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mechani sm Pol yners derive their range of properties attributable to
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20 polypeptides, or a derivative thereof and the biodegradable segment comprises of
polysaccharide, dextran, polyester, polylactide, poly(L-lactic acid), poly(D,L-lactic acid),
poly(lactide-co-glycolides), biotinylated poly(ethylene glycol-block-lactic acid) ete.

In the case of polymers disclosed in US 5,874,111, it might be noted that such polymers
are prepared through polymerization of respective monomers and the polymeric material thus

25  obtained is purified and isolated from an aqueous medium containing the same through a method

of dialysis. .
In the case of polymers disclosed in US 6,322,817 also, the polymers are prepared through
polymerizaﬁon of respective monomers and is purified and isolated from an aqueous medium

through a method of dialysis.



(80- 110 ppm It would be abundantly evident that the anount
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15 It need not be overemphasised that any chemical reaction including a reaction for
preparation of polymers is never complete in the sense that invariably one or more of the reactants
are left over in the product. This would apply to polymerization reactions involving
Vinylpymrolidone as a monomer and depending on the molar or weight proportions of
Vinylpyrrolidone utilized, there is every possibility that some amount of the Vinylpyrrolidone

20 would remain as a contaminant in the polymeric products prepared thereof.

In connection with the above, the present inventors concerns were found true, wherein
analysis of the polymer prepared by polymerization of three monomers, viz. Vinylpyrrolidone
(VP), N-isopropylacrylamide (NIPAM) and Ester of Maleic anhydride and polyethylene glycol
(MPEGQ) exactly as per the description given in Examples [, I and IIT of US 6,322,817 were found

25 to confain an amount of N-isopropylacrylamide (NIPAM) and Vinylpyrrolidone (VP) as

summarized Table-1.

30



WO 2007/ 074476PCT/ 1 N2006/ 000504 11 SUMVARY OF THE | NVENTI ON In
t heir endeavours, the present inventors have found that all the

obj ect i veswaeborfeessbdr coul d be achi eved, which noreover pyaKkERERHS04
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pl ace, the present inventors have fourfd that a pol ymer conprising a
nmononeric 5 unit of both NI PAM and VP coul d be obtained, wherein the
anount of the respective individual nononmeric contam nants in the
pol ymer thus obtained is belowthe toxic limts prescribed.
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net hod o sent vention.is .su i
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The Process Disclosed in Utilising SIS s a-vis
The PolPj#fErRceubirdi P@W%ﬁl%rcwwsmgeemm%m%ﬁw e’é free of toxic -

Di af i | t{RbineAe cEAMANRHE sudhR 1eb dtﬁ{ﬁrﬁﬁl\dg é\ﬁf{)ﬁ@&a PYS
6, 322,817 The %oly tC]Sqltlal ned Ag he Met hod The Present by

| nvention Rgenlﬁhfaalsqud thabhe Pha@%%w% spopisen: Jistossp vy Bueman eigal dp
ww ( <:U% @,@gg,lﬁea% géf:%i’tec\i/ E) have a stability of only about 12 hrs or more with 90% or more of

15 the drug entrapped within the polymeric micelle at the end of 24 hous. Further, the
pharmaceutical compositions disclosed by Lowe et al in US 2005/0169882 are reported to have a
loading of the biologically active substances of approximately 40% only, with a release of the
biologically active substance between a few hours to up to sex.reral days.

A further need exists for pharmaceutical compositions, which have longer stability as well

20  as higher drug loading, which moreover are safe and less-toxic.

The present invention is a step forward in advancement of not only providing a polymer,

| which is substantially free of toxic monomeric contaminants, but also providing a pharmaceutical

comnposition comprising such a desired polymer, which is safe for human/animal administration
and has Jonger stability.

25 OBJECTS OF THE INVENTION

An object of the present invention is to provide a biocompatible and non-biodegradable

polymer of high purity, substantially free of monomeric contaminants.
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In their endeavours, the present inventors have found that all the objectives set forth could
be achieved, which moreover overcomes most, if not all the limitations of the prior art.

_In the first place, the present inventors have found that a polymer comprising a monomeric
unit of both NIPAM and VP could be obtained, wherein the amount of the respective individual
monomeric contaminants in the polymer thus obtained is below the toxic limits prescribed.

In particular, the present inventors have found that a polymer comprising NIPAM, VP and
MPEG as monomeric units could be obtained, which is substantially free of monomeric
contamiﬁants of toxic NIPAM and VP. Specifically, the present inventors have found that such a
polymer could be obtained in high purity containing the said NIPAM and VP contaminants in

. levels much lower than 0.001% w/w.

The polymer having the desired characteris;ﬁics could be obtained through a highly
selective method, comprising subjecting an aqueous solution containing the polymer obtained by
polymerization of NIPAM, VP and MPEG to a step of diafiltration or ultrafiltration, unlike the
methods of dialysis, as taught in the prior art.

That the polymer obtained by the method of the present invention is superior to prior art
methods, especially the method disclosed in US 6,322,817, involving a step of dialysis could be
best understood from a comparison of the residual monomers contained in the resi:ecﬁve

polymers, as summarized in Table-T1.

Table -II: A Comparison Of The Monowmeric Contaminants Contained In The Polymer
Obtained As Per The Process Disclosed in US 6,322,817, Ulilising Dialysis Vis-i-
vis The Polymer Obtained As Per The Present Inventzon, Utzlrsmg Diafiltration

Parameter The Polymer Obtained As Per The Polymer Obtained As Per The
The Method Of US 6,322,817 Method Of The Present Invention
. 0.066 - 0.076 % w/
Residual NIPAM (650-760 pp;n‘;“ w <0.001% wiw (<10 ppm)
0.008 - 0.011 % w/w
(80-110 ppm)

Residuél VP < 0.001% w/w (<10 ppm)

It should be noted that dialysis is a process, which involves slow separation of smaller
molecules from larger molecules or of dissolved substances from colloidal particles in a solution

by selective diffusion through a semipermeable membrane. In a typical dialysis method, the
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10 filtrate side. The retained polymeric components do not build up at the surface of the

semipermeable membrane. ]

In contrast to the dialysis method, wherein the initial quantity or volume of the aqueous
solution of the polymer taken up for purification remains as such/or same or gets diluted at the end
or completion of the 'said operation, in the diafiltration method, on the other hand, since the

15 acjueous solution of the polymer is swept along by tangential flow, concurrently resulfs in
concentration of the said solution containing the polymer, resulting in a more concentrated
solution of the polymer. For example, when a solution containing, say 100 gm of the polymer in
5.0 Lts of water is subjected to dialysis and diafiltration respectively, at the end of the former
method a solution containing 100 gm of the polymer in 4.5 to 5.5 Lts of water ig obtained,

20  whereas at the end of the latter method a reduction in or concentration of the initial volume
results, generally to a tune of between one-fourth to one-sixth (1/4% to 1/6“‘) the initial volume,
and at the end a solution of 100 gm of the polymer in about 0.8 to 1.3 Lis of water is obtained.

Further, as mentioned hereinbefore, in the dialysis method the solvent kept outside the
membrane containing the solution of the polymer needs to be changed periodically or

25  continuously manually, whereas in the diaﬁltratién method no such manual operation of periodic -
or continuous change of any solvent is necessary. This renders the former tedious requiring
manual supervision during its operation, whereas the latter method is fully automated and
regulated and hence less tedious and convenient requiring no manual supervision during its

operation.
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therefore, would quaiify as an operation under aseptic conditions, conforming to not only Good
Manufacturing Practices but also conforming to Regulatory Guidelines worldover.

Further, by virtue of not only involving manual operation but also the inhererit principle
under which the dialysis method works, the time cycle for an unit operation is lengthy and
generally takes about 24-36 hours. In comparison, the diafiltration method by virtue of the
inherent principle under which it \;sforks requires a very short time cycle and usually takes less than
one hour for completion. To say in other words, the diafiliration method is at least twenty five
(25) times faster than the dialysis method and hence industrially more suited.

While, the dialysis method calls for a rather lengthy time cycle for operation and
completion, another inherent disadvantage of the said method is that it allows only a small
volume/quantity of a solution of the polymer to be purified. Such limitations do not rest with the
diafiltration method and in general it allows a larger volume/quantity, say to a tune of at least 4 to

5 times of a solution to be purified. For example, if the dialysis method has a capacity for

purifying a solution of 100 gm of the polymer in 5.0 Lts of water in one cycle, by the diafiltration

method in one cycle between 400 to 500 gm of the polymer in 20.0 to 25.0 Lis of water can be
purified. Needless to mention, the larger processing capacity of the diafiltration method is another
adva.ntaée it offers in addition to the others already discussed hereinbefore i.e. faster operation
time, automated and regulated operation, convenient and less tedious, concurrent concentration of
or reduction in volume of the initial solution, conforming to Good Manufacturing Practices and
Regulatory Guidelines, minimal or non-existent microbial contamination etc.

However, as mentioned and discussed hereinbefore, the most important advantage the
diafiliration method has over the dialysis method is in the purity of the polymer obtained by the
respective methods, with the former method producing the polymer, substantially free of
monomeric contaminants and hence non-toxic and safe for human/animal consumption [Refer
Table-II].
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25 rapidly eliminated from the body without being deposited and degraded in vital organs, suggesting
the safety and utility of the polymer for human/animal use.

30



DRF- 4012(111), As Disclosed In Indian App/n. No. 265/ DEL. 2005 DRF-
4015919, As Disclosed In Indian Appin. No. 265/ DEL.2005 30The
nanoparti cybabspkgE maceuti cal conpositions of the poormN2006/000504
wat er - sol ubl e drugs or conpounds nentioned herei nbefore and specially
t he nanoparticul ate pharmaceutical conp6sitions of the poorly

wat er - sol ubl e drugs or conpounds |i ke Paclitaxel, Docetaxel and

Et oposi de and potent anticancer conpounds |ike M- 1098, DRF-4012 and
DRF- 4015, nentioned herei nbefore were found to have | onger stability
of great erTabhedilI24 Cwonpurison Of Thepdalysiodnd Diglildktionaieshads Visiihas Burification
phar maceuti cal corfobi dgesvusBolrgiok Of DhePolyrep Y dde eesperInvaugionet hod

of Burnmpn_et al, disclosed in US 6,365,191, which as clained in_the

sai d pafent P@E!nz@teﬁtab' ity ofp@l}&a«m&mpurs By reflﬁﬁﬁ%ﬁoﬁ@l&m

term"stability" it .islto be cohstrued to nean the period rnunfpd

in hours, wherein the ppQiiyedadEHerso b\ Wohgraiiu ;Vo é’rﬁéi q
in sol ufi on Bat¢inSizhe phar (ear 0 poalf Polymeoki 1.0 oh g AR nefsil
Wi t hout| any precipitation of tHhesdfweedr 40 cong {0 ﬁg er)
WO 2007WW&n&wmm&trw ther 1 'Clbék!ﬁ Environment
nanopar T CpibadsSnPTahdTeCEUT T Callptis QP36 LRy Of [T e POARKY (<1 Hour)

vat er - spT UNDg:dliol@8d O €ONDOWAIdsl; Te@bhd; 0B&d Ne SRRl aidand Régulated; Less
speci al | y i Bofiseeiensnoparti cul at é:omfeatdﬁaceutl cal cusfioss; ngmysCGﬁvehi&ﬁt

poorly Wwat er Msabbibl e dr ugs or i ke Paclitaxel ]
and Et oposiCGdatamieptiont ent ant | cﬁ%gggéé@gﬁn%ounds ike%%@lgg&bgg‘ %812
and DRFH 40 SRECWE%QH oned 5 hereinbefore, the'sajd gdifsnfouftR FPMEOGSH
wer e folu 1 ﬂ%&l pped wit hi nNbhe pol yrciefic m cefih4 ha/gy

B? ‘}‘gPe i

ext ent 95% even after 24 hours In_ corrparl son, in a

nanopar f it %’eﬁﬁﬂ N S A (AT T G SR S P TR |
per the @ﬁ {oan e’vo wg %?ﬂ*n USO% x&ﬁ%ﬁ etmpﬁﬁl

was f oujmd [m&ﬁnﬁﬂgrappud W T n [ne VITETT T Brine Heﬂ&‘l"dmﬁ'l‘omc
of only QO%OQMQma@'BheI‘ D4 hour s.VeTpHi rrpari sow of the phahimaceut i cal

conposi tl O% aﬁ% OOI&% wat er - sol ubl e chugs or ,OB&ﬂyISGQedbﬂb Conforming to
Q

nanopar conpr i Bifignlt, hesspdibyleer of kiogh ManfatiyriagBractices;
subst anrtJ a ree mbnoneri c contam nants of the pridigkhytViebigention
over the pharnmaceutical conposition of Paclitaxel, also in

nanoar t i cul Bréer, fasedas edfensivo suirity studiss 6udes Lpodlizeddakigith Subvitaimats and

1 *The PRAPRAY, 100 UL R0, telichpUaSt) Momee S bkl CRIRACRMoncs

Conpoungsclickl Db Tlmets‘e’nfttc J awwnullddn M@nafwmsthér Idetai%gwarauetbbllaiaﬂ part of this

gﬁgis 'ng%e%rhc%%x lléq%g%gi 871H§r 2 ?d"}“a\:béaﬁt BO[H)IYIHGI‘D% t}?e prescut 1nven%on polymel 18

non-toxic, biocompatible and biologically safe for use in making pharmaceutical compositions

10 meant for human/animal use and administration.

It was further found that the polymer of the present inventioﬁ, which is of high purity and
substantially free of monomeric contaminants and further being biocompatible, non-
biodegradable, safe and non-toxic is particularly useful in preparation of pharmaceutical
compositions, comprising the said polymer in nanoparticulate form along with pharmaceutically

15  acceptable excipients, which in twrn are safe and less-toxic for human/animal use and/or

administration.
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In particular, it was found that the polymer of the present_ invention could be used to
prepare a pharmaceutical composition in nanoparticulate forms, along with pharmaceutically
acceptable excipients entrapping a host of poorly water-soluble drugs or compounds completely or
near-completely within its polymeric shell. Such poorly water-soluble drugs or compounds are

15 those having water solubility of less than 10 mg/ml. Examples of such poorly water-soluble drugs
or compounds include, but are not limited to, anticancer agents, anti-inflammatory agents, anti-
fungal agents, antiemetics, antihypertensive agents, sex hormones, steroids, antibiotics,

immunomodulators, anaesthetics etc. Typical examples of anticancer agents that can be entrapped



Not Specified 30-150 urn 4 Stability About 12 Hours >24 Hours 5
Entrapnment of the Drug within the Polymeric Mcelle after 24 Hours
90% >95% W0 280@744044476PCT/ 1N2006/ 000504 20 | N addTINING/80050k he
advant ages of not only the polymer of Hi gh purity and substantially.
free of npnoneric contam nants obtai néd as per the nethod of the .
present invention .but also the advantages the pharnmaceuti cal
conpositions of poorly water-soluble drugs or conpounds, conpri sing

t he pol yner of the present invention_have over t e p'ollélégrsrs an& C _'
phar macetlin & pelymenipolel iash Paghitaxte Dopstarelappd ofer Jrlatesiage; ferivatives;

det ai | Il%t&laﬁ] b?cg;%e%an tzﬂl@ cﬁﬁézrsr%med' OXERbMESN RRM Gatfves; L D&orniIAAD &umomyecin,
hi ghly sel ect’i ve net hod preparation of phar naceut i cal

conposiand oreitast Apzshwwlmm @II-VS'@W’@I)I @splptings Oéﬂllé%oéﬁé@m% eMiopgen;
sai d p%étﬂé%%fi %t?ﬁc%L&ébﬁ&rﬁﬁlU 9cif'an c‘II: Rgg%{'g es eﬁferQ&?ﬁad%ﬁe%ﬂ itk B&ivatives.

polynmeric s mer utili herein is produced in a
nanépaffypicell a;tampfee ror{haotﬁﬂldbirrsna;owrﬁgemfs #lgt cathbe ehiirappky vatbinete ipplymesie 15bell

f t t
R A R e

cont ai rraﬁlcalmp@n@lm lo@ anti-ﬁﬂ@a]azrgéntrs hizdt cgii beantmpged within the @dlyngrib Fhadl include
Preferr Slt d. Fr Iatlonf l.nf usi on"
o Bur EIPCERR: =i, SphaRsedt: | SR SHBEIE s Sptimet P gar b SvbBd
appar eniithih ﬂk%ﬁ@m&iﬂmfs{héﬁ ﬁndh}ﬂedT@&ﬁieDUnﬁ,gEiﬂ‘bgcﬂ éﬁugestetcmeaalfmjﬂﬁradfol t Pygical
poI rrerlnar ui sjte anmoynt of a_diluting 15 fluid.(.generall 5%
LR SR CE e R A S Peolgnens st e, Pexamdhatose,
5 ur f actpditnicbRnOP4Al MridmEih6idhe. S’Pjr]diéa!l QRamplBe opH safihyMaiteidiveSageplsi @matdny be
adjusted with a buffering agent. To the resultant cI ear solution, of

the polepinpedieithit dheanplyierc shelf deqluer Crrtortte Ranvmitli Agrappen PMinexidHe Aod
added a8, 0N HiG) %Qélhrszbgef %uéi’&é%ﬂcb ttl?a?éeclantb@ ﬁée@ Wkl B p@l’yﬁ&nc shell.

concentration rangi ng from0.1t essenti al

cI ai rredncth@ieb@ncian@eugnaaaﬁa@@msrwr E@Wﬁbgﬁmﬁw ‘Pﬂw anihiopay thet arlhb% e
gse]é@ hilgclfﬁ ?gwgét §h@g' ﬂl@lud%eMgiiréZAfgd%% 0 essPs %bfabelf}/ﬁfcgb e%]h}h@s of

nt about t he nanopartlc es
obt ai néuiynuhomodidatens ehqt omééfeotmupeﬂow1rkumdl¢cm)1mer16e§@11tln¢1vﬂq Gz@@s@m@&’e rﬂtld

1 hg.
their Supioy SHREBRAASTET. Aely FubElialpich 38 SRARRRAL: WY BALBE Bublhpe
as per vtriﬂﬁlﬂietpblgrﬂaedesmﬂllmﬂddd mmmmmamhﬁd{cﬂ:m&algr ven under the
l.nf u

25 headi ng e Pr osj t.i on " For mul n_for

h US- 6. 305 Mgt regrog aarmee Jien i Darisiar daq SURRS’ DhER ROt e Ve
Pr egentiohddVRpAtIE 5 ér@t:b.ﬁﬁmg RaipRtde ughindts wilyhaitopall tpb@ﬂlﬁ-@ateﬂ soluble drugs ox
consi stent sizes was ’@8 sel ecti ve_ and depen%s |.ar gel

2007/ 0FARPBECT Ak RFaTlE7
those designated as MT-1098, DRF-4012 and DRF-4015 having the following structures (II), (I1L),

and (IV), which in turn are disclosed in US 6,403,816 and our pending Indian Application No.
265/DEL/2005, filed on February 09, 2005.

VO
d@@gtaxel Etoposide, and various Betulinic acﬁ/ derlvatwes such as

.25

30



21 i) The rate at which an al coholic solution of Paclitaxel is added
to a solution of the polymer and other excipients in the diluting
fluid;, Theywahymmsef the alcoholic solution of Pacllta@@kﬂﬁﬂg@&ﬁgm
vol une of the dilpting fluid, to which the forner is added; 5The
internal diarmeter or bore size of the ri&edl e through which the

al coholic solution of . Paclitaxel is added to a solution of the
pol ymer and pharnaceutically acceptabl e excipients in the diluting
fluid; and iv)The position of the container, which contains the
diluting fluid and the pol yner and pharmaceutically
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35  nanoparticulate pharmaceutical composition of Paclitaxel prepared as per the method of Burman

et al, disclosed in US 6,365,191, which as claimed in the said patent has a stability of only 12

hours. By reference to the term “stability”, it is to be construed to mean the period, counted in

hours, wherein the poorly water-soluble drug or compound remains in solution'in the

pharmaceutical composition comprising the same, without any precipitation of the drug or

40 compound from therein.
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24 6 to seconds to produce a pharmaceutical conposition suitable for
adm nistration in , nanoparticles of consistent particle sizes, with

m ni mal orwoegiwidse Size variation and consistent | oggfis20E0dobA
drug, within the polyneric shell, and |onger stability. 5 Table-V :

Effect O The Time O Addition O A Sol2dti on O Poorly Wa er-Sol ubl e
Drugs O Conpounds And Internal Dianeter O The Needl es Through Whi ch
Such Sol ulons Are Added To A Solution O The Polynmer And O her
Excipients In A D luti,w Sr. No. Poorly Water-Soluble Drug O
Conpound; Thin daditieans tlienadWlitEgms of het doiisthe pultier AhHigh perilyGatl mebs@itially free

Sol ution.ln ectedlntern ter o TheNedIe u
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Fluid Accjzgrlr11grlls%'11g ;Il-lleniaeolynll& osfe’&% presglt L@gnt%?ll lgjz;[v!sooqreloc the polymers and phmmaceuhcal
5 composztlons of the prior art, as discussed in detail hereinbefore, the present inventors have
further found a highly selective method for preparation of pharmaceutical compositions of poorly
water-soluble drugs or compounds, wherein the said poorly water-soluble drug or compound,
entrapped within the polymeric shell of the polymer utilized therein is producéd in a
nanoparticulate form of consistent size. This highly selective method forms another inventive
10 aspect of the present invention. 7

In the first place, it might be noted that from the description contained in Examples 1-40
and that given under the heading “The Preferred Composition™ and “Formulation for Infusion™ in
US 6,365,191 of Burman et al, the pharmaceutical composition of Paclitaxel is apparently
prepared first by dissolving the requisite amount of the polymer in a requisite amount of a diluting

15 fluid (generally a 5% or 10% Dextrose solution), followed by addition of an anionic surfactant to
obtain a clear solution, the pH of which is optionally adjusted with a buffering agent. To the
resultant clear solution of the polymer and the anionic surfactant in the diluting fluid is then added
an alcoholic solution of Paclitaxel to obtain varying drug concenfration ranging from 0.1 to 10
mg/ml, which essentially is claimed to be the pharmaceutical composition in nanoparticulate form

20  useful for administration. —

As mentioned hereinbefore, while US 6,365,191 is silent about the size of the
nanoparticles thus obtained, it, however, was found to produce or result in inconsistent sizes of the
nanoparticles in the hands of the present inventors in their attempts to prepare a pharmaceutical
composition of Paclitaxel, as per the method described in Examples 1-40 and that given under the

25  heading “The Preferred Composition™ and “Formulation for Infusion” in US 6,365,191 of Burman
et al.

Against this background, the present inventors found that production of nanoparticles in

consistent sizes was highly selective and depends largely on :
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The réte at which an alcoholic solution of Paclitaxel is added to a solution of the polymer

and other excipients in the diluting fluid;

“The volume of the alcoholic solution of Paclitaxel and the volume of the diluting fluid, to

which ’tpe former is added;

The internal diameter or bore size of the needle through which the alcoholic solution of
Paclitaxel is added to a solution of the polymer and pharmaceutically acceptable exéipients
in the diluting fluid; and ‘

The position of the container, which contains the diluting fluid and the poly'mer and
pharﬁlaceuﬁcally acceptable excipients at the time of addition of the alcoholic solution of

Paclitaxel.

In particular, the present inventors have found that only through:

Addition of an aJcoholic solution of Paclitaxel through a syringe to a solution of the
polymer and other excipients in the diluting fluid within a specified period of time;
Utilization of a needle having an internal diameter of between 0.305 mm to 0.356 mm, for
addition of a smaller volume of the alcoholic solution of Paclitaxel to the solution of the
pblymer and pharmaceutically acceptable excipients in the ;:liluting fluid; or

Utilization of a needle having an internal diameter of between 0.559 to 0.711 mrﬁ, for

addition of a larger volume of the alcoholic solution of Paclitaxel to the sohmtion of the

- polymer and pharmaceutically acceptable excipients in the diluting fluid;

Injection of an alcoholic solution of Paclitaxel to the solution of the polymer and other
excipients in the diluting fluid, wherein the needle of the syringe through which the
alcoholic solution of Paclitaxel is added shall remain dipped in the diluting fluid solution;
and

Optionally, keeping the container containing the said dilufing fluid in an inverted position
during injection df an alcoholic solution of Paclitaxel to the solution of the polymer and
other excipients in the diluting fluid,

ﬁroduction of nanoparticles of consistent particle sizes, with minimal or negligible’ size

variation and consistent loading of the drug, within the polymeric shell could be achieved.
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Further, only through the selective method it was found a longer stability of the

pharmaceutical composition could be achieved, _

It was further found that the highly selective method, mentioned hereinbefore is not
limited to production of panoparticles of Paclitaxel only, but also is equally effective in
production of nanoparticles of consistent particle sizes of other poorly water-soluble drugs or
compounds, especially Docetaxel, Etoposide, Betulinic acid, potent -anticancer betulinic acid
derivatives like MJ-1098 of formula (II), DRF-4012 of formula (III), DRF-4015 of formula IV ),7
referred to hereinbefore.

It was particularly found that if the addition time of a smaller volume, say of between 1 to
5 ml of the solution of the poorly water-soluble drug or compound to a solution (about 35 times
the volume injected) of the polymer and other excipients in the diluting fluid, exceeds a time of 4
seconds, or if the internal diameter of the needle (through which the solution of the poorly water-
soluble drug or compeund is injected) is outside the range of 0.305 mm to 0.356 mm, then such
an addition results in production of inconsistent particle sizes of the nanoparticles of the poorly
water-soluble drugs or compounds as well as results in a pharmaceutical composition possessing
poor stability, meaning whereby the solution does not remain clear for longer periods of time but
becomes opalescent in shorter periods of time. _

Similarly, it was particularly found that if the addition time of a larger volume, say of
between 5 to 15 ml of the solution of the poorly water-soluble drug or compound to a solution
(about 35 times the volume injected) of the polymer and other excipients in the diluting fluid,
exceeds a time of 10 seconds, or if the internal diameter of the needle (through which the solution
of the poorly Water-soluble drug or compound is injected) is outside the range of 0. 559 10 0. 711
mim, then such an addition results in production of inconsistent particle sizes of the nanoparticles
of the poorly water-soluble drugs or compounds as well as results in a pharmaceutical
composition possessing poor stability, meaning whereby the solution does not remain clear for
longer periods of time but becomes opalescent in shorter periods of time.

This. could be exemplified with respect to pharmaceutical compositions of two poorly
water-soluble anticancer drugs or compounds, viz. Paclitaxel and a Betulinic acidlderivative,

DRF-4012 of formula (INI), wherein the effect of the time of addition of a solution of the said
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drugs and the internal diameters of the needles through which such solutions are added to the

solution of the polymer and pharmaceutically acceptable excipients in the diluting fluid are

summarized in Table-V.

The pharmaceutical composition of the present invention is conveniently presented as a
two vial kit :

a) one comprising a solution of a poorly water-soluble drug or compound in a water-mispible
solvent, or mixtures _thereof at a suitable concentration of the said drug; and

b) the other comprising a solution of the polymer of the present invention, of high purity and
substantially free of monomeric contaminants, along with pharmaceutically acceptable
excipients in an aqueous solvent, generally water of injection grade,
both the vials being sterile and manufactured and packed under aseptic conditions.

The contents of the two vials are then added to the diluting fluid prior to administration to
humans/animals.

Optionally, the kit can further comprise a diluting fluid, and a syringe and a needle having
an internal diameter in the range of 0.305 to 0.356 mm, if a small volume, say 1-5 ml of the
contents of vial a) are to be added to about 35 times its volume of the contents of vial b) or a
syringe and a needle having an internal diameter in the range of 0.559 to 0.711 mm, if a larger
volume, say 10-15 ml of the contents of vial a) are to be added to about 35 times its volume of the
contents of vial b).

Especially in the case of a kit comprising Paclitaxel, for administration to patients for
freatment of breast cancer, the two vial kit presentation would comprise of :

a) one vial containing a solution of 400 mg of Paclitaxel in 20 inl of ethanol;

b) the other containing a solution containing 200 mg of the polymer of the present invenltion,'
of high purity and substantially free of monomeric contaminants, along Wi'th
pharmaceutically acceptable excipients in 20 ml of water, and
optionally, the kit can further comprise a 500 ml bottle of 10% Dextrose solution, and a
syringe and a needle having an internal diameter of 0.711 mm, for injection of the solution
of vial a) to the 500 ml bottle of 10% Dexfrose solution, to which has been added the

solution of vial b) in a time period not exceeding 10 seconds, preferably in a time period of



1.270 6 Secsk.-35 m 2300 <0.5 MIllcy 9 DRF-4012 of Fornul a
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10 DRF-4012 of
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6 to seconds to produce a pharmaceutical composition suitable for administration in .

nanoparticles of consistert particle sizes, with minimal or negligible size variation and

consistent loading of the drug, within the polymeric shell, and longer stability.

5  Table-V : Effect Of The Time Of Addition Of A Solution Of Poorly Water-Soluble Drugs Or Compounds And
. Internal Diameter Of The Needles Through Which Such Solutions Are Added To- A Solution Of The
Polymet And Other Excipients In A Diluting Fluid
Internal Diameter (in Addition Time
‘ {In Secs). Of The Observations/Results
mny) Of The Needle .
Paoorly Water-Soluble . Solution Of
Through Which The
Drug Or Compound; The Solution Of The Poorly Water-
Sr, Solvent In Which It Is Soluble Drug Or
, Poorly Water-Soluble
No. Dissolved; And The Drue Or Compound Compournd To ]
Volume Of Solution s i dded Top The The Solution Of | Average |* ¢ b Clarity
Injected Soluti The Polymer And | Particle (Hrs) Of The
olution Of The Excipients In A Size () Solution
Polymer And Diluting Finid
Excipients In A ! Haf: ' / B
Diluting Fiuid 2 ml)
1 Paclitaxel/Ethanol (1 ml) 0.305 3 Secs/~35 ml 80 >24 Clear
2 | Paclitaxel/Ethanol (1 ml) 0.467 2 Secs/~35 m] 90 20 Very Slight
Opalescence
3 | Paclitaxel/Bthanol (1 ml) 0711 2 Secs/~35 ml 135 <10 Slight
' - - Opalescence
4 Paclitaxel/Ethanol (1 ml) 1.270 2 Secs/~35 ml 270 <4 Opalescent
5 | Paclitaxel/Ethanol (1 ml) 0305 6 Secs/~35 ml 240 <4 Slight
. Opalescence .
; y Highly
6 Paclitaxel/Bthanol (1 ml) 0.467 6 Secs/~35 ml 280 <2 Opalescent
7 | Paclitaxel/Bthanol (1 mI) 0.711 6 Secs/~35 ml 285 < Highly
Opalescent
3 Paclitaxel/Bthanol (1 ml) 1.270 6 Secs/~35 ml 2300 <0.5 Milky
DRF-4012 of Formula ‘
DRF-4012 of Formula Very Slight
-~ ) B
m]O (IID/Ethanot (1 mi) 0.465 2 Secs/~35 ml 20 20 Opalescence
DRF-4012 of Formula Slight
11 (IIT)/Ethanol (1 ml) _ 0.711 2 Secs/~35 ml 100 <10 Opalescence
DRF-4012 of Formula ’
2 2 ~
12 (III)/Ethanol (1 mi) 1.270 2 Secs/~35 ml 130 <6 Opalescent
n DRF-4012 of Formuia n Slight
13 (II[)/Ethanol (1 mD) 0.305 6 Secs/~35 ml 200 <6 Opalescence




100 <10 Slight Opal escence 12 DRF-4012 of Formula (H)/Ethanol

1.270 2 Secs/-45 m 130 <6 Opal escent 13 DRF-4012 of Formula
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(111)/ Et hawol20¢#7078d7§ 0. 305 6 Secs/r435 m 200 <6 Sl i ghtrcOpateesomsze

WD 2007/ 074476PCT/ 1 N2006/ 000504 25 14 2Ié)RF- 4012 of Fornul a

DRF-4012 of Formula Highly
14 "(111)/Ethanol (1 ml} 0.467 6 Secs/~335 ml 200 <4 Opalescent
DRF-4012 of Formula y . Highly
15 QUIT)/Bihanol (1 ml) 071l 6 Secs/=35 mi 240 < Opalescent
DRF-4012 of Formula » :
16 (II1)/Ethanol (1 mi) 1270 6 Secs/~335 ml 8100 <0.5 Milky
17 | Paclitaxel/Ethanol (15ml) 0.711 10 Secs/=500 ml 85 >24 Clear
18 | Paclitaxel/Ethanol (15ml 0.711 15 Secs/~500ml | 150 <15 Stight
aclitaxel/Ethanol (15mi) . ; ecs/~500 m Opalescence
19 | Paclitaxel/Ethanol (15ml} 0.330 18 Secs/=500 ml 50 20 Clear

In summary, the present invention, as mentioned hereinbefore, is a step forward in

providing a solution to most, if not all of the limitations of the '}')l'i()l' art methods in the field of

nanoparticle technology and provides :

5 1)
i)
10
iii)
15
iv)
20

A polymer comprising three monomeric units selected from NIPAM, VP, and MPEG, of
high purity and substantially free of monomeric contaminants, with the level of toxic
NIPAM and VP in the polymer <0.001%; which, moreover, has been established to be
biocompatible, non-biodegradable, safe and non-toxic for human/animal use;

A highly selective method for preparation of the polymer comprising three monomeric
units selected from NIPAM, VP, and MPEG, of high purity and substantially free of
monomeric contaminants, with the level of toxic NIPAM and VP in the polymer <0.001%
comprising subjecting an agqueous solution of the polymer thus prepared to diéﬁlﬁ:ation;

A pharmaceutical composition of poorly water-soluble drugs or compounds in
nanﬁpaljticulate form, comprising the polymer of high purity and substantially free of
monomeric contaminants along with pharmaceutically acceptable excipients, which is safe
and non-toxic and hence highly suitable for human/animal use or administration;

A highly selective method for production of a pharmaceutical composition of poorly
water-soluble drugs or compounds in nanoparticulate form, comprising the polymer of
high purity and substantially free of monomeric contaminants along with pharmaceutically
acceptable excipients, having consistent particle sizes of the nanoparticles and consistent

dru.g loading; and
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V) A pharmaceutical composition of poorly water-soluble drugs or compounds in
nanopartmulate form, comprising the polymer of high purity and substantially free of
monomeric contaminants along with pharmaceutically acceptable excipients, having
consistent particle sizes of the nanoparticles with higher drug loading and a longer

' stability.
DETAILED DESCRIPTION OF THE INVENTION
A Preparation Of The Polymer Of The Present Invention

The polymer.of the present invention comprises of the three monomeric units selected
from NIPAM, VP and MPEG, wherein the polymer chains are cross-linked with a cross linking
agent, which does not contain any sulfhydryl groups or disulfide bonds.

The cross-linking agent plays an important role during polymerization by providing cross-
links into the linear polyﬁler chains and is in general a bi-functional vinyl derivative, whenever
used. It can be more than bi-functional i.e. it can have more than two reactive sites. A bi-
functional vinyl derivative that can be advantageously employed is N, N’-Methylene bis
acrylamide (MBA), which is preferred. |

The polymer of the present invention can be prepared by general methods normaily
adopted for polymerization reactions.

In a particular embodiment, the polymer of the present invention can be prepared by
subjecting the monomers N-Isopropylacrylamide (NIPAM), 1-Vinyl—2-pyrr01idone (VP) and
Polyethylene glycol (mol. wt 6000) ester of Maleic anhydride (MPEG) for free radical
polymerization in presence of an activator, a polymerization initiator, and a cross-linking égent in
aqueous medium. o

A combination of monomers, N-isopropyl acrylamide (NIPAM) and Vinylpyrrolidone
(VP) could be employed in the weight ratio ranging between 55:22 to 65; 35, while the
comonomeric composition of (NIPAM + VP): MPEG that can be emialoycd is in the range of
80:20 to 95:5. More particularly and preferably, a combination of monomers- N-isopropyl
acrylamide (NIPAM) and Vinylpyrrolidone (VP) is employed in the weight ratio ranging between
58:32 to 62: 28 and the comonomlaric composition of (NIPAM + VP): MPEG is employed in the

range of 90: 10 or 95: 5, which is found to impart the desired biocompatibility, non-
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The initiators that can be employed can be peroxide compounds, such as diacyl peroxide, benzoyl
perpiide, diacetyl peroxide, dialkyl peroxides, tertiary butyl peroxide and tertiary amyl peroxide
or nifrile based polymerization initiators such as 2, 2'-Azobis isobutyroniitile (AIBN) or
10 inorganic salt based polymerization initiators such as Ammonium perdisulphate or Ammonium
persulphate (APS), used either alone or in combination.
Amongst the abovementioned polymerization initiators, Ammonium persulphate (APS) is
the preferred one.
Although, polymerization initiators initiate the polymerization, however, the
15  polymerization reaction is found to be accelerated by the presence of activating agents (often
known as Activators) which catalyze the formation of free radicals from polymerization injtiators.
Such activators may be selected from Tetramethylethylene diamine (TMED) and Ferrous
Ammonium Sulphate (FAS), of which a combination of TMED and FAS is preferred.
Any combination of the polymerization initiator and the activator can be employed for the
20  polymerization reaction. Two or more initiators can also be used. Similarly, two or more
activators can also be employed. o
As mentioned hereinbefore, the cross-linking agent plays an important role during
polymerization by providing cross-links into the linear polymer chains and is in general a bi-
functional vinyl derivative, whenever used. It can be more than bi-functional i.e. it can have more
25  than two reactive sites. A bi-functional vinyl derivative that can be used is N, N'-methylene bis
acrylamide (MBA),which is preferred.
The polymerization is carried out in the presence of an inert gas, which can be nitrogen or
argon.

_Generally, the polymerization reaction is carried out, first by dissolving an appropriate



iii) A pharmaceutical conposition of poorly water-soluble drugs or
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MPEG whempddtes t he pol yner chains are Cross-linked with a cross
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(VBA) , TAPROEIT pertgp éﬂéwre erably imthe rages Yerweerot S + Ré Yprés ef theitptalononomrer
cansbe prepared by general nethods normal |y adopted for
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N-i sopr ozoyl :
0.2ym pore size; Type DPS-5101AA-201 (Make: M/s Advanced Microdevices Pvt. Ltd, India).

The filtered contents of the reaction vessel are subjected to Diafiltration using Proflux M12

"

25  (Millipere) diafiltration device to remove monomeric contaminants and other low molecular
weight impurities.

The diafiltration is generally completed in less than one hour and normally resulis in not

only a solution substantially free of monomeric contaminants but also in a concentrated form,

usually one-forth to one-sixth (1/4® to 1/6™ } of the initial volume of the solution subjected to



acrylam de (NIl PAM and Vinyl pyrrolidone (VP) is enployed in the
wei ght ratio ranging between 58:32 to 62: 28 and the conononeric

conposi ti oo APUHAM + VP) . MPEG i s enpl oyed in the rggansiosResosl0
or 95: 5, which is found to inpart the desired bioconpatibility, non-

WD 2007/ 074476PCl AN2006/ 000504 27 bi.od@gradability and biol ogically
safe profile to the polymers, for the reason that this particul ar
ratio consistently results in formation of a randomy hyperbranched.
co-polyneric unit of N PAM and VP, which are stabilized by an outer
shel | c@iafiiiagor. df nesesstryo therpacaeted lsohutim ghuswbttmddmsms s@gthuidally free of

t | .
pol yet s g oo fpiGee Selel 1§ BBy GE BB SBr ig gpgened
pl ay ansqlmtpmrqfamtynteoloé t}nenpmmnt lrazbmtmﬁ afﬂughr paity atd sastahoallyaféOE mEl'Ilftﬁnenc ‘

initiat c an be..peroxi d nds,. sug

di acy! %Jé’?%‘?% > © é’ﬁ%o F"q% 1%‘1P§’é%t‘§ﬂn “-Bag ‘fggpéiatlat rypli tyophilized
per oXi diosm tbteutﬁltzamyn huphalrm@mﬂofal demiidibﬁhdne fok: 0@ dbnddhtlatedeioMtiot @s Shich can be
nitrile ba Idn%rlzualttoanl nitiators such as 2, 2'-Azobis

i sobutyr t’?‘l? %‘7‘-( B on g t RrRacguical qomnoFitiseY. yer i zat i on
initiator S iﬂ@t@&aﬂ&ﬂbﬂdtﬂﬁh@&ﬁ@i'p@l#hﬁﬂ@étﬁnqéacﬁmg"cHx@?eH%’u% Ulg}p BRLdving an
(APS), used e| t her  al ?ne or in conbination. Anongst

abovermeTPTWHEY BBR{OF theeFRsAtl Y PROIRES €z, Nripenyiacpdamside M@/II AP&py!-
i's the pppt@idoss(WNandAblyioythe gB@b])/(ﬂﬁﬂ 72000 esteR bf MALL Sal Hﬂ&é @tﬁi%) in

thebchl ynmerization, however, the 15 ymeri zat1 on reactl o

avEEt &p dherguerpsspltion e%@ﬁeepeﬁtwa@tqhvmts lopsadpeatncd, (Soﬂd@i‘mkappwpnate
as Act i wakid SF Mkl SakdhY, of fl '

pol ymeri zati on aﬁﬁél tiat %{tn?h égohhg/ct‘?v toragerr?g{/h’%l&ﬁge %n(c%t ?jr:gy%ne bis

Tet r ameAchjatainyahsie L 3V Sfivey ¢TYED)tabmdndiasrrouenihmd ni ammbﬁindnpﬂ aff ectivators,

Cont hat B oF ¢ AR AR R e AR e RN Ve TR o

e npl oy etie fotal Dtdmen@ﬂcqmetrgz}mdt aquens rsetaﬁbn cms% ko) dﬂFdﬁi@ﬁsAhaﬂhdmt@ﬁ Sophate

S t Wo_or act vators can al so
rTII oy(i:(gb(pl(?oLi /e%g | one REPET KB is Plifflee %’ﬁ%@sﬂ |%E|°i§813é’§[§1‘ﬂ*°15 first
pI ays amditrpahdrant atnng eritt ullid pngymtzymar initﬁtdr ORhibly isRKI@M EeRIThe solution is de-
cross-1inl (;Is into -the |inear ngﬁg chains_and is in general a

bi f unctdEHE O iPHYRIgRiFogsT 8 @ vBitsgeFo the de-gprale sebtiontigeadded an
bi - f uncipppakte i vobumd tof CaN adlR¥Es @@lhﬁoznp—%aﬂoﬁfi@()t%owyﬁa@ft bé’lﬁnﬁf&aﬁ'ﬁP ifftiators,

~bi-functional vinyl derivative that can be used 1§
bi s acryTEAPHE Paviskghalt (abaut 34 $p ov/er plothe mﬂbimmglﬁﬂemrmtﬂ anil ﬂ@ Solution is

i eduBjed o
o o B o T LRG0 o 2sC 83 P b s
r es pec tHHREeROGRERS 107 £ peiads o rigpy | tH @nlydEn(:NoEAM corfiplefienfilsuly, the
Py ol dope- 4Bl apd Pol el gbe, byl (ol e 5000) ester o

Mal ei ¢ "anhydr aqueous sol vent, which in general is
wat er. To tﬁéteaqqreplasoxs of dhd polyoferitdtien rrexyiont ﬂwesotmn@rtersﬁbfedwis to filtration

obtain cce sol uti on of

cross- ﬁ}ﬁﬁ glqu‘?e% Na AR At cﬁ i%‘ &9&%@@@1@8%‘?@3@? 4" gapsyler filfes d0 By
bulBsl i HPyan pomeﬂlzte) g’EJSe fitrered hotitent bf-t60 réictieh @8ssel TRe LG 86t aLhRkRMtion 1o
solution is ad .an_aqueous S(fgt'ftl on of pol yrrerl zation initiators

and t héerg%qedlgqn(gmepg caipmwerts ga¢ ethpdpymedecalr Weighbimpritiesper at ure of
bet ween 25 {i0a 4pick) enbRhBERD dol@iondF ttlﬁerﬂb?}ﬁﬁé i %a@??’e@&ﬁcéﬁraf ?1 ?ﬁsa? 1 gm

under cogél nuous |nert gas bubbl | ng for & period of tinet

pol ymer? tofPuld be shpieges to ﬂ@ﬂﬁ%‘éﬂt@ﬂoﬁféﬂkﬂum ﬁ@ela@lerlilaﬁtiaaudmea enenlysed
I N qQUARBEGESE thdnd1BGef # t he..t.ot

MONomer - cont ent pa%%eln%%gg%ﬁ era i?‘H%Clr%anf) \ey/of) Eg’tev]\%lgﬁl"%%%e’-sayl
1. 4% w w of the total nononer content Actl vator$ can be

enpl oyed in quantities in the range between 15-18 % w w of the total



The pol ynerization initiator can be enployed in quantifies in the
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The concentrated solution of polynmer so obtained is of high purity
and substantially free of nononeric contam nants, which can be

subj ect ed w8 2807mb8ps of | yophilization to obtain the polpy#BRK208&000504
solid lyophilized formfor utilization in pharmaceutical conpositions
or the concentrated solution as such éhn be directly utilized for
formul ation of the said pharnmaceutical conposition. It is however
preferable to utilize the concentrated solution of the polyner as
such for fornulation into pharmaceutical conpositions.
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not show any glass transition tenperature (Tg), but only a nelting
tenperature (Tm) of 58 C and a recrystallization point tenperature
(TO of 38.4 C were observed. The absence of 25 any clear Tg nay be

i ndi cative of a highly rigid hyperbranched structure, which could

al so be contributed by extensive hydrogen bonding with MPEG WO
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The Polynmer OF The Present Invention 5.Lower Critical Solution
Tenper at urgo(zbfemtide7@f the pol ymer has val ues in the regcaansbeifdsf00
C. Again this is an inportant paraneter for anphiphilic polyners in
agueous phase nmanifesting in therno-res8ponsive phase transitions at a
certain tenperature called LCST. Bel ow the LCST the polymer woul d
exhi bit a sol ubl e extended chain configuration i.e. hydrophilic
behavi our. Above the LCST, the pol.ynmer undergoes a phase transition
to conf or motf.d-ocny pe.-8A;1 08 i nsol ubl e, hydr opgohjc— @ggﬁgOHThis
property is usefuly” §o deternmine the ability to form Ee les In the

appropri ate sobwe&nt o act inugel i vefis systens fg h ugs in
phannaceuti cal appti{cations. Criti | 1 e Concen tion (CMC) is
anot her inportant par-apgeHen bhat defi nes aoaagzjiating abi ity of
a nano-carrier and determ nes e—sﬁabhﬁity. This is the | onest
concentration for the anphiphilﬂc pol ymgr or uniners to forma

m cel | ar “STFUCTUNE ~Capabt&Cof—tS —ertt@psthHat -Gl —aC i

hydr ophobi ¢ core. The CMC val ue for present polyner is about 0.2ng/
m . Further, the polymer conprising of therno®sensiti¥e and pH
sensitive nononers such as N- isopropyl acryl ami de (hﬂ¥gm0 and 1-Vinyu1)

Pyrroliclin-2-one (VP) are well known as WO -/
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Structure Of The Polymer Of The Present Invention
3 Lower Critical Solution Temperature (I.CST) of the polymer has values in the region of

50-60° C. Again this is an important parameter for amphiphilic‘polymers in aqueous phase
manifesting in thermo-responsive phase transitions at a certain temperature called LCST. Below

the LCST the polymer would exhibit a soluble extended chain configuration i.e. hydrophilic
behaviour. Above the LCST, the polymer undergoes a phase transition to conform to forming an

10 insoluble, hydrophobic aggregate. This property is useful to determine the ability to form micelles
in the appropriate solvent and act in delivery systems for the drugs in pharmaceutical applications.
Critical Micelle Concentration (CMC) is another important parameter that deﬁﬁes the
encapsulating ability of a nano-carrier and determines the stability. This is™ the lowest
concentration for the amphiphilic polymer or unimers to form a micellar structure capable of

15 encapsulating a drug in its hydrophobic core. The CMC value for present polymer is about 0.2mg/
ml. Further, the polymer comprising of thermo-sensitive and pH sensitive monomers such as N-

isopropylacrylamide (NIPAM) and 1-Vinyl Pyrrolidin-2-one (VP) are well known as
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C. Biocompatibility and Non-biodegradability of The Polymer Of The Present Invention

When Pharmacokinetics, Biodistribution and Elimination of [*C]-labelled polymer was

evaluated using male swiss albino mice, the radioactive blood concentration profile revealed a bi-

25  phasic curve (Fig-6), with short elimination half-life Ti»(B) of 0.448 + 0.157 hours (26.88 min)
and rapid clearance of 54.7 ml/hr. The results of this study are summarized in Tables ~V1 and VII.

30



18.29 1.62 hr x ng/mL CL 54.67 1 4.86 m/hr MRT 0.465 0.13 hr Vss
25.43 5.2 mM The dom nant route of elimnation was found to be

uri ne (uriwe2G®7t86 vs feaces, 17.39% 5 at 48 hrs) andcrasovetysdat a
collected up to 48 its accounts for 84.87% of radioactivity injected.
Ti ssue distribution was negligible. ThH# kidney, |iver, skin and

i ntestine were found to be the target organs. However, the |evel of
the polyner in tissues was rapidly cleared via urine and faeces.
Table -VI1 : Recovery of Radio-|abelled Pol¥ner O The Present

| nvent i on Toblg-nel: Pénteenckijetic Ppragetasy Of The Palynten Of The Bresent Jnvantign
0-48 hrs Uine 27.14 61.64 64 _56 66 91 Feaces 0.10

Parameter Estimate = SE
T1(K10) : ' 0.152+0.018 hr
Ta(alpha) 0.065 = 0.014 hr
T1p(beta) 0.448 £ 0.157 hr
Cinax 8§2.96+35.11 ng/mL
AUC 18.29 = 1.62 hr x pg/ml
CL \ 54.67 & 4.86 ml/hr
MRT 0.465+0.13 hr
Vs 254352 ml

The dominant route of elimination was found o be urine (urine, 66.91% vs feaces, 17.39%
5  at 48 hrs) and recovery data collected up to 48 hrs accounts for 84.87% of radioactivity injected.
Tissue distribution was negligible. The kidney, liver, skin and intestine were found to be the target

organs. However, the level of the polymer in tissues was rapidly cleared via urine and faeces.

Table —VII : Recovery of Radio-labelled Polymer Of The Present Invention

10

: Percentage (%) of dose .
Time 0-10min 0-1 hr 0-24 hrs 0-48 hirs

Urine 27.14 61.64 64.56 66.91

Feaces 0.10 0.65 12.29 17.39

Tissues 15.50 3.22 0.78 0.57

Rinse 5.04 2.27 0.84 0.00

Total 4716 67.78 78.47 34.87

Thus, in conclusion, the polymer is found to be rapidly eliminated from the body without
being deposited and degraded in vital organs suggesting the safety and utility of the polymer for
human use.

15 D, Toxicity Studies On The Polymer Of The Present Invention
'foxicity studies of Polymer of formula (I) were carried out to evaluate:
(i) Localised Toxicity (Subcutaneous and Intravenous),
(i)  Target Organs Dose Toxicity up to 800mg/kg animal body weight; and
(i)  Six Months Cyclical dose toxicity
20 D@ Localised Toxicity (Subcutaneous and Intravenous)
The toxicity of the polymer was determined after a single subcutaneous administration of

100 ul of 75-mg/ml of the polymer in the rabbit ear, which caused mild inflammation af the site of
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The toxicity of the present polymer was determined for a five day continuous intravenous

administration of 75-111g/m1 of present polymer at a dose of 125 mg/kg in rabbit ear vein and
5  similar results were obtained, further confirming that the present polymer does not cause any local
toxicity at tﬁe site of administration. )

Representative photographs of S&E stained Raﬁbit Ear Lobe site after 48 hours of
subcutaneous injection with 10% Dextrose solution is shown in Fig-7 and photographs of S&E
stained Rabbit Bar Lobe site after 48 hours of subcutaneous injection with an aqueous solution of

10 the polymer is shown in Fig-8. '

Representative photographs of S&FE stained Rabbit’s Marginal Ear Vein site after 24 hours
of intravenous injection with 10% Dextrose solution is shown in Fig-9 and photographs of S&E
stained Rabbit’s Marginal Ear Vein site after 24 hours of intravenous injection with an aqueous
solution of the polymer is shown in Fig-10.

15 D(ii)  Target Organs Dose Toxicity (Up to 800mg/kg animal body weight) -

Further, the toxicity was evaluated on possible target organ(s) with special reference to
microvasculature and determined by single intravenous bolus administration in Wis‘éar Rats. The
polymer was administered at two different dosages, viz. 400 mg/kg and 800 mg/kg Under the
conditions of study, single intravenous bolus administration of the present polymer at any dose

20 does not produce any mortality or any observable toxic sign or symptoras in rats. Individual and
Mean body weights of rats showed a steady increase in both Polymer treated and control groups.
No significant difference was noted for body weight for treated animals at both doses as compared
to that of the control.

In rats treated with the polymer, haematological parameters were within normal limits

25 throughout the study. Biochemical parameters were also within the normal limits for the animals
treated with both doses. The photoactometer test showed that there was no significant difference
between the locomotor activity between the Controll and Treated groups on day 7 and 21

respectively suggesting that the polymer does not have any neurotoxicity.



The toxicity of the polynmer was determ ned after a single

subcut aneous adm nistration of 100 pl of 75-ng/nil of the polyner in
t he rabbi tweaberoMyreh caused mld inflammtion at the ictrBnsibeoodEdd
2007/ 074476PCT/ | N2006/ 000504 35 injection, when tested after 48 hrs
post injection, suggesting that the pBésent polyner does not cause
any local toxicity at the site of adm nistrati-on foll ow ng

subcut aneous adm ni strati on. The toxicity of the present

pol ymer was determ ned for a five day continuous intravenous

adm ni str at TheTehted Badronttolgfroygr eeantenpsioyed singtar Aisthdapicad feati?&s. Higtdogy

in rabbjt ear vein and 5 simlar result re obtaj ned, further

cont anehgY R PTHR PE Rt ot el e heAt ags Ry Puedl PoRPicply
at thetlggh engkleaghd RSt Al bAns studied Remedstdhal isyactiRobo dighp heicafscopic
S&E st ai ned Rab%t Ear Lobe site agt er 48 hourjl%Hof supcut aneous .

i nj ect PRFEI 166 BERYFGUBNED U EAHPIED RbEHCTHY Ergmine no pathological
phobograpies Wére S&dn 18 by HEde Ralahd. tukRdr, theleSvebd A& clh k& in 48 cdPateBlatdfe of the
subcut aneous injection with an aqueous solution of 10 the polymer is -
shown PALYmeglrgated animals.Repr esent ati ve phot ogr aphs of S&E st ai ned

Rabbi t's Mapghiale Bafe \stvaidss, & &7 aRhalRH! Sviln: iRl AYEAGY
injection with 108% Dggt_r gse sol ution |a]§ sho%l?‘{ln nﬁltg&tgﬁogﬁﬂaéf ’fhe present
phot ogiryshEonoft Bdpseseiapither 4RBake or VAP giglke oEdpdyeveighs aflminagtered fofive

hour s i \ 5 1.nj i i an. 0 ML .

pol yrer e SUABERPUT Rl L' £ bl AT SRUME Balondibllen ey
t o 1800 indigutikgtha hialegicably dyfewed gint-joxic profile Blithepegsenttpokyntenxi ci ty was

eval uatged. on., si,hl arget grgan(s) with special reference to

i cr ovALE| ar’}tuﬂl?@ng'ﬁéﬁ’ﬁfg “é%ﬁf%@%fg‘ﬂ? singl e intravenous bol us

admi ni st r at Fasthel, sidrohide ciRdical dokbeoicityway stindisd adftsbhsingteshoad injaston of

of <t uBEl G & PALIPATElOREREAN T MRTPLE 1R P heteep Fodan gy and

pol ynedodiig aay de@sBiird@endods indic Rtp4Ue® vaycydBEdg! dcy eQéryahite weeks for a
i in_rats. Individual and_ Mean body

observabl e, t c.sign or.s to /
weilght £ §iolH0 %ngr%lg%/%&ﬁﬁéﬁéa@gn% BOERICPARY R regeHpe deafaed
cont r oker@tOlyRstivdNehdStedhy dGaRtthe bédRr anefy“as. g&;&@r dREe RN WRESMnt to
for treated animals at both doses as conpared to that of the control.

I n rat 40 rredeg oF dipe Wag g dpyheerafe fmdipatimelgi wdpr pudnandindmngmyaiegations in
W thin i) - st 1 } 1

Wer e ol SavRom) bEh et ok MR Ao P S o R SR B R ARG G e
doSes. toThrergahmaanoedatehet er test showed that there was no significant

di K erence I .. act Lvi.ty, bet ween the Contr.ol, an

Tr ggt ed gr oﬁ%tsgggﬁg 5%51%51 S]%%g%& rﬂées%é](%:l}elsl\g/%dl %0?%‘391 2 g?l?"ﬁoéu % ?‘inéjtbl?lﬁ%wgly safe
pol ynefordsem maingphrenaeyticabeonagoaitioas.t y. WO

R et o B S

performed oAsMdist@dsedhgainBeBiC theagolithess, the @edsbnt ihvtd@isn oKiFGHRYS(D), of high |
spl een, st OHEC&S col.on ':ﬂl%i gh nmuscle and eye. Al organs studie ]
showed PHEY #RY SUERElY oot IangReTiA PRI GRRAET. 1 BRERIALRAVEIR resitiel monomeric

i of OVaBEAlREM &P R0.60LH QPP Be WASiZEL L LN dnk @%ﬁi})wp@ra@m dfPharmaceutical
pat hological 5 features were seen in any of tghe organs. Further,

t her e GREPROSRENE PERNGEY Waterplupls\laugs ir spmpeunds in rraopmtigiate farme whisl are safe
ani mal §p4 non-toxi HRR/ARRY SaRRRE! iQps, it was abundantly evident

t hat pol yl}%ir 0)&5%%% pr gsengg?lnvenﬁ?{gr%\&,lq{gg'a dose of either 400 ny/ kg
or 800 ny/ kip pfrtibgdy thei phiymadmifnibst preeaht f inrerftion ecaudd shec wbddv do . Hepese 2
di d not, cause..any gener.al ., toxicit r.an i gni f.i cant haepat.ol ogi
oxi o PySRERanaToRRRENE, 1t wRiratiatiaf 8y, Bbh iR BmsRaigs et e
the present polymer. D(iii) Six Months Cyclical Dose Toxicity

Further, six nonths cyclical dose toxicity was studied in rats by




20The above studi es suggest that the synthesised polyner is non-toxic
and biologically safe for use in making pharmaceutical conpositions.
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| ovel Obugut ool PAM 0dlR. <0yt  SaRUAPPLARIARLE ALY L. 5

water-for-injection to o aln 4 80
phar naceawpmthyyatqt@ggtab}blod mdq:omeémkglamdmmbuf Elgcdring cegent to the

75sol ut th | ut f st

(o5 i on ol PReRR TR e exniords i e Sregyenutae haads sdm

of &5 nedetixgclivaate;ngariousi bilekilal BilRERLRE & vARINEERIA, %?ﬁww ﬁol?’é)@bdi‘gn%
vol ume of solution of step i

for addi tll onlg(%f sqal I etirh
sol ut i oRVETTRYe gl Ralyoxygihylatag) vwariablo pal4 rebraty stihgrtimsd estw il polysaccharides
v)Uili Bed ﬂ@dﬁo@é sﬁcrﬂ@eﬁcﬁ)sg%ﬂhﬁﬂoﬁ&cl @&r@ftﬁ?&sﬁgk @Fﬁaﬁﬁ Pl %%%a?l@ ?‘g}’l"] of

59 to 0.711 nm_for addition of a | ar ger vol une e so i-on
step i) ViU igEades; | Nl9xGReET Ofs‘fa@puﬁ giayles etc., and a buffering:agent for adjustement of the

pH. Any buffering agent known in the art can be employed for adjustment of the pH of the



Injection of the solution of step i) to the solution of step iii),
wherein the needl e of the syringe through which the solution of step
1) i s addegosbalhsssemai n di pped in the solution 50f st eprhiiohéocaad
vii)Optionally, keeping the container containing the solution of step
iii) in an inverted position during inpgction of the solution of step
i), so as to conpletely entrap the poorly water-sol uble drug or
conpound conpletely or near- conpletely within the polyneric shell

and to produce -nanoparticles of the drug or conpound 10 having a

parti cl eolstiong and 3G pefdd ¢htodGhet ia ipedfantigerusf olnitilize esrgiuns citabiethe
for rmrgg%han 24 hours with nore 95%drug remaining | oaded in the

pol ymer PEHP8 8B5Ts . It should be noted herein that the

sel ecti on ofOf the pidnitcbwrtBally Hid@ptablalegbh¥nBeARINGS dedkytiBatBad pleerell stnbe it
poorly ter-sol ubl e drug or. conpound utilized as well as on the .
di sor dePasraB et ’é‘rﬁt%eqﬂ]ézaﬁﬁ’ér" PFTE%‘HW%%‘E}EPQS#&’% whersapnihs tuffeideg agent is
Sui t bl gsedlid atjish ehel b e Metfusih 188 BOHLE fhnbt B betibin 6191095, Hilith kGfhoohnd
wat er, saline, dextrose 5% and 10% sol utions, dextrose and sodi um

chl or i d¥ e &t st instbilizatiomel the phasmpqetiienh compasitined Ri nger sol uti on, :
t nanni t ol sofyat ARG ' ; ' C | . .
sol ution, Rlpiggeﬂrhgis?mscol uti E%Paggkgf%géﬁegfﬁé%&%?%%%,J%lg"?éi;%é)oml ‘g?teln '
for inj&dthlodrugner ¢eashnoupd end|selsctianl 9f en splimtinclosdivpwprdosd nf)jtheasaid dgig or

conbi nag | f I I Al F UCt LQverl sugar. . .
b of er 2B o PR LuEHT Sp B b B (AL LPRE urdd hBBPuRE T WD 9 e
wat &¢ athdrappitie disefier &yl whighxit rieselnfitistared fbR%Ars dheutasenst the pharmddeatically

preferr t.hod .f.or, preparatjon of the napopartjcul.ate . .
phar nac%cg%}?q%oé? S Fé’r‘io%qrgl?lhgr E?%’gg’n??ﬁlﬁegﬁ ﬁ% H{@ﬂ% inthe pharmaceutical
admi ni stangtokition simijdy] @rius: deperiBed dahes Raf lobding bAMBIHGBILY WatceB616818 I@thr
in Fig-11. The inventiaon is further described in detail with respect
to the FBMHOBHE g™ lFi%TﬁctoF‘WGSIESH'exanpl es, which, however, should in

no way be corigt phs@dacatitdl Noipdgitibh @n SEAPRr@uldd &1 JHERt WABsoluble drdgh or
sho%d be noted that in the Exanpl es set forth hereinbel ow, the

di afd | t FRRACBAC S (RTRSSEt Yenties &8 beorrepnied the &AloMéne ¥8Y:t he pol ymer was

a Prof | yx Mh’%(é;ﬁikﬁ%iﬁ)h'éfrt@é 9B cBEhE e, MRliRisinY didsbRBlzthe a&Sl-PI Qﬁteﬂéﬁﬁlﬂé b
equi prent used for purification of the polynmer was of " Cel’l ul ose
nenbrane - DILURPGUYHIR 2 sSiablrayateispibBEehPa PoRBIrENDewef 000504 41
Experi t al éﬁ% f e e ral

usi ng '?iﬁ)g DiPéI ysi EH%EE‘O el CQ%%%B%I ?/fn%“reﬁ)z%itl ona%%1 glc T’lg%ﬁ&t%glslﬁ%éé&% bie
carried out expipigni] coimisingvhsgeds.of24 g of N-|sopropyl acrylam de, 12

m distilhed % Vinyl-2-pyrrolidone an f Pol yeth e _gl.ycol .
(ot e 6000) - e ST eBgoR e M SRR vivatesvaish o Rumtls oo D Py
2L 01;1 }Nat elro. To thd subktbnRaliyl ﬁ)‘@fofhﬂ)naﬂlbﬁ([‘bbkgﬂﬁhinﬁﬂlts, specciiallg h&vingfa level of toxic
- Met hyl enebi sacr 1 de ion [4 an of* .. .
Tet r at net hyl et hngﬁé WFB%& (l% Yalsi| Wﬁor{)%ﬁce‘l%ﬁ@d‘?f YRS DS yegtigR to
was de-aerated bybfaitbddhinni trogen gas for 30 minutes. Then 8 m of
aqueous Ferrous ammmnni u (R%ul phate (0.5% wv) and 12 nml of aqueous
Anmoni um PerPdul pA&{iEoR Sg] Fimpreuistly acrgeiabla rfarcipiratsy amca buHeniggsagent to the

comts nued for 3 Boufish ¥4 thbpQPRL AWRMS. ni trogen bubbli ng.
Pol ymerj zation was carried out at 34C 15 in a water bath w th shaking

at 80 rifm Mixingthpsol@iontaf sipich viihia dkting fluid4p getiaclésagdutiond was
descen [ ' j [ | al VSi [ri t..Lar 2
nour o chang! P et et & neaie RplTEg i et BukBlel of Byl 05856 8ast oy o
fromthe di abl§itipsobmgsalkendolye phisdlitkach istep dou it dohttionmf §tb@iilsor The
detection and quantification of the residual nononers, especially -
residual VP and 20 NIPAMin the polynmer were carried out by Agilent
1100 series HPLC system using Reverse Phase RP-18 (C-18) col ums

[Li chrospher RP-18e, 5p,, 250 namx 4 ram The Mbile Phase used was

— —




Anal ytical Data: % Residual Mnoners i) N PAM = 0.066% (660 ppm and
VP = 0.011% (110 ppn). Exanple -1 30Preparation of The Pol yner using
t he D afi Iwpabianset hod The pol ynerizati on react ipgh/NsogevoEdied
out in tw 5L glass vessels for a batch size of 160 g (4L x 2) of the
pol ymer. To each vessel, 48 g of N-Isé‘]gropyl acrylam de, 23 m of
distilled 1- WO 2007/074476PCT/ 1 N2006/ 000504 42 Vi nyl - 2- pyrrol i done
and 8 g of Polyethylene glycol (nol. wt 6000) ester of Malei c
anhydride (MPEG were added to about 4L of water. To this 22.4 nit $.
aqueous) N, lelllzawem 199 laarpetbie dwing) asnintrenal pEm)etes i URerwRen Uiy 91711] g ¢!
16 m of Tepy 35'1%%0%95%5@4&%@ s dad theTéaﬁm%ﬁ |oP§tb19ﬁ1)WaS

de- aer at ed nitrogen gas m nut es. 5

aqueousi)Fer Er@@gomnfrﬂm ot qfl"mpei) ) ﬂ@%dlrmw)l oA rstep24), mrhemm éllm@@é@ of the
Anmoni um Per sul (V

conti nued for 11@9&081} %1 corcl’ u}%ﬁé%ﬁ%@ﬁ?ﬁsﬁé&g%&%__ bgllﬁ%%l.dﬁ)ﬁ,eﬂ\@éﬂle solution. -,
Pol grer i zat bbatepndiy anarrl ed out at 34C in a water bath with shakl ng at

80 rpm rlza 1 on sa s wner.e
e n‘epp I sggggnailé Kegping Cfg‘fjnrﬁ gfl’g:r \Aiuilg%fjg V)t%p r}}éh or ) %r[edapo?mon
10Af ter pol ﬁﬁfﬁfg'lﬂﬁ&ﬁdhrbﬂméso@ﬂfmloemep 1)1 he solution was, filter ed

t hrough pre-sterilized, di osa Pol yet her sul phone ane
1" cap$fi® P opwielyrengan Ghaog Smamfﬁg‘#gf ok OIWH@OE%C%%’*E 5 pear-
nfg by c&ﬂﬁﬁféﬁﬁdnthﬂncﬂll@%w& B¢l -anli1t6l pradudé AdnoplitRick|dittBe ﬂﬁlgC@Técﬁﬁﬁomld

of both the reactiqgn vessels were pooled 'and_subjected to tangen

f1 3% fibPYiPRAITSRIclETHyOPIGH {30 M Sm 3 perfistas) hgd a?rmﬂfi% sigble rfmd@me
renove ph&s '\%"’}ﬁmg@mr&ﬁ%re?ﬂg: x?% f&@cﬁedl 19‘6&6%1}@1%’1'0%05!@5 wei ght

inpurities. The conbine reacti on m xture was

initially cHrebewt hatnsied hﬁlﬁndhﬁcﬂlfz Seé@@h@é@%%@ﬁlﬂ%‘ dengely denends warthe
the res g’i’lﬁvét%}ém@ﬁc&ﬁ%&&t dfbﬁi ! fof Edifesd %ﬂd WikRd S5RHNd oﬁ%e Alortir3B Which

purifi ec tion, e reaction mxture is

conce nﬁh@mlmdnawutmabmmapostlonTmachhlsmt@b ¥iiblg dilivime figds mee be selected from, but

d' 61]]:’5' | t%’? tl' Bq t8 wa%er Sgﬁ; %'e:xzft?o f /1 g {03)“ )Sofuﬁﬂrf’ﬁ{ Rl os%: zﬁndh%%iﬁﬁn chioride
i | °8F & solutlon P& then su ecte o0 lI'yophiTization

det ect |sollut1a:0clsoq11naﬂﬂacfate: ablution, oIacttedaé Riegérdsodiitionp momeitsl, sebgjpac msnhijol with

residu VPand NIP re carried.out by Agilent 110

Cort s Seitee 80 St Ol arifh oRTioRs kT B Shlunt ey G slialuteile wirk s
[ Li chr egphen 4R8- h8Ripld Blect2diPrenddlutiofs tohnpridiie Whid eombiagtondsefelaamies,
m xture of water ang acetonltrllel ' ,..at aflo

ratjq of 80. 2
rate ofleAIay hHG0se g Arverisshgar & 1R € T EE Bt B9 campRgng Seose
Ui wWagd $Qefhiitnale réf&%blg@e%ets%mﬁri@b/u§&uti/@§ 25 300 C and the
Det ect or wavel engt h " was . Under the above conditions, N PAM had
a retenti onThe peciuredapefhed Srareraraion offier wasrayticHalg phasgeaiiicplofprRofEon
of abo i:du
NLPAM W tﬁeé rBd%b%%ﬂe?Ne%tmn r%l@g?g d¥t| : VI%E@{ o Op%%?cgﬂ) El %&dw i$ grdphically
pol ynerepresintethen Figlillow ng spect ral characteristics, viz.

L

Cl 2%2- @kbrh{élbﬂ%dﬁwhg])owe"wﬁ Shc(d)di i ieHRayChCon O ipg lithitBe thdecop€bf the invention,

C(=0) NH), CH2, VP [i . 3. -0- - CH2-) , .

3. 23( CH2- \- %H %é&gé’eél (tE?t m%ﬁ‘zﬁ AP set %’@%ﬁiﬂ%ﬁ%&%i@ﬁ %ﬁ‘@ %‘B?Pmem
CH) 513G1dNVRof 3ehiddien oBmakelynSn et hareihes M1 CEE aiBn menke (I\I[Zléb M&iﬁb)ne)
76.6-77.6 (nultiplet for CDC13 ang CH for, pol yrrer %%%kbﬁne)

(CH2' s et dialysis eaqiepest gbed & prepsAnon At fhf polym ne D-
backbong), ﬁg{ 's, isopropyl) FTI R (KBr Pellet, cm )

3500 (5,01& ; 3 96 (s, NH, sec-Anmide), 2972-2933 (s, CH, CHZ, CH3),
1546 (s, NH bend of Amde Il and possibly 0=0 of free acid, mnor),
1387, 1367 (doublet 10 of Isopropyl groups, 0-13, deformation),




Volune i.e. up to 40 m) 15 A] Preparation of Al coholic solution of
Paclitaxel (20 ng/nil) :200 ng of Paclitaxel was dissolved in 10.0 m
of Et hanolwoBpo7Brapar ati on of Aqueous Concentrate of Pelcymeroo@nndsos
Excipients : 100 ng of the Pol yner Obﬁﬁi ned by Exanple-1, 66.7 ng of
sodi um deoxychol ate and 100 ng of sodiumcitrate were dissolved in 10
m water to give a clear solution. 20 C] Preparation of Paclitaxel
Nanoparticles (0.6 ng/m) : 1.0 m of the aqueous concentrate of the
pol ymer and exci pients of step s dissolved in 31.3 m of 10%
Dextrose solution to obtain a ﬁ%ﬁ%se%t?’h%cgﬂg 1.0 M of the alcoholic
solution of Paclitaxel of step Ak Mas mdded-{o the above sol ution

t hrough needl e having an internal dianmeter of 0.330 Mmwithin 4
secpnds to obtai n namegafirioal o sheWoliRas kg Xl Dialysia Meghvelent r at i on of
0.6 nmg/ M 25 The pharnaceutical conposition thus prepared had the

fol | owi ng chsr paymeriiztioe seachbn wias oarkl wutl irPe |2 nElessCraph. 24 gt Ai-ksppropyl

Sodi um ¢ _doenoczny, c(Litnag, (L t_eit) Sodi.umC t oncn. e
paci | { BERIEn oA P PRy SR Eolon ity sl frj e Grgel (R0
Dext r 06@009 egeDofZMAleR dhh§dride (MPEG) were added to about 2L of water. To this 11.2 ml of
10  aqueous N, N’-Methylenebisacrylamide '(N[BA) solution [49 mg/ml] and 8 'ml of
Tetramethylethylenediamine (d = 0.77gm/ml) were added. The solution was de-aerated by

bubbling nitrogen gas for 30 minutes. Then 8 ml of aqueous Ferrous ammonium Sulphate (0.5%
w/v) and 12 ml of agueous Ammonium Persulphate (80% w/v) were added and the reaction was
continued for 3 hours with continuous nitrogen bubbling. Polymerization was carried out at 34°C
15 in a water bath with shaking at 80 rpm.
The solution was filled in dialysis bags and was descended in water (dialysis medium).
Dialysis was carried ouf for 24 hours changing water once. After 24 hours, the solution was
removed from the dialysis bags and lyophilized in round bottom flasks.
The detection and quantification of the residual monomers, especially residual VP and
20 NIPAM in the polymer were carried out by Agilent 1100 series HPLC system, using Reverse
Phase RP-18 (C-18) columnns [Lichrospher RP-18e, 5p, 250 mm x 4 mm]. The Mobile Phase used
was a mixture of water and acetonitrile in a ratio of 80: 20, at a flow rate of 1 ml/min, with a
sample injection volume was 50 pl. The run time was 10 mins and the column temperature was
30° C and the Detector wavelength was 226 nm. Under the above conditions, NIPAM had a
25  retention time of about 3 minutes, whereas VP had a retention time of about 5 minutes.
Analyﬁcai Data: % Residual Monomers i) NIPAM = 0.066% (660 ppm) and i) VP =
0.011% (110 ppm). '
Example —1
30 Preparation of The Polymer using the Diafiltration Method

The polymerization reaction is carried out in two 5L glass vessels for a batch size of 160 g

(4L x 2) of the polymer. To each vessel, 48 g of N-Isopropylacrylamide, 23 mi of distilled 1-



.-.. 80 >/iihrs WO 2007/ 074476PCT/ 1N2006/ 000504 44 Exanple- 3
Preparation of Paclitcocel Nanoparticul ate Pharmaceuti cal Conposition
(Reconst i twbizorv/rs76ar ge Vol une i.e. up to 500172!) 5 PCTAN2006/000504
Preparation of Al coholic solution of Paégjr itaxel (20 ng/nil) :400 ny
of Paclitaxel was dissolved in 20.0 nl Et hanol . B] Preparation
of Aqueous Concentrate of Polymer and Excipients: 200 ng of the

Pol ymer obtai ned by Exanple-1, 133.4 ng of sodi um deoxychol ate and

. ' ' 0 di I i n, 20 ter to give a _.
ol oar sy BT BB B 8 b Py B s e et B PRy et ab M ansyaride
mg/ m) (MPEQ) mlereofadibe a:qta;eeatsl@,ogﬁemage%g qr;'ffﬂﬁ]?h%%('f}ohﬁ.ﬁ@?og‘i}éws N, N'-
. / - (0] 0
o ut | on B R aRy e A BT Pl o g o6 pher Aenehyleiylonediamine
sol ut i orweof adRe! THeasRItioR fva H@ae&ed\b@?uaﬁﬁ@%&%geh%%s? ﬁ%g%n%@teﬁfﬂ#%g 16 ml of

I h nt er nal I aneter
o ode BAGE £ oS PET O AP 40.5% Wi 6hd PAsiof aLuegs, Amps e Poowphaic

o Do, TEPSblThe RIS SISy LS RGP e

Sodi um JEBREH N ERerizElaR fas catgiedoyt @634TCin Owvifernbath @thshakifgay/S0tpm. During

Pacl i t &%8lymeRARQdn, samples were withdrawn at appropriate time points (0, 15, 60 and 180 minutes)
for reaction monitoring. . :

10 " After polymerization was complete, the solution was f;lltered through pre-sterilized,
disposable 0.2um Polyethersulphone membrane 1” capsule filters of 0.8 and 0.2um pore size;
Type DPS-5101AA-201, infg by Advanced Microdevices Pvt. Ltd, India). The filtered contents of
both the reaction vessels were pooled ‘and subjected to tangential flow filtration using Proflux
MI2 (Millipore) diafiliration device to remove residual monomers and other low molecular

15 weight impurities. The combined lot of 8L of the reaction mixtire was initially concentrated to
around 2.2L through diafiltration and then the resultant concentrate is diafiltered using around 30L
of highly purified water. During diafiltration, the reaction mixture is concentrated to around 1L.

* Total processing time for the diafiltration for a batch size of 160g (8L) is around 4-6 howrs.
Diafiltered solution is then subjected to Iyophilization.

20 ‘ The detection and quantification of the residual monomers, especially residual VP and
NIPAM in the polymer were carried out by Agilent 1100 series HPLC system, using Reverse
Phase RP-18 (C-18) columns [Lichrospher RP-18e, 5 1, 250 mm x 4 mm). The Mobile Phase used
was a mixture of water and acetonitrile in a ratio of §0: 20, at a flow rate of 1 ml/min, with a
sample injection volume was 50 pl. The run time was 10 mins and the column temperature was

25 | 30° C and the Detector wavelength was 226 nm. Uhder the above conditions, NIPAM had a
retention time of about 3 minutes, whereas VP had a retention time of about 5 minutes.

Analytical Da;ca: % Residual Monomers i) NIPAM = < 0.001% (<10 ppm) and i) VP =<
0.001% (<10 ppm)

The polymer had the following spectral characteristics, viz.



(ngiffil) Particle Size (nm Stability 10% Dextrose 0.3 0.7 0.3 0.6
24-., 85 > 24 hrs Exanple- 4 20 Preparation of Nanopartkul ate

Phar maceutwoabo7@a#pesi t i on of A Bet zdi ni ¢ Aci d Deri vat i WETINDG06/1098 of
Formula (IN Al Preparation of a solpfion of M- 1098 (15 ny/ i)
MI- 1098 (15 ng) was dissolved in a 25 m xture of 0.15 m of

N, N- Di et hyl acetam de, 0.01 ml of Polysorbate 80 and 0 84 nml of

Et hanol was ‘added to the above sol ution and di ssol ved by sonication.

0 of the POYTR @ﬁ@ﬁ&ﬁ@@?@gﬁ %z%mt o Lol B TS GTRIED 1.8
?gogﬁ(@g?glﬁear s]Eatlglugtﬁrlgéﬁj ar at | \gﬁygf v Nmnar e hae
(075 vl b i éagéoﬁgsc@&amﬁ@&'@é R R L
exci pi effrfcm Jcims dissolved in 9.2 m of 5% Dextrose soI ut i on

to obtain a %I{D 20 7/ 074476PCT/ 1 N2006/ 000504 45 clear solutio .5
m of the sofQtNMR (FOONYAERDIRBrulser SpaspromptenaSDéidd dd pri)t het éﬁo% 766 71.6

oo OB UBICOCRIECE RIS Tl B TYPECSl: & ok B
concent urdt),i 3Ar8 (@H,0s, Z:Blyn’@& bﬂzclcﬁblm)[ﬁ%(ﬁhémsopaipyborrpom tion thus
prepared had.the Lobl ow ndichaf ACLRN SHBE R NB, Lt AR e 4879 2033 (s, c, C1,
CHs), 1546 (s, NH bend of Amide II and possibly C=0 of free acid, minor), 1387, 1367 (doublet
10 of Isopropyl groups, CHa, deformation), 1172-1129 (m, O-C-0O) .

Example- 2
Preparation of Paclitaxel Nanoparticulate Pharmaceuntical Composition (Reconstitution in Smadl
Volume i.e. up to 40 mi)

15  A) Preparation of Alcoholic solution of Paclitaxel (20 mg/ml) : ' 200 mg of Paclitaxel was
dissolved in 10.0 ml of Ethanol.

B] Preparation of Aqueous Concentrate of Polymer and Excipients : 100 mg of the Polymer
obtained by Example-1, 66.7 mg of sodium deoxycholate and 100 mg of sodium citrate were
dissolved in 10 ml water to give a clear solution. ‘

20  C] Preparation of Paclitaxel Nanoparticles (0.6 mg/ml) : 1.0 ml of the aqueous-concentrate of the
polymer and excipients of step B] was dissolved in 31.3 ml of 10% Dexfrose solution to obtain a
clear solution. 1.0 ml of the alcoholic solution of Paclitaxel of step Al Was added to the above
solution through needle having an internal diameter of 0.330 mm within 4 seconds o obtain
nanoparticles of Paclitaxel at a concentration of 0.6 mg/ml

25  The pharmaceutical composition thus prepared had the following characteristics:

Polymer Sodium Sodium Citrate Paclitaxel Particle
Dilution Fluid Conen. deoxycholate Concn. Size Stability

(mg/mD) | Conen, (mefmy | COPom me/mb 1 o (amn)

[0% Dextrose 0.3 0.2 0.3 0.6 = 80 > 24 hrs



Pol ymer Conon. (ng/rap Sodi um deoxychol ate Conon. (ng/ml) Sodi um
Citrate Conon. (ng/nml) M -1098 Conon. (ng/ml) Particle Size (urn)
Stability Wextrsoee 0.3 0.2 0.3 0.75 62 >24 hrs Examaran2de/ooosed
Preparati on of Nanoparticul ate Phar rrac%#u i cal Conposition of A

Betulinic Acid Derivative 10f DRF-4012

Formul a (HO7 Al

Preparation of a solution of DRF-4012 (20 ng/ml): M- DRF-4012 (20
ng) was dissolved in a mxture of 0.01 m of Polysorbate 80 and 0.99
m of Ethanol and dissol ved by soni]gati?n

xample- 3

10

15

25

Preparation of Paclitaxel Nanoparticulate Pharmaceutical Composition (Reconstitution in Large
' Volume i.e. up to 500 ml)

A] Preparation of Alcoholic solution of Paclitaxel (20 mg/ml) : 400 mg of Paclitaxel was
dissolved in 20.0 ml of Ethanol.

B] Preparation of Aqueous Concentrate of Polymer and Excipients: 200 mg of the Polymer
obtained by Example-1, 133.4 mg of sodium deoxycholate and 200 mg of sodium citrate were
dissolved in 20 ml water to give a clear solution.

C] Preparation of Paclitaxel Nanoparticles (0.6 mg/ml) : 15.0 mi of the aqueous concentrate of
the polymer and excipients of step B] was dissolved in 500 ml of 10% Dextrose solution to obtain
a clear solution. 15.0 ml of the alcoholic solution of Paclitaxel of step A] was added to the above
solution through a needle having an internal diameter of 0.711 mm within 8 seconds to obtain

nanoparticles of Paclitaxe! at a concentration of 0.6 mg/ml

The pharmaceutical composition thus prepared had the following characteristics:

Polymer Sodiwmn Sodium Citrate Paclitaxel Particle
Dilution Fluid Concn. deoxycholate Concn. Size Stability

(mg/mD) | Concn. (mg/ml) | SO0 &M | oy (an)

10% Dextrose 0.3 02 0.3 0.6 ~ 85 > 24 hrs

Example- 4

Preparation of Nanoparticulate Pharmaceutical Composition of A4 Betulinic Acid Derivative [MJ-
1098 of Fornmla (I1)] '

A] Preparation of a solution of MJ- 1098 (15 mg/ml) : MJ- 1098 (15 mg) was dissolved in a
mixture of 0.15 ml of N,N-Dimethylacetamide, 0.01 mi of Polysorbate 80 and 0.84 ml of Ethanol
was added to the above solution and dissolved by sonication.

B] Preparation of Aqueous Concentrate of Polymer and Excipients: 10 mg of the Polymer
obtained by Example-1, 6.67 mg of sodium deoxycholate and 10 mg of sodium citrate were
dissolved in 1 ml water to give a clear solution.

C] Preparation of MJ-1098 Nanoparticles { 0.75 mg/ml) : 0.3 m! of the aqueous concentrate of the

polymer and excipients of step B] was dissolved in 9.2 ml of 5% Dextirose solution to 6btai11 a




B] Preparation of Agueous Concentrate of Polynmer and Excipients: 10
ng of the Polynmer 15 obtained by Exanple-1, 6.67 ng of sodium
deoxychol a¥e 2847@7406 ng of sodiumcitrate were di ssol vedGIiN206{0050&t er
to give a clear solution. (] Preparatljfyn of DRF-4012 Nanoparticles
(0.60 ng/m): 0.33 m of the aqueous concentrate of the pol yner and
excipients of step. B] was dissolved in 10.44 ml of 5% Dextrose
solution to obtain a clear solution. 0.33 m of the solution of

DRF- 4012 of ste dded.t o i 0 | uti t.hrou :
mecdl o i oighh (el ERaRe i of VB 088 SE st Py SuB e sgiuton
obt ai n thaagpal headle hatig DRF-i40hd! aianfetd 0L B30an0 Nwiddin 03 Gesomtisnito Toteain
phar maceut i cal c? osition thus prep ﬁggn_%zd t he f-oll ow ng

char act™@Rerariess of Mgr1478iaba coegp t‘Igﬁl‘:'?/ Ron. (ng/ ml) Sodi um

deoxy c hiteahemERRRR:] doRphEkbn Y bHBAEE hi S FRMR AR teis iR~ 4012
Conan. (nginal) Particle Size (rim Stability 5% Dextrose 0.3 0.2 0.3

0. 6 *Pe_70
Dilution Fluid Polymer Sodium Sedinm Citrate Mj-1098 Particle Stability
Concn. deoxycholate Conen. {mg/ml) Concn. Size
{mg/mD Concn. (mg/ml) (mg/ml) (nm)
5% Dextrose 0.3 0.2 0.3 0.75 62 > 24 hrs
Example- 5

Preparation of Nanoparticulate Pharmaceutical Composition of 4 Betulinic Acid Derivative
10 . TDRF-4012 of Formula (III)]

A] Preparation of a solution of DRF-4012 (20 mg/ml): MJ- DRF-4012 (20 mg) was dissolved in a

mixture of 0.01 ml of Polﬁrsorbate 80 and 0.99 ml of Ethanol and dissolved by sonication.

B] Preparation of Aqueous Concentrate of Polymer and Excipients: 10 mg of the Polymer
15  obtained by Example-1, 6.67 mg of sodium deoxycholate and 10 mg of sodium citrate were

dissolved in 1 ml water to give a clear solution.

C] Preparation of DRF-4012 Nanoparticles (0.60 mg/ml): 0.33 ml of the aqueous concentrate of

the polymer and excipients of step.B] was dissolved in 10.44 ml of 5% Dextrose solution to

obtain a clear solution. 0.33 ml of the solution of DRF-4012 of step A] was added to the above
20  solution through a needle having an internal diameter of 0.305 mm within 3 seconds o obtain

nanoparticles of DRF-4012 at a concentration of 0.6 mg/ml

The pharmaceutical composition thus prepared had the following characteristics :

Dilution Fluid Polymer - Sodium Sodium Citrate DRF-4012 Particle Stability
Concn. deoxycholate Conen. (mghnl) Concn. Size
{mg/ml} Conen. (mg/ml) {(mg/ml) {tum)
5% Dexirose 0.3 0.2 0.3 0.6 =70 > 24 his
Example- 6

25
Preparation of Nanoparticulate Pharmaceutical Composition of A Betulinic Acid Derivative
[DRFE-4015 of Formuida (IV}]

A] Preparation of a solution of DRF-4015 (20 mg/ml): MJ- DRF-4015 (?_0 mg) was dissolved in a
30  mixture of 0.01 mi of Poljfsorbate 80 and 0.99 ml of Ethanol and dissolved by sonication.



>24 hrs Example- 6 25 Preparation of Nanoparticul ate Pharnmaceuti cal
Conposition of A Betulinic Acid Derivative fDRF-4015 of Formula (N)7
Al Prepar aW0e797442 sol uti on of DRF-4015 (20 ng/m): MPCTIDRBO®ILH4( 20
ng) was dissolved in a 30 m xture of er.Ol nil of Polysorbate 80 and
0.99 m of Ethanol and dissol ved by sonication. WO

2007/ 074476PCT/ 1N2006/ 000504 46 B] Preparation of Aqueous
Concentrate of Pol yrrer and Exci pi ents 10 ng of the Pol yner obt ai ned

by Exa of sodiu chol at e lerrg f saodiu i
o+ rat B Brditnot MBS Gl B LRI e G e B Bptyme
Pr epar abtagRd dy mlfnlﬁéll%mnﬁ@@!ftsb@ih@sm(o@yﬁ@lmélm 1) :m@ 08 Jodthmoditréth @vere
aqueous_ concentrate of 5 the pol yrrer and excipients of step B] was

di ssol W&golyed g, W@'FF”S@‘@%Q?@%F?B@%’ solution to obtain a clear
sol ut i @-préhaddioflor @fRfuﬂ{ﬂ Ssi@z{ﬂébblﬁ@lem() ERFpARL.¢f m3be Hlepdgugﬁﬁ cordagt or

t he above sol ution through a need havi ng an internal dianmeter of

0. 330 ¥ ReLxmirAnd excipientel st e %b‘t"@ﬁ @ssabmé a4 mboloi% BRtras selulipn ¢ obtain
concent bl lui@fn. ? 38 e bR riiiar 3@&%‘%5'&?%} SARASH i 199 aB&lﬂé%oiunon '

prepared had the | owm ng charactaistics ution Fluird Polyne
Concn. tigeeely il heegisd h@mng dreosaterngll diamet®n nefn 03B froptial withbulidu m@nﬂs’r é@ gobtain

Conon. ngﬂ%aﬁﬂ:ies BRERFMUR 5 SPNE hcentration of 0.6 mg/mi

10
The pharmaceutical composition thus prepared had the following characteristics:
Dilution Fluid Polymer ) Sodium Sodium Citrate DRF-4015 Particle Stability
Concn. deoxycholate Conen. (mg/ml) Concn. Size
{mg/ml) Conca. (img/ml) {mg/ml) (nm)
5% Dexirose 0.3 02 0.3 0.6 =46 > 24 Tus
15 Example- 7

Preparation of Docetaxel Nanoparticulate Pharmaceutical Composition

A] Preparation of Alcoholic solution of Docetaxel (40 mg/ml): 200 mg of Docetaxel was
20  dissolved in 5.0 ml of Ethanol.

B] Preparation of Aqueous Concentrate of Polymer and Excipients: 400 mg of the Polymer

obtained by Example-1, 400 mg of sodium deoxycholate and 400 mg of sodium citrate were

dissolved in 10 ml-water to give a clear solution. '

C] Preparation of Docetaxel Nanoparticles (0.5 mg/ml): 4.0 ml of the aqueous concentrate of the
25 polymer and excipients of step B] was dissolved in 35.5 ml of 10% Dextrose solution to obtain a

clear solution. 0.5 ml of the alcoholic solution of Docetaxel of step A] was added to the above

solution-through a needle having an internal diameter of 0.330 mm within 3 seconds to obtain

nanoparticles of Docetaxel at a concentration of 0.5 mg/ml

30



(my/m) Particle Size (nm Stability 5% Dextrose 0.3 0.2 0.3 0.6 ge
46 >24 hrs 15Exanple- 7 Preparation of Docetaxel Nanoparticul ate
Phar maceutywgabo7@ospesi ti on Al Preparation of Al cobpelrhg2089b0dd10n
of Docetaxel (40 ng/m):200 ng of Docetaxel was 20 dissolved in 5.0
m of Ethanol. B] Preparation of Aqueé s Concentrate of Polynmer and
Exci pi ents: 400 ng-of the Pol yner obtained by Exanple-1, 400 ng of
sodi um deoxychol ate and 400 ng of sodiumcitrate were dissolved in 10
m-water to give a clear solution. . C]. Preparation of Docetaxel
Nanopar theplggmgcguisaheppgppition pis prepated hpd thedelkuvise ehepekristialt e of die
25 pol yner .and excipients of step B] was dissolved in 35.5 m of 10%

Dext Qs &tica @lutdl OTpolyReODT Al Nsc@iufal €aF SE@IntEikRN.] Whogetddbll 0T Pakide Stability
al colol i ¢ sol uti ooened. Dac@tcayehdlatOf s&relp(nﬂlmwvﬁls adebed tlo tde above

sol ution. throughmgmheed| @nhrafnighd) an i nt er nal] dinaye} er| oftarf). 330 _mm

wi t hiln0%8 Dsdosnds t 60 oht i n nédoparticl d® of [Docetddxel fat =d25 [ >24his

concentration of' 0.5 ng/m 30 WOER@EHEy4476PCT/ 1312006/ 000504 47
Iﬂgr Eta remi (S:'? PL;%?%#&%&%E@EQH& %gop%fr't?c% arz‘ee ghar}%zgzcgu?igalfé)clngp%g\gﬁgg
A] Preparation of a solution of Btoposide (20 mg/ml): 20 mg of Btoposide was dissolved in a
mixture of 0.10 ml of N,N-dimethy] acetamide and 0.90 mlI of Ethanol under sonication.
B] Preparation of Aqueo{ls Concentrate of Polymer and Excipients: 10 mg of the Polymer
10 obtained I:;y Example-1, 6.67 mg of sodium deoxycholate and 10 mg of sodium citrate were
dissolved in 10 ml water to give a clear solution.
C] Preparation of Etoposide Nanoparticles (0.6 mg/mi): 0.3 ml of the aqueous concentrate of the
polymer and excipients of step B} was dissolved in 9.4 ml of 5% Dexirose solution to obtain a
clear solution. 0.3 ml of the alcoholic solution of Etoposide of step A] was added to the above
15 solution through a needle having an internal diameter of 0.330 mm within 3 seconds to obtain
nanopatticles of Etoposide at a concentration of 0.6 mg/ml

The pharmaceutical composition thus prepared had the following characteristics :

Dilution Flnid ' Polymer Sedium Sodium Citrate Etoposide Particle Stability
Concen. deoxycholate Concen. (mg/ml) Concn. Size
(mg/ml) Concn. (mg/ml} (mg/ml) {rom)
5% Dextrose 0.3 0.2 0.3 0.6 ~ 50 > 24 hrs
20 Example-9
Determination of Pharmacokinetics, Biodistribution, and Elimination of ['*C]- labelled Polymer
in Mice :
25 30 male Swiss albino mice, 6-8 weeks of age, weighing approximately 25-30 gms, were

randomly divided into five groups consisting of six animals each. [M*C]- labelled polymer was
diluted in deionised water to 5 mg/ml based on the specific activity of the polymer. All animals -

received a single dose of ["*C] polymer 40 mg/kg by intravenous injection.



Pol ymer Concn. (nmg/ ml) Sodi um deoxychol ate Concn. (ng/ml) Sodi um
Citrate Concn. (ng/m) Docetaxel Conon. (ng/nil) Particle Size (urn)
Stability 40%daxisese 4.0 4.0 4.0 0.5 z 125 > 24 hrs I@c@rmi@s/e@gq4
5Preparati on of Etoposide Nanoparticul ate Pharmaceuti cal Conposition
Al Preparation of a solution of Etoposi%ﬁe (20 mg/nil): 20 nag of

Et oposi de was dissolved in a mxture of 0.10 ml of N, N-di nethyl _
acetam de and 0 90 nil of Ethanol under sonication. B] Preparation
of Aqueous Cgncentrate of Polyner and Excipients: 10 ng of the

Pol yrrer 10 of® Arredmgeolsostiss 60y, 108, l7ofRjoast watoellenied sy bR chitreals b geiro-
10 ny ofysiedivwaiek tundbantehes A LS 8ok ‘f)%gltsj 5 490 8b it groto @1!6\,/ Gnd ?ﬁlhﬁéﬁost
sol ut One{d111i11istraﬁon into EDTA containing tubes. For excretion studies, urine and feaces was collected
from the metabolic cage or by force (10 minutes). At termination (10 min, 60 min, 24 and 48 hrs)
5  adrenal, brain, lungs, liver, heart, kidneys, spleen, stomach, small intestine, large intestine, feaces,
urine, urinary bladder, eye, skin, skin, thigh muscle, testing and epididymis were collected, rinsed,
excised and 'weighed.'
The concentrations of the [*C] polymer in blood and urine were determined by combining
50 pl of blood/urine with 5 ml of liquid scintillation cocktail. Faeces and tissues (not more than
10 0.5 gms) were homogenized in deionised water to obtain 20 % homogenate before combining 500
pl with 5 ml of liquid scintillation cocktail. Samples were analysed by liguid scintillation anal.yser.
The counts per minute (CPM) were converted to amount of the ['*C] polymer in pg/ml based on
linearity and Quenching curves. '
The radioactive blood concentration profile revealed a bi-phasic curve with short
15  elimination half-life Ty (B) of 0.448 + 0.157 .1_101.1rs (26.88 min) and rapid clearance of 54.7 ml/hr.
The dominant route of elimination was found to be urine (urine, 66.91% vs feacés, 17.39%
at 48 lirs) and recovery data collected up to 48 hrs accounts for 84.87% of radioactivity injected.
. Tissue distribution was negligible. The kidney, liver, skin and intestine were found to be the target
organs. However, the level of the polymer in tissues was rapidly cleared via urine and faeces.
20 Tissue distribution was negligible in kidney, liver, skin and intestine presenting with the
highest Jevels of radioactivity. However, levels of polymer in tissues were rapidly cleared via
urine and feaces. 7
In conclusion, the study shows that the polymer is rapidly eliminated from the body
without being deposited in vital organs. Although, the polymer is known to be non-biodegradable,
25 - the rapid and efficient clearance primarily via urine suggests the safety and utility of the polymer

for haman use.

30



Cl Preparation of Etoposide Nanoparticles (0.6 mg/m): 0.3 nl of the
aqueous concentrate of the polymer and excipients of step B] was

di ssol ved wo 200%b74d76 of 5% Dextrose solution to obtain acah&as/000504
solution. 0.3 nl of the alcoholic solution of Etoposide of step A]
was added to the above 15 sol ution thro‘E?gh a needl e having an
internal dianeter of 0.330 ramw thin 3 seconds to obtain
nanoparticles of Etoposide at a concentration of 0.6 ng/m Thg

phar maceutical conposition thus pre%gr ed h%d the foll ow ng

characteristics : Dilution Fluid

' PgRigrYconon.  (ng/ml )  Sodi um

conen. (oo T R R L I T A

0.6 @:

10

15

20

25

30

50 > 24 hrs Ex
The test substang:e dissolved in dextrose 10% at a concentration of 75 mg/ml was

administered intravenously with a 5 ml disposable syringe and 23G needle into the marginal vein
of the right ear of each rabbit at 125 mg/kg daily for five consecutive days. Left ear served, as
control and received 10 % Dextrose by the same route. Dosing volume was adjusted to not more
than 3.5 ml/Kg. Body weight of animal. Periodic observations for local toxicity were made at the
sit¢ of injection at 5 min, 10 min, 30 min, 60 min and 24 hrs on each day for days 1 to 5. Punch
biopsies at site of injection were taken from both ears of all six rabbits on Day 7.

A five day continuous intravenous administration of 75 mg/ml of the polymer at a dose of
125. mg/kg in rabbit ear vein causes mild to moderate thrombophlebitis at the site of injection of
10% Dextrose injected rabbits. Tt may be concluded that the dose of the polymer sclected does not
cause any local toxicity at the site of administration. |

Example-11

Determination of the Possible Target Organ(s) of Toxicity with special reference to
Microvasculature upon five days Intravenous Bolous Administration of 400mg/kg of the Polymer
in Wistar Rats

The test substance was dissolved in Dexirose 10 % and administered intravenously with
the help of a 5 ml disposable syringe and 23 G needle into the tail vein of each rat at 400 mg/kg.
Control animals received 05 Dextrose only by the same route. Dosing volume was adjusted to 5
ml/kg body weight of the animals. Periodic observations (Day 7,14 and 21 post- treatment) on
adverse effects (general examination and laboratory parameters) and deaths were recorded, All the
animals were sacrificed and necropsied.

Under the conditions of study, five-day intravenous bolus administration of the polymer at
a dose level of 400 mg/kg body weight does not produce any mortality or any physical toxic signs

or symptoms in treated rats.



Det er mi nati on of Pharnmacoki netics, Biodistribution, and Elimnation

of [PIC]- labelled Polymer in Mce 2530 nmal e Swi ss al bino mce, 6-8
weeks of awe,2oomrgihé ng approximately 25-30 gins, were rpeTdRL§000504
divided into five groups consisting of six ani mal s each. [ 14C] -

| abel | ed pol ymer was diluted in deioni water to 5 ng/nl based on
the specific activity of the polymer. Al aninmals received a single
dose of [14(C] poI ynmer 40 ng/ kg by intravenous injection. WO
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10 than 3.5 nml/Kg. Body weight of animal. Periodic observations for
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Det erm nati on of the Possible Target Organ(s) of Toxicity with
special references to M crovascul ature upon Single Intravenous Bol us
Adm ni st r aWoa0 774800 ng/ kg of the Pol ynmer in 25W st ar PRaiIN2006/000504The
test substance dissolved in dextrose 10% was di ssol ved i n Dextrose
10% was adm nistered with the help of a1 ml di sposable syringe and
26 G needle into the tail vein of each . rat at 800 ng/kg. Control
animal s received 10 % dextrose only by the sanme route. Dosing vol une
30 was adjusted to 5rring body wei gén};t 0 t;ﬁf animals. Periodic

observations (Day 1, 3 and 7 posttreéa fit)" on adverse effects
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2?05/5074_476:3@'& jally 7 %iC SR Qﬁ%ﬂnloﬁéﬁcla fqrm_uie![ﬁdﬁ?\(aﬁ B&n%i%{ﬂﬁé& &t‘ﬁ{&% @@el%{i‘lﬁvalent to

stuay, 1.N | ravenou olus, agmni strati on o .ne polyner at_a - 7

dose’ | eag Ilg%{gg 8@%&@&%&&?%@“&%&6@@3%@ 0oty érsraspousisrin dba tajeratail

any obseemablcBedllgXoree SvarySthitde SYRIBIE fefiof &frSL80! ]ﬁ%}sv(lﬁtgﬂ%;{' 1%%11}' rigavgeeks).
of it oIy e

body vveicgﬁhts of rats show a steady increase in b

t r eat ed ‘BHEVEERE CORPHTed R Suotakity, sligicelr SanseHods whight dogsoingdneater consumption,

haemat olefsicAl MboRAd TRIcSE S iBE Srath bR Bioks. thr oughout the

stud?g. In rats trergt ed V\%%tlh fheg%g‘{é@#g%?&gﬁ%ogh{gmo | paraneters were
n

wi t HPn nor mapinimals pStrestecoanghemtrol Broups tedyinedigendaliy oqivielmt dghlds/ during the
st udi es ,,skEOWm t €.l iani fi ifferen bet ween .cont r al
and tr eapﬁggl\%itgﬁ&s' 0 {erg%§?9%§%% f:erlag%?gnﬁ %htgfexf?é%ﬁ‘glW%Wtatlrdgﬁt%‘%gue to
rats saévedtioneén bethDegpti@erdzdd Daytrdl grosts. iAmjreds iof bothawesl Shdwdta blogfesive
are no e ] Croyas ature changes.i |1 four organs exam ned
CErai . SRPALENLA QOUASEL AL Wefo SMTRAER it el atmbt CasSiuris Grige e .

seen t hélkemitelopy pymmetent indotdnsele® indBRMal¥E et WK MeheHal Qﬁ?‘éaﬂgﬁoﬂcd for
an

causrﬁ awist%eggsrﬁl tox‘i.ci%% or any significant haenat ol ogi cal. L
bi ocheni car toxtertyrol hEHIBETigouR: Berm Sadnings ¢ceeass gt withip @ormal limits,
consi depEWRO aixknasfophid€dunedin k1sd SideRledRiphild NP oY fn¥aldsN AT A8 increase in
Exanpl e,-13. Det erm nati on of, &]htg Possi bl e Local Toxicity, if any, at

the Sit BeOFIRHCAIYFagPEsedia hefd ticaisd audgongpl @ReP-Pol ymer i n Rabbits A

si ngl e i nj ecBloedbRthdnidiryhar@hetbRen b&H nadiBal 2GR AL S QhE L Rormal range as

dextrose 10% at a concentration of 75 ng/ml was adm ni stered

subcut affeeird for Wistar wisMigpsBoanges @clslglgclg tghtla highg3Gan eenthad valneint Glecose,
righg e I ; : i i ] rol . wll receiye.0.1
m 0 ThCh DGR ERE i ks th AR bt b onlhl gl Bl n
r abbi t sTrighgedridel of trrioeany gtdup mealdsoras| segedt 6ARotths Utink pateeeradetthalkthamd
site of gl L.OD: 1 .10 mn, 30 mn, 60 mn and 24 hrs.

A singP@hgﬁﬁg%hfgﬁg%agﬂggﬁFﬁFStration,of 100 RI of 75 ng/m of the

pol ymer or 100 pl of Dextrose in the rabbit ear causes mld
inflammation at the site of injection when tested after 48 hrs post
injection. It may be concluded that t-he polyner sel ected does not
caude any local toxicity at the site of adm nistration follow ng
sub- cut aneous adm nistration 30 - WD 2007/ 074476PCT/ | N2006/ 000504 52
Exanpl € - 14 Determination of Six Mnths Dose Toxicity Study by

I ntravenous Route of the Polyner in Rats 5The pol yner used in
nanopatticle formul ati on was adm ni stered at dose | evel equivalent to
10 ng/ kg of drug. Controls were adm nistered Dextrose (10 %
intravenously in the lateral tail vein cyclically once every three
weeks for a period of 180 Days (approximately 26 weeks). Observations
com$ri sed of nortality, clinical signs, body weight, food and water
consunption, clinical |aboratory investigations, organ weights and

hi st opat hol ogy. ‘



10Ani mal s of treated and control groups remai ned generally active and
heal thy during the period of study. There was no treatnent rel ated

nortal ity woeeeptordseyv i nci dental deat hs due to infecti ongThR200Q600504
treatment and control groups. Animals of both sexes showed a

progressive increase in body weight and3 here were no changes in feed
or water consunption during the study. Haematol ogy paraneters in both
mal es and fenales were within the normal range as reported for 15
Wstar rats. However, in the treatnent group, there was m nor

decrease, yet within normal limts, and neutrophile counts in
mal es and Neutrophile count in females. A mld increase in

Reti cul ocyte count was noticed in both treated and control group.

Bl ood biloche#i Bilyperperpnisingof tliree monémerkd I@BtsaswtbCfeérfaineﬁ -Viylpymélidona (VP),

t he nor nal [ cl.ude
Sl ant 1y hi gherrpona e BRI Sl 8 Mard S ERE R ool
in béth nmal e§MERQ).f ernat-biskedf viitheat édl-fiaretlod ntrmsbll dgﬁ@é.tﬁs d high purity and
increase in r toent group nBles was seen at 6
e O o bt
imts p leaizd IprdHAoMdTEV P
conpri si ng o]& hree sele ed from 1- \/nyly rrolldé(;ﬁg)
(VP), N-1sopro fﬁ #%FI‘Q ]d% (m’]%aﬂda?ﬁ@f Maleicognhyids; quid aPD vilepg glycol
and Pol yet hy(MPEGR! ot6s8!linkédVRER) a beRaREodal MEgd Miibdive b
vin derivative IJof hllgh pur.i til/ and s(t)Jbastantl alll y freeh{)gfﬂq?%fé%;h?%l}a%/néng
&

toxitt mononmelSFRECHEHPRIGmeRoMeTic sontaminanty Hegmusinlpssdhand) W1 %. hr ee
MONONET BE UNAtlynse 'o?ﬁfg N%uﬁgo‘i&éidﬁ{ Ry 51@65& 9# &:I%&Fﬁ AR wn, grein the bifanctional

N- | sopr opyl acr yI am de est’er o eic aﬁhy ride
Pol yet hyl eneVigrhess- W@eﬂt&H%Mﬁthwqwlmﬁp{Mw@u onal vinyl

derivatiyve, 8fpdNah t.0xi onmer
cont am nant s |n amuntsgl?g)MIﬁp%C&c{é{gg%lwgé&? §1 é)rf(élf hi ﬁmﬁlﬂﬁ% -
according to %&P@ﬁ@h@fﬂeém Wmuatsdessthanméméf/m the b| functi onal
vin CEOSS- N- Vet hyl ene h| acr
B oo Ag"ﬂ) pur i ty ckbrtie 6 Bre” of’ mL dghﬁglfa”ﬁ“g foxie N-

pol ymer of hi i ng to anyo
cont ai ni ng tb@@llgpﬂacrﬂam;dewmm dmmm(n‘tﬂ?}ssltﬁianmm s less than

0.001% ¢ gh urity .accordi an e of clains 1
and 2, cont ai r?lol?rppm%o%cgr%ﬂg 6%‘?°Bﬁﬁfa Hea @g ("%}eﬁﬁg@t 1¢ reighbptics of the
| ess than O. ﬁ&iﬁﬁelﬁNmmmﬁnm@@ﬂfgdbﬂaeﬂv@eﬁm6@f353| ains 1 and 2,

wher ei n,t he rati o noners, NIPAM VP is in the range-
of betwben 5)@% Ba%sfdl%to ci,m,{” berginehe Weightiatinef the monamers NIPAM: VP is

whe2®in t he 1Midl’aﬁgercﬁttbeewge‘n gghggfm@oggrs NI PAM VP is 20in the range
of bet V\§en 58: 32 to 62;
A polymer acc01d1ng to anyone of claims! and 2, wherein the weight ratio of monomers,

(NIPAM + VP): MPEG is in the range of between 90: 10 to 95: 5.

9. A polymer according to claim 8, wherein the weight ratio of monomers, (NIPAM + VP):
MPEG is in the range of between 80:20 to 95:3.

25 10. A polymer according to 'anyone of claims! and 2, having peaks of § at 174, 76.6-77.6,
70.6,41.6,31.8 , and 22.6 in their *C NMR spectrum.
11. A polymer according to anyone of claimsl and 2, having peaks of 8 at 1.14, 1.45, 1.63,
1.99,2.36, 3.0, 3.23, 3.62-3.66, 3.72, and 3.97 in their "H NMR spectrum.



8. A polynmer according to anyone of clainsl and 2, wherein the weight
ratio of nonomers, (NIPAM+ VP): MPEGis in the range of between 90:
lo to 95: wo2007/0M4p0] ymer according to claim8, wherei pctrhR200800950:
rati o of nononers, (NNIPAM+ VP): MPEGis in the range of between
80:20 to 95:5. 2510. A pol ymer accordi ng o anyone of clains 1 and 2,
havi ng peaks of 5 at 174, 76.6-77.6, 70.6, 41.6, 31.8 , and 22.6 in
their 13C NVWR spectrum 11. A polyner according to anyone of cl ainsl
and 2, having peaks of 8 at 1.14, 1.45, 1.63, 1.99, 2.36, 3.0, 3.23,
3. 62- 3. 68, 3%7291%%%39191?11@ i anierter of pinVRaRdh@chaving frequency of values om™ at as
2007/ 074476P AZ&O a . dj n of
cl ai msl and g,}é(ﬁaw ﬁgé?ér)g%%g%%@% %%7\’/2?638%}/@7%?%2 Igg%%ﬁg%@xaﬂ&
2972- 2938, 13MBlym&Gzcordidg g argooe Acldmall 281 2, hatihg strudiike bRfosmpelat(Hum
13. A polyner according to anyone of clainmsl and 2, having structure
of formula (1), 5 HCl14 1-12--C H2TOH 0 0 H3CCH3 - CH2CHI OH -Cczs". .
-"C 3NH . H20HC -H2C -CH -CH2 CH 0-1 NH
/CH 2 0-NH, H2C HCN2CC H20- )

Hé—[l!ij

C—CHj CHz~CH,{OH HO-E-IZC—CI-II} E:HZ-CHE'J-OH
0-CHEHAH O \l/ @o HO-CHEHS
I T
AN HC——HC—H,6——CH—CH,y—CH
Q== NQ
CH, (1)

0= NH.

H
N\/W\/\N\/\_HZC_____HQ H,C G —Hy0 s e M NN
H

NH N

O-CHEHPH-O (_7=O“HO“CH2€H29

0 0 CH Oﬂo
> ¢ o Ly
Ho-f20—CH Bz chzoH HO-fi,C—CHg| PH,-CHZOH

4. A iaolymer according to anyone of claims] and 2, which is biocompatible.
10 15. A polymer according to anyone of claims] and 2, which is non-biodegradable.

16. A polymer according to anyone of claims land 2, which is non-foxic.

I17. A polymer according to anyone of claims land 2, having a Ty, (K10) value of 0.152 =

0.018 hours.

18. A polymer according to anyone of claims land 2, having Ty, () value of 0.065 + 0.014
15 hours, '

19. A polymer according to anyone of claims land 2, having a Ty, (B) value of 0.448 + 0.0157

hours.



C H3CH3 14. A pol ynmer according to anyone of clainsl and 2, which is
bi oconpati bl e. 10 15. A pol yner according to anyone of clainsl and 2,
which is neo-démdegs adabl e. 16. A pol ymer accordi ng to mmymmse/0foso4
clainms land 2, which is non-toxic. 17. A polyner according to anyone
of claims land 2, having a T y2 (1(10) ¥%alue of 0.152 0.018 hours.
18. A polymer according to anyone of clains |and 2, having T1,2 (a)-
val ue of 0.065 0.014 15hours. 19. A polyner accordi ng to anyone of
clainms land 2, having a T1,2 (13) value of 0.448 0.0157 hours. WD.
2007/ 0742076P@ﬂ'1palbd21©ﬁ)6¢®®cﬁ5@#0 857026 of Alaped Yandr 2, deeing di G tveluamy $A&6af 5.11
clainms | and 2 ving a C. value of 82.96 5.11 Real 21. A polyner
accordi ng t o Mone of claims Iand 2, having an Area Under the Curve

(AUC) vaine o alﬁnalgaccai tb(ékiy'(ﬁle)bfﬂlagﬁsmandé Berinfy ﬁDAbéHand&Ctﬁ@ CeiRgATUC)

t o. anyone of c ains land 2, having a Cearance Tine (CL) val ue of
54, 67 4.86 ryaluepht8.2%% 1.6% meéccor ding to anyone of clains |and

2, hayi a F,Iggls I

A pol yrrengrjz acc%?@ ng %cgggaﬁ?fo%e mﬁé?ﬂﬁdrp %‘ ‘Qﬁé\gn%rl]%a%&%gﬂﬂ %@)‘%ﬂm{f
Di stributi on 546derd.a®@s1/bady State (\/) value of 25.43 5.2 nl/hr. 25.

A pol yner, accor t o anyone of cl.aims Jlm te
oo e ARl §@eRie i T fone G s (%2, Byl Mo RsSipmy e MRD)
anyone of cl aigfE oto. 435ar@d1321§,mvm| ch is predomnantly elimnated from
urine and faeces. 15 27. A polyner according to anyone of clains 1, 2

and 25, Hbouth BAYRET asgerding fosawionaoh sleaes 306, heving aBolymgidistsibytion Under
dosi fig. Steady State (Vi) value of 25.43 + 5.2 m/hr.

25. A polymer according to anyone of claims land 2, which is eliminated from uarine fa;:ces,
tissues, and rinse.
26. A polymer according to anyone of claims 1, 2 and 25, which is predominantly eliminated
from urine and faeces.
15 27. A polymer according to anyone of claims 1, 2 and 25, about 67% of which is eliminated
from urine 48 hours post dosing.
28. A polymer according to anyone of claims 1, 2 and 25, about 17% of which is eliminated
from faeces 48 hours post dosing.
29. A polymer according to anyone of claims 1, 2 and 25, about 84% of which is eliminated
20 from wrine, faeces, tissues and rinse, 48 hours post dosing. |
30. A polymer according to anyone of claims land 2, which does not cause any local toxicity
at the site of administration, 48 hours post subcutaneous adminstration of an aqueous
solution of the said polymer in a rabbit ear.
31. A polymer according to anyone of claims tand 2, which does not cause any local toxicity
25 at the site of administration, 24 hours post intravenous adminstration of an aqueous
solution of the said polyﬁer in a rabbit ear vein.
32. A polymer accordiﬁg to anyone of claims land 2, which does not cause any general
toxicity, when administrated through an intravenous bolar route to Wistar rats up to five

consecutive days at a dose of between 400 mg/kg to 800 mg/kg.



28. A polymer according to anyone of clains 1, 2 and 25, about 17% of
which is elimnated fromfaeces 48 hours post dosing. 29. A pol yner
accordi ng weo 28010008 of clainms 1, 2 and 25, about 84% ofpcthiN®is/608504

el imnated 20fromurine, faeces, tissues and rinse, 48 hours post
dosing. 30. A polynmer according to anyo¥e of clains |and 2, which

does not cause any local toxicity at the site of adm ni stratl on, 48
hours post subcut aneous adnai nstration of an aqueous sol ution of t he
said polynmer in a rabbit ear. 31. A polyner according to anyone of

cl ai ns Pand @ palimeracerdingniot anyonssel deiyis| leodR, whichaloes neit capbrearyi fignifidant
adm ni strati I eno tration of .an e

sol ution of ?%énagog? %t%ﬁgﬁwﬂﬁﬂgﬁﬁﬁﬁ ﬂeaet%rgﬂ%ﬂéi&ni;ﬁ%lr 3FOK %‘8 @"{o Wistar
accordi ng 't OIWQ@VQtOmﬂeaJWS dlarmd aZpsandfibetween ¢80 mgﬂcgcaemem@mg

gener al sk oxi Gi tiys d ted .t hrough an intravengus r.
rout e tc?)’BrW stgai C]a\t,\fs;ig%}m% g?) IPm e COBRLURE ?v FafOngPeye Fges ecf? fiean1-
400 Ayl kg toVsﬁ@ynghﬁ@,le (VB a8 Y}ﬁﬁﬁﬁé IINROQG), (A 3 06 Mdbic Anhydride .

By Svoni 11 oan ReRRBY ogved) CbRbLT ey sl il v iFheRr o degemice

an mtraveno(MBh;nl ar route to Wstar rats up to fi ve consecuti ve days
at a do bat / kg to 80Q ng/ 34. A [14q- | abelled

pol ymarggo £ E (‘r(jg éh?’ar]é YIREh GPHBRTRE i tg’?e Bepareri vpith ngelected from 1-
ovinyl pyr 1 ol Viighigoditne (V) SQfIssRgyRer Al N@QIP@N/LF es® 8t RALEL aftlvaride

C anhydr| d 1a @WPOI eth ene 8 ycol Cross-
k/bt hyl en#dp §Y§ renglaee ) 3‘8055;£1ﬂ1e44@h Né‘ﬁé\mtbﬂelmolb;mecrylamlde
corrprl sing ofvtARy.ee nononeri c uni ts selected from 1-
Vi nyl pyrrolidope %VP N- I sopropyl acryl am de (NI PAM, and ester of
Mal ei ¢ ahhyofil %@I & pelyyper hf/ln@mgngwmrdnqgwaa@qmmfamk Bhewt 34, twiherein

e - ot hy! GE wBighs ARGk A S e 201 vB (e L BRYSA BOLYARL, O 55,

hi gh purity according to anyone o al 1s

wei ght rat i candfthgigtio pbmonenes, (NIRAM - VP): MPEG 1st1heherlaﬂmf®fet\mﬁ VEE to 95:

55:22 to 65:535, and the ratio of nononmers, (NIPAM+ VP): MPEGis in

t he range of betvveen 90: 10 to 95: 155. 37. A [14C]- | abelled polymer

01;1 hi gh3’ﬁur iAy élﬁ:—clabd}]edg)dmnamfdﬂgh ofirity! RbTEIng4o0 ﬁ§%ﬁ16f S8t @f 8isMnd 38

the weight r t NI PAM Is I n the rang

bet ween 58: "?ﬁe %E’Zwelgg ﬁ%ggglﬁén%’f”?@ 5%43‘%8&1?%‘“ Rﬂ*IiEAIVIfbeWP?ﬁ 58: 32

MPEG i's in tthe2r28)gad die fadbWeabnBRerOMNIPARD+S/P): MPEG is in the range of between
80:20 to 95:5.

=

20 38. A process for preparation of a polymer of high purity and substantially free of respective
toxic monomeric contaminants and containing respective toxic monomeric contaminants
in amounts less than 0.001%, according to claims 1 and 2 comprising the steps of:

1) Dissolving appropriate quantities of the three monomers, NIPAM, VP and MPEG
in water; '

25 ii) Adding in succession to the solution of step i), appropriate quantities of a cross-

linking agent and an activator;

iii)  Bubbling an inert gas into the solution of step if) for a period of between 30 to 60

minutes;



20 38. A process for preparation of a pdlynmer of high purity and
substantially free of respective toxic nononeric contam nants and

cont ai ni ngwoasaci4rwe t oxi C nononeri c contam nants i n @OTUNIB6AHBSE
than 0.001% according to clains 1 andﬂ?_ conprising the steps of:

i )Di ssol ving appropriate quantities of“the three nononers, N PAM VP
and-MPEG in water; 25ii)Adding in succession to the solution of step
i), appropriate quantities of a cross- |inking agent and an

activator; iili [ i i i

for a peri o:';l‘lf)lm2 Bé@&ﬁ[ég% aggfolt?ggetﬁu?%%%?ﬁﬁ}? tf)a"’%i{;ﬁe??rsa(’)lld%tﬂo 3’%&{2& i Bicabok to the

2007/ 074476PCT/||§@@9@{9@S%94);57 iv) Adding an approprthte quantity of

an activator and a polynerization initiator to the solution of 0
iv): v) Pol yheri Palymsnizeiontadgheswiuiionsf sigp 1@t g trpyeratyte of W@Y?ﬁ%?i‘gf"e‘”

of between 25 C @f'azﬁh&? B8 £100f h@s;i nert gas for 3
to 6 hours; 5vi) dﬁﬁ%gta}gﬁ%%tg e s rave V) 1

olution of step égr to fiItra_tié:)%
t hr qugh pr e-&} er iSubjeaiihgf hetsotutioarnd el Vieta filigtion dhrppgh prgrsierilized filters and
Subj ecting the filtrate.of..step vi) to diafiltation and 60ll ecting
the filtrate; vi i°P§1°°§B%fh8nf% %‘g@f subj ecting the filtrate of step vii)
to an additivanal Sabieptixfthefilifatd dfistpivdrio drdilteasion end poilgcingihe {ijtatet e

and 10i x) Opti.qnal | y. subj eet | he.filtr vid didaibss
| yophi | i zat i ﬁ téﬂ%]ﬂflégjns%ﬁlc{}%% i tiﬂf%a 0[%% e‘ﬁ{)gﬁ%ﬁﬁg}i%ﬂg Eill%%elp ) MS%%% o
process accor di NGm GoltdcangmhdGitraienéi n the ratio of the nononers,
NlPAM VP is in-the r e of .between 55:.22 t0..65: .. 1d.: ' .
ratt® of noridher th’e&g[g%wb#e"%g %hel\@%@teiog SR YRS r"é‘ﬁé‘é’ lg%%%ag\%ﬂe\ﬁd gig%’m *
10 to 95: 5. 15 4%@@5@9@&&r@$ﬂﬁrlﬂlm;to claim 38, wherein the

wei ght ratio of t

e mononers, NLPAM VP is in the range of ween .
58: 32 3D 624 PpBesSASEPriig 1@ alfing 3 S ieER Higreio ¢ Wﬁ?ﬁﬁ?ﬁ“’%? in e
the range of et YeehBl: 202 & 85: 55, Ad i RERECRE0ATARGbRgS, (NTRAMI MVP):
38, wherein t cross-linlcing agent is a bi-functional vinyl
derivative. BBESJs i the vings of betwerndiOndl 107 Pai m 41, wherein the

bi - flé’ nc%_onaA p\fn')c@é@ acgglrdin\éacg ic}éﬁni?:%, Podiin the weight ratio of the monomers, NIPAM: VP
is in the range of between 58: 32 to 62: 28, and the ratio of monomers, (NIPAM + VP);
MPEG is in the range of between 80:20 to 95:5.
41. A process according to claim 38, wherein the cros.s-linldng agent is a bi-functional vinyl
derivative.
20 42. A process according to claim 41, wherein the bi-functional vinyll derivative_ is N,N'-
methylene bis acrylamide.
43. A process according to claim 38, wherein the cross-linking agent is employed in quantities
in the range of between 1.3 to 1.5 % w/w of the total monomer content.
44, A process according to claim 43, wherein the cross-linking agent is employed in quantities |
25 in the range of between 1.35 to 1.4 % w/w of the total monomer content.
45. A process according to claim 38, wherein the activator is selected from any one of
Tetramethylethylene diamine or Ferrous Ammonium Sulphate, or a combination of both.
46. A process according to claim 38, wherein the activator is employed in quantities in the

range of between 15 to 18 % w/w of the total monomer content.

—_



met hyl ene bis acrylam de. 43. A process according to claim 38,
wherein the cross-linking agent is enployed in quantities in the
range of bebweenw7ds@ to 1.5 % w w of the total nononer peankentoondd. A
process according to claim43, wherein_jthe cross-|linking agent is

enpl oyed 'in quantities 25in the range between 1.35 to 1.4 % w w of
the total nonomer content. 45. A process according to claim 38,
wherein the activator is selected fromany one of Tetranethyl ethyl ene

di am ne _or Ferrous i um Sul phate, or _a co |nat|o
process?/ acc&faﬁoﬁ@gstﬂﬁ%gﬁ?g ‘mp eFarr e 452y Qfdfgfnpp@e%rﬂ)ﬂ'd%‘&eﬁﬁl@e

quanti ties ijhokRendaBaci Pl 1505, URR1E 45 th18] AactaoMcunelr. t he t ot al

nononmer cont ent WO 2007/ 074476PCT/ | N2006/ 000504 58 47. A.praocess

accor di4fg t & plos¢shageprding de elaim e Waerein ihe gplymerizsiop dyigator js at least one or
quantities iyt h?&ﬂ%&&gﬁo 6148 QB gaéuﬂdg %ﬁh%‘%ﬂy?%mtogﬁet Biibyl peroxide,
mononer content Bess accof di ng to claim 38, wherein The

pol yarer i zat |dm¢e’whp¢rmaﬂardmlkylaierdxe®s,ttemaef outylmsraxidecnd dersiaryt Whpem?ﬂde or

er oxi de co n be t?%hnﬁlgl
gl acetyl peggc%téde FSPD%? per oxﬁ%&g 8?ﬂegﬁz R%&XA SJI;Egpe oxl| ér{gN) o

tertiary anyhormncom]debascd rpot}nndrleatbms G’dtIEpQﬂSyﬂ:Bhl @atAln@momumt patigulphate or
such as 2, 21-Azahis isobu yronltrlle (ADEN) or inerganic'salt based
pol ymeri zat |‘1383f]|1 P?ﬁu?’lpﬁsgﬁj 4Such as Anmoni um per di sul Phat e or Anunoni um
persul pitat e.A $foceds CORRHS taclabn diSngHei e poldBerimtion anitiatohds Ammonjum .
pol yperi zatio itiatqr is Ammoni 10per di sul phate or Ammoni um

perSul phat e P® “Pkaﬁﬁ@béé%%O%‘B&FﬁPﬁgatﬁo claim 38, wherein the

pol yner4gzat lﬁolﬁldcasst dRbRlingd & €8 QBedfhbx@nﬂﬂlarﬁdlﬁm@fzaﬂldh i1ﬁ@td§raiag£n1ﬂéyed in
between 20 to 30 %w w of the total nonoper c rocess

accor.di ng t Susttitierinshe ragge PebeiwedetOie Pl me v 8??’18 Fpt?lﬁmoa}ea F‘P tent.
enpl oyed i n Quanbidt 4@8idh ioh@lafn@ g evvﬁéref?@ﬂﬂéﬁﬁilbnﬁ&;zﬁﬁ’or? miltaoy W @hplda in

total nononer “content. I% process according to claim 38, wherein
the inert gawantiieaingbprasee ﬁf‘?%@@rﬁ 1535 YaWpY 95 BS SotaldenoieR LIS C| ai m

ot Sposg %e'en O&gx% Eﬁ?c%u lygolsﬁziﬁﬂhjs Mﬁf%%é in'mzt%gs i's@lg%h%?m‘@og&r? a

one nenbr ane capsul e filters having
a pore #H.ze A)]pro@eﬁ @midIRgZP 2&11111153!& Whemroﬂl@sse—a‘@nbzedlﬁigl wbligddaip piepsy) is a

5 prof | st G EPLERSI ROl bt T 1Tt ARGt inge B st os

pol ynmer obt akaedusy the process of claim 38 cont ai ning toxic

1- Vi nyl pyrrolidone (VP). | ess than 0, 001% 56 ol ymer aobt d b .
t he pro‘%ss%fvwﬁs&.aﬁ?@ ing & Flai 1B EERI RLa 5%5 Bar |“é‘ﬁ%%ﬁ*§m steps vi)
(NIRAM) | €S ayisQ 1901k MEDBRAABOh HEtRee SR N!akethe process of
claim 38, having peaks of . 6-77. 70. 6, 41.6,

and 22.%-in A P@Y@S@W%bﬁﬂl@rﬂﬁ?ﬁe%@ %%W%ﬁé‘?’ﬂ%é \BwlPYféohd‘me VP) .

pr ocess of gésggﬁgn Qéaw ng peaks of 8 at 1.14, 1.45, 1.63, 1.99,

.36, 3.0, 366 3.72, and 3.97 in itsNVR s%ectrum .
56. A polymel obtamed by the process of claim 38, containing toxic N-Isopropylacrylamide

(NIPAM) less than 0.001%.
25 57. A polymer obtained by the process of claim 38, having peaks of. _Blat 174, 76.6-77.6, 70.6,
41.6,31.8, and 22.6 in its C NMR spectrum.
58. A polymer obtained by the process of claim 38, having peaks of 5 at 1.14, 1.45, 1.63, 1.99,
2.36, 3.0, 3.23, 3.62-3.66, 3.72, and 3.97 in its "H NMR spectrum.

—




WO 2007/ 074476PCT/ 1 N2006/ 000504 59 59. A polymer obtained by the
process of claim 38, having frequency of values cmat as 3500, 3296,
2972- 2933, wdodG74387, 1367, and 1172-1129 in its FT-| Rcspembéannsos60.
A pol yner obtai ned by the process of claim38, having structure of
formula (1), uO{rl1l2c-CigH2-0H40H O O H3c."..,,yCH3 -CHp-i pl-4-
7-NHr H2C -HC -H20 -CH-CH2 CF1 ONH /CH2 C HiRCG-C 0 -1-10-CFWP
O\r 0 0 1 HO-D2C-d q pnRicHicH 61. A polyner obtained by the process

of clain,38, ,which is hio atibl e, 10bi odegr.adabl e and
non- tox% 62 PR %Pedggi’n'gl?en%‘ﬂ‘:%?/ Ogﬁg‘“‘ﬁﬁ’@c sdng freqyereyrrb galupagingt as
a T112 (KlO) 3508| 36009703533, 1%0ﬂ3%7hmmsanda1ﬂ59211f29}nf{saﬁﬁﬁa%ec{%mQ% |

) .val ue of 0.448 0.0157 hours; a C5,," value

0.014 h

of 82.9 5 éfohéyﬂlegpf%@méhymo qunﬁéfﬁ@ﬁrw eAgigye affpuelof), 18 29
1.62 hours x 1.tg/nl; a Clearance Tinme.(CL) value of 54.67 4.86

m /hr; a Mean Residence 15Tinme (MRT) value of 0.465 0.13 hours; and
a VoPume Distribution Under St eady State

HO-H2C—CHy| PHp-CHZLOH Ho—i}izc—CH} ﬁHz-CH.‘,}OH
0 0 ' 5
o O 0
O-CHEHOH -o\\\C O:o— HO-CHEHH
/\_/\/\/\NW\/\__HZC HC-—*H;C—"CH—'CHg—CH“—““_—’WV\NM
O=—= NH
CHj (1)
o= NH
H I
NN HL,C ——HE H,C C—H,C c B VW
| H |
NH N
O-CHEHLH-© /L £7=0-—-HO—CH2€H29
0 O CH OJ\/:O
2 9 T 2 g
HO 1,6 —CH] EHa CHFOH HO-12C—CHy] BHz CHIOH

6l. A polymer obtained by the process of claim 38, which is biocompatible, non-
10 biodegradable and non-toxic.

62. A polymer obtained by the process of claim 38, having a T1;, (K1 0) value 0of 0.152 £ 0.018
hours; a Ty (@) value of 0.065 + 0.014 hours; a Ty (B) value of 0.448 + 0.0157 hours; a
Crex value of 82.96 + 5.11 pg/ml; an Area Under the Curve (AUC) value of 1829 £ 1.62
hours ¥ ug/ml; a Clearance Time (CL) value of 54.67 + 4.86 ml/hr; a Mean Residence

15 Time (MRT) value of 0.465 + 0.13 hours; and a Volume Distribution Under Steady State
(Vso) value of 25.43 + 5.2 mi/hr.



(Vss) value of 25.43 5.2 m/hr. W) 2007/074476PCT/ | N2006/ 000504 60

A pol yner obtained by the process of claim38, about 84% of which is

el i m nat edwbroswoasszeie, faeces, tissues and rinse 48 howca/IRawE/000504

dosi ng. A pol yner obtained by the process of claim38, which does not
cause any local toxicity at the site of-"adm ni stration, 48 hours post
subcut aneous adm nstration of an aqueous solution of the said polyner
in a rabbit ear or 24 hours post intravenous adm nstrati On of an
aqueous sol ution of the said polynmer in a rabbit ear vein, A polyner
obt ai ned> by (HRPERE RNt DX i soses odliian’t dbentidfs obubih dngliginied drom

toxicity or Ga)eedsOgisea anli@MkEts NourhRNIAGY Ni strated through an
route to Wstar rats up to five consecutive days at

i nt raveggus hol gm _ . _

a dose Of be 00 HgAIby thorRoss phelkig 16, kitichodnep nptsianty dualocal ipiciity at
contai ni ng aike0ditdt bORIRHiRKRGOT 4 hﬂ@[rsidstsg{l%l?%aﬁ %{su&lr&P HRIR UG, bbeBus
wat er-m sci bl e solvent or m xtures thereof an f anot her vi al

' confai ni ng Pk aLitensaid pelymer imrerabbit earrmy @cioufs moistinteveboanain@nstafion of
hi gh purity i . f [ i ¢.containinants and

phar maceut i C%&u@%?&%@ g%?%eﬁ%ﬁ%?g?léﬁie%g%\r}gge%%aﬁ“?‘é) and (b) are

provi de5i n 4 poliey obfaitied bylemprocesd of dait 38 vhlish doeb beEauSLiny @BhdRalft@icity

prepar ation utical co sition,of the said poorl
wat er - sol ubl glfl rll}%goéi‘%%{&ggc%%i%d‘gﬁ?ngg‘ﬁ]&lﬁf ﬁ?gi%@fl &l Fﬁpefl?)‘f's folar route to
adm ni str at | Bhstargatpap iefivescansecndedddyl er edise of Jdt@edal 400 £ 900 ni k.

cl aiin 66, whey, ejl. oor.l. ter-sol ubl.e dru or conpounds have
sol E@l I ??y i%elflivgf glfnp%?ﬁ(g sat‘ﬂénc“fg“‘“?@g 5 ?ﬁuﬁﬂﬁ‘eoﬂgﬁtpoﬁﬁléfo‘fﬁﬁhﬁ’h’fb@ drug or
claim 66 whetoripoupdrd watédin@eibilotlehordhiNer R h&GTRAY 5 anbferS 81 @648 ing 2
fromthe class of antigcancer agents, anti-inflamuatory agents

; ] , ts,
anti - f ungal BJENEL! 2RRDFEHBE Fo@ne ghelrRypermddhsf bigh aydimand sybstantially free of
hor nones, st@abginttgic BifamiaAts £ phanRestdigly sReRhnik @E&i?@ﬁ@,%e%iﬁ fga? ;and (b)

The kit according,to . claim68 wherelin anti'‘cancer agents are se

from Pacl i t 2XBPOVISSE dt axalic ohbriwenmhkirl el at®ly veluameswebleat pregmsation of a
| ripotecan, SRRLEGRAI caRfoRENELr il al; Gﬁg% Nes LLVatives: i
Doxor ubi ci n,ﬂDaunQ ci rc; g?\d rel 5t quzkﬁﬂjﬁra ycﬁ%%gﬂggﬁﬁ% io\fecsc’;mpojLlnds n
Ci spl atin; earragicatefors et adoninisirativnlty paentsriy oéad;thdvedfhot r exat e;

Et oposi gle; Bepuliny . its derd vatives: an el ol act one an
its derivatives. %hgor@%q%%%g? o8 Vggermg.}b‘ée\fﬂmgs o’ Sompornds Rave
ant i -i nf | anrpalubilyy mgeaitrofaese theel 1€angial.f r om | ndonet haci n, | bupr of en,

Ket opr ofg£n, Lprofen,. Pjroxicam .Tenoxicam an roxen. WO

2007/ m%mpﬁﬁ%?k&ﬁﬁﬁﬂ” 8 §!ﬂm§f "a’f% S A1 E’i Waf%%’g’rbgﬁ #?35 PocEpRgAg dRselected
whelei n ant ifrdwngel clage of sndicahcee lagaits darfti- Rakelafe P r%g%ﬁﬂs,&anti-fungal agents,
and.Arrphoter|§| n B 72. The kit according to claim6& wherein sex
hor mones ar EPHEPESE Iy RATCREEE 38405 Sfve honmemes gtsioidpranibistien; emrsstheting or
Estradi ol . SmfRndhedlitbrsaccording to claim 68 wherein steroids are
selected fr Dexamet hasone, Predni sol one, and Triancti nol one. 74. The
kit acchdi ndietgt Brardins e Glaem i8nwhereintapseancesgents agentestedrfom Paclitaxel,
sel ected fr gypcGapt ORd diherRRILk A 4 . I Xhed] and
Parazosin. 75. The kit accor deitan%iatng i dringlecit Irl;gféér?%ﬁmé’rr@}dl QPher gpigted
sel%ct ed fr Gifpiibasiet desivetives; 1DGk@mbisies r BaunotfcinThenki telaat oAdihnGydlde

cl aim 68 wh I antAd:bliat . .Se ted from.Metronidazole, and |
Fusi di ¢ aci géﬁwvgg?’hdel%i&ﬁ’ gxcagp %Frrlfg%? guoﬁquéarc& g)é‘ W@?Deilﬁe otrexate; BtoPome;
i nnmronodul Bepiisicaca adlisdbhtiveg mdpelashonhagid anirHBipheny!

di rnet hyl digarhboxylic acid., 1578. The kit according to claim68
wher ei nhf}éanatt-;g1 r%%fiag%or@?% Qg é’% WE%WHPFIHBH%SF’TMNW Beang e selected from

Indomethacin, Ibuprofen, Ketoprofen, Flubiprofen, Piroxicam, Tenoxicam, and Naproxen.




and Hexobarbital. 79.The kit according to claim®68 wherein the
Betulinic acid derivatives are selected from MJ- 1098 of fornmula

(I'1), DRF-woXiimf4drormula (111), and DRF-4015 of for nulpeT{iNins/00d80425
WO 2007/ 074476PCT/ 1 N2006/ 000504 62 0 (rrr) 5 80. The kit
according to claim66 wherein the water=m scible solvent, is selected
from et hanol, dinmethyl formam de, dinethyl acetam de, dienthyl

sul foxi de, diethyl sulfoxide; polyethylene glycols of various

nol ecul ar, wei ght s; polyprogéjene ycol s, of various nol ecul ar

! :
vei ght s; "lpol ydEiEZceordng to il 68 BReEipent-1ugs) agsrt #yseleeed Fegek pgonazole,
oi |, 10pol yethgxulabedcgastor oil or glycerine and m xtures thereof.

81. The kit according to claim66 wherein the pharmaceutically
accept abiZe exXéi piteacording tos elaie t68dwhetein se8dioumPeRs Bty chigttad dionpillegosterone,

salts, polys : ﬂb‘%‘ , pol yoxyet hyl at ed veget abl e
oil; polyet h%%?éiﬁ’e%%g%%%%%é%ﬁ ; ggﬁ?isacchari des |ike dextrose,

sucr dse, 73 actlbs kit apchrdmpriot daim SBr bihtmm etstoadss awr sdgrdats fiofn eximefbasone,
grades, nyrj i otr pol oxoners of various grades '
and m xtures %#ggkg%@@%g%ﬁ%%A?GPCT/ | N2006/ 000504 63 82. The kit

accor di rigt. t o Tk itmr@idinger daim éhrehqhiarantiogatiensaielagerncoe stladieeirom Captopril,
RSHGAERE T TN AN T A
75.  The kit according to claim 68 wherein antiemetics are selected from Ondansetron and
10 Granisetron. A
76.  The kit according to claim 68 wherein antibiotics are sélected from. Metronidazole, and
Fusidic acid. _
77.  The kit according to claim 68 wherein immunomodulators are selected from Cyclosporine;
and Biphenyl dimethyl dicarboxylic acid.
15 78 The kit according to claim 68 wherein anaesthetics are selected from Propolol, Alfaxalone,
and Hexobarbital. '
79.  The kit according to claim 68 wherein the Betulinic acid derivatives are selected from MJ-
1098 of formula (II), DRF-4012 of formula (IIT), and DRF-4015 of formula (IV).
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84. The kit according to claim®66 optionally conprising a diluting
fluid, and a syringe and a 5 needle having an internal dianeter in
the range wb 27308740 0.356 mm if a small vol une, say PCTAENTOG/EsUthe
contents of vial a) are to be added to out 35 times its vol une
conprising the contents of vial b) in tHe diluting fluid or a syringe
and a.needl e having an internal diameter in the range of 0.559 to
0.711 mm if a larger volune, say 10-15 m of the contents of vial a)
are to be added to about 35 tinmes its.volume conprising the contents
10of vial b) inthe diluting fluid. 85. A pharmaceutical conposition
in nanoparticulate form conprising a. poorly water-soluble drug or
conpound, a water-m scible sqglvent, a polyner according to anyone of
claims 1 and 2, and pharma -:tlcally accept abl e excipients, jall of
which are contained in a d|Iu g fluid, suitable for adnln,Eration
to patients in need ther 3 pharnaceutlcal conmposT t i"pn '
according to claim85 ,

those as given in pre
conposition accordi
accept abl.-e exdprenty
81-83. 88. A Pharnmate

conposition accord sLatm 85 wherein
t he wat er - m=s8j bl e sol vents 20are those as gi wen ¥h YWhe precedi ng
cl ai m 80. phar maceytyi cal conposition according to ¢ligj m 85
wherein the uting f|UId is selected fromwater, saline, dextrose

5% and 10%.sol'uti ons, dextrose and sodlunlchlorlde sol ution, sodi um

| actate solution, |actated Ri nger solution, nmannitol solution, :
mannitol wi th dextrose or sodium chloride [folution, R nger's

solution, sodiumchloride solution, sterit€ 25water for injection and
nmul tiple el ectrolyte solutions conprising vg nq*conbinations of

el ectrol ytes, dextrose, fructose and iATe gary 9 A
pharmaceuti cal conpositiop o108 erat the poorly
wat er - sol ubl e drug or conpoup bPEY thin the polyneric

shell in nanoparticul ate forix / 074476PCT/IN2006/000504 64

91. A pharnaceutlcal conp05|tfoqy. ording to claim90 wherein the
particle size of the nanoparficulate formis in the range of between
30 to 150 nm 92. A pharmaceutical congmsjition according to claim 85,
wher®in the polyner utilized therein is of high purity; having

struct us® offhé Ritavdoadifig )o claianEaivhéBE HDVRRRRiGH s ARg: M E’e%é\éltédfhom ethanol,
amounts | ess_.th n 0 001% . hayi ng peaks of 8 at 174, 76.6 6,
41.6, 31.8 ,SmRGYh fogmapide; (Jimghy We%rwﬂﬁévﬁw@%kéleﬁwl 8své®xzde
1.14, 1.45, gl lehe 98ycds 36.v

its 11-1 Nl\/prs}%glthrquyand ﬁa\?% %glgs ﬁlrozegﬁlg'ﬁc 31?5 &% btrl[;iz 1glg%§%g)¥ \)aﬂous
3500, 3296, DYoUsrgwgightss 4wlyserbalp, 8@3e¢1ysq; e 12922190131@@eﬁmlatedsv¢-gﬁab1a oil,
spepg rum  93,14R¢ g to claim 85,
wherein t he?pﬁ ﬁlﬁ%ﬂaﬁ?f&%&lecg%r#gﬁgﬂﬂé% ﬁﬁégr%éfgurl ty; having

struct utle offh¢ &tnwcard(ng) to cleim fHSnwhgcinothe nﬁamacbiﬂz ab&dﬁAMel excipients are

nours; a T3 Banc Pt ariel’ GeBSBonly et 2 Belirbae) sdorabsapae 20

0.448 0. Olfpilytm&m‘thylamd @egeratliaiail; qfoh&ﬂ'xoﬂﬁlatea c&étoﬂhﬁﬁ:lﬂysa@bﬂiaﬁ&@zk@ﬂ@ﬁose
the Curve (AUC e of ,18.29 gz hours x nmg/ ml; a Cl earance Tinme
(CL) val ue Sﬁe B8 PARHPL SEOTAATIRE R Wantel VATRRS guefes) mys| afearious
150f5 0. 465 geacﬂaa dﬁpum@mal@dfaaﬁ@k gﬁaeﬂna&ﬁxkﬁk&lmedéﬂder Steady State
(Vss) value of 25.43 5.2 m/hr. . A pharnmaceutical conposition
according to claim85, having a pH of between 6.0 to 8.5. 95. A
process for preparation of the pharmaceutical conposition of poorly
wat er - sol ubl e drugs or conpounds in nanoparticulate formaccording to
claim 85 conprising the steps of




20 i) Preparation of the drug/conpound concentrate, conprising

di ssolving the poorly water-soluble drug or conmpound in a suitable
wat er - m scwbl2e07a0440€nt , or m xtures thereof; ii)Prepar ®raN2006/00@504
aqueous concentrate of the polymer and . pharnmaceutically acceptable
excipients, conprising the steps of 25&)first addition of the
requi site anmount of the polynmer of fornmula (1), of high purity and
substantiall'y free of nmonomeric contam nants, specially having a

| evel of _tox | PAM nd VP <0,001 %t appr at e ntit f
wat er - f 8- i n#’é“tﬁf B%5oF %’mfgﬁuﬁl 81 whergyy tg?]p A 9Qaliy accep(%éi)? excq}( ents further

2007/ 074476P@Mﬁ;g€@ﬂ§1@9@§@§e@5 b) addi ti on of pharnmaceutically
accept abl e excipients and a buffering agent,to the solution of the

pol yrmer 88:n st aceordingyp glafig 52 w@e@& e Peifering agemips Jodus) oifpeh a
di lutingaflurg 1iPa@8tdif & QR §@5}%Hdn9mr chnt 11 g 4 Hﬂ@c{dgcﬂhz@fané aNORFELand a

having an internal diameter of ween O.
addi £i on of %peéh&a}n@g apanigrnel gipmsier mﬂleﬁfm@ﬁ 0§9é95 it9 0{366 2t lééﬁlatﬂ:l gplume,

of step iii)gy ter %?Bg%he Qénté%}’gg vﬁagaat)'o (pfbeaadﬂ&f(fu %’féfgfﬁ‘vjsnﬂm@@ its volume

i nt er nal dla et ween 91to for a tion of
| ar ger vol uneongfisingghseinganiort Wil bg trethe dﬂuttng ﬂm@ o5 ¢lspingsrandfa ri@@tii@hwmg)an

o P om0 s T bk B Ot Phsd B9 PTL M) A% RlacP LBl s Aol or

sol ution of $ e needl e of I nge
whi ch t he sotha t:omentmbf whlep are)to |bs addtdedalstuaB$ timesris voldinp pedprising the contents

solytion of step,iii); d vii.)Optionally, keeping the container
contféli ni ng t w%@b Hltt%l%ﬂ&%fngﬁ%% iii) in an inverted position during

i nj ecti @n of Atphernsoéutichiofdngiosisibe fh ilE)nopeib:ﬁ&ﬁate Forpt, 06ap3siRL L poctiyngatéresoluble
claim95 wherein the (ginﬁ'rsl%/@water bl e drugs used are, those aﬁfrl
gi ven in pret88iCh§orer topgnisghl ¢ S VEHoR BLNTSE ATPHI T 10 BYETSRP ggs 1

wherein the glgar, Bﬁ@ﬁhﬁrﬂnﬁ@duh&al@%@%ﬁ@% @{c@%&fc@hﬂl&f hithese efnbiliddds @ dating

given in the precedl ng cl ai ns 98. A process according
to claim 95 {Hériieble Fre adminskatiande ptieatsippeiibecat e t hose as given in

20U, PAeC MBS0 coffhuPiassg aCORLAbIB LILR RS Ak
89. drugs are those as given in preceding claims 68-79.

87. A pharmaceutical composition according to claim 85 wherein the pharmaceutically
acceptable excipients are those as given in the preceding claims 81-83.

88. A pharmaceutical composition according to claim 85 wherein the water-miscible solvents

20 are those as given in the _I_JIGCE‘,diIlg claim 80,

89. A pharmaceutical composition according to claim 85 wherein the diluting fluid is selected
from water, saline, dextrose 5% and 10% solutions, dextrose and sodium chioride solution,
sodium lactate solution, lactated Ringer solution, mannitol solution, mannitol with
dextrose or sodium chloride solution, Ringer’s solution, sodlium chloride solution, sterile

25 water for injection and multiple electrolyte solutions comprising varying combinations of
electrolytes, dextrose, fructose and invert sugar.

90. A pharmacentical composition according to claim 85, wherein the poorly water-soluble -

drug or compound is entrapped within the polymeric shell in nanoparticulate form.



100. A process according to claim95 wherein the smaller vol une of
solution, according to step iv), referring to a volune of between 1-5
m of the wohatioor7of step i) of claim95. 25101. A pr oeesaNAmoQ@oshisNg
to claim95 wherein the larger volunme of solution, according to step
v), refening to a volune of between 10-°Z5 m of the solution of step
i) of -claim95 102. A process according to claim95 wherein the
particle sizes of the poorly water-sol uble drugs or corrpounds
entrapped within the polynedc shell in the pharmaceutical ositi

obt ai ne@lar eAi pharhecenigng €omposion geepgbing i clajgp 90 wherein the P Je size of the

20071 074476PCUROARLONOSI, 96, H03mgTioerabiatmreUisheal composi tion

according to ni strat to patients i1 n need thereof
i ntraveBdusl| ¥, phamacmbwmmoneﬁcosilmm%m ppereinothe palmer utilized therein

phar maceutic I 69 Einq?r{ TRAM
utilized ther%el n %ﬂg’%ﬁ#yt }%Q‘Pﬁfpurlhﬁé %%@?ﬁ@s@%ﬁ%g obﬁ’hﬁ‘m% ); o
and eont ai ni agonioRe @Rl 0.0VP4pdily Rakd offd @G itess-Ves s/ dh.603 D&l%ci 22.6
which is safe and,non-toxic for human/ ani nal rafi SN
phar naceut i cHl lt%gr{%MlSB?F%&aHWﬁd’efﬂﬁ A% trrgg"[n ]u%i ﬁ%g gg&ti@é@fﬂaﬁeﬂ
of pat hol ogi §%ﬁ 3%”@*79' Qﬂ% oM &N H REEP EtlrMnV\ﬁqu{aV&@ BB RNEY H092108s cm™

conmpounds of “cl ai s - are c}réabl e of . A nethod of treatnent

of pat hol ogi &a#s %iﬂ@ﬁ%%owzriw?’ﬁu Asi3Ari }%Vsandvﬁﬁéﬁ 129 BB, spectrum.
wat er - sgh ubl rﬁ%&%eﬁfcaf;&ﬂg@éﬂgﬁ aQJorﬁh%?‘ TJE18857 %ﬁl@f efn ﬁ@B@llj}ln%r @lized therein
a nanoparticu

conprising adm nistratio at e’ pharmaceut i cal
conplsi ti on ofofhish peeityd hpGog styuohwe ef fogobla ) econtairgsg mpn@nm\;o\ﬁ?ldlyi HIPAM in

oL BS 0L AELROh Rl AR50 & AHMAREL F95PIL Gb Mfs 2 i (0
value of 0.065 % 0.014 hours; a Ty (B) value of 0.448 £ 0.0157 hours; a Cpax value of
| 82.96 £ 5.11 ng/ml; an Area Under the Curve (AUC) value of 18.29 + 1.62 howrs x pg/ml;
a Clearance Time (CL) value of 54.67 + 4.86 ml/hr; a Mean Residence Time (MRT) value
15 of 0.465 + 0.13 hours; and a Volume Distribution Under Steady State (Vi) value of 25.43
+ 5.2 ml/hr. _
94. A pharmaceutical composition according to claim 85, having a pH of between 6.0 to 8.5.
95. A process for preparation of the pharmaceutical composition of poorly water-soluble drugs
or compounds in nanoparticulate form according to claim 85 comprising the steps of :

20 i) Preparation of the drug/compound concentrate, comprising dissolving the poorly
water-soluble drug or compound in a suitable water-miscible solvent, or mixtures
thereof;

i1) Preparation of an aqueous concentrate of the polymer and pharmacéutically
acceptable excipients, comprising the steps of;

25 a) ﬁrét addition of the requisite amount of the polymer of formula (I), of high

purity and substantially free of monomeric contaminants, specially having a
level of toxic NIPAM and VP <0.001 % to an appropriate quantity of

water-for-injection to obtain a solution;
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b) addition of pharmaceutically acceptable excipients and a buffering agent to
the solution of the polymer in water;

iii)  Mixing the solution of step ii b) with a diluting fluid to get a clear solution;

iv)  Utilization of a needle having an internal diameter of between 0.305 to 0.356 mm,
for addition of a smaller volume of solution of step 1) to the solution of step iii) 4
seconds; or '7 _

V) Utilization of a needle having an internal diameter of between 0.559 to 0.711 mm,
for addition of a larger volume of the solution of step i) to the solution of step iii)
within 10 seconds;

vi)  Injection of the solution of step i) to the solution of step iii), wherein the needle of
the syringe through which the solution of step i) is added shall remain dipped in the
solution of step iii); and

vii)  Optionally, keeping the container containing the solution of step iii) in an nverted
position during injection of the solution of step i).

96. A process according to claim 95 wherein the poorly water-soluble drugs used are those as

given in preceding claims 68-79.

97. A process according to claim 95 wherein the pharmaceutically acceptable excipients used

are those as given in the preceding claims 81-83.

98. A process according to claim 95 wherein the water-miscible solvents are those as given in
 the preceding claim 80.
99. A process according to claim 95 wherein the diluting fluids used are those as given in the

preceding claim 89.

100. A process according to claim 95 wherein the smaller volume of solution, according
to step iv), referring to a volume of between 1-5 ml of the)soluﬁon of step 1) of claim 95.
101. A process according to claim 95 wherein the larger volume of solution, according

to step v), refiarring to a volume of between 10-15 ml of the solution of step i) of claim 95

102. A process according to claim 95 wherein the particle sizes of the poorly water-
soluble drués or compounds entrapped within the polymeric shell in the pharmaceutical

composition obtained are in the range of 30 to 150 nm,
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103. The pharmaceutical composition according to ¢laim95, administrated to patients in
need thereof intravenously, intramuscularly, or subcutaneously., _
104. The pharmaceutical composition according to claim95, wherein the polymer

utilized therein is of high purity; having structure of formula (I); and containing

monomeric VP and NIPAM in amounts less than 0.001%, which is safe and non-toxic for -

human/animal administration.

105. The pharmaceutical composition according to claim95, useful for treatment of
pathological conditions, which the poorly water-soluble drugs or compounds of claims 68-
79 are capable of. - ,

106. A method of tréatment of pathological conditions in humans/animals, which the
poorly water-soluble drugs or compounds of claims 68-79 are capable of, comprising
administration of a nanoparticulate pharmaceutical composition of the said poorly water-
soluble drugs or compounds of claim 85. '

107. A method of according to claim 106, comprising of intravenous, inframuscular, or

subcutaneous injections.



