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“SURFACTANT-COPOLYMER COMPLEXES USEFUL FOR SUSTAINED DRUG
R RELEASE” - o

" FIELD OF INVENTION

The present invention relates to a surfactant-copolymer complex for sustained delivery of
hydrophobic compounds such as antibacterials, ointments, drugs, bioactives, perfumes,'

flavors, pesticides ectc. More particularly, the present invention relates. to surfactant-

‘copolymer complexes which are composed of a nonionic surfactant and a copolymer, poly

- (maleic 'acid—alt'-vinyl methyl ethef)-uséful' as delivery devices that are capable of spatial

localization. Further, the present invention also relates to a process for the preparation of

surfactant-copolymer complex.
BACKGROUND AND PRIOR ART OF THE INVENTION

Large number of methods for combound délivery in a variety of épplicaﬁOns such as bersonal
care, health '& agficultural applications _etc. has been reported. Specifically, in oral care
applications, materials that are targeted at teeth enamel, gums, etc. :in the oral cavity are often’
sub optimally uséd ,abs they get washed out dufing use. Therefore, materials that are able to
cérry a payload of antibacterials, active compounds, etc. and that can specifically target areas

in the oral cavity or in gencral the area of application and deliver the-pelxy'load over a period of

time are of great use..

The use of such delivery methods can significantly bring down the amount of antibacterial,

active corhpoimds, ctc.,which are used in current formulations as the desired or even better

. effects may be achieved in lower amount of required active édmpqund which would be

lpcélized and be released dver a sustained period of time. This would bring down the costs of
the fofmplations especially in oral care products, where the quantum of the active compound
is deliberately kept high considering the 'sub-opﬁmal_ use. Further, by 'cvo'n‘tinuo‘us delivery of

an-optimal dose, dangers associated with abrupt release of a high loading’ of the antibacterial

-compound are eliminated. The inhibiting costs of such compou:flds may also call for new.

methods of delivery.
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To achieve these purposes, Polyelectrolyte-surfactant complexes (PSC's) may be one of the

many options. PSCs are unique materials with the ability to spontaneously self-assemble into

“highly ordered nanostructures. PSCs are typically formed by the complex formation of

polyelectrolytes and/or oppositely charged ionic Surfactants, usually in aqueous solution. -

Macromolecules with hydrophobic groups as side chains have important apphcatlons in many

* industries and medicine, such as in drug dehvery because of their unique assocmtlve behav10r

and special rheological propcmes In addition, these polymers can serve as 51mpl1ﬁed models
of natural polyelectrolytes. The interactions of surfactant and hydrophobically mod1ﬁed.
polymers_ are consi(lcred to be the result of complexes formed between surfactant and
polymer due to clectrostatic and'hydrop‘hobic forces. The presence-.of intramolecular mic’elleé

allows the solubilization. of compounds with normally low water solubility. The solubilized

‘compounds can haye' sizable effects on both intra-and intermolecular interactions.

Extensive-work has been done.in the area to optimize the polymer surfactant complexes for

their maximum utilization.

Strauss et. al. in J .4-}’oly'rn_v. Sci. 1951, 6, 649 have employed the hydrolyzed form of the

regularly alternating copolymers of maléic anhydride and alkyl viny! cthers because of their
aggregation behavior in solution.US 10/512,228 discloses a surfactant comprising a triblock
copolymer including a hydrophilic block, a charged water-soluble block and a hydrophoblc
block for gene therapy applications. '

US‘ 11/998,981 discloses that, by includilxg a suitable polyrher—lnicelle complex in a spih

dope, one can electrospin fibers to include materials that may not otherwise be capable of

 being electrospun into fibers, either in a particular solvent or in any solyent.

US5690911 discloses an aqueous ‘oral composition ‘comprising an effective amount of
halogenated diphenyl ether or phenolic antibacterial compound such as triclosah, a mixture of

an anionic surfactant and non-ionic surfactants at a weight ratio of about 14:1 ‘to about 9:1,

"and anionic polymeric polycarboxylate such as methyl vinyl ether/maleic  anhydride

copolymef, in an orally acceptable vehicle containing less than 60% by weight water. Further,

the anionic surfactant is sodium lauryl sulfate'; and the nonionicsurfactant is selected from
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polyoxyethylencsorhital fatty ester, polyethoxylated glycerol, alkyl glucoside. -

Deo et.al in Langmuir 2005, 21,. 3_950-3956"discloses the study‘of the interactions of a

nonionic surfactant such.as penta-cthylene glycol mono n-dodecyl ether (C1oEQs), with a

hydrophoblcally modiﬁed anionic polymer i.e. poly(maleic acid/octyl vinyl ether)

_(PMAOVE) in aqueous solutrons by 1nvolv1ng measurements of surface tension, v150051ty,

clectron paramagnetic resonance (EPR) l1ght scattermg, and fluorescence.

AN

US2012087962 discloses a personal care article comprising absorbent cellulosic substrate
1mpregnated with an 1mpregnatlon formulatron having activity to de-activate pathogenrc
micro-organisms; the coating comprises an acidic polymer such as Gantrez(TM) S-96 and .
Ganttez(TM) S~97; a surfactant and an vor_ganre' carboxylic acid such as citric acid. Further,.
the surfactant comprises an anionic surfactant or non-ionic surfactant selected from the

Tween(TM) such as Tween 20(TM) or Polysorbate(TM) family Po’lysorbate_ 20(T™M).

‘  The effectiveness - of the antibacterial drugs or bioactive compounds contained in the

materials employed in personal care products or oral care products is dependent upon the

dehvery of antlbactcrrdl or bioactive compounds at the areas of application.

- According to the reported methods, the materials employed in oral care applications that are

targeted at tecth enamel, gums, etc. in the oral ca,vity are often suboptimally used and they get
washed out during its use. Therefore ~such materials carrying or containing antrbactenals
drug or b1oact1ve compounds do not effcctrvely dehver the antlbacterrals, drug or broactrve
compounds specifically at the areas of the apphcatron which leads to the use of excessive .
amounts of active compounds. in the preparation of oral care products or personal ca‘re-_

products.

Therefore, there is ncéd in the art to provide a material which would be able to carry a
payload- of antrbactcruls drugs or broact1ve compounds and specifically target the areas in
the oral cavrty, and also would feasibly deliver the antibacterial, drug.or bioactive compounds _

at the area of application in an efﬁcrent manner.
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To overcome the aforesaid limitations, the present dlscloses a surfactant copolymer complex
for delivery of hydrophobic compounds such as antibacterials, ointments, drugs, bioactives, .
perfumes flavors,. pcst1¢1des etc., with controlled release; and-a viable process for the

preparatlon thercof. Specifically, the present invention shows how careful formulation can be H
used to create a novel structure comprrsmg of hydrophobic compound-loaded non-ionic

micellar structures that, complex with a copolymer The copolymer enables targeting of the

‘complex to specific areas, while the structure of the complex allows for controllable ‘and

sustained release of thc hydrophoblc compound
OBJECTS OF THE INVENTION

Main object of the present invention is to provide a surfactant—copolymer complex which is
used as delivery devices for compounds such as ant1m1crob1als omtments drugs broactlves
perfumes, flavors, pcstrcrdcs etc.

Another ‘object of the present invention is to provide a surfactant-copolymer complex forA :
delivery of hydrophobic compounds in sustdined release. ” |

Y.ct another object of the present\invention is to provide a process for the‘ preparation

surfactant-copolymer complex

Accordingly, . present inverition provides a hydrophobic compound loaded surfactant-

4copolymer complex for delivery of the 'hydrophobic compounds in sustained release

' comprrsmg hydrophoblc compound in the range of 0.1% to 10% (by weight), surfactant in the

range of O 1 to 30% (by weight) and copolymer in the range of 0.1% to 30% (by weight)
remaining being a solvent. The present invention provrdes also a process for the preparat1on
of hydrophobic compound loaded surfactant- copolymer complex comprrsrng the steps of: (a)
drspersmg copolymcr in solvent in the ratio ranging between 1% to 40% to obtain turbrd' :
solution of copolymer; (b) dissolving the hydrophobic compound in surfactant in the ratio'
ranging between 1% to 50% (weight of hydrophobic compound by weight of the surfactant).

at temperature in the range of 10°C to 80°C to olbtai.n hydrophobic compo_und-surfactant
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water to obtain surfactant solution loaded with hydrdphobic éompound; (d) adding surfactant

solution loaded with hydrophobic _compound as obtained in stép (c) to the turbid solution of
copolymer as obtained in- étcp (a) to afford hydrophobic compound loaded surfactant-

copolymer complex.
ABBREVIATIONS
C'12E9: nonaoxyethylcnc-'n-dt')decyl ether

PMAVME: poly(maleic acid-alt-vinyl methyl ether)
SAXS: Small angle X-ray scattering pattern .

| _ PEI polyethylenc imine

SDS: Sodium dodecy! sulfate

' BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts ‘transmlitted intensity for a 1% dispersion of .copolym'er, as é function of
surfactant concentration. ‘ o '

Figure 2 depicts speciﬁc viscosity as a function of PMAVME:CnEg(l:,l) conceﬁfration in
water. ‘ . _
Figure 3 depiéts ab-solufé intensity as a..func't'io‘h of PMAVM’E:Cleg(lzl) concentration,
obtained by subtraéting the water s'cattering intensity from that of vthe complex, and scaling
by the appropriate Réyleigh ratio for a toluene Sfandard. ., .

Figure -4 depicts SAXS from the surfactant-copolymer complex as a function of
concentration. | - ’ ' |
Figure 5 depicts schematic representation of the structure of surfactant-copolymer complex,

with surfactant micelles loaded with hydroph(_)bic compounds decorating the copolymer

chain.

Figure 6 depicts UV-Visible data from a quartz slide containing an adsorbed layer of PEI and
a layer of the cc')mplexA containing pyrene dye. The data represent the UV-Visible as a

function of time when the slide is dipped in watet.
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a layer of the surfactant-copolymer complexl containing pyrene dye. Adsorption of the

- surfactant-comp‘lex containing dye was performed from a 10% SDS solution.

DETAI..YLED DESCRIPTION OF THE INVENTION

While the. invent'ion is susceptible to \}arious modifications and alternative forms, specific
aspect' thereof has been shown by way of examples and graphs and will be described in detail
below. It should be‘ understood, however that it is not intended to limit the inVention to the
particular forms disclosed, but on the contrary, the 1nvention is to cover all modifications, |
equivalents, and altcrndtive falling within the spirit and the scope of the invention as defined -

by the appendcd claims

The Applicants ‘would like to mention ‘that the examples are mentioned t_o. show only those

speciﬁc details that arc pertinent to understanding the aspects of the present invention 50 as

not to obscure the disclosure with details that w1ll be readily apparent to those of ordinary

Sklll in the art having benefit of the description herein

2%

The terms ‘cOmprises”, “comprising”, or any other variations thereof, are intended to cover.a

non- excluswe 1nclu31on such that a proccss polymer composition, complex composition that

comprises a list of components docs not include only those components but may include
other com‘ponents not expressly listed or inherent to. such process, polymer composition,
complex composition. In other words, one or more elements in a system or process proceeded
by “comprises... a” does not without more’ constraints, preclude the -existence of other‘

elements or additional clcments in the systcm or process

ln the following detailed description of the asp‘ects of the invention, reference is made to the
accompanying graphs that form part hereof and in which are shown by Way- of illustration

spec1ﬁc aspects in which the invention may be practiced The aspects are described in

sufficient dctails to -enable those skillcd in the art to practice the invention, and it is to be

| 'understood that other aspects. may be utilized and that charges ‘may be made without

dcparting from the scopc of the present mvention The following description is, therefore not
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appended claims.

In accordance with the above aspects, the invention will now be described in detail in
connection with certain preferred and optlonal embodiments, so that’ various aspects thereof

may be more fully understood and appremated

| . 'Accordingly, the prescnt invention relates to a hydrophobic compound loaded surfactant-

copolymer complex. . for sustained release of hydrophobic compounds comprising

hydrophobi.c compound in the range of 0.1% to 10% (by weight), surfactant in the range ef

0.1 t_0'30% (by weight) and copolymer in the range of 0.1% to 30% (by weight) and

remaining being a solvent. -
In other embodiment of the present invention, the hydrophobic’ compound is selected from

the group consisting of antibacterials, ointments, drugs, bioactives, _,perfumes; flavors,

pesticides and combination thereof.

In other embodlmcnt of the present invention, the surfactant used i isa nonionic surfactant. - - - -

In yet.another embodiment of the present invention,; the nonionic surfactant is sclected from _

| 4 'the'group consisting ef nonaexyethylene-n-dodecyl‘ether (C12Ey), polysorbate 20 (Tweenv‘20)

polysorbate 40 (Twcen 40), polysorbate 60 (Tween 60), polysorbate 80 (Tween 80) or

-comblnatlon thereof.

In yet another embodiment of the present invention, the copolymer is poly (maleic acid-alt- -

vinyl methyl ether).
In yet another embodiment of the present invention, the copolymer poly (maleic acid-alt vinyl
methyl ether) is not limited to copolymer of methyl vinyl ether and maleic acid but also.

includes its anhydride, alkali or alkaline salts, Clto C6 alkyl-esfers', free acids or like thereof.

In yet another embodiment of the present invention, the weight Tatio of surfactant to

copolymer is 1:1.
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In yet another embodiment of the present invention, the hydrophob1c compound 1s in the

range of 1 to 50% by wcrght of the surfactant-copolymer complex

In yet another embodiment of the present inven'tio_n, the solvent is selected from the group

consisting of distilled deionized water, glycerine, ethanol or combination thereof -

In other aspect of the present invention, a process for the preparation of hydrophobic

compound loaded. surfactant—copolymer complex comprising the steps of:

a)

b)

drspersmg copolymer in solvent in a ratio ranging between 1% to 40% to

~ obtain turbid solution of copolymer

cl1s_solv1ng the hydrophobic compound in surfactant ina ratio ranging between .

" 1% to 50% (weight of hydrophobic compound by weight of the surfactant) at

temperature in the range of 10°C to 80°C to obtain hydrophobic compound-
surfactant mixture; ’ |
adding hydrophobic compound-surfactant mixture as obtained in step (b) in

water to obtain surfactant solution loaded with hydrophobrc compound;- - - - -~

adding surfactant solution loadéd with hydrophobic compound as obtained in
step (c) to the turbid solution of copolymer as obtained in step (a) to obtain- 4

hydrophobrc compound loaded surfactant-copolymer complex

In yet another embodiment of the present invention the surfactant is nonionic surfactant

sclcctcd from the group consrstmg of nonaoxyethylcne-n-dodecyl ethér (CyyEy), polysorbate

: 20 (Tween 20), polysorbate 40 (Tween 40) polysorbate 60 (Tween 60), and polysorbate 80

(Tween 80) or combmatron thereof

In yet another embodrmcnt of the present 1nvent10n the copolymer is poly (malelc acid-alt

‘ V1nyl methyl ethcr)

In yet another embodiment of the present invention, the poly (maleic'acid-alt vinyl methyl

ether) used is not limited to copolymer of methyl vinyl ether and maleic acid but also

includes its anhydride, alkali or alkaline salts, C1 to C6 alkyl esters, free acids or like thereof. . |
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- group cénsisting of distilled deionized water; glycerine, ethanol or combination thereof.

The p'resent"invention-provides a surfactant-copolymer complex for the delivery - of

: hydrophobic compounds in sustained release; wherein the surfactant is a nonionic surfactant

and copolymer is poly (maleic acid-alt vinyl methyl.cther).

According to the invention, a surfactant, preferably nonionic surfactant forms a micellar

structure in water that .can be loaded with hYdfophobic compounds. such as antibacterials,

‘ointments, drugs, bioactives, perfumes, flavors, pesticides etc. 'The.se hydrophobic compound.”

loaded nonionic surfactant micelles complex with poly (maleic acid-alt-vinyl methyl ether)
[i..e. PMAVME], a. commercial alternatihg copolymer called Gantrez_; Such surfactant-

copolymer complex is exhibited to be stable in aqueous and anioni;i mediums by associating

the nonionic surfactant micelles with PMAVME copolymers. These surfactant-copolymer

compleﬁes_ providé targeting of the 'hydrophobic compound' to the area of application and

enable better release and controlled delivery of the hydrophobic compounds to the areas of

applications. N - L

The nonionic surfactant is selected from the group consisting of nonaoxyethylene;n-dodecyl
ether (C 12Eo), polysorbate 20 (Tween 20), polysorbate 40 (Tween 40), polysorbate 60 (Tween
60) and polysorbate 80 (Tween 80). Gantrez polymier is not limited _.to' copolymer of methyl

vinyl ether and maleic acid but also includes its 'anhydride, alkali or alkaline salts, _Cl to C6

‘alkyl esters, free acids and like thereof. Gantrez is approved for use in oral care formulations’

as it adheres to the oral cavity and prevents gum disease. The maleic acid groups of poly
(maleic acid-alt-vinyl methyl ether)" dissociate in water tof form - anionic carboxyl

functionalities.

" Inventors have harnessed the adhesive ability of the Gantrez copolymer and associated the

surfactant micelles with the Gantrez copolymers, so that the Gantrez copolymer carries

surfactant micelles as a “cargo”. These surfactant-Gantrez complexes are structurally

- represented as pearls on a string, wherein the pearls are the surfactant micelles loaded with -
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threads these and specifically anchors them to the oral cavity. -

~ The invention provides a process for preparation of a surfactant-copolymer complex for
5 dellvery of hydrophobrc compounds in sustamed release comprising of;
B a) dispersing the copolymer in'a. mixture - of distilled deionized water and alcohol or
glycerol to obtain a turbid solution of copolymer and
'b) addmg a hydrophobic compound loaded surfactant micellar solut1on to the turbrd
solutron of copolymer as obtained in step a) to afford a clear solut1on of surfactant-

10 . copolymer complex loaded wrth the hydrophobrc compound. .

Accordingly, the surfactant is‘ sclected from "a -group of 'nonionic -surfactant such as
nonaoxyethylene-n-dodecyl ether (i.e. Ci2Eo), polysorbate 20 (Tween_ZO),’ polysorbate 40
(TweenAKlO), polysorbate‘60 (Tween 60); polysorbate 80 (Tween '80); and the copolymer is -
iS selected from poly “(maleic - acid-alt vinyl metnyl ether)[i.e. PMAVME]‘.The- PMAVME
copolymer is disperscd readily in water to obtain a turbid (i.e. milky) solutionnof PMAVME
. copolymer. The mel mcthyl cther group ¢ of PMAVME copolymer is rendered with enough -

. hydrophobrclty to prevcnt complete molccular dissolution”. When a nonionic surfactant is
~ added to the turbid (1 e. milky) dlspersron of PMAVME copolymer,.a decrease in turbrdrty 1s
20 observed and a clear solution of nonionic surfactant-PMAVME complex is obtained. Further,
the: clcar solution is obtained for 1:1 copolymer and nomomc surfactant.(Figure 1). The data _
in ‘the remalnder of this specification relates to the 1: 1 complex, viz. the complex of 1 part of

the PMAVME copolymcr with, 1 part of the nonionic surfactant

25' The surfactant-copolymer (i.e.nonionic surfactant—PMAVME) comp’len is composed of
| surfactant micellar structures into  which - hy"dropliobic compounds are loaded, on a

L hydrophobrc/amomc altcrnatrng copolymer of PMAVME that specrﬂcally adheres to arcas of -
apphcatlon Such surfactant copolymcrcomplexes have better release and controlled delivery.

Various studies were carried out for the determination of structure and characteristics of

30  surfactant-copolymer complex such as specific viscosity, static light SCattering study, small

angle X-ray scattering stUdy, release profile study, activity study etc.

10
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According to invention, the structure and characterist'i_cs of the surfac_tarlt-‘copolymer complex:

so formed were studied .as per the following pafalneteré.
SPECIFIC VISCOSITY STUDY

The specific viscosity study of the>C12E9-PMAVME complex was performed; and the

specific viscosity of Cleg—PMAVME cdmplex in 1:1 molar ratio is detected to be

approximately 1, even at low concentrations. (O 0625%) The -specific viscosity study
revealed that the Cpl: q-PMAVME complex was in an unentangled overlapped state even at

the low concentratlons due to the charge on the PMAVME copolymer At concentrations

- near 4%, the specific viscosity increases to about 100, indicating the onset of entanglements,

F.ig-ure 2. Therefore, the complex behaves, eSSentially5 like a linear polyelectrolyte. '

STATIC LIGHT SCATTERING PATTERN STUDY _
Static lxght scattering from the C12E9 PMAVME samples in 1:1 molar ratio as_a function of - —

concentratlon revcals a quahtatwe change in the q dependence w1th increase in concentration.
as depicted in Flgurc 3. A pronounced q dependence (I ~q? for a ‘concentration of 5%
(compare with ~q" for 0.625%) over a q range of 0.003 nm’’ to 0. 02 nm was observed;

which indicates concentration ﬂuctuatlons at length scales of mlc_rons, and was consistent

‘with the turbidity data.

- SMALL ANGLE X-RAY SCATTERING (SAXS) PATTERN STUDY

25

30

_SAXS study of the C12Eo-PMAVME complex as a function of corlcentration indicates a low q
~ peak (that we inlerpreted as the correlation- peak for the PMAVME copolymer

polyelectrolytc) and a high q peak (that arrives from the correlation between the strfactant

micelles associated with the PMAVME copolymer) as depicted in Figufe 4,

11
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The structure determination study revealed: that the CiEs-PMAVME (i.e. nonionic

' surfaetant—copolymer) complexes exhibits to be pearls on a string, wherein the pearls are the

C1,Es non-ionic surfactant micelles loaded Wlth t_h'eactive/antibacter.ial‘material of interest
ahcl tlle.PMAVME copolymer is the string "t‘hat threads these surfactant micelles and
specifically _ahchors micelles loaded with ac_tivé/antibactefial materials to the area of
application. A schematic representation for the structure of the C12E9- PMAVME (i.e. .

nonionic surfactant-copolymer) complex at low concentrations is depicted in Figure 5.

RELEASE PROFILE OF HYDROPHOBIC COMPOUNDS

‘The hydrophobic co‘mpouhds in the C12E94PMAVME (i.e. nonionic 'surféctant copolymer)

| complexes have an initial rapld release followed by sustained release. Experiments were set

up us1ng pyrene as a model for the hydrophoblc compound. This was done from a layer of the

C2Es-PMAVME complex, containing pyrene within the C2Eg micelles, adsorbed onto a

_ polyethyleneimine (PEI) covered quartz slide. ~— o

The Flgure 6 exhibits UV Visible data from a quartz slide contamlng one layer of

~ polyethyleneimine (PEI) and one layer of the C12E9-PMAVME (i.e. nonionic surfactant-

copolymer) complex containing the pyrene dye The bottom curve (blue) exhibits the
absorption of the slide after washing with water, ~1mmediately after adsorbing the complex.

l‘he characteristic peaks of the pyrene absorption are clearly \}isible indicating that (i) pyrene

~ was “stored” in the ‘hydrophobic regiorl of the C12Eo-PMAVME. complex and (ii) that the

C12E9¥PMAVME ‘complexe.s are adsorbed onto the slide. Further, the slide is left dipped in

‘water for a period of time, and is periodically removed for UV-Visible measurements. It was

A observed that after being immersed in water for 180 min (3 hours')l, the extent of the UV-

visible signal ‘Was' decreased; which indicated a sudden release of the pyrene in the first three

hours. -However, there was no significant decrease in the pyrene UV-Visible peaks between 3

"hours and 15 hours; suggesting that at least some of the pyrene does not release from the

adéorbed eomplex even on storing the ddsorbed complex in water for up to 15 hours. On

12
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disappeared, indicating complete release of the hydrophobic dye over a p_eriod of a day.

STUDY ON ACTIVITY OF Cy,E;-PMAYME COMPLEX IN BOTH AQUEOUS AND
5 ANIONIC SURFACTANT o

The "C'leg-PMAVM}?i'(i.e. nonionic surfaetan’t—copolymer) complexes remain intact and |

' retain their function both in aqueous and anionic surfactant solutions. To validate the fact, the -
C12:E9-_PMAVME complex containing pj/rene"“'/as édsorbed onto a glass slide covered with

10 polyethyleneirnine (PED even from a 10% Sodium dodecyl sulphonate (SDS) solution as
depicted in Flgurc 7. This indicates the stability of the CaE-PMAVME complex and its’

ab111ty to retain the pyrcne dye even in the presence of the anionic surfactant.

EXAMPLES

15
The following examples are given by way of illustration and therefore should not be
construed to limit the C scope. of the prcsent 1nvent10n [ -
~ EXAMPLE 1
20

| I’REPARATION OF 'TWEEN 40-PMAVME (SURFACTANT-COPOLYMER)
COMPLEX LOADED WI"l o IIYDROPIIOBIC COMPOUND

A 7% solution of PMAVME was prepared by slowly addlng, and . contlnuously stn’nng
B PMAVME powder into distilled deionized water-over.a period of an hour (7 g of PMAVME
25 powder in 93 g of watcr) Stirring was contmued over a day to.dissolve the PMAVME Wthh
| formed a turbid solution. Separately, mentholp(l g) was dissolved into 5 g of Tween 40 (neat
liquid) at room temperature (30°C). The rnenthol/Tween 40 mixture was then added to 94 g
of water so as to pfoduce a micellar solution of Tween 40, into whicn the menthol was
encapsulated. The PMAVME-Tween 40 complex was prepared by mixing equal weights of

30 ~ the PMAVME solution and the menthol-loaded micellar Tween 40 solution.

13
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PREPARATION OF C;;E,-PMAVME (SURFACTANT COPOLYMER) COMPLEX

- A non-ionic surfactant, C12E9 obtained from Aldrich and poly (maleic acid- alt-vmyl methyl'.

| ether) a commerc1al dltcrnatmg copolymer called Gantrez (manufactured by ISP) - Further,

the C;pEg is a nonionic surfactant compnsmg of a Cpp hydrophoblc.lcham and a non

ethyleneglycol hydrophilic unit.

~ The poly (male1c ac1d alt vinyl methyl ether) copolymer powder [i.e. PMAVME copolymer]

(7 g) was readily dlspcrscd in distilled deionized water (93 g) over a perlod of an hour and the

resultant solution was stirred over a day to dissolve the PMAVME copolymer; and a milky

' tufbid solution of PMAVME copolymerv‘was obtained.. Further, Ci2Eq. nonionic surfactant

(Sg) was added. to the obtamcd milky solution of PMAVME copolymer in 1:1 molar ratio to
obtam a clear solution of Cy;Eg- PMAVME complex ‘

EVIDENCE FOR HYDROPHOBIC LOADING FOR EXTENDED RELEASE OF THE

. HYDROPHOBIC . COMPOUND FROM - THE C12E9—PMAVME (ie. SURFACTANT-"

COPOLYMER) COMPLEX

CiEs-PMAVME vcomplexcs were'prepared containing a hydrophobic dye, pyrene and such

‘complex was subsequcntly deposited using layer-by-layer techniques on a glass slide: -

The protocol for layer—by-layer‘ technique is as follows:

1. ‘The glass slide was ctched using a piranha solution to clean the slide and generate a

negatlve charge on the surface , A

2. This slide was dipped in an aqueous solution of polyethylenelmme (PEI) (25000 g/mol)
containing 10mM NacCl salt.” The polycthylenelmme (PED) adsorbed strongly on the surface
of the slide. ' - | - '
3. Subsequently, thc slide was washed in distilled delomzed water to remove the loosely'.

bound polycthylcn01m1nc (PED).

14
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containing a hydrophobic compound, pyrene or (b) in an aqueous 10% SDS (Na-dodecyl

sulphonate a common anionic surfactant) solution of the complex containing pyrene

~ Finally, these slides were washed with distilled deionized water and dried. Pyrene was used

as a model hydrophobic compound and the release profile of pyrene was determined.

EXAMPLE 3

PREPARATION ~ OF TWEEN 40 PMAVME (SURFACTANT COPOLYMER)

COMPLEX LOADM) WITH IIYDROPIIOBIC COMPOUND v
A 25.4% solution of PMAVME was prepared by slowly adding and continuously stirring

" 'PMAVME powder into a mixture of 2 parts of distilled deionized water and 1 part of

‘glycerine over a period of an hour (14 g of PMAVME powder in 30 'g of water and 15 g of IP
grade glycerine). The PMAVME formed a turbid solution by stirring for over 8 hours -
Scparately, menthol (3 g) was dissolved into 15 g of Tween 40 (neat liquid) at room
temperature 27°C). lhc menthol/Tween 40 mixture was then added to 26 g of water 50 as to

produce a miccllar solution of Tween 40 into Which _the menthol was. encapsulated The - -

PMAVME-Tween 40 complex was prepared by mixing the PMAVME solution (59 g) and

the menthol-loaded miccllar Tween 40 solution (44 g)..
EXAMPLE 4

PREPARATION OF TWEEN 40-PMAVME (SURFACTANT-COPOLYMER)
COMPLEX LOADED WITH HYDROPHOBIC COMPOUND

‘A 25.4% solution of PMAVME Was prepared by s10wly adding ‘and continuously stirring

PMAVME powdcr into a mixture of 2 parts of distilled deionized water and 1 part of ethanol
over a period of an hour (14 g of PMAVME powder in 30 g of water and 15 g of ethanol)
The PMAVME formed a turbid solution by stirring for over 8 hours. Separately, menthol (3
g) was dissolved into 15 g of Tween 40 (neat liquid) at room temperature (between 25°C to

30°C).. The menthol/T'ween 40 mixture was then added to 26 g of water so as to produce a

micellar ‘'solution of Tween 40, into which the menthol was encapsulated. The PMAVMEf

15
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loaded micellar Tween 40 solution (44 9).

10.

15

ADVANTAGES OF THE PRESENT INVENTION

‘The hydrophob'ic.compound delivery is initially rapid, then sustained, thus ‘hbaving

better and long term effects in arcas of -appl_ication such as oral health care, perfumes

- etc.

Amount of the loaded hydrophobic compound in Surfactant-'copolymcr complex (i.e.
nonionic surfactant -copolymer complex) and subsequently the cost of making the end
product are rcduccd

Thc surfactant copolymcr complex locahzes in the area of apphcatlon hence action is
not diffused. '

The surfactant-copolymer complcx (i.e. nonionic surfactant-COpolymer complex)
retains the structurc and functions both in aqueous and anionic surfactant.

The surfactant copolymer complex has w1de -applications - in delivery devices for
vws hydrophob1c compounds such as_ antlbacterlals ~ointiments;- drugs/bloactlves, -

perfumes flavors, pestrcrdes etc.

16
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..—A

Ln

4.

N -

3

. A hydrophaobic compound loaded surfactant—copolymer complex for sustamed release’

~of hydrophob1c compounds compnsmg hydrophobic compound in the range of () 1%

to 10% (by weight), surfactant in the range of 0.1 to 30% (by weight) and copolymer
in the range of 0.1% to 30% (by weight) and remaining being a solvent.

The hydrophobic. compound loaded surfactant-copolymef complex as claimed in

~claim 1, wherein said hydrophobic compound is selected from the group consisting .

..of antibacterials, ointments, drugs, bioactives, perfumes, flavors, pesticides or

combination thereof.

The hydrophoblc compound loaded surfactant copolymer complex as claimed in

cla1m 1, whcrcm said surfactant is a nonionic surfactant

The hy‘drophobic; cofnpound 10aded surfactant-copolymer .co'mplex as claimed in-
claim 3, wherein said nonionic surfac’ranf is selected from the group . consisting of
nbnaoxyetnylcne—n-dodee—ylrfether—'('el'zEg)*polysorbate*QO’ (TWn"Z’O’)"ﬁly's&lﬁfe 40
(Tween 40), polysorbate 60 (Tween 60), polysorbate 80 (Tween 80) or comblnatlon

. thereof.

The hydrophobxc -compound ‘loaded surfactant—copolymer complex as clalmed in

“claim. 1, whercin copolymer used is poly (maleic acid-alt-vinyl methyl ether).

. The hydrophobic‘c‘ornpound loaded surfactant-copolymer complex as claifned’in

' claim 5, wherein copolymer poly (maleic acid-alt vinyl methyl ether) is not limited

to copolymer of methyl vinyl ether and malelc acid but also 1ncludes 1ts anhydrlde

alkali or alkaline salts, C1 to C6 alkyl esters, free acids or like thereof

. The hydrophobic compound loaded surfactant-copolymer complex as claimed in’

claim 1, wherein the weight ratio of surfactant to copolymer is 1:1.

17
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¥. Lhe nyaropnopic' compound ioaded Surractant-coporymer compiex as claimed in
claim 1, wherein hydrophobic compound is-in the range of 1 to 50% by weight of the

' surfactant-copolymer complex.

+ 9. The hydrophobic compound loaded Surfactaht-copolymer complex as claimed in

claim 1, wherein said solvent is selected from the group consisting of distilled

deromzed water, glycerine, ethanol or combination thereof

10. A process for the ,prepar‘ation of hydrophobic compound loaded surfactant-copolymer
| complex as claimed in claim 1 comprising the steps of: |
-a) drspersmg copolymcr in solvent in a ratio rangmg between 1% to 40% to
- ‘obtain turbid solution of copolymer;
b) dissolving the hydrophobic compound in surfactant in a ratio rarrging between
1% to 50% (weight of hydrophobic 'compound bjt weight of the surfactant)- at
ter_nperature.in the range of lO°C'to’_ 80°C to obtain hydrophobic compound_
surfactant mixture; o o
- ¢) adding. hydrophobic compound-surfaictant mixture as obtained in step (b) in
‘water to obtain surfactant solutionl loaded with hydrophobic compound;
- d) adding s'urfetctant solution loaded with hydrophobic compound as obtaihed in
step -(e) to the turbid solution of copolymer as obtained in step (a) to obtain

hydrophobic compound loaded surfactant'—copolymer complex. .

- 11. The process according to claim 10, wherein the said surfactant is nonionic surfactant
selected from the group consistirlg of nonaoxyethylene-n- dodecyl ether (C2Ey),
polysorbatc 20 (Tween 20), polysorbate 40 (Tween 40), polysorbate 60 (Tween 60)

“and polysorbate 80 (Tween 80) or combination thereof.

. 12. The process according to claim 10, wherein the said copolymer is poly (maleic acid-

“alt vinyl methyl ‘ether).

18
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_13. The process according to claim 10, wherein poly (maleic acid-alt vinyl methyl ether)
.used is not limited to' copolymer of methyl vinyl ether and maleic acid but also
A5 . includes its anhydride, alkali or alkaline salts, C1to C6 alkyl esters, free acids or like

) ' thereof.

14, The process as claimed in claim 10, Whg:r(efn'solvent used is selected from the group

consisting of distilled deionized Watér, glycerine, ethanol or combination thereof.

19



WO 2013/183068

PCT/IN2013/000360
1.0 4 ; j ; T “W— Gantrez Lwt% .
‘ -
/> . / .
0.9+ N - ]
1
'}30.81 R
8
5
H‘:
0.74 J
-
I
0.6 |
Y Y 04 06 0.8

C _E, Concentration (wt%)

Figure 1



WO 2013/183068 2'/ 7 ‘ PCT/IN2013/000360

BARAAMALSRRANMMIAAL AL AL Hu_ Relative ViSCOSitXr
1.02 2 o
] 1
r .
~ L u .
10 F ' E
= r ]
1 o ﬁ
£ 1 ) ]
| _— |
10° b g o e
TRV SO SPWTTON SrPTTTUTN PRI I S

0.0625  0.125 0.25 0.5 1 2 . 4

Conc. (wt%)

Figure 2



WO 2013/183068 3/7 PCT/IN2013/000360

__|—&—Toluene '
T Gantrez 0.625% C _E, 0.625%

—v— Gantrez 1.25% C E_1.25%
—v— Gantrez 2.5% C E 2.5%

-|—o— Gantrez 5% C E_5%

107

) )

<

Intensity (cm'l)
=

AN

107

9x10” 1.8x10%  2.7x10°

q(nm’)

'Figure'B



al7 PCT/IN2013/000360

WO 2013/183068
S o 1.25 wi%
@ . : : L0 2.5 wth

' & 5 with

£l
s
z
g 107 :
=
000 - 005 010 015 020 - 025
q (A"



5/7

WO 2013/183068

PCT/IN2013/000360

Hydrophobicmicellar
interiorloaded with
. activecompound . -

/
Ethvieneglycol
hydrophilicmicellar
shell

Fig'ure 5



6/7

" Wavelength (nm) °

WO 2013/183068 PCT/IN2013/000360
-0.07F
. | o O Min
, , L e 180 Min
0.06 - — .
Bhesal m\% . | . ——360 Min
i WM c . =15 Hours
o005 A NNM ~ e 24 HoOUS
° :
9 . -
& 0,04
-
5z
o
172 .
2 003
< .
002 -
- —0:01
o - :
240 280 300 320 340 360 380 400

Figure 6




WO 2013/183068 ,7 /7 PCT/IN2013/000360

© . 0.012
0.01
0.008 -

0.006 -

. mwnm

0.004
0.002 -
. . N .
-0 - ¥ oy “ T ¥ i T
400 450 - 500

200 250, 300 350
’ ' . : Wavelength (nm)

Figure 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2013/000360

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K9/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

cited in the application
table VII

X US 6 221 399 B1 (ROLFES HEIDI
24 April 2001 (2001-04-24)

Y example 6

X US 5 690 911 A (MIRAJKAR YELLOJI RAO K 1-3
[US] ET AL) 25 November 1997 (1997-11-25) 8,9

95969

[ZA] ET AL) 1-9

12-14
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

20 September 2013

Date of mailing of the international search report

30/09/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Frelichowska, J

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2013/000360

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

JONES D S ET AL: "RHEOLOGICAL AND
MUCOADHESIVE CHARACTERIZATION OF POLYMERIC
SYSTEMS COMPOSED OF
POLY(METHYLVINYLETHER-CO-MALEIC ANHYDRIDE)
AND POLY(VINYLPYRROLIDONE), DESIGNED AS
PLATFORMS FOR TOPICAL DRUG DELIVERY",
JOURNAL OF PHARMACEUTICAL SCIENCES,
AMERICAN PHARMACEUTICAL ASSOCIATION,
WASHINGTON, US,

vol. 92, no. 5, 1 May 2003 (2003-05-01),
pages 995-1007, XP001145132,

ISSN: 0022-3549, DOI: 10.1002/JPS.10357
page 998

PUSPENDU DEO ET AL: "Interactions of
Hydrophobically Modified Polyelectrolytes
with Nonionic Surfactants",

LANGMUIR,

vol. 21, no. 9, 1 April 2005 (2005-04-01),
pages 3950-3956, XP55079812,

ISSN: 0743-7463, DOI: 10.1021/1a046957n
cited in the application

abstract

10,11

12-14
1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/IN2013/000360
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5690911 A 25-11-1997 AU 3074697 A 05-01-1998
BR 0709423 A 10-08-1999
CN 1221333 A 30-06-1999
RU 2183453 C2 20-06-2002
us 5690911 A 25-11-1997
WO 9746214 Al 11-12-1997
US 6221399 Bl 24-04-2001 AU 6824996 A 12-03-1997
CA 2228610 Al 27-02-1997
DE 69617245 D1 03-01-2002
DE 69617245 T2 25-07-2002
EP 0844870 A2 03-06-1998
us 6221399 Bl 24-04-2001
WO 9706787 A2 27-02-1997

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

