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'SUSTAINED RELEASE COMPOSITION OF RANOLAZINE

Field of the Invention

‘ "Ifhe present invention relates to sustained release dosage form of Ranolazine or
" pharmaceutically acceptable salt(s), polymorph(s), solvate(s) hydrate(s) enantiomer(s)

" ‘thereof which comprises a combination of atleast two pH—dependent binders and

optionally one or more pharmaceutically acceptable excipient(s).

. l ‘Béckgrcund of the Invention
' US. Pat. No. 4,567,264, discloses ranolazine, (#)-N--(2,6-dimethylphenyl)-4-[2-hydroxy-

3-(2 methoxyphenoxy)-propyl]- 1I-piperazineacetamide, and its pharmaceutically
acceptable salts, and their use in the treatment of cardiovascular diseasés, including

arrhythmias, variant and exercise-induced angina, and myocardial infarction.

- US. Pat. No. 5,472,707, the specrﬁcatron of which is mcorporated herein by reference

15

20

25

30

* discloses a high-dose oral formulatlon employmg supercooled liquid ranolazine as a fill

solution for a hard gelatin capsule or softgel.

~ One problem with_conventional oral dosage formulations is that they are not ideally

suited to ranolazine and its pharmaceutically‘acceptable salts, because the solubility of

ranolazine is relatively high at the low pH that occurs in the stomach. Furthermore,

' ranolazine also has a relatively short plasma half-life. The high acid solubility property of

ranolazine results in rapid drug absorption and clearance, causing large and undesirable
fluctuations in plasma concentration of ranolazine and a short duration of action, thus .

necessitating frequent oral administration for adequate treatment.

There is therefore a need for a method for administering ranolazine in an oral dosage form

- once or twice daily that provides therapeutically “effective plasma corcentrations of

\ -

* ranolazine for the treatment of angina in humans.

Currently, Ranolazine is marketed as modified release tablets at the dosage of 500mg and

1gm under the brand name Ranexa®
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U.S. Pat. No. 5,506,229,_ which is incorporated herein by reference, discloses the use of ‘

ranolazine and its pharmaceutically acceptable salts and esters for the treatment of tissues

- experiencing a physical or chemical insult, including Qa_rdioplegia, hypoxic or reperfusion

injury to cardiac or skeletal muscle or-brain tissue, and for. use in transplants.
Conventional oral and parenteral formulati’o_ns are disclosed, including controlled release
formulations. In parfi_cular, Example 7D of US. Pat. No. 5,506,229 describes a controlled
release formulation in capsule form comprising midrosphere; of ranolazine and

m{icrocry'stalfline cellulose coated with release contrdlling polymers.

USV Pat. No.6,303,607 discloses a sustained release pharmaceutical dosage form including
at least 50% by weight ranolazine and an admixture of at least-one pH-dependent binder
and at least one pH-independent binder, and wherein the peak to trough plasma ranolazine

level does not exceed 3:1 overa 24 hour period.

‘US Pat No.20060177502A1 discloses a sustained releasé pharmacédtical formU]éti&n

comprising: less than 50% rano_lhzine; a pH dependent binder; a pH independent binder;

and oné or more pharmaceutically acceptable excipients.

However, there are alternate means by which we can design va sustained release dosage
form of Ranblazine_ or pharmaceutically acceptable salt(s), polymorph(s), solvate(s),

hydrate(s), enantiomer(s).

Surprisingly, .it has been found that sustained release dosage form of ranolazine can be
prepared using combination of atleast two pH dependent binders that is bioequivalent to
the marketed formulation and provide the appropriate plasma levels of ranolazine that are

necessary for the treatment of angina and other cardiovascular diseases.

Objects Of The Invention

The object of the present invention is a sustained release pharmaceutical dosage form
comprising a therapeutically effective amount of ranolazine or pharmaceutically

acceptable salt(s), polymorph(s), 'solvlate(s), hydrate(s), enantiomer(s), a combinaﬁb_n of
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at least two pH-dependent binders and optionally one or more pharmaceutically -

acceptable excipients (s).

Another object of the i.m_/:e_ntion is é sustained release phamaceutical dosage form’
cor'nprising.v a therapeutically effective amount of ranolazine or pharmaceutically
acceptéble salf(s), polymdrph(s), solvaté_(s),‘ hydrate(s), ‘enantiomer(s), combination of
atleast two pH dependent binders and optiohally one or more pharmaceutically acceptable

excipient(s) wherein ranolazine is atleast about 50% of the core Weight. ‘

Another object of the invention is a sustained release pharmaceutical dosage form

comprising a therapeutically effective amount of ranolazine or pharmaceutically

acceptable salt(s), polymorph(s), solvate(s), hydrate(s), enantiomer(s), combination of
atleast two pH dependent binders and optionally one or more pharmaceutically acceptable

excipient(s) characterized in that the sustained release p_hérmaceutical composition of

invention is bioequivalent to marketed formulation.

Another object of the inventioﬁ is a process for preparing sustained release dosage form
ranolazine, wherein the process comprises the steps of i) blending Ranolazine or a
pharmaceutically acceptable salt(s), polymorph(s), solvate(s), hydrate(s), enantiomer(s)
thereof with combination of atleast two pH dependent binders, optionally one or more
pharmaceutically acceptable excipient(s) ii) granulating the dry blend with granulating
liquid iii) drying the wet mass to obtain the granules iv)mixing the granules.with other

exbipient(s) and v) compressing the granules to form the solid oral dosage.

Another object of the invention is a sustained release pharmace'utic-al dosage form
comprising a therapeutically effective amount of ranolazine or pharmaceutically
acceptable salt(s), ,polymorpﬁ(s), solvate(s), hydrate(s), enantiomer(s), combination of

atleast two pH dependent polymers and’ optionall_yl one o‘r. fnore pharmaceutically |
acceptable excipient(s) wherein about 20% to about 40% of said ranolazine is released
after 2 hours; from about 45% to about 65% .of said ranolazine is released after 8 hours;

not less than about 70% of said ranolazine is released after 24 hours.
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Detailed Description Of The Invention
"Ranolazine” is (£)-N-(2, 6-dimethylphenyl)-4 [2-hydroxy-3-(2-methoxyphenoxy)

propyl]- l—plperazme acetamlde or its enantiomers (R) (+)-N-(2 6-dimethylphenyl)-4-[2-

hydroxy-3-(2-methoxypheno- xy)-propyl]- l-plperazmeacetamlde and - (S)-(- )-N-(2 6-
dimethylphényl)-4 -[2-  -hydroxy-3- (2-methoxyphenoxy)—propyl] l-plperazmeacetamxde

and their pharmaceutlcally acceptable salts, and mixtures thereof.

~As used herem pharmaceutlcally acceptable salts refer to derlvatlves of the ranolazme

wherem ranolazine is modified by reacting it w1th an acid or base as needed to form an

10

15

1omca1]y bound pair. Examples of pharmaceutically acceptable salts include conventional
non- toxic salts or the quaternary ammonium salt of the parent compound formed, for
example, from non-toxic inorganic or organic acids. Suitable non-toxic salts include those

derived from inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic,

;phosphoric, nitric, and others known to those of ordinary s_kill in the art. The salts

prepared from organic acids such as amino acids, acetic, propionic, succinic, glycolic,
| , ,

stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenyl

acetic, benzoic, salicylic, sulfanilic, fumaric, oxalic, isethionic, and others known to those

of ordinarily skilled in the art.

The term "sustained release" as used herein in relation to the dosage form means which is

_ not immediate release and is taken to encompass controlled release, prolonged release,

25

30

timed release, retarded release, extended release and delayed release. Sustained release
can be used interchangeably with prolonged release, programmed release, timed release,

extended release, controlled release and other such dosage forms.

The “dosage form™ according to the present invention include but is not limited to tablets,

pellets, beads, granules,'capsules,'microcapsules and tablets in capsules.

““Therapeutically effective amount” means that the amount of active agent, which halts or

reduces the prdgress of the condition being treated or which otherwise completely or
partly cures or acts palliatively on the condition. A person skilled in the art can easily

determine such an amount by routine experimentation and with an undue burden.
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By "pharmaceutically acceptable" is meant a carrier comprised of a material that is not

. biologically or otherwise undesirable.

"Optionally" means that the subsequently described event or circumstance may or may

: not occur, and that - the description includes instances where the event or circumstance

occurs and -instances in which it does not. For example, "'optlonally pharmaceut1cal

' exmplents" mdlcates that a formulation so descrlbed may or may not include

pharmaceutical excnplents other than those specnﬁcally stated to be present, and that the

formulation so described includes instances in which the optional excipients are present

and instances in which they are not.

The invention relates to sustained release dosage form of ranolazine or pharmaceutically

acceptable  salt(s), polymorph(s), solvate(s)? hydrate(s), enantiomer(s) thereof which

' comprises a combination of atleast two pH-dependent binders and optionally one or more

pharmaceutically acceptable excipient(s).

Ranolazine is relatively insoluble in aqueous solutions having a pH above about 6.5,

“while the solubility begins to increase dramatioally below about pH 6; therefore it is very
~ difficult to prepare a sustained release dosage form of ranolazine wherein the drug is

_ released throughout the gastrointestinal tract (GIT).

To provide a sustained release dosage form of ranolazine wherein the drug is released
throughout the GIT, a combination of atleast two pH-depehdent binders are chosen to
control the dissolution rate of the ranolazine so that the dosage form releases ranolazine
slowly and continuously as it passes through the stomach and gastrointestinal tract. The
dissolution control capacity of the pH-dependent binder(s) is particularly important in a
sustained release ‘ran'olazine.formolation because a sustained release formulation that

contains sufficient ranolazine may cause untoward side effects if the ranolazine is

released too rapidly ("dose—dumpihg").
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' According’ly; binders suitable for use in this invention are materials ‘wh‘ich include but not _

“limited to carbopol, large number of phthalic acid derivatives such as cellulose phthalate,

cellulose -acetate phthalate, ‘polyvinylacetate phthalate, polyvinylpyrrblidone phthalate,

-hydroxypropylmethylcellulo’se phthalate - and copolymers of methacrylic acid and’

methacryllc or acryllc ac1d esters. Particularly preferred binders for use in this invention
are the commermally available copolymers of methacryhc acid and a methacryhc or‘

acryllc acid ester, for example the Eudragit polymers, particularly -the Eudragit L serles

~such. as Eudraglt L30D and Eudraglt L100/55 sold by the Rohm and Haas Company

e Eudraglt L.100-55 and Eudragit L30D (a dispersion of 30% Eudraglt L powder in water)
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and alginic acid. Preferably algmlc acid will take the form of an alkali metal salt such as

sodium alginate or potassium alginate or ammonium algmate and preferably sodlum

alginate. Preferably the combination of atleast two pH-dependent binders according to the

present invention is sodium alginate and Eudragit.

‘Proper selection of combination of pH dependent vbinders in the ‘dosage form helps in

sustalmng the release of Ranolazine throughout the GIT. Partial neutralization of the -

“binder facilitates the conversion of the binder into latex like ﬁlm which forms around the

individual ranolazine granules. Accordingly, the type and the quantity of the pH-
dependent binder and amount of the partial neutralization composition are chosen to

closely control the rate of dissolution of the ranolazine from the formulation.

The amount of active present in the dosage form according to the present invention is in

the range of 45 ;o 100% and more preferably 70 to 80%.

Pharmaceutically acceptable excipient(s) include but are not limited to diluents,

lubricants, disintegrants, glidants and surface-active agents.

The amount of excipient employed will depend upon how 'mucn active agent is to be

used. One excipient can perform more than one function.

Fillers or diluents, which include, but are not limited td confectioner’s sugar,

eornpressib_le sugar, dextrates, dextrin, dextrose, fructose, lactitol, mannitol, sucrose,
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starch, lactose, ‘xylitol, sorbitol, talc, microcrystalline cellulose, calcium carbonate,

_calcium phosphate dibasic or tribasic, calcium sulphate, and the like can be used.

Lubricanis may | be selected from, but are not limited to, those conventionally known in

the art such as Mg, Al or Ca or Zn stearate, polyethylene glycol, glyceryl behenate,

mineral oil, sodlum stearyl fumarate, stearic acid, hydrogenated vegetable oil and talc.

Glidants 1nclude but are not llmrted to, silicon dioxide; magneswm trlsllrcate powdered

cellulose starch talc and trrbasrc calcium phosphate calcrum srllcate magnesium

silicate, colloidal silicon dioxide, silicon hydrogel and other materials known to one of

ordinary skill in the art.

The present composmons may optionally contain disintegrants which 1nclude but are not

*limited to starches iclays; celluloses alginates; gums; Ccross- _linked polymers, e.g., cross- -

linked polyvinyl pyrrolldone or crospovidone, e.g., POLYPLASDONE XL, cross-linked
sodium carboxymethylcellulose or croscarmellose sodium, e.g., AC-DI-SOL from FMC;

and cross-linked calcium carboxymethylcellulose; and guar gum.

The present compositions may optionally contain a surface-active agent. The preferred

' agent is copolymers composed of a central hydrophobic chain of polyoxypropylene (poly
' (propylene oxide)) and polyoxyethylene (poly (ethylene oxide)) that is well known as

'poloxamer.'However, other agents may also be employed such as dioctyl sodium

sulfosuccinate (DSS), triethanolamine, sodium lauryl sulphate (SLS), polyoxyethylene

sorbitan and poloxalkol - derivatives, quaternary ammonium salts or other

_pharmaceutically acceptable surface-active agents known to one ordinary skilled in the

art.

The pharmaceutical composition of the invention can be formed by various methods
known in the art such as by dry granulation, wet granulation, melt granulation, direct

compression, double'compression, extrusion spheronization, layering and the like.
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~ Sustained release pharmaceutical dosage form according to the present invention are

- manufactured preferably as per the following procedure:

i) -~ Blending the active agent, pH dependent bmder(s) one or ‘more
-.pharmaceutlcally acceptable excipient(s), '

ii) - Subjecting the blend to granulation.

“iii) - Drying and sieving the granulated blend to obtain granules

iv) ~ Blending the granules obtamed in the above step with extragranular
vexcrplent(s) ' '
v) Compressing the blend of step (iv) to form the solid oral dosage form.

The pharmaceutical dosage forms of the invention may furtherAbe coated. The coating
may be a functional or non functional coating. The preferred coating of this invention is
comprised of a commercial film-coating product designed for aqueous film coating
containing the water-soluble, film-forming resin, such a product is commercially

available under the trade name Opadry White (Colorcon, West Point, Pa.).

These coating comprises one or more excipients selected from the group comprising
coating agents, opacifiers, fillers, polishing agents, colouring agents, antitacking agents

and the like.

The examples given below are illustrative embodiments of the invention and are merely
exemplary. A person skilled in the art may make variations and modifications without
deviating from the spirit and scope of the invention. All such modifications and variations

are intended to be included within the scope of the invention.

Example 1
Sr.No | Ingredients | Yowlw
Core
1 Ranolazine 75.75
2. . Microcrystalline Cellulose | 7.78
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| 3 Lactose - 3.15
4 Sodium alginate . 1.99
5 Eudragit T 9.84
6 Sodium hydroxide | 0.20
| 7 | Purified Watelf S q.s
I8 [ Colloidal silicone dioxide | 0.5
19 Magnesium stearate 0.76
Coating v —

. Film coating | ) q.s

Brief manufacturing process
1. Sifting: Sift Ranolazine, MCC, lactose, Sodium algmate and Eudragit through a
specific mesh and mix.

2. Granulatlon

Granulate the dry blend of above step with aqueous solution of NaOH to get granules of

desired consnstency

3. Drying: Dry the granules in rapld drier.

4, Sizing and lubrication:

Pass the dried granules through a particular mesh.

Sift extragranular colloidal silicone dioxide and mix with dried granules.

Sift magnesium stearate through suitable mesh and lubricate with blend.

5. Compression: Compress the lubricated blend of above step using appropriate tools

6. Coating: Film coat the compressed tablets.

Exainple 2

.| Sr.No | Ingredients ' Sowiw
[ Core
1 Ranolazine 7575
2. | Microcrystalline ' 4.8
Cellulose - o
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3 Lactose 3.15

4  Carbopol 5

5 Eudragit . 19.85
16 Sodium Hydroxidé 0.205

7 Purified Water qs

§ | Colloidal silicon dioxide | 045 _

9 M_agneéium stearate - | 0.75

Co’ziﬁng'
| Film coéting — | aqs

Brief manufacturing process
1. Sifting: -
Sift Ranolazine, MCC, lactose, Carbopol and Eudragit through a speciﬁc mesh and mix.
5 2. Granulation: . _ |
Granulate the dry bleln.dvo'f above step with aqueous solution of NaOH to gét granules of .
désired consistency | ' o
3. Drying: Dry the granules in rapid drier.
4. Sizing and lubrication:
10  Pass the driéd granules through a particu"lar mesh.
Sift extragranular colloidal silicone dioxide and mix with dried granules.
Sift magnesium stearate through suitable mesh and lubricate with blend.
5. Cdmpression:- Compress the lubricated blend of above step using appropriate foo_ls.
6. Coating: Film coat the compressgd tablets. ‘
15

In-vitro dissolution details

The dosage form of the invention have a prolonged'in vitro release rate. The in. vitro test
uséd to measure release rate of :thé active agent from a formulation is: A soluﬁon of 900
ml of a 0.IN HCI was placed 'in an apparatus cépablc of agitation. Tlll.e apparafus
20  contained a paddle and rotated at a speed of 50 rpm. The tablet formulation was placed in

the apparatus and dissolution was periodiﬁally measured. The in vitro dissolution studies

- of Example 1 is as follows:
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Time (Hr) | % Drug Release
2 about 20- about 40%
4 | about30- about 50%
8 .| about 45 — about 65%
12 | about 55 —about 75%
16 about 65 — about 90%
20 about 70 -about 95%
24 not,-lcgs ﬁtbaﬂ ‘aﬁqut 70%

In —vivo Bioequivalence Study

Open Label, balanced, randomized, two-treatment, two-sequence, two-periods single dose

twb-w'a;i crossover relative oral bioavailability study of Ranolazine sustained release

_ tablet 1000mg(T) of Lupin Limited was compared with that of Ranexa 1000mg(R) in 12

..-'h'eidltli_y‘ adult male human subjects under fasting and fed conditions.

Table 1: Cbmparative pharmacokinetic parameters of pfesent invention vs Rane‘xa_ (1000
mg) (Fed study)

AUC (0-y AUC (0-x) Cmax
ng.hr/ml ng.hr/ml ng/mi
. T/R - 112,99 L 93.78 100.60

Table 2: Comparative pharmacokinetic parameters of present invention vs Ranexa (1000
'mg) (Fasting study) '

AUC (0-9 AUC (0-x) Cmax
ng.hr/ml ~ ng.hv/ml ng/ml
/R . 108.13 0 99.59 99.04
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CLAIMS

A sustained release pharmaceutical dosage form comprising a therapeutically .

effective -amount of ranolazine or pharmaceutically acceptable salt(s),

polymorph(s), solvate(s),’ ‘hjdrate(s), ené'ntiorr'xér(s)', a combination of at least
two pH-depéndeht binders and -optionally one or more pharmaceutically

ac@cptable excipients (s).

A sustained release pharmaceutical dosage form as in claim. 1, wherein the pH
dependent binders are selected from the group comprising carbopol, phthalic

acid derivatives, co;iolymers of methacrylic acid and methacrylic or acrylic acid

esters, and alginic acid.

A sustained release pharmaceutical dosage form as in claim 1, wherein
pharmaceutically acceptable excipients are selected from the group comprisin'g

diluents, lubricants, surfactants and glidants.

A sustained release pharmaceutical dosage .form as in claim 1 is wherein. the
dosage form is selected from group comprising granules, capsules, tablet, pellets,
minitablets, microcapsules, tablet in capsules, granules in capsules, and pellets in

capsules.

A sustained release pharmaceutical dosage }om comprising a therapeutically
effective 'amouﬁt of ranolazine or p‘harmaceutiéally écceptable salt(s),-
polymorph(s), solvate(s), hydrate(s), enantiomer(s), combination.of atleast two

pH dependent binders and optionally one or more pharmaceutically acceptable |

excipient(s) wherein ranolazine is atleast about 50% of the core weight.

A sustained release pharmaceutical dosage form comprising a therapeutically
effective amount of ranolazine or pharmaceutically acceptable salt(s),

polymorph(s), solvate(s), hydrate(s), enantiomer(s), combination of atleast two



WO 2011/036677

PCT/IN2010/000628
13

pH dependent binders and optionally one or more pharmaceutically acceptable
excipient(s) characterized in that the sustained release pharmaceutical

composition of invention is bioequivalent to marketed formulation.

A process for preparing sustained release dosage form rano_laiine, wherein the
process c'omprises the steps of i) blending Ranolazine or a pharmaceutically

acceptable 'salt(s), polymorph(s), solvate(s) hydrate(s) enantiomer(s) thereof

~ with combmatlon of atleast two pH dependent bmders optionally one or more

5 7.
10
.
15

20

pharmaceutlcally acceptable exc1p1ent(s) i) granu]atmg the dry blend with
granulating liquid iii) drying the wet mass to obtain the granules iv)mixing the
granules with other excipient(s) and v) compressing the granules to form the

solid oral dosage.

A sustained release pharmaceutical dosage form comprising a therapeutically

effective. amount of ranolazine or phanhaceutically acceptable salt(s),

'polyrhorph(s), solvate(s), hydrate(s), enantiomer(s), combination of atleast two

pH dependent polymers and optionally one or more pharmaceutically acceptable

excipient(s) wherein about 20% to about 40% of said ranolazine is released after
2 hours; from about 45% to about 65% of said ranolazine is released after 8

hours; not less than about 70% of said ranolazine is released after 24 hours.
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