still |ower than
5,tdat Table toheat Rig@raddd tnd BI@E ic0theCABMOS lifhi@Mndf théM&vas stirred

present |nvent|on Exanple 4: Stability test The
[ C
vigdhads 9k 29 oS 10 WP R FEPecolE (A8 t@?t 3pgf B agent was
dlfferen Cont nter
regsetitehopdegen éﬂﬁS’F‘élS[Yt Séﬁﬁgeﬁ! émlaeg e %@%tezo seconds, then
wi thdrawn, injected slowy into the nDther liquid

wasetspied tfow dligjr, stabilitiess fTihe rreglilty| agoshorsh yn Biable Hestad compared with
Vortex for at |east 40 seconds, and tested for their
contrabéoupi €s. The results are shown in Table 13: Table
13 Crystal test for two-part injection conmposition
after vigorous stirring Sanple O hour 4 hours 8 hours
12 hours 16 hours 24 hours item

Table 14 Crystal test for three-part injection composition after vigorous stirring

Sample
0 hour 4 hours 8 hours 12 hours 24 hours 48 hours
item
3 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
4 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
5 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
6 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal

It is known from examples 1 and 3 that the local concentration of anti-gelling agent
around the surfactant molecule is higher, therefore, in addition to reduce the ratio of gel in
the solution and the resistance against homogeneity of the gel itself, it is also possible to
increase the energy barrier between surfactant molecules to prevent crystal precipitation
due to the intermolecular aggregation of Docetaxel molecules. Accordingly, the local

concentration of anti-gelling agent around surfactant molecules in the two-part injection
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1 No crystal No crystal No crystal Few crystals

Qobvi ous crystals Massive crystals 2 No crystal No

crystal No crystal Few crystals Cbvious crystals

Massive crystals -16 Experinental group: Each

anti-gelling agent of the three-part injection

conposition of sanple item3, 4, 5, 6 in Table 10 was

wi t hdrawn and added to the nother quuid and then was
co%é)é)glﬁlgg of & 1?1001 %tj lgyls P&éxée?h fﬁﬁo\el\rl\e/%ré ﬁ}e enggy% rerée? ?g Wegglsgl/rfactant

ded and vigorously stirred by. the desk Vbrtex for at

mpl@%@s s gedyse n'glgus f}r%trwo s i ediog gompositigpifprms crystal precipitate

stabilities. The results are shown in Table 14, and
aficopadieg fari 2thoucH mthewdas gil chepthreBatalrteinbdti@syaf ttled e>tpesitnental group

for three-part injection conposition after vigorous

of3hd prickdh@ invoRiaR IRve nb Qléfstaﬂpﬂé@ip[téteamﬂﬁw& hd@shours 24
hours 48 hours item 3 No crystal No crystal No

cry I [ |
No ifrl% atd%lﬁloﬁbo\f ﬁﬁt? %ll\?g %%%’? Pl%k/%d}? g{lgglglﬁa%g{la? the hlqn&%%rzltqglld when
crys No cr st al .
it @r%%fﬁt ed%ey pap at %1 NHle&f&‘é and R‘E?'\E‘} g %A\(ﬁw $heqyiscosity
No crystal No crystal No prystal I't is known from
ofanethe lgwid] inagyder8y thitht the hiesi-pelbiag ageonh ddwteferei tha thybe-part injection
anti-gelling agent around the surfactant nolecule is

propayEEby the hestieddodfEpredenit iadkehitioh das & fedueshingscokitgaricib homegeneous
gel in the solution and the resistance agai nst

wityip g@ﬂ}ghﬁ%oﬂf ThdGir ¥ bﬂ)arf fn&%ﬁ{)n of the h?es@ﬂt?r?veﬂﬁ&? R h&ical
I ncrease the energy barrier etween surfactant

perrrsglngecl% %vsl'thtdpawp it %}/o?g tcor?vrex ent?y WP h g%g/lp Illgteaetu{do confirm the amount

withdrawn. Besides, the period for Docetaxel to form a crystal precipitate from the

injection solution is prolonged, thereby increasing the stability of the injection, reducing

the fatal risk to patients and improving the medical quality.
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due to the internol ecul ar aggregati on of Docet axe

nol ecul es. Accordingly, the local concentration of
anti-gelling agent around surfactant nolecules in the
two-part injection -17 conposition of control group
is lower, and therefore the energy barrier between
surfactant nolecules is reduced. Thus, the two-part

\ﬁh&lﬁﬁﬁbﬂﬁﬁ%?”p05|tlon forms crystal precipitate after

stan 12 hours, whereas all the three-part
injectlons of the experlnental ~group of the present

i nventi,on .h ve no. cr. tate within 48 hours.

e B R BB R 2o Bt b cvent s gel

formation in the nother liquid mhen it is mxed with

the peaf usdtee ditjuitlhewhiche iof auselptiamd comprifih@wDagetatel and a

can adjust th SCOS of nmother liquid, in synergy

with t HQWFP§8@VWCﬁ@t Ec%ﬂ refore, the three-part
injection prepared by the met hod of present invention

has a e¢thahotedhich Scasiangi-gatidg i apettofop geeveatisg gall fomaardion after the
gel formation Hﬁ?ree-part i njection of the present
|nventW5ﬁ1%TP6Wﬁ“ﬁ§ cal personnel to withdraw it

nore conveniently with a syringe, and confirmthe

anount watet, twid¢ctesenves Be s ifldesagehthi® krep itiedmbibier Rpi@irexBdmogenized
to for a2 &r st al cipjtate fromthe injection

solutl ple; g ?%g%ﬁﬁégh ?h@?’by i ncreasing the

stability of the injection, reducing the fatal risk

t o it Taat mjedrioh | coptanihg gDbEeraxek diccatdipuabi thtim - 1.8 wherein the

What i s, cl ai ne ectlo containin
Docet a R IaRSH Gchip e RGN N G, whi ch i s a

sol ution conprising Docet axel and a pharmaceutically
accept aht enjedﬂilbfla@hahﬁng Boedthah abcoritiiy ¢ clasmal) wherein the ethanol

anti-gelling agent f revent.i el fornmation after
t he gﬁas a co%cer%ratlon 0 no ess than 90519 9

4. The injection containing Docetaxel according to claim 1, wherein the ethanol

has a concentration of no less than 95%.

5. The injection containing Docetaxel according to claim 2, wherein the Docetaxel

in the mother liquid has a concentration of 20 mg/ml to 60 mg/ml.

6. The injection containing Docetaxel according to claim 2, wherein the weight of

the ethanol is at least 1% of the weight of the Tween.

7. The injection containing Docetaxel according to claim 2, wherein the weight of

the water 1s at least 10% of the weight of the Tween.

8. A method for preparing the injection containing Docetaxel according to claim 1,

comprising steps of:

(a) mixing the mother liquid and the ethanol evenly into a mixture liquid;

and
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injection is mxed; and water, which serves as a flow
agent to keep the nother liquid in a honogeni zed
state, in synergy with the ethanol. 2. The injection
cont ai ni ng Docetaxel according to claim1, wherein the
10 pharnmaceutically acceptable surfactant is Tween. 3.
The injection containing Docetaxel according to claim
1, wherein S
than 00 4 R0 Qater 195 (R, HAREE ML on@idhg NP
according to claim1, wherein the ethanol has a
concentration of no less than 95% 15 5. The injection
cont ai ni ng Docetaxel according to claim2, wherein the
Docetaxel in the nother liquid has a concentration of
20 mg/mM to 60 ng/m . 6. The injection containing
Docet axel according to claim2, wherein the weight of
the ethanol is at least 1 % of the weight of the
Tween. 7. The injection containing Docetaxel according
to claim?2, wherein the weight of 20 the water is at

| east 10% of the weight of the Tween. 8. A nethod for
preparing the injection containing Docetaxel according
to claim1, conprising steps of (a) mxing the nother
liquid and the ethanol evenly into a mxture |iquid;
and -19 (b) adding the water into the mxture |liquid
and mxing it evenly. -20
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