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1 Plaintiffs Purdue Pharma Products L.P. and Napp Pharmaceutical Group

2 |1 Ltd., for their Complaint herein, aver as follows:
3| NATURE OF THE ACTION

4 1. This is an action for patent infringement arising under the patent

5 {|laws of the United States, Title 35, United States Code.
6 THE PARTIES
2. Plaintiff Purdue Pharma Products L.P. (“Purdue™) is a limited

partnership organized and existing under the laws of the State of Delaware, having a

oo ]

place of business at One Stamford Forum, 201 Tr.esser Boulevard, Stamford,

10 || Connecticut 06901-3431. Purdue is an owner by assignment of the patents-in-suit

11 jlidentified in paragraph 7 below. ,
12 3. Plaintiff Napp Pharmaceutical Group L.td. (“Napp”) is a private

13 || limited company organized and existing under the laws of the United Kingdom,

14 || having a place ‘of business at Cambridge Science Park, Milton Road, Cambridge,

15 ||{CB4 OGW. Napp is an owner by assignment of the patents-in-suit identified in

16 || paragraph 7 below.

17 4. Upon information and belief, Defendant Anchen Pharmaceuticals,
18 ||Inc. (*Anchen”) is a corporation organized under the laws of State of California,

19 || having a principal place of business at 9601 Jeronimo Road, Irvine, CA 92618.

20 - JURISDICTION AND VENUE

21 S. This Court has jurisdiction over the subject matter of this action
22 ||pursuant to 28 U.S.C. §§ 1331, 1338(a), and 2201.
23 6. Venue is proper in this Judicial District under 28 U.S.C. § 1391
24 ||and § 1400(b).
25 THE PATENTS-IN-SUIT
26 7. Purdue and Napp are the lawful owners of all right, title and

27 |linterest in and to the following two United States patents, including all right to sue

28 ||and to recover for past infringement thereof:

2
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a. United States Patent No. 5,591,452, entitled “CONTROLLED RELEASE
FORMULATION” (“the ‘452 patent”), a copy of which is attached hereto as
Exhibit A, which was duly and legally issued on January 7, 1997, naming
Ronald B. Miller, Stewart T. Leslie, Sandra T. A. Malkowska, Kevin J. Smith,
Walter Wimmer, Horst Winkler, Udo Hahn and Derek A. Prater as the
inventors. The ‘452 patent is among the patents listed in the U.S. Food and
Drug Administration’s (“FDA”) “Orange Book” (dpproved Drug Products
With Therapeutic Equivalence Evaluation) as covering Ryzolt,” a controlled-
release tramadol hydrochloride pain relief medication.

b. United States Patent No. 6,326,027, entitled “CONTROLLED RELEASE
FORMULATION” (“the ‘027 patent”), a copy of which ié attached hereto as
Exhibit B, which was duly and legally issued on December 4, 2001, naming
Ronald Brown Miller, Sandra Therese Antoinette Malkowska, Walter
Wimmer, Udo Hahn, Stewart Thomas Leslie, Kevin John Smith, Horst Winkler
and Derek Allan Prater as the inventors.

ANCHEN’S ANDA
8. Upon information and belief, Anchen submitted Abbreviated New
Drug Application No. 20-491 (“ANDA”) to the FDA, under § 505(j) of the Federal

Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)), seeking approval to engage in the
commercial manufacture, use or sale of tramadol hydrochloride controlled-release
tablets, 100 mg, 200 mg, and 300 mg (“the Anchen Tablets”), a generic version of
Ryzolt,® before the expiration of the ‘452 and ‘027 patents.

9. Upon information and belief, Anchen’s ANDA contains a
“Paragraph IV” certification under 21 U.S.C. § 355G)(2)(A)(vii)(IV) alleging that
“each claim of the ‘452 patent...is invalid, unenforceable, and/or will not be infringed
by the commercial manufacture, use or sale” of the Anchen Tablets.

10.  In aletier dated December 14, 2009 addressed to Purdue, Napp,
Labopharm Inc., Labopharm Europe Limited, Labopharm Canada Inc., Labopharm

3
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(Barbados) Limited, Goodwin Procter LLP, and Davidson, Davidson & Kappel, LLC,
Anchen provided “notice” with respect to the Anchen Tablets and the ‘452 patent
under 21 U.S.C. § 355(G)(2)(B)(ii) (“Anchen’s Notice Letter”).

FIRST CLAIM FOR RELIEE:
PATENT INFRINGEMENT OF THE ‘452 PATENT
11.  Anchen’s submission of its ANDA was an act of infringement of
the ‘452 patent under the United States Patent Law, 35 U.S.C. § 271(e)(2)(A).

12. Upon information and belief, the Anchen Tablets are covered by

one or more claims of the ‘452 patent.

13.  Upon information and belief, the commercial manufacture, use,
sale, and/or offer for sale of the Anchen Tablets would infringe, contribute to the
infringement of, and/or induce the infringement of one or more claims of the ‘452
patent.

14. Upon information and belief, Anchen has been aware of the
existence of the ‘452 patent, and has no reasonable basis for believing that the
Anchen Tablets will not infringe the ‘452 patent, thus rendering the case
“exceptional,” as that term is used in 35 U.S.C. § 285.

15.  The acts of infringement by Anchen set forth above will cause
Plaintiffs irreparable harm for which they have no adequate remedy at law, and will
continue unless enjoined by this Court,

SECOND CLAIM FOR RELIEF: DECLARATORY JUDGMENT OF
PATENT INFRINGEMENT OF THE ‘027 PATENT

16.  The filing of Anchen’s ANDA under § 505(j) of the Federal Food,

Drug and Cosmetic Act (21 U.S.C. § 355(j)) is a defined act sufficient to create case

or controversy jurisdiction under 35 U.S.C. § 271(e)(2) to enable this Court to

promptly resolve any dispute concerning infringement.
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1 17. Additidnally, upon information and belief, once the FDA grants
2 {|approval of Anchen’s ANDA, Anchen will undertake substantial activities directed
3 ||toward engaging in infringement, contributory infringement, and active inducement

of infringement of the ‘027 patent by making, using and undertaking substantial

U

preparation for offering to sell, without authority from Plaintiffs, the Anchen Tablets,

[

which are covered by one or more claims of the ‘027 patent.
18.  Upon information and belief, Anchen has been aware of the

existence of the ‘027 patent but, once the FDA grants approval of Anchen’s ANDA,

ooee

Anchen will nevertheless engage in substantial activities directed towards infringing,
10 || contributorily infringing, and actively inducing the infringement of the ‘027 patent.
11 || These activities will be in total disregard for Plaintiff's lawful rights under the ‘027
12 |f patent, thus rendering the case “exceptional,” as that term is set forth in 35 U.S.C. §
13 ||285.

14 19.  Once the FDA grants approval of Anchen’s ANDA, these

15 ||substantial activities engaged in by Anchen directed toward infringement,

16 || contributory infringement, and active inducement of infringement as set forth above
17 ||demonstrate the existence of an actual and justiciable controversy, and, if allowed to
18 ||continue and progress, will inevitably constitute infringement, contributory

19 || infringement, and active inducement of infringement of the ‘027 patent, will cause
20 || Plaintiffs irreparable harm for which they have no adequate remedy at law, and will
21 || continue unless preliminarily and permanently enjoined by this Court.

22 PURDUE V. PAR CASE

23 20.  There has been prior litigation on other patents directed to

24 || controlled-release tramadol, which are related to the patents asserted here but differ in
25 || claim scope. On May 5, 2007, Plaintiffs Purdue and Napp along Witﬁ Ortho-McNeil,
26 ||Inc. (“Ortho”) and Biovail Laboratories International, SRL (“Biovail),” filed suit

27 || against Par Pharmaceutical, Inc. and Par Pharmaceutical Companies, Inc.

28 || (collectively “Par”) in the District of Delaware, Civil Action No. 07-255-KAJ,

5
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alleging infringement of United States Patent No. 6,254,887 (“the Par case”). On
March 28, 2008, Plaintiffs Purdue and Napp along with Ortho and Biovail, filed an
amended complaint against Par additionally seeking declaratory judgment of patent
infringement of United States Patent No. 7,074,430. In response, Par denied
infringement and asserted that the claims of the patents-in-suit were invalid and
unenforceable due to inequitable conduct. Biovail was dismissed by consent on
November 10, 2008. Ortho was dismissed for lack of standing on December 3, 2008.
A five-day bench trial was held from April 16 to April 22, 2009.

21.  On August 14, 2009, the District Court in Par issued a Judgment
Order and Findings of Fact and Conclusions of Law on the asserted claims of the
‘887 and ‘430 patents that were at issue in the Par case. The Court found and
adjudged, inter alia, that:

a. Par has literally infringed asserted claims 3, 13, 27, and 29
of the ‘887 patent, and Par’s manufacture, use, and offer to sell tramadol controlled-
release tablets in 100 mg, 200 mg, and 300 mg dosage strengths would infringe
asserted claims 5, 7, and 11 of the ‘430 patent; '

b. Asserted claims 3, 13, 27, and 29 of the ‘887 patent and
asserted claims 5, 7, and 11 of the ‘430 patent are invalid for obviousness; and

c. The ‘887 patent and ‘430 patents are not unenforceable due
to inequitable conduct.

22, On September 3, 2009, Plaintiffs Purdue and Napp filed a Notice
of Appeal appealing the District Court’s judgment of invalidity in the Par case to the
U.S. Court of Appeals for the Federal Circuit. That appeal is pending.

23.  The ‘452 and *027 patents asserted in this action are related to the
patents that were the subject of the Par action. The ‘887 patent in Par is a divisional
of the ‘452 patent-in-suit here. The ‘430 patent in Par is a continuation of ‘887, and
thus also related to ‘452,
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1 24, Because of the relationship among the patents in this action and in
2 | Par, the scope of the issues to be litigated in this case may be affected by the Federal
3 || Circuit’s decision in the Par appeal.

RELATED MULTIDISTRICT LITIGATION

4

5 25.  Since Plaintiffs initiated the Par action, seven other
6

7

pharmaceutical companies, including Anchen, have provided “notice” to Plaintiffs of
“Paragraph IV” certifications relating to seeking FDA approval of controlled-release
8 ||tramadol products. At least three of those actions involve allegations of infringement
9 ||of the ‘452 and ‘027 patents asserted here: Purdue Pharma Products L.P. et al., v.
10 || Impax Laboratories Inc., D. Del, 08-cv-519; Purdue Pharma Products L.P. et al., v.
11 || Handa Pharmaceuticals, LLC., N.D. Cal, Purdue Pharma Products L.P. et al., v.
12 || Anchen Pharmaceuticals, Inc., C.D. Cal.
13 26. In the interest of efficiency, Plaintiffs have moved the Judicial
14 || Panel on Multidistrict Litigation (“MDL Panel”) to centralize five earlier-filed actions
15 ||in the United States District Court for the District of Delaware. (In re: Tramadol
16 || Hydrochloride Extended-Release Tablets Patent Litigation, MDL No. 2126). That
17 |imotion is pending.
18 27.  Plaintiffs intend to notify the MDL Panel about this action as a
19 ||tag-along action to be included in that multidistrict litigation. If and when Plaintiffs
20 || commence suit against the remaining two ANDA-filers, Plaintiffs will seck to have
21 || those actions included in the multidistrict litigation proceeding as well. |
22 28.  Accordingly, to conserve the resources of the Court and the
- 23 || parties, Plaintiffs will move promptly for a stay of this action against Anchen until (1)
24 || Plaintiffs’ motion requesting that the MDL Panel centralize this action with the other
25 |{controlled-release tramadol cases is resolved; and (2) the earlier of (a) a final
26 || adjudication of the appeal in the Par case or (b) a decision by the FDA to tentatively
27 || approve the Anchen Tablets.
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WHEREFORE, Plaintiffs pray for judgment:

A.  Adjudging that Anchen has infringed the ‘452 patent, and that the
commercial sale, offer for sale, and/or manufacture of the Anchen Tablets would
infringe, induce infringement of, and/or contribute to the infringement of the ‘452 and
‘027 patents; |

B.  Adjudging, pursﬁant to 35 U.S.C. § 271(e)(4)(A), the effective
date of any approval of Anchen’s ANDA No. 20-491, under § 505(j) of the Federal
Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)), to be a date not earlier thaq the
date of expiration of the ‘452 and ‘027 patents plus any additional periods of
exclusivity; |

C.  Preliminarily and permanently enjoining, pursuant to 35 U.S.C.

§§ 271(e)(4)(B) and 283 and Rule 65, Fed. R. Civ. P., Anchen, its partners,
contractors, officers, agents, servants, employees, parents, subsidiaries, divisions,
affiliate corporations, other related business entities and all other persons acting in
concert, participation, or in privity with them, énd their succéssors and assigns, from
any commercial manufacture, use, offer to sell, or sale within the United States, or |
importation into the United States, of any drug product that infringes the ‘452 or <027
patents; '

D.  Declaring this an exceptional case and awarding Plaintiffs their

attorneys’ fees, as provided by 35 U.S.C. §§ 271(e)(4) and 285 ; and
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E.  Awarding Plaintiffs such other and further relief as this Court may

deem just and proper.

Dated: January 22, 2010

PASOIN3]452.1
IINCNH - 099975/0999

DYKEMA GOSSETT LLP
Craig N. Hentschel

ROPES & GRAY LLP
Robert J. Goldman
Sasha G. Rao

Sona De

/ 3% )
By: d
ralgl} . Hentsc

Attorfeys for Plaintiffs

PURDUE PHARMA PRODUCTS L.P.
and NAAP PHARMACEUTICAL
GROUP LTD.
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5,591,452

1
CONTROLLED RELEASE FORMULATION

BACKGROUND OF THE INVENTION

The present invention relaies 10 a controlled release
preparation for oral adminisiration, to processes for its
preparation and 1o its medical use. In particular, the inven-
tion relates o a controtled release preparation comprising
tramadol or a pharmaceutically acceptable salt thereof.

Tramadol, which has the chemical name (%)-trans-2-
[(dimethylaminc)methyl]-1-(3-methoxyphenyl)cyclohex-
anol, is an orally aclive opioid analgesic. Conventional
telease preparations in the form of capsules, drops and
suppositories containiag tramadol, or more particularly its
hydrochloride salt, have been -commercially available for
many years for use in the treatment of moderate to severe
pain, Such preparations, however, do not provide a con-
trofled release of the tramadol, Moreover, despite tramadol’s
long-standing use, controlled release preparations for oral
administration containing tramadol as active ingredient have
not even previously been described in the titerature.

SUMMARY OF THE INVENTION

It is an ebject of the present invention to provide an oral
controlied release tramadol preparation suitable for at least
twelve-hourly (e.g. up to twenty-four hourly) administration
for the treatment of pain.

The present invention therefore provides a controlled
release preparation comprising iramadol or a pharmaceuti-
cally acceptable. salt thereof for oral administration.

Suitable pharmacentically acceptable salts of ramadol for
use according to the present invention are those convention-
ally known in the art such as pharmaceutically acceptable
acid addion salts. The hydrochloride salt is particularly
preferred.

A controlled release preparation according to the present
invention is one that achieves slow release of a drug over an
extended pericd of time, thereby extending the duration of
drug action over that achieved by conventional delivery.
Preferably such a preparation maintains a drug concentration
in the blood within the therapensic range for 12 hours or
more.

The present inventors have found that in order to allow for
controlled release tramadol over at least a twelve hour
period following oral administration, the in vitro release rate
preferably corresponds to the following % rate of tramadol
released: :

TABLE 1
TIME (H) % RELEASED
1 0-50
2 0-75
4 395
8 10-100
12 20-100
18 30-100
24 50-100
36 >80

Another preferred preparation especially suited for twice-
g-day dosing has an in vitro release rate corresponding to the
following % rate of tramado} released:

10

30

40

45

55

65

2

TABLE 2
% RELEASED

TIME {H)

20-50
4075
60-95
80-100
90-100

B3 OR S b e

—

Yet another preferred preparation particufarly suited for
once-a-day dosing has an in-vitro release rate corresponding
to the following % rate of ramadol released:

TABLE 3
% RELEASED

TIME (H)

0-50
3-75
10-95
35-100
55-100
70-100
>90

e sten

A still farther preferred preparation in accordance with the
invention also particularly suited for once-a-day dosing has
anin vitro release rate corresponding to the following % rate - -
of tramadol released.

TABLE 4
% RELEASED °

TIME (H)

030
040
3-55
10-65
20-75
30-88
50-100
>80

HE Do rm—

35

More preferably a preparation for once-a-day dosing has
an in vitro release rate substantially as follows;

TIME {H) % TRAMADOE, RELEASED

15-25
25-35
3045
40-60
55-70
6075

bt bt
O B 00 B )

Another preferred dissolution rate in vitro upon release of
the controlled release preparation for administration twice
daily according to the invention, is between 5 and 50% (by
weight) tramadol released after 1 hour, between 10 and 75%
(by weight) tramadol released after 2 hours, between 20 and
95% (by weight) tramadol released after 4 hours, between 40
and 100% (by weight) tramadol rcleased after 8 hours, more
than 50% (by weight) tramadol released after 12 hours, more
than 70% (by weight) released after 18 hours and more than
80% (by weight) tramadol released after 24 hours,

Furthermore, it is preferred in the case of a controlled
1elease preparation for administration twice daily that after
8 hours following oral administration between 70 and 95%
(by weight) tramadol is absorbed in vivo, between 77 and
97% (by weight) tramadol -is absorbed after 10 hours and
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between 80 and 100% {by weight) tramadol is absorbed after
12 hours,

A formulation in accordance with the invention suitable
for twice-a-day dosing may bave a tmax of 1.5 to 8§ hours,
* preferably 2 1o 7 hours, and a W s, value in the range 7 1o 16
hours.

A formulation in accordance with the invention soitable
for once-a-day dosing may have a tmax in the range of 3 to
6 hours, preferrably 4 to 5 hours and a W, valee in the rang
of 10 to 33 hours. '

The W, parameter defines the width of the plasma profile
al 50% Cmax, ie. the duration over which the plasma
concentrations are equal.to or greater than 50% of the peak
conceniration. The parameter is determined by linear inter-
polation of the observed data and represents the difference in
time between the first (or only} upsiope crossing and the last
(or only) downslope crossing in the plasma profile.

The in vitro release rates mentioned herein arc, except
where otherwise spccified, those obtained by measurement
using the Ph. Bur. Paddle Method at 100 tpm in 900 ml 0.1N
hydrochloric acid at 37° C. and using UV detection at 270
nm.

The in vivo absorption rate is defermined from measure-
ment of plasma concentration against ime using the decon-
volution technique. A conventional release tramadol drop
preparation (Tramal (trade mark), Grunenthal)} was used as
the weighting-function and the elimination half life of
tramadol was taken as 7.8 hours,

The controlled release preparation according to the inven-
tion preferably contains an analgesically effective amount of
tramadol or a pharmaceutically acceptable salt thereof, con-
veniently in the range of from 50 to §00 mg, especially 100,
200, 300, 400 to 600 mg {calculated as tramadol hydrochlo-
ride) per dosage unit.

The controlied release preparation according to the inven-
tion may be presenied, for example, as granules, spheroids,
pellets, multiparticolates, capsules, tablets, sachets, con-
trolled relcase suspensions, or in any other svitable dosage
form incorporaiing such granules, spheroids, pellets or mul-
tiparticulates.

The active ingredient in the preparation according to the
invention may suitably be incorporated in a matrix. This
may be any matrix that affords controlled release tramadol
wver at least a twelve hour period and preferably that affords
in-vitro dissolution rates and in vivo absorption rates of
tramadol within the ranges specified above. Preferably the
matrix is & controlled release matrix. Alternasively, normal
release matrices having a coaling which provides for con-
trolled release of the active ingredient may be used,

Suitable materials for inclusion in a controlied releasc
matrix include

(a) Hydrophillic or hydrophobic polymers, such as gums,
cellulose ethers, acrylic resing and protein derived
materials, Of these polymers, the cellulose ethers, espe-
cially atkylcelluloses are preferred. The preparation
may conveniently contain between 1% and 80% (by
weight) of onc or more hydrophillic or hydrophobic
polymers.

(b) Digestible, long chain (Ci—C,,, especially C,~Cag),
substituted or unsubstituted hydrocarbons, such as faity
acids, fatty alcohols, glyceryl esters of fatty acids,
mineral and vegetable oils and waxes. Hydrocarbons
having a melting point of between 25° and 90° C. are
preferred. Of these long chain hydrocarbon materials,
fatty (aliphatic) alcohols are preferred. The preparation
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may conveniently contain up to 60% (by weight) of a1
least one digestible, long chain hydrocarbon,

(c) Polyaltkylene glycols. The preparation may suitably
contain up o 60% (by weight) of one or more poly-
alkylene glycols.

One particularly snitable contvolled refease matrix com-
prises one or more alkylcelluloses and one or more C,5-Csq
aliphatic alcohols, The alkylcetlulose is preferably C,—Cs
alky] celtulose, especially ethyl ceilulose. The' controlled
release preparation according to the invention preferably
contains from 1 1o 20% (by weight), especially from 2 to
15% (by weight) of one or more alkylcelluloses.

The aliphatic alcohol may conveniently be lauryl alcohol,
myristy] alcohol or stearyl alcohol but is preferably cetyl
alcohol or more preferably cetostearyl aleohol. The con-
trotled release preparation suitably contains from 5 to 30%
(by weight) of aliphatic alcobol, especially from 10 to 25%
{by weight) of aliphatic alcohol,

Optionally the controlled release matrix may also contain
other pharmacenticaily acceptable ingredients which are
conventional in the pharmaceutical art such as dituents,
lubricants, binders, granulating aids, colorants, flavorants,
surfactants, pH adjusters, anti-adherents and gildants, e.g.
dibutyl sebacate, ammonium hydroxide, oleic acid and col-
loidal silica.

The controlled release preparation: according to the inven-
tion may conveniently be film coated using any fim coating
material conventional in the pharmaceutical art. Preferably
an aqueous film coatiag is used.

Alternatively, the controlled release preparation accord-
ing to the invention may comprise a normal release matrix
having a controlled release coating. Preferably the prepara-
fon comprises film coated spheroids containing the active
ingredient and a spheronising agent.

The spheronising agent may be any svitable pharmaceu-
tically acceptable material which may be spheronised .
together with the active imgredient to form spheroids, A
preferred spheronising agent is microcrystalline celiulose.
The microcrystalline cellulose used may suitably be, for
example, Avicel PH 101 or Avicel PH 102 {Trade Marks,
FMC Corporation).

Optionally the spheroids may contain other pharmaceu-
tically acceptable ingredients conventional in the pharma-
ceutical art such as binders, bulking agents and colorants.
Suitable binders include water soluble polymers, water
soluble hydroxyalkyl celluloses such as hydroxypropyloel-
lulose or water insoluble polymers (which may alsoe con-
tribute controlled release propeities) such as acrylic poly-
mers or copolymers for example ethylcellulose. Suitable
bulking agents include lactose.

The spheroids are coated with a material which permits
release of the active ingredient at a controlled rate in an
aqueous medium. Suitable controlled release coating mate-
rials include water insoluble waxes and polymers such as
polymethacrylates (for exampie Budragit polymers, Trade
Mark) or water insoluble celluloses, particnlarly ethylcellu-
lose. Optionally, water soluble polymers such as polyvi-
nylpyrrolidone or water soluble eelluloses such as hydrox-
ypropylmethyicellulose or hydroxypropylectivlose may be
included. Optionally other water soluble agents such as
polysorbate 80 may be added.

Alternatively the drug may be coated onto inert non-pareil
beads and the drug loaded beads coated with a material
which permits control of the release of the active ingredient
into the agueous medium.

In a further aspect the present invention provides a
process for preparing a controlled refease preparation
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according to the present invention comprising incorporating
tramadol or a pharmaceutically accepiable salt thereof in 2
controlled release matrix:

(a)} granulating a mixture comprising tramadol or a phar-
maceutically acceptable salt thereof and one or more
alkylcelluloses,

(b) mixing the alkylcellulose containing granules with one
or more C,, 4 aliphatic alcohols; and optionally

(c) shaping and compressing the granvles, and film coat-
ing, if desired; or

¢d) granulating a mixture comprising tramadol or a phar-
maceutically acceptable salt thereof, lactose and one or

more alkylcelluloses with one or more C, ;.55 aliphatic

alcohol; and, optionally,

{c) shapirg and compressing the granvles, and film coat-

ing, if desired.

The controled release preparaﬁon according to the inven-
tion may also be prepared in the form of film coated

" spheroids by
(a) granulaling the mixture comprising tramadol or a
pharmaceutically acceptable salt thereof and a sphero-
nising agent;

(b) extruding the granulated mixture to give an extrudate;

(c) spheronising the extrudate until spheroids are formed,

and

{d) coating the spheroids with a film coat.

One preferred form of unit dose form in accordance with
the invention comprises a capsule filled with controlled
release particles essentiafly comprising the active ingredient,
a hydrophobic fusible carrier or diluent and cptionally a
hydrophillic release modifier. In particular, the controlled
release particles are preferably prepared by a process which
comprises forming a mixture of dry active ingredient and
fusible release control materials followed by mechanically
working the mixture in a high speed mixer with an energy
input sufficient to melt or soften the fusible material whereby
it forms particles with the active ingredient. The resultant
particles, afier cooling, are suitably sieved to give particles
having a size range from 0.1 to 3.0 min, preferably 0.25 to
2.0 mm, An example according to the invention is described
below which is suitable for the commercial production of
dosage units,

‘When using such a processing technique it has been found
that, in order most readily to achieve the desired release
characteristics (both ir vivo and in vitro as discussed above)
the composition to be processed should comprises two
cssential ingredients namely:

{a) tramadol or salt thereof; and

{b) hydrophobic fusible camier or diluent; Optmnally

together with

(¢) a release control component comprising a water-
soluble fusible materjal or a particulate soluble or
insolubte organic or inorganic material.

We have found that the total amount of tramadol or
pharmaceutically accepteble salt thereof in the composition
may vary within wide limits, for example from 10 to 90% by
weight thereof.

The hydrophobic fusible component (b) should be a
hydsophobic material such as a natural or synthetic wax or
oil, for example hydrogenated vegetable oil, hydrogenated
castor oil, microcrystalline wax, Beeswax, Carnauba wax or
glyceryl monostearate, and suitably has a melting point of
from 35° to 140° C., preferably 45° to 110° C. .

The rclease modifying component (), wher a water
soluble fusible material, is conveniently a polyethylene
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glycol and, when a particulate material, is conveniently a
pharmaceutically acceptable material such as dicalcium
phosphate or laciose.

Another preferred process for the manufacture of a for-
mulation in accordance with the invention comprises

(a) mechanically working in a high-speed mixer, a mix-

ture of tramadol or a pharmaceutically accepiable salt
in particulate form and a particulate, hydrophobic fus-
ible carrier or diluent having a melting point from 35°
to 140° C. and optionally a release contro component
comprising a water soluble fisible material, or a par-
ticulate soiuble or insoluble organic or inorganic mate-
rial at a speed and energy input which allows the carrier
or diluent to melt or soften, whereby it forms agglom-
erates,

{b) breaking down the larger agglomerates to give con-

trolled release seeds; and

{c} continuing mechanically working with optiorally a

further addition of low percentage of the carrier or
diluent.

(d) optionally repeating steps {c) and possibly (b) one or

more times.

This process is capable of giving a high yield (over 80%)
of particles in a desired size range, with a desired uniformity
of release rate of tramadol or salt thereof.

The resulting particles may be sieved to eliminate any
over-or undersized material then formed into the desired
dosage units by for example, encapsulation into hard gelatin
capsules containing the required dose of the active substance
or by compression into tablets.

In this method in accordance wiih the inveniion prefer-
ably all the tramadol or salt thereof is added in step (a)
together with & major portion of the hydrophobic fnsible
release control material used. Preferably the amount of
fusible release control material added in step (a) is between
10% and 90% w/w of the total amount of ingredients added
in the entire menufacturing operaiion, more preferably
between 20% and 70% w/iw.

Stage (2} of the process may be camried out in conven-
tional high speed mixers with a standard stainless steel
interior, e.g. & Collette Vactron 75 or equivalent mixer. The
mixiure is processed untl a bed temperature about 40° C. or
above is achieved and the resulting mixiure acguires a
cohesive granuiar texmre, with particle sizes ranging from
about 1-3 mm to fine powder in the case of non-aggregated
original material. Such material, in the case of the embodi-
ments described below, has the appearance of agglomerates
which upon cooling below 40° C. have structural integrity
and resistance to crushing between the fingers. At this stage
the agglomerates are of an irregular size, shape and appear-
ance.

The agglomerates are preferably allowed to cool. The
temperature to which it cools is not critical and a tempera-
trre in the renge room temperature to 37° C. may be
conveniently used.

The agglomerates are bmkcn down by any suitable
means, which will comminute oversize agglomerates and
produce a mixiure of powder and small particles preferably
with a diameter under 2 mrm. It is currently preferred to carry
out the classification using a Jackson Crockatt granulator
using a suitable sized mesh, or a Comil with an appropriate
sized screen. We have found that if oo small a mesh size is
used in the aforementioned apparatus the agglomerates
melting under the action of the beater or impeller will clog
the mesh and prevent further throughput of mixizre, thus
reducing yield. A mesh size of 12 has been found adequate.

The classified material is returned to the high speed mixer
and processing continued. It is believed that this leads to
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cementation of the finer pariicles into particles of uniform
size range.

In one preferred form of the method of the invention
processing of the classified materials is continued, until the
hydrophobic fusible materials used begin to seften/melt and
optionally additional hydrophobic fusible material is then
added. Mixing is continued until the mixture has been
transformed into paricles of the desired predetermined size
Tange.

In order to ensure uniform energy input into the ingredi-
ents in the high speed mixer it is preferred to supply at least
part of ihe energy by means of microwave cnergy.

Energy may also be delivered through other means such
as by a heating jacket or via the mixer impeHer and chopper
blades.

After the particles have been formed they are cooled or
allowed to cool, and may then be sieved to remove any over
or undersized malerial.

The resulting particles may be used to prepare dosage
urnits in accordance with the invention in the form of e.g.
teblets or capsules in manners known per se.

We have also found that particles containing tramacol or

" a salt thereof produced by 2 melt processing as described in
apphication PCT/SE93/00225 and the process described and
claimed in our prior unpublished UK application No.
9324045.5 filed on 23 Nov. 1993 as weli as the process
described herein are particularly useful for processing into
the form of tablets.

‘We have found that by suitable selection of the materials
used in forming the particles and in the tabletting and the
proporiions in which they are used, enables a significant
degree of control in the ultimate dissolution and release rates
of the tramadol or salt thereof from the compressed tablets,

Usnally, to form a tablet in accordance with the invention,
particles prepared as described above will be admixed with
tzbletting excipients e.g. one or more or the standard excipi-
ents such as diluents, Jubricants, binding agents, flow aids,
disintegrating agents, surface active agents or water soluble
polymeric materials.

Suitabie diluents are e.g. microcrystailine cellulose, lac-
tose and dicaicium phosphate. Suitable lubricants are e.g.
magnesium siearate and sodium steary] fumarate. Suitable
binding agents are e.g. hydroxypropyl methyl cellulose,
polyvidone and methyl cellulose. .

Suvitable disinteprating agents arc starch, sodiom starch
glycolate, crospovidone and croscarmalose sodium. Suitable
surface active are Poloxamer 188®, polysorbate 80 and
sodium lzuryl suifate. Suvitable flow aids are talc colloidal
anhydrous silica. Suitable water soluble polymers are PEG
with molecular weights in the range 1000 to 6000.

To produce tablets in accordance with the invention,
particles produced in accordance with the invention may be
mixed or blended with the desired excipient(s), if any, using
conventional procedures, e.g. using a Y-Cone or bin-blender
and the resulting mixture compressed according to conven-
tional tabletting procedure using a suitable size tabletting
mold. Tablets can be produced using conventional tabletting
machines, and in the embodiments described below were
produced on standard single punch F3 Manesty machine or
Kilian RLE13 rotary tablet machine. )

Generally speaking we find that even with such a highty
water soluble active agent as tramadol or salt thereof tablets
formed by compression according o standard methods give
very low rclease rates of the active ingredient e.g. corre-
sponding to relcase over a period of greater than 24 hours,
say more than 36. We have fonnd that the release profile can
be adjusted in a number of ways. For instance a higher
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1oading of the drug will be associated with increased release
rates; the use of larger proportions of the water soluble
fusible material ir the particles or surface active agent in the
tabletting formulation will also be associated with a higher
release rate of the active ingredient. By controlling the
relative amounts of these ingredients it is possible to adjust
the release profile of the tramadol or sait thereof.

The following examples iliustrate various aspects of the
present invention. They are not to be construed to limit the
claims in any manner whatsoever.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further illustrated in connection
with the accompanying drawings in which:

FIG. 1 is a graphical depiction of the serum levels of
tramadet following administration of one tablet according to
Example 2 in 12 healthy volunteers; and

FIG. 2 is a graphical depiction of the plasma profile
resulting from single dose administration of the tablet of
Example 8 in comparison to the administration of a com-
mercial preparation of tramadol drops 100 mg in a tdal
involving five healihy male volunteers.

EXAMPLE 1

Tablets having the following formulation were prepared:

mg/tablet
Tramado] Hydrochloride 160
Lactose Ph, Bur, 63,0
Ethylcellulose (Surelense & 25% solids) 15
Porified Walcr Ph. Eur. 13.3%
Cetestearyl Alcohol Ph. Bur. 42.00
(Dehydag wax )
Muagnesium Sicarste Ph. Bur. 200
Purificd Talc Ph. Eur. 3.00

230.00

*Removed during processing.

Tramadol hydrochloride (100 mg) and lactose (68 mg)
were granulated, transferred to a fluid bed graneiator and
sprayed with ethylcellulose (15 mg) and water. The granules
were then dried a( 60° C. and passed through a 1 mm screen.

To the warmed tramadol containing granules was added
molten cetosiearyl alcohol (42 mpg) and the whole was mixed
thoroughly. The granules were allowed to cool and sieved
through 2 1.6 mm screen. Purified talc and magnesium
stearate were added and mixed with the granules. The
granules were then compressed into tablets.

The tablets were coated with a film coat having the
formulation given below.

mg/tablot
Hydropropy!methylcellulose 0.770
Fh, Eur. 15 cps (Methocel E15)
Hydroxypropylmethylcellulose 387
(Ph. Bur. § cps {Methocel ES)
Opaspray M-1-7111B (33% solids) 2.57
Polyethylene glycol 400 USNF 0.520
Purified Tale Ph. Fur. 0270
Purified Water Ph. Eur, 55.52*

*Remove during processing.
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EXAMPLE 2

Tablets having the following formulation were prepared:

mgfablat
Tramadol hydrochloride 100.0
Lactose Ph. Eur. 580
Ethylcellelose USNF 150
{Ethocel 43 CP)
Celostearyl alcchol Ph. Eur. 52.0
(Dchydag wax 0)
Magnesium stearate Fh, Bur, 200
Purified talc Ph. Eur. 3.00

A mixture of tramadol hydrochloride (160 mg), lactose
(58 mg) and ethylcellulose (15 mg) was gramilated while
adding molten cetostearyl alcohol (52 mg) and the whole
was mixed thoroughly. The granules were allowed to cool
and sieved through a 1.6 mm screen, Purified talc and
magnesium stearate were added and rmixed with the gran-
ules. The granules were then compressed into tablets which
were coated with a fiim coat having the formutation given in
Bxample 1.

EXAMPLE 3

Film coated tablets were produced following the proce-
dure described in Example 2 and having the following
formutation:

¢

15

20

10

iif. Classifying the agglomerated material by passage
through a Comil and/or Jackson Crockatt to obtain
conirolled release seeds. :

iv. Warming and mixing the classified material in the bowl
of a 10 liter Collette Gral, unti] uniform multiparticn-
lates of the desired pre-determined size Tange are
formed in yield of greater than 80%. This takes
approximately 5 minutes.

V. Discharging the multiparticulates from the mixer and
sieving them 10 separate out the multipariiculates col-
lecied between 0.5 and 2 mm aperture sieves.

TABLE 1
Example 4 5
{a) Tramado} HC} (Wt %) 5 75
(b) Hydrogenated Vepetable Of) (Wt %) 50 25

EXAMPLE 6

Samples of the particles from Example 4 were blended
with magnesium stearate and purified talc using a Y-Cone or
bin-blender. . The blended mixture was then compressed
using either (1} 14x6 mm, (2) 16x7 mm or (3) 18.6X7.5 mm
capsule shaped tooling on a single punch F3 Manesty

mgltabiet 0 tabletting machine to give tablets giving 200, 300 and 400
- mg of tramadol HCL The ingredienis per dosage wonit
EZ‘:‘D;“:‘%;‘V;I;“M“"&” lgg'gg amounted to the foliowing:
Hydroxyethyleellulose Ph. Eur. 12.50
“Cetostearyl alcobol Ph. Fur, 42.00 35 TABLE I
Magnesium slearate Ph, Eur, 2.00
Purified tale Pi. Eur. 3.00 TABLET _ MG/TABLET
. INGREDIENT 1 2 3
In vitro dissotution studies
In vitro dissolution studies were conducted on tablets ;ﬁd’:“d"iﬂ:; Vegetable O ggg ggg :gg
prepared as described above. Results are given in Table 1. 0 Hydroge . —_ —_— —_—
Sub Total 400 600 200
TABLE 1 Purified Talc 12,63 1895 25.26
Magnesium Stearate 2.42 1263 16.84
WT % TRAMADOL RELEASED
) 43 . . .
Time () Example 1 Example 2* Example 3 The tablets were assessed by the dissolution using Ph.
1 39 15 43 Fur. Paddie Method 100 P, {.1N HCL,
3 g ‘g gg To assess the non-compressed particles the Ph Eur. Paddle
g 82 78 07 was replaced by a modified Ph Eur, Basket.
12, 50 86 — 39 The results are shown in Table IV below;

*Measured on tablet core

In a trial involving 12 healthy volunieers the serum levels
of ramado] following administration of one tablet according
to Example 2 was found to be as illustrated in FIG. 1.

EXAMPLE 4 and 5

Particles having the formulations given in Table II below,

were prepared by the steps of:

i. Placing the ingredients (a) and (c) {total batch weight
0.7 kg) in the bowl of a 10 liter capacity Coliettc Gral
Mixer (or equivalent) equipped with variable speed
mixing and granulating blades;

ii, Mixing the ingredients at about 150-1000 rpm whilst
applying heat uatil the contents of the bowl are agglom-
erated.

55

60

65

TABLE IV
HOURS AFTER Particles Tablet 1 Tablet 2 Tablet 3
START OF TEST % TRAMADOL HCl RELEASED
1 54 16 15 15
P 68 23 0 21
3 76 28 25 25
4 82 32 28 28
[ 89 40 35 35
g 53 46 41 40
10 96 50 45 45
12 o8 55 49 49
16 100 63 57 56
20 NR 70 63 NR

These results confirm the effectiveness of the tabletting in
reducing the release rate.
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EXAMPLE 7 -continued
Samples of the particles from Example 5 were then HOURS AFTER START % TRAMADOL HC!
tabletted using a procedure similar to Example 3 and the OF TEST RELEASED
ingredients per unit dosage amounted to: 5 3 50
1 55
TABLE V 12 60
16 67
TABLET MO/TABLET 20 I
24 i
INGREDIENT 4 s 6 1
Tramadol Hel . 200 300 400 In a trial involving five healthy male volunteers the
Hydrogenzied Vegetable Oil 867 A0 13 plasma profile resulting from single dose administrations of
the above tablet are shown in FIG. 2 in comparison 1o the
266.7 400 IDUVE ¢ / :
gggﬁm 763 11.44 ngs administration of a commercial preparation of Tramadel
Mzgnesium Siearatc 516 763 1017 15 drops 100 mg.

The tablets and samples of non-compressed multiparticu-
lates (each sample containing 400 mg of tramadol hydro-
chloride) were assessed by the dissolution method also
described above. The results are shown in Table VI below;

TABLE VI
HOURS AFTER  Paticles  Tablet4  Tublet5  Tablet 6
START OF TEST % TRAMADOL HCl RELEASED
1 T 43 40 42
2 92 64 55 56
3 98 75 65 66
4 100 83 72 73
6 102 94 8 84
8 102 100 o gt
10 102 NR 9% 97

These results show that by increasing the loading of the
highly water soluble iramadol hydrochloride (75% wiw in
this example compared with 50% w/w in Example 6) a
significantly faster release rate of the active ingredient cen
be achieved.

EXAMPLE 8

Example 4 was repeated bul with the following formula-
tion:

Tramade]l HCL
Hydrogenated Vegetable 0il

200 mg/tablet
163.0 mg/tablct

The resulting multiparticufates were blended as described
in Example 6 with the following;

Purified Tale
Magnesiom Stearate

1L.5 mg/tablet
7.66 mg/iablet

The blend was then compressed as described in Example
6 but using 15 mm><6.5 mm normal concave capsule shaped
plain/plain punches.

The resuiting tablets were then assessed by the dissofution
method described above. The results are shown in Table V.

% TRAMADOL HC]
RELEASED

HOURS AFTER START
OF TEST

20
7
2
7
44

o BN —

20

n

35

40

45

50

53

&0

63

The examples provided above are not meant to be excluo-
sive. Many other variation of the present invention would be
obvious to those skilled in the art, and are contemplated to
be within the scope of the appended claims.

What is claimed is:

1. A controlled release oral pharmaceutical preparation
suitable for dosing every 24 hours containing frem about 50
mg to about 800 mg of tramadol or a pharmaceutically
acceptable salt thereof, calculated as hydrochloride salt, ina
controlled release matrix, the matrix comprising from about
1 to about 80% wiw of one or more hydrophilic or hydro-
phobice polymers, and having a dissolution rate in vitro when
meagsured using the Ph. Eur. Paddle Method at 100 rpm in
900 ml 0.IN hydrochloric acid at 37° C. and using UV
detection at 270 nm, from about O to about 50% tramadol
released after 1 hour; from about 0 to about 75% tramadol
released after 2 hours; from about 3 to about 95% tramadol
released after 4 hours; from about 10 to aboui 100% after 8
hours; from about 20 to about 100% tramado] released after
12 hours; from about 30 to about 100% tramadel released
after 16 bours; from about 50 io about 100% tramadol
released after 24 hours; and preater than 80% tramadol
released after 36 hours, by weight.

2. A controlled release preparation as claimed in claim 1,
having an in-vitro dissolntion rate (measured by the Ph, Euro
Paddle method at 160 rpm in 900 mi 0.1N hydrochloric acid
at 37° C. and using UV detection at 270 mm) as set forth
below:

TIME (H) % RELEASED

20-50
40-75
5095
30-100
90-160

LSRR

1

3. A controlled release preparation as claimed in claim 1,
having an in-vitro dissolution rete {measured by the Ph. Eur.
Paddie method at 100 rpm tr: 900 mil 0.1N hydrochlorc acid
at 37° C. and using UV detection at 270 mm) as set forth
below: .

TIME (H) % RELEASED

1 0-50
2 0-75
4 10-95
8 35-100

12 55-100

15 76-100

%4 >90

4. A controlled release preparation as claimed in claim 1,
having an in-vitro dissolution rate (measured by the Ph. Eur.
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Paddie method at 100 rpm in 900 mi 0.1N hydrochloric acid
at 37° C. and using UV detection at 270 mm) as set forth
below: )

TIME (E) % RELEASED

4 0-30
2 0-40
4 3-55
g 10-65

12 20-75

16 p-8R

24 50100

36 >80

5. A dosage form according to claim 1, wherein said
malzrix comprises a cellulose ether.

6. A dosage form according to claim 5, wherein said
matrix comprises a controiled release matrix comprising at
Jeast one alkylcellulose, at least one C,, to Cg, aliphatic
alcohol and, optiorally at least one polyalkylglycol.

7. A dosage form as claimed in claim 6, wherein said
polyalkylglycol is polyethylene glycol.

" 8. A dosage form according to claim &, wherein said at
least one ), to C,; aliphatic aleohol is a €, , to Cy, aliphatic
alcohol.

9. A dosage form according to claim 6, wherein said
dlkyleellulose is a C;~C, alkylcellulose.

10. A dosage form according to claim 6, wherein the
dosage form contains from about 1 to about 20% w/iw of said
alkyleellulose.

1. A dosage form according to claim 6, wherein said
aliphatic alcohol is selected from the group consisting of
lauryl aleohol, myristyl alcohel, stearyl alcohol, cetyl alco-
hol, cetosteary] alcohol, and mixtures thereof.

12, The dosage form of claim 11, wherein said aliphatic
alcohol is cety] alcohol or cetostearyl alcohol.

13. A dosage form according to claim 6, wherein said
dosage form contains from about 5 to about 30% wiw of said
aliphatic alcohol.

14 A dosage form according to claim 6, wherein said
dosage form contains from about 10 to about 25% wiw of
said aliphatic alcohol.

15. A dosage form according to claim 1, in the form of
film coated spheroids, wherein said spheroid matrix com-
prises a spheronizing agent,

16. A dosage form according to claim 1, in the form of
multi-parifculates wherein said matrix comprises a hydro-
phebic fusible carrier or diluvent having a melting point from
35° to 140° C. and optionally & release control component
comprising a water soluble fusible material, or a particilate
soluble or insoluble organic or inorganic material.

17. A dosage form according to claims 1, which comprises
atablet formed by compressing a multiparticulate according
to claim 16.

18. A dosage form according to claim S, wheréin said
cellulose ether is an alkylcelinlose.

19. A dosage form according to claim 18, wherein said
alkylcellulose is ethyleellulose.

20. A dosage form according to claim 1 which provides 2
tmax from about 3 to about 6 hours.

21. A dosage form according to claim 1 which provides a
W from about 10 to about 33 howurs.

22. A controlled release preparation suitable for dosing
every twelve hours containing from about 50 to about 400
mg ‘tramado] or pharaceuticaily acceptable salt thereof,
calculated as the hydrochleride sali, in a controlled release
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matrix containing from about 1 to about 80% w/w of one or
more hydrophilic or hydrophobic polymers, said preparation
exhibiting an in vitro dissolution rate when measured by the
Ph. Eur. Paddle method at 100 rpm in 900 m] 0.1N hydro-
chloric acid at 37° C. and using UV detection at 270 mm,
such that between 5 and 50% (by weight) tramadol is
released after 1 hour, between 10 and 75% (by weight)
tramado] is released after 2 hours, between 20 and 95% (by
weight) tramadol is released after 4 hours, between 40 and
100% (by weight) tramado] is released after B hours, more
than 50% (by weight) tramade) is released after 12 hours,
more than 70% (by weight) tramadol is released after 18
hours and more than 80% (by weight) tramadol is rejeased
after 24 hours,

23. A dosage form according to claim 22 wherein said
controlied release matrix comprises a cellulose ether.

24. A dosage form according to claim 23 wherein said
cellulose ether is an alkyl cetlulose.

25. A dosage formn according to claim 22 wherein said
controlled refease matrix comprises at least one C, to Cg,
alkyl cellulose.

26. A dosage form according to claim 28, wherein said
controlled release matrix comprises at least one Cyg to Cag,
aliphatic alcohol.

27. A dosage form according to claim 26, wherein said
controlled release matrix further comprises at least one Cy,
to C,, aliphatic aleohol.

28. A dosage form according to claim 27, wherein said
controlled release matrix further comprises at least one
pofyalkylglycol.

29. A dosage form according to claim 28, wherein said
polyalkylglycol is pelyetbylene plycol.

30. A dosage form according to claim 25, wherein said
dosage form coatains from about 1 to about 20% w/w of said
alkyl eeliniose.

31. A dosage form according to ctaim 29, wherein said
dosage form coutains from about 2 to 15% w/w of said alkyl
cellulose.

32. A dosage form according to claim 26, wherein said
aliphatic alcohol is selected from the group consisting of
lauryl aleohol, myristyk alcohol, stearyl atcohol, ceryl alco-
hol cetosteary] alcohol, and mixtures thereof,

33 A dosage form according to claim 32, wherein said
dosage form contains from about 5 to abowt 30% wiw
atiphatic atcohol.

34. A dosage form according to claim 32, wherein said
dosage form contains from about from 10 to 25% wiw
aliphatic alcohel.

35. A dosage form aceording to claim 25 in the form of
multiparticulate spheroid matrices, wherein said spheroid
matrix comprises a spheronizing agent.

36. A dosage form according to claim 35, wherein said
spheronizing agent comprises microcrystalline cellulose.

37. A dosape form according to claim 22, in the form of
multipartievlates wherein said matrix comprises a hydro-
phobic fusible carrier or diluent having a meliing point from
35° to 140° C. and optionally a release contro] component
comprising a water soluble fusible material, or a particulate
soluble or inscluble organic or inorganic material,

38. A dosage form according to claim 22, which provides
at,,, from about 1.5 to about 8 hours.

39, A dosage form according to claim 22, which provides
a Wy from about 7 to about 16 hours.
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CONTROLLED RELEASE FORMULATION

This is a divisional of application Ser. No. 08/241,129,

filed May 10, 1994 {now U.S. Pat. No. 5,591,452).
. The present invention relates 10 a controlled release
preparation for oral adminisiration, to processes for its
preparation and to its medical use, In particular, the inven-
tion relates to a controlled release preparation comprising
trarnadol or a pharmaceutically acceptable salt thereof.

Tramadol, which has the chemical name (x)-irans-2-
f(dimethylamino)methyl]-1-(3-methoxyphenyl)
eyclohexanol, is an orally active opioid analgesic. Conven-
ticnal release preparations in the form of capsules, drops and
suppositories containing tramadol, or more particularly its
hydrochloride salt, have been commercially available for
many vears for use in the treatment of moderate to severe
pain; Such preparafions, however, do nol provide a con-
trolled release of the tramadol. Moreover, despite tramadol’s
long-standing use, conirolled release preparations for oral
administration containing tramadol as active ingredient have
not even previously been described in the literature.

It is an object of the present invention to provide an oral
controlled release tramadol preparation suitable for at least
twelve-hourly {e.g. up to tweaty-four hourly) administration
for the treatment of pain.

The present invention therefore provides a2 controlled
release preparation comprising tramadol or a pharmaceuti-
cally acceptable salt therefor for oral administration.

Suitable pharmaceutically accepiable salts of tramadel
for use according to the present invention are those conven-
tionally known in the art such as pharmaceutically accept-
able acid addition salts. The hydrochloride salt is particu-
larly preferred.

A controlled release preparation according to the preseot
invention is one that achieves slow release of a drug over an
extended period of time, thereby extending the deration of
drug action over that achieved by conventional delivery.
Preferably such a preparation maintains a drug concentration
in the blocd within the therapeutic range for 12 hours or
more.

The present inventors have found that in order to allow
for controlled release tramadol over at least a twelve hour
period following oral admiristration, the in viiro release rate
preferably corresponds to the following % rate of tramadol
released:

TABLE 1
TIME (H) % RELEASED
1 0-50
2 =75
4 3-95
8 10300
12 20100
16 30100
24 50-100
36 >80

Another preferred preparation especially suited for
twice-a-day dosing has an in vitro release rate corresponding
10 the folowing % rate of tramadol released:

TABLE 2
TIME (i) % RELEASED
1 20-50
z 40-75
4 60-95

10

20

30

35

40

45

50

55

60

65

2
TABLE 2-continued
TIME (H) % RELEASED
8 80--100
12 90-100

Yet another preferred preparation particularly suited for
once-a-day dosing has an in-vitro release rate corresponding

1o the following % rale of tramadol released:
TABLE 3
TIME (H) % RELEASED

1 0-50

2 0-75

4 30-95

8 35-100
12 55-100
15 70-100
24 >90

A still further preferred preparation in accordance with
the invention also particularly suited for once-a-day dosing
has an in vitra release rate corresponding to the following %

rate of tramadol released.
TABLE 4
TiME (H) % RELEASED

1 0-30
2 040
4 3-55

8 1065
12 20-75
16 30-88
24 50-100
16 >80

More preferably a preparation for once-a-day dosing has
an in vitro release rate substantially as foliows;

TIME (H) % TRAMADOL RELEASED

15-25
25-35
30-45
4060
35-70
G0-75

= SR S R

Pargran

Another preferred dissolution rate in vitro wpon release
of the controlled release preparation for administration twice
daily according o the invention, is between 5 and 50% (by
weight) tramadol released after 1 hour, between 10 and 73%
(by weight) tramadol released afler 2 hours, between 20 and
95% (by weight} tramado] released after 4 hours, between 40
and 100% (by weight} tramadol released after 8 hours, more
than 50% (by weight) tramadol released after 12 hours, more
than 70% (by weight) released after 18 hours and more than
80% (by weight) tramadol released after 24 hours.

Furthermore, it is preferred in the case of a conirolled
release preparation for administration twice daily that after
8 hours following oral admintsiration between 70 and 95%
{by weight) tramadol is absorbed in vivo, between 77 and
97% (by weight) tramadol is absorbed after 10 hours and
between 80 and 100% (by weight) tramadol is absorbed after
12 hours.
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A formulation in accordance with the invention suitable

for twice-a-day dosing may have a tmax of 1.5 1o 8 hours,

. preferably 2 to 7 hours, aud a Wy, value in the range 7 1o 16
houss.

A formulation in accordance with the invention suitable
for once-a-day dosing may have a tmax in the range of 3 to
6 hours, preferably 4 1o 5 hours and a Wy, value in the range
of 10 to 33 hours.

The Wy, parameter defines the width of the plasma
peofile at 50% Cmax, i.¢. the duration over which the plasma
concentrations arc equal to or greater than 50% of the peak
concentration. The parameter is determined by linear inter-
polation of the observed data and represents the difference in
time between the first (or only) upslope crossing and the last
(or only) downslope crossing in the plasma profile.

The in vitro release rates mentioned herein are, except
where otherwise specified, those obtained by measurement
using the Ph. Eur. Paddle Method at 100 rpm in 900 m1 0.1
N hydrochloric acid at 37° C. and using UV detection at 270
nm.

The in vitro absorption rate is determined from measure-
meni of plasma concentration against time using the decon-
volution technique. A conventional release tramadol drop
preparation (Tramal (trade mark), Grunenthal} was used as
the weighting-function and ihe elimination half Life of
tramadol was taken as 7.8 hours.

The controlled release preparation according to thc
invention preferably contains an analgesically effective
amount of tramadol or a pharmaceutically acceptable salt
thereof, conveniently in the range of from 50 10-800 mg,
especially 100, 200, 300, 400 to 608 mg (calculatcd as
tramadol hydrochloride) per dosage unit.

The controlled release preparation accordmg 1o the
invention may be presented, for example, as granules,
spheroids, pellets, multiparticulates, capsules, lablels,
sachets, controlled release suspensions, or in any other
suitable dosage form incorporating such granules, spheroids,
pellets or multiparticulates.

The active ingredient in the preparation according Lo the
invention may suitably be incorporated in a matrix. This
may be any matrix that affords controlled release tramadol
over al least a twelve hour period and preferably that affords
in-vitro dissolution rates and in vivo absorption rates of
tramadol within the ranges specified above. Preferably the
matrix is a controller release matrix. Alternatively, normal
release matrices having a coating which provides for con-
trolled release of the active ingredient may be used.

Suitable materials for inclusion in a conirolled release
matrix inchide

(2) Hydrophillic or hydrophoblc polymcrs such as gums,
cellulose ethers, acrylic resins and proteie derived
materials. Of these polymers, the cellulose ethers, espe-
cially alkylcelluloses are preferred. The preparation
may convenienily contain between 1% and 80% (by
weight) of one or mere hydrophillic or hydrophobic
polymers.

{b) Digestible, long chain (C;—C,,, especially C,,—C ),
substituted or unsubstituied hydrocarbons, such as fatty
acids, fatty alcohols, glyceryl esters of fatty acids,
mineral and vegetable cils and waxes. Hydrocarbons
having a melting point of between 25 and 96° C. are
preferred. Of these long chain kydrocarbon materials,
fatty (aliphatic) alcohols are preferred. The preparation
may conveniently contain up to 60% (by weight) of at
Ieast one digestible, long chain hydrocarbon.

(c) Polyalkylene glycols. The preparation may suitably
contain up to 60% (by weight) of one or more poly-
alkylene glycols.

20
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One particutarly suitable controlled release matrix com-
prises one or more aikyleelluloses and one or more C,,—Cyq
aliphatic alcobols, The alkylcellulose is preferably C,-C,
alkyl cellulose, especially ethyl cellulose. The controlled
release preparation according to the invention preferably
contains from 1 1o 20% (by weight), especially from 2 to
15% (by weight) of one or more alkylcelluloses.

The aliphatic alcohol may conveniently be lauryt aleohol,
myristyl alcohol or stearyl alcohol but is preferably cetyl
alcohol or more preferably cetostearyl alcohol. The con-
trolled release preparation suitable contains from 3 to 30%
(by weight} of aliphatic alcohol, especiaily from 10 to 25%
(by weight) of aliphatic alcohol.

Optionally the controlled release matrix may aiso contain
other pharmaceutically acceptable ingredients which are
cogventional in the pharmaceutical art such as diluents,
lubricants, binders, granulating aids, colourants, flavourants,
surfactants, pH adjusters, anti-adherents and glidants, ¢.g.
dibutyl sebacate, ammonium hydroxide, oleic acid and col-
loidal silica.

The controlled release preparation according to the inven-
tion may conveniently be film coated using any film ceating
material conventional in the pharmaceutical art. Preferably
an aqueous film coating is used.

Alternatively, the controlled release preparation accord-
ing 1o the invention may comprise a normal release matrix
having a controlled release coating. Preferably the prepara-
tion comprises film coated spheroids containing the active
ingredient and a spheronising agent.

The sphercnising agent may be any suitable pharmaceu-
tically acceptzble material which may be spheronised
together with the active ingredient to form spheroids. A
preferred sphercnising agent is microcrystalline cellulose.
The microcrystalline cellulose used may suitably be, for
example, Avicel PH 102 or Avicel PH 102 (Trade Marks,
FMC Corporation).

Optionally the spheroids may contain other pharmaceu-
tically acceptable ingredients conventional in the pharma-
ceutical art such as binders, bulking agents and colourants.
Suitable binders include water soluble polymers, waler
soluble hydroxyalkyl celluloses such as hydroxypropyleel-
Inlose or water insoluble polymers (which may alse con-
tribute controlled release properties) such as acrylic poly-
mers or copolymers for example ethyleellulose. Suitable
bulking agents include lactose.

The spheroids are coated with a material which permits
release of the zclive ingredient at a controlled rate in an
aqueous medium. Suitable controlled release coating mate-
rials include waler insoluble waxes and polymers such as
polymethacrylates (for example Eudragit polymers, Trade
Mark)} or waler insolable celluloses, particularly ethylcellu-
lose. Optionally, water soluble polymers such as polyvi-
nylpyrrolidone or water soluble celluloses such as hydrox-
ypropylmethylcellulose or hydroxypropyleellulose may be
included. Optionally other water soluble agents such as
polysorbate 80 may be added.

Alternatively the drug may be coated onto inert non-pareil
beads and the dreg loaded beads coated with a material
which permiis control of the release of the active ingredient
into the aqueous medium.

In a further aspect the preseat invention provides a
process for preparing a controlled release preparation
according to the present invention comprising incorporating
tramadol] or a pharmaceutically acceptable salt thereof in a
controlled refease matrix, for example by

(a) granulating & mixiure comprising tramadol or a phar-

maceutically acceplable sall thereof and one or more
alkylcelluloses,
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{b) mixing the alkylcellulose containing granules with one

or more C,, 4 aliphatic alcohols; and optionally

{c¢) shaping amd compressing the granules, and film

coating, if desired; or

(d) grannlating a mixture comprising tramadol or a phar-

macentically acceptable salt thereof, lactose and one or
more alkylceltuloses with one or more C,, 5 aliphatic
alcohol; and, optionally,

{e) shaping and compiessing the granules, and film

coating, if destred.

The controlled release preparation according to the inven-
tion may also be prepared in the form of film coated
spheroids by

(2) granulating the mixture comprising tramadol or a

pharmacentically acceptable salt thereof and a sphero-
nising agent(;

(b) extruding the graonulated mixture to give an extrudate;

(c) spheronising the extrudate until spheroids are formed;

and

(d) coating the spheroids with a film coat.

One preferred form of unit dose form in accordance with
the iovention comprises a capsule filled with controlled
release particles essentially comprising ihe active ingredient,
a hydrophobic fusible camrier or diluent and opticnally a
hydrophillic release modifier. In particular, the controlled
release particles are preferably prepared by a process which
comprises forming a mixture of dry active ingredient and
fusible release control materials followed by mechanieally
working the mixture in a bigh speed mixer with an energy
input sufficient to melt or soften the fusible material whereby
it forms particles with the active ingredient. The resultant
particles, after cooling, are suitably sieved to give particles
having a size range from 0.1 to 3.0 mm, preferably 0.25 to
2.0 mm. An example according to the inveation is described
below which is suitable for the commercial production of
dosage units.

10

i5

20

‘When using such a processing technatque it has been found -~

that, in order most readily 1o achieve the desired release
characteristics (both in vivo and in vitro as discussed above)
the composition to be processed should comprises two
essential ingredients namely:

{(a) tramadol or salt thereof; and

(b) hydrophobic fusible carrier or diluent; optionally

together with

(c) a releasc control component comprising a waler-

soluble fusible material or a particulate soluble or
insoluble organic or inorganic material.

We have found that the tetal amount of tramadol or
pharmaceuntically acceptable salt thereof in the composition
may vary within wide Bmits, for example from 10 to 50% by
weight thereof.

The hydrophobic fusible component (b) should be a
hydrophobic material such as 2 natural or synthetic wax or
oil, for example hydrogenated vegetable cil, hydrogenated
castor oil, microcrystalline wax, Beeswax, Carnauba wax or
glyceryl monostearate, and suitably has 2 melting point of
from 35 to 140° C., preferably 45 to 110° C.

The release modifying component (c), when a water
soluble fusible material, is conveniently a polyethylene
glycol and, when a particulate material, is conveniently a
pharmaceutically acceptable material such as dicalcium
phosphate or lactose.

Another preferred process for the manufacture of a for-
mulation in accordance with the invention compriscs

(2) mechanically working in a high-speed mixer, a mix-

ture of tramadol or a pharmaceutically acceptable salt
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in particulate form and a particulate, hydrophobic fus-
ible carrier or diluent having a melting point from 35 to
140° C. and optionally a release control component
comprising a water soluble fusible material, or a par-
ticulate soluble or insoluble organic or inorganic mate-
rial at a speed and energy input which allows the carrier
or diluent to melt or soften, whereby it forms
agglomerates,

(b) breaking down the larger agglomerales to give con-

trolled release seeds; and

(c) continuing mechanically working with optionally a

further addition of low percentage of the carrier or
diluent.

(d) optionally repeating steps (c) and possibly (b) one or

more times.

This process is capable of giving a bigh yield (over 80%)
of particles in a desired size range, with a desired uniformity
of release rate of tramado] or salt thereof.

The resulting particles may be sieved to eliminate any
over-or undersized material then formed into the desired
dosage unils by for example, encapsulation into bard gelatin
capsules containing the required dose of the active substance
or by compression inio tablets.

In this method in accordance with the invention prefer-
ably all the tramadol or sali thereof is added in step (a)
together willt a major portion of the hydrophobic fusible
release control material used. Preferably the amount of
fusible release control malerial added in step (a) is between
10% and 90% w/w of the total amount of ingredients added
in the entire manufaciuring operation, more preferably
between 20% and 70% wiw.

Stage (a) of the process may be carried out in conven-
stional high speed mixers with a standard stainless steel
interior, ¢.g. a Collette Vactron 75 or equivalent mixer. The
mixture is processed unti! a bed temperature about 40° C, or
above is achieved and the resulting mixtire acquires a
cohesive granular texture, with pardicle sizes ranging from
about 1-3 mm to fine powder in the case of non-aggregated
original material. Such material, in the case of the embadi-
ments described below, has the appearance of agglomerates
which upon cooling below 40° C. have structural integrity
and resistance to crushing between the fingers. At this stage
the agglomerates are of an irregular size, shape and appear-
ance.

The agglomerates are preferably allowed to cocl. The
temperature to which it cools is not critical and a tempera-
wre in the range room temperature lo 37° C. may be
comveniently used.

The agglomeraies are broken down by any switable
means, which will comminute oversize agglomerates and
produce & mixture of powder and small particles preferably
with a diameter under 2 mm. It is currently preferred to carry
out the classification using a Jackson Crockatt granulator
using a suitable sized mesh, or a Comil with an appropriate
sized screen. We kave found that if too small a mesh size is
used in the aforementioned apparatmus the agglomerates
melting under the action of the beater or impeller will clog
the mesh and prevent further throughput of mixture, thus
reducing yield, A mesh size of 12 has been found adequate.

The classified material 1s returzed to the high speed mixer
and processing continued, It is believed that this leads to
cementation of the finer particles into particles of uniform
size ramge.

In one preferred form of the method of the invention
processing of the classified materials is continued, uniil the
hydrephobic fusible materials used begin to soften/melt and
optionally additional hydrophobic fusible material is then
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added. Mixing is continued until the mixiure has been
transformed into particles of the desired predstermined size
range.

In order to ensure uniferm energy input into the ingredi-
cnts in the high speed mixer it is preferred to supply at least
part of the energy by means of microwave energy.

Energy may also be delivered through other means such
as by a heating jacket or via the mixer impeller and chopper
blades. :

Afier the particles have been formed they are-cooled or
allowed to cool, and may then be sieved to remove any over
or undersized malterial.

The resuliing particles may be used to prepare dosage
umits in accordance with the invention in the form of e.g.
tablets or capsules in manners known per se.

We have also found that pariicles containing tramadol or
a salt thereof produced by a melt processing as described in
application PCT/SE93/00225 and the process described and
claimed in our prior unpublished UK application No.
93240455 filed on Nov. 23, 1993 as well as the process
described herein are particularly useful for processing into
the form of tablets.

We have found that by suitable selection of the materials
uscd in forming the particles and in the tabletting and the
proportions in which they are used, enables a significant
degree of control in the nitimate dissolution and release rates
of the tramadol or salt thereof from the compressed tablets.

Usually, to form a tablet in accordance with the invention,
particles prepared as described above will be admixed with
tabletting excipients ¢.g. ane or more of the standard excipi-
eats such as diluents, lubricants, binding agents, flow aids,
disintegrating agents, surface active agents or water soluble
polymeric materials.

Suijtable diluents are e.g. microcrystalline cellulose, lac-
tose and dicalcium phosphate. Suitable lubricants are e.g.
magnesium stearate and sodivm stearyl fumarate. Suitable
binding agents are e.g. hydroxypropyl methyl cellulose,
polyvidone and methyl cellulose.

Suitable disintegrating agenis are starch, sodivm starch
glycolate, crospovidone and croscarmalose sodium. Suitable
surface active are Poloxamer 188®, polysorbate 80 and
sodium lauryl sulfate. Suitable flow aids are talc colloidal
anhydrous silica. Suitable water soluble polymers are PEG
with molecular weights in the range 1000 to 6000.

To produce tablets in accordance with the invention,
particles produced i accordance with the invention may be
mixed or blended with the desired excipient(s), if any, using
conventional procedures, e.g. using a Y-Cone or bin-blender
and the resulting mixture compressed according to conven-
tional tabletling procedure using a suitable size tableiting
mould. Tablets can be produced using conventional tablet-
ting machines, and in the embodiments described below
were produced on standard single punch F3 Manesty
machine or Kilian RLE15 rotary tablet machine,

Generally speaking we find tbat even with such a highly
water soluble active agent as tramadol or salt thereof tablets
formed by compression according to standard methods give
very low release rates of the active ingredient €.g. corre-
sponding to release over a period of greater than 24 hours,
say more than 36. We have found ihal the release profile can
be adjusted in a number of ways. For instance a higher
loading of the drug will be associated with increased release
raies; the use of larger proportions of the water soluble
fusible material in the particles or surface active agent in the
tabletting formulation will also be associated with a higher
release rate of the aciive ingredient. By conirolling the
relative amounts of these tngredients it is possible to adjust
the release profile of the tramadol or salt thereof.
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In order that tke invention may be well understood the
following examples are given by way of illustration only.

EXAMPLE 1

Tablets having the following formulation were prepared:

mg/tablel

Tramadol Hydrochloride 100
Lactase Ph. Eur. 68.0
Ethycellzlose (Surelease & 25% solids) 15
Purified Water Ph. Eor 13.3*
Cetostearyl Alcohol Ph, Eur, 42,00
(Debydag wax 0)
Magnesivm Stearate Ph. Eur. 2.00
Purified Thale Ph. Fur. 3.00

230.00

*Removed during processing.

Tramadel hydrechloride (100 mg) and lactose (68 mg)
were granulated, transferred to a fluid bed granulator and
sprayed with ethyleellulose {15 mg) and water, The granules
were then dried at 60° C. and passed through a 1 mm screen.

To the warmed tramado} cortaining granules was added
molten cetostearyl alcoho! (42 mg) and the whole was mixed
thoroughly. The granules were allowed to cool and sieved
through a 1.6 mm screen. Purified talc and magnesium
stearate were added and mixed with the grapules. The
granules were then compressed into tablets.

The tablets were coated with a film coat having the
formulation given belew,

mg/tablet
Hydropropylmethylcellulose 0,770
Ph. Bur. 15 ¢ps (Methoce! E15)
Hydroxyprepylmethylcellulose 3.87
(Ph. Bur 5 ¢ps (Methooel ES)
Opaspray M-1-7111B (33% solids) 2.57
Polyethylene glycol 400 USNF 0.520
Purified Taic Ph. Eur. 0.270
Purified Water Ph. Eur. 5552+
*Remove during processing.
EXAMPLE 2
Tablets having the following formulation were prepared:
mg/tablet
‘Framadel hydrochloride 100.0
Lactose Ph. Eur 58.0
Ethylcellulose USNF 15.0
(Ethocel 45 CP)
Cetostearyl alcohol Ph. Eur. 52.0
{Dehydag wax O)
Magnesium stearate Ph. Bur. 2,00
Purified talc Ph. Fur, 3.00

A mixture of tramadoel bydrochtoride (100 mg), [actose
(58 mg) and ethylcellulose (15 mg) was granulated whilst
adding molten cetostearyl alcohol (52 mg) and the whole
was mixed thoroughly. The gramules were allowed to cool
and sieved through 2z 1.6 mm screen. Purified talc and
magnesium stearate were added and mixed with the gran-
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ules. The granules were then compressed into tablets which
were coated with a film coat having the formulation given in
Example 1.

EXAMPLE 3

Film coated tablets were produced following the proce-
dure described in Example 2 and having the following
formulation:

mg/ftablet
Tramado! hydrochloride 100.0
lactose Ph. Eur. 70.50
Hydroxyethylcellulose Ph. Eur. 12.50
Cetostearyl alcohol Ph. Eur 42.00
Magnesium stearate Ph. Eur. 2.00
Purified talc Ph. Bur. 3.00

in vitro Dissolution Studies

In vitro dissolution studies were conducted on tablets
prepared as described above. Resuits are given in Table 1.

TABLE 1
WT % TRAMADOL RELEASED
Time {h) Example 1 Example 2* Example 3
1 39 35 43
2 52 47 60
4 57 62 84
8 82 8 97
12 90 86 —_

*Measured on teblet core

BRIEF DESCRIPTION OF DRAWING

In a trial involving 12 healthy volunteers the serum levels
of tramadol following administration of one tablet according
to Example 2 was found to be as illustrated in FIG. 1.

EXAMPLE 4 and 5

Parlicles having the formulations given in Table 11 below,
were prepared by the steps of:

i. Placing the ingredients (a)} and (¢) (total batch weight
0.7 kg) in the bowl of a 10 liter capacity Collette Gral
Mixer (or equivalent) equipped with variable speed
mixing and granulating blades;

ii. Mixing the ingredients at about 150-1000 rpm whilst
applying heat uniil the contents of the bowl are agglom-
erated.

ii. Classifying the agglomerated material by passage
throngh a Comil apd/or Jackson Crockatt to obtain
controlled release seeds.

iv. Warming and mixing the classified material in the bowl
of a 10 liter Collette Gral, until uniform multiparticu-
lates of the desired pre-determined size range are
formed in yield of greater than 80%. This takes
approximately 5 minutes.

v. Discharging the multipariculates from the mixer and
sieving them to separate out the multiparticulates col-
lected between 0.5 and 2 mm aperture sieves.

10

135

20

25

45

10
TABLE II
Example 4 5
(a) Tramadol HC! (Wi %) 50 75
(t) Hydrogenated Vepetable Oil (Wt %) 50 25

EXAMPLE 6

Samples of the particles from Example 4 were blended
with magnesinm stearate and purified talc using a Y-Coge or
bin-blender. The blended mixture was then compressed
using either (1) 14x6 mm, (2) 16x7 mm or (3) 18.6x7.5 mm
capsule shaped tooling omn a sipgle punch F3 Manpesty
tabletting machine to give tablets giving 200, 300 and 400
mg of tramadol HCl. The ingredients per dosage unil
amounted to the following:

TABLE HI

TABLET MG/TABLET
INGREDIENT 1 2 3
TFramadol Hel 200 300 400
Hydrogenated Vegetabie Oil 200 300 400
Sub Total 400 600 800
Purified Tale i2.63 18.95 25.26
Magnesium Stearate 8.42 12.63 16.84

The tablets were assessed by the dissolation vsing PH,
Eur. Paddle Methed 100 epm, 0.1 N HCL.

To assess the non-compressed particles the Ph Eur. Paddle
was replaced by a modified Ph Eur. Basket.

The results are shown in Table [V below.

TABLE IV
HOURS ATTER Particles Tablet 1 Tablet 2 Tablet 3
START OF TEST % TRAMADOL HCI RELEASED
3 54 16 15 15
2 68 23 20 21
3 76 28 25 25
4 82 3z 8 28
& 89 40 35 35
8 93 46 41 40
10 26 50 435 45
12 98 55 49 49
16 100 63 57 56
20 NR 70 63 NR

These results confirm the effectiveness of the tabletting in
reducing the release rale.

EXAMPLE 7

Samples of the particles from Example 5 were then
tabletted using a procedure similar ¢o Example 3 and the
ingredients per unit dosage amounted to:

TABLE V
TABLET MG/TABLET
INGREDIENT 4 5 6
Tramade! Hel 200 360 400
Hydrogenated Vegetable Oil 66.7 100 133
Sub Total 266.7 400 513
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TABLE V-continued -continued
TABLET MG/TABLET HOURS AFTER START OF TEST % TRAMADOL HCI RELEASED
INGREDIENT 4 5 6 5 20 73
24 77
Purified Tale 7.63 1144 13,28
Magnesium Stearate 5.16 7.63 0,17
In a trial involving five healthy male volunteers the
The tablets and samples of non-compressed maltiparticles 10 plasma profile resulting from single dose administrations of
. : the ebove tablet are shown in FIG. 2 in compariscn to the
(each sample containing 400 mg of ramadol hydrochloride) administration of a commercial preparation of Tramadol
were assessed by the dissolution method also described ! i ial prep
. drops 100 mg.
above. The results are shown in Table VI below; . . .
‘What is claimed is:
TABLE VI 15 1. A process for the preparation of a solid, controlled
release oral dosage form, comprising incorporating a thera-
HOURS AFTER Particles ~ Tshlet 4  Tablet 5 Tablet & peutically effective amount of tramadol or a pharmaceuti-
START OF TEST % TRAMADOL HCI RELEASED cally acceptable salt thereof in a controlled release matrix
1 7 4 0 4 such that said dosage form provides a therapeutic effect for
2 9 64 55 56 s0 4t least about 12 howrs after oral administration.
3 98 75 65 66 2. A process according to claim 1, wherein from about 50
4 130 gi ;g ;’i o about 800 mg of tramadol (calculated as tramadol
g iug 100 o1 01 hydrochloride) is incorporated in the dosage from.
10 102 NR 96 97 3. Aprocess according to claim 1, wherein the dissolation
5 rate (measured by the Ph. Eur. Paddle methed at 100 rpm in
) . . : 900 ml 0.1 N hydrochloric acid at 37° C. and using UV
-These results show ihat by increasing ﬂ‘lc loading of the detection at 270 mm) is as sel forth below:
highly water soluble tramadol hydrochloride (75% w/w in
this example compared with 50% w/w in Example 6) a
significantly faster release rate of the active ingredient can
be achieved. TIME (H) % RELEASED
1 0-50
EXAMPLE 8 2 075
. . 39
] Example 4 was repeated but with the following formula- g mjoo
lion: 35 12 20-100
16 30-100
24 50-100
36 >80
Tramadol HCI 200 mgftablet
Hydrogeneied Vegetable OU 1630 mefiablet 40 4, Aprocess according to claim 1, wherein the disselution
_ rate {(measured by the Ph. Eur. Paddle method at 100 rpm in
 The resulting multiparticulates were blended as deseribed 900 ml 0.2 N hydrochloric acid at 37° C. and using UV
" in Example § with the following: detection al 270 mm}) is as set forth below:
45
Purified Tale 11.5 mg/tabler TIME {H) % RELEASED
Magnesium Stearate 7.66 mgftablet
1 0-50
2 0-75
The blend was then compressed as described in Example 50 g ;(5};?(5)0
6 b}lt using 15 mmx6.5 mm normal concave capsule shaped 12 55100
plain/plain punches. 16 70-100
The resuliing lablets were then assessed by the dissolution 2 >80
methed described above, The results are shown in Table V.
=5 A process according to claim 1, wherein the dissoluiion
rate (measured by Ph. Eur. Paddle method at 100 rpm in 900
ml 0.1 N hydrochloric acid at 37° C. and using UV detection
HOURS AFTER START OF TEST % TRAMADOL HCl RELEASED at 270 mm) is as set forth below:
1 20
2 27 50
3 3z
4 37 TIME (H) % RELEASED
6 44
8 50 1 0-50
10 55 2 0-40
12 60 65 4 355
16 67 8 10-65
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-continued
TIME (H) % RELEASED
12 20-75
16 30-88
24 50-100
36 >80

6. A process according to claim 1, wherein said controlled
release rmatrix comprises at least one C, to C4 alkylcellulose,
at least one C,; to Cyg aliphatic alcohol and, optionally at
least one polyalkylglyeol.

7. A process according to claim 6, wherein said aliphatic
alcohol is a C,, to C,, aliphatic alcchol.

8. A process according to claim 6, wherein said polyalky-
Iglycol is polyethylene glycal.

9. A process according to claim 6, wherein said alkyleel-
lujose is ethyleellulose.

10. A process according 1o claim 1, wherein said dosage
form comprises from about 2 to ¥5% w/w of one or more
alkylcelluloses.

11. A process accerding o claim 10, wherein said dosage
form comprises from about 2 to about 15% w/w of one or
more alkylcefluloses.

12. A process according to claim 6, wherein said dosage
form comprises an aliphatic aleohol selected form the group
consisting of lauryl alcohol, myristyl alcohol, stearyl
alcohol, ard mixtures thereof.

13. A process according to claim 6, wherein said dosage
form comprises an aliphatic alcohol sclected form the group
consisting of cetyl alcohol, cetostearyl aicohol, and mixtures
thereof,

14. A process according to claim 6, wherein said dosage
form comprises from about 5 to 30% w/w of at least one
aliphatic alcohol.

15. A process according 1o claim 14, wherein said dosage
form comprises from about 10 to about 25% w/w of at least
one aliphatic alcchol.

16. A process according to claim 1, further comprising:

(2) granulating a2 mixture comprising said tramadol or a
pharmaceutically acceptable salt thereof and one or
more alkylcelluloses, and

(b) mixing the resuliant alkylcellutose containing gran-
ules with one or more C;,_54 aliphatic alcohols.

17. A process according to claim 1, further comprising

grapulating a mixture comprising said tramadol or a
pharmaceutically acceptable salt thereof, lactose and
one or more alkylceliuloses with cne ore more Cy, 54
aliphatic aleohols.

18. A process according to claim 1, further comprising:

(a) granulating said tramadol or a pharmaceutically
acceptable salt thereof with a spherenizing agent;

(b) extruding the resultant granulate 1o provide an extru-
date;

(c) spheronizing satd extrudate to produce spheroids; and

{d) coating said spheriods with a controlled release film
coat,

19. A process according to claim 1, comprising:

(a) mechanically working in a high-speed mixer, a mix-
ture of said tramadol or a pharmaceutically acceptable
salt thereof in particulate form and a particulate, hydro-
phobic fusible material having a melting point from 35
to 140° C. and optionally a release control component
comprising a material selected from the group consist-
ing of water soluble fusible material, a particulate
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soluble’ organic material, a particulated soluble izor-
ganic material and mixtures thercof, at a speed and
energy input which allows said carrier or diluent to melt
or soften, whereby it forms agglomerates;

(b) breaking down the larger satd agglomerates to give
conirolled release seeds;

{c) continuing mechanically working with optionally 2
further addition of low percentage of said hydrophobic
fussible material; and )

{d) optionally repeating step {¢) or steps (b) and (¢) one or
more limes.

29, A process according to ¢laim 1, farther comprising the
step of forming 2 drug mixture of said tramadol or pharma-
ceutically acceptable sali thereof and said fusible material
and mechanically working said mixture in a high speed
mixer with an energy input sufficient to melt or soften the
fusible material whereby it forms particles comprising said
tramadol or pharmaceutically acceptable salt thereof.

21. A process according to claim 19, further comprising
compressing the resultant controlled release particles to
form a tablet.

22, A process according to claim 20, further comprising
compressing the resultant controlled release particles to
form a tablet.

23. A process according 1o claim 16 forther comprising
film coating said granules prepared in step (b).

24, The process accordmg to claim 19 in which said
mixture further comprises a release control component taken
from the group consisting of a waler soluble fusible material,
a particulate soluble organic material, a particulate soluble
inorganic maferial, a particulate insoluble organic material
and a particulate insoluble inorganic material.

25. The process according to claim 19 further comprising
adding an additional amount of carrier or dileent during step
(o).

26. The process according 1o claim 1 wherein said dosage
form is suitable for 12 hour administration.

27. The process according o claim 1 wherein said con-
trolled release malrix is prepared such that said dosage form
provides a therapentic effect for about 24. hours when said
dosage form in orally administered to humap patients.

28. A process for the preparation of a solid, controlled
release oral dosage form of tramadol, comprising incorpo-
rating a therapeutically effective amount of tramadol or &
pharmaceutically acceptable salt thereof in a matrix com-
prising an effective amount of a controlied release material
selected from the group consisting of hydrophilic polymers,
hydrophobic polymers, fatty acids, fatty alcohols, glycercl
esters of falty acids, mineral oil, vegetable oils, waxes,
polyalkylene glycols, and mixtures thereof, such that said
dosage form has a dissolution rate (measured by the Ph. Eur,
Paddle method at 100 rpen in 900 ml 0.1 N hydrochloric acid
at 37° C. and using UV detection at 270 nm of between
0-50% after 1 hour; belween 0-75% after 2 hours; between
3-95% after 4 hours; between 0-100% afier & hours;
between 20-100% after 12 howrs; between 30-100% after
16 hours; between 50-100% after 24 hours; and greater than
80% after 36 hours; said dosage form providing a therapeu-
tic effect for at least about 12 hours after administration.

29. The process of claim 28, wherein said dosage form has
an in vitro dissolution rate when measured by the Ph. Eur.
Paddle method at 100 rpm in 900 ml 0.1 N hydrochioric acid
at 37° C. apd using UV detection at 270 om, such that
between 5 and 50% (by weight) tramadol is released after 1
hourz, between 10 and 75% (by weight) tramadol is released
after 2 hours, belween 20 and 95% {(by weight) tramadol is
released after 4 hours, between 40 and 100% (by weight)
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tramadol is released after 8 hours, more than 50% (by
weight) tramadol is released after 12 hours, more than 70%
(by weight) tramadol is released after 18 hours and more
than 80% (by weight) tramadol is released after 24 hours.

30. The process of claim 28, wherein said dosage form 5
provides a t,,,, al 2 to 7 hours after oral administration.

31. The process of claim 28, wherein said dosage form
provides a 1. at 1.5 to 8 hours after oral administration.

32, The process of claim 28, wherein said dosage form
provides a W, in the range of 7 to to 16 hours when orally
administered.

33. The process of claim 28, further comprising manu-
facturing the dosage form as a tablet.

34, A process for the preparation of a solid, controlled
release oral dosage form of tramadol suitable for dosing
every 24 hours, comprising incorporation a therapeutically
effective amount of tramadol or a pharmaceutically accept-
able salt thereof in a matrix comprising an effective amount
of a controlled release material comprising (a) between 1%
and 80% by weight hydrophilic polymers, hydrophobic
polymers, or mixtures thereof; (b) from 0-60% by weight
digestible Cg—Cs, substituted or unsubstituted hydrocarbons
selected from the group comsisting of fatty acids, fatty
alcohols, glycerol esters of fatty acids, mineral oils, veg-
ctable oils, waxes, and mixtures thereof; and (c¢) from
0-60% by weight polyalkylene glycol, such that said dosage
form has a dissolution rate (measured by Ph. Evr. Paddle
method at 100 rpm in 900 ml 0.1 N hydrochloric acid at 37°
C. and using UV detection at 270 nm}, of between 0 and
50% tramadol released after 1 hour; between 0 and 75%
tramado] released after 2 hours; between 3 and 95% trama-
dol released after 4 hours; between 10 and 100% tramadol
released after 8 hours; between 20 and 100% tramadol
released after 12 hours; between 30 and 100% tramadol
released after 16 hours; between 50 and 1005 tramadol
released after 24 hours; and greater than 805 tramadol
released after 36 hours, by weight, and provides a Wy, in the
range of 10 to 33 hours and a therapeutic effect for about 24
hours when orally administered to human patients.

35. The process of claim 34, wherein said dosage form has
a dissolution rate (measured by the Ph. Bur. Paddle methed
at 100 rpm in 900 mt 0.1 N hydrochloric acid at 37° C. and
using UV detection at 270 nm), as set forth below:

15

30

35

45

TIME (H} % RELEASED

20-50
40~-75
60-95
80100
S0~-100.

50

1960 A e

e

36. The process of claim 34, wherein said dosage form has
a dissolution 7ate {measured by the Ph. Eur. Paddle method
at 100 rpm in 900 m! 0.1 N hydrochloric acid a1 37° C. and
using UV detecticn at 270 nm), as set forth below:

55

60

% RELEASED

0-50
0-75
10-95
35-100
55-100

o5

[N S

16
~continued
TIME (H) % RELEASED
16 70-100
24 »90.

37. Aprocess for preparation of a solid, controtled release
oral dosage form, comprising incorporating a therapeuticatly
effective amount of an opioid analgesic consisting essen-
tially of tramadol or a pbarmaceutically acceptable salt
thereof in a comtrolled release matrix such that said dosage
form provides a therapeutic effect for at least about 12 hours
after oral administration.

38, The process of claim 34, wherein said preparation
provides a tmax from abeut 3 to about 6 hours when orally
administered to human patients.

39. A process for the preparation of a solid, controlled
release oral dosage form of tramadol suitable for dosing
every 12 hours, comprising incorperation a therapeutically
effective amount of tramadol or a pharmaceutically accept-
able salt thereof in a matrix comprising an effective amount
of a controlied release material comprising (a) between 1%
and 80% by weight hydrophilic polymers, hydrophobic
polymers, or mixtures thereof; (b) from 0-60% by weight
digestible Cq—Cs, substituted or unsubstituted hydrocarbons
selected from the group consisting of fally acids, fatty
alechols, glycerol esters of fatty acids, mineral oils, veg-
etable oils, waxes, and mixtures thereof; and (¢) from
0-60% by weight polyalkylene glycol, such that said prepa-
ration contains up to 60% by weight of said polyalkylene
glycol; such that said dosage form bas a dissolution rate
(measured by the Ph. Eur. Paddle method at 100 rpm in 900
mi 0.1 N kydrochloric acid at 37° C. and using UV detection
at 270 um), of between 0 and 50% tramadol released after
1 hour; between 0 and 75% tramado? released after 2 hours,
between 3 and 95% tramadol released after 4 hours; between
10 and 100% tramadol released after 8 hours; between 20
and 100% tramadol released after 12 hours; between 30 and
100% tramadol released after 16 hours; between 50 and
100% tramadol released after 24 hours; and greater than
80% tramadol released after 36 hours, by weight, and
provides a Tmax from about 1.5 to abeut 8 hours and a
therapeutic effect for at east about 12 hours when orally
administered to buman patients.

40. The process of claim 39, where said preparation
provides 2 W, from 7 10 16 hours.

41. A precess for the preparation of a solid, controlled
release oral dosage form, comprising incorporation from
zbout 50 to about 800 mg wamadol or a pharmaccutically
acceptable salt thereof in a conirolled release matrix 1o
obtain a granular product containing said tramadol; and
incorporating said granular product into an orally adminis-

"trable dosage form such that said dosage form provides a

dissolution rate (measured by the Ph. Eur. Paddle method at
100 rpm in 900 ml 0.1 N hydrechloric acid at 37° C. and
using UV detection at 270 nm of between 0-50% after 1
hour; between 0—75% after 2 hours; between 3-95% after 4
hours; between 10-100% after 8 hours; between 20-100%
after 12 hours; between 30—100% after 16 hours; between
50-100% after 24 hours; and greates than 80% after 36 hours
and provides a therapeutic effect for at least about 12 hours
after oral administration.

42. The process of claim 41, where said preparation
provides a therapeutic effect for about 24 hours after oral
adminisiration.

43. The process of claim 42, where said preparation
provides a W, from 7 1o 16 hours.
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44, The process according to claim 43, wherein said
dosage form provides Tmax from 1.5 to about 8 hours.

45. The process according to claim 44, wherein said
granular product comprises agglomerated particles.

46. The process according to claim 435, wherein said
matrix comprises an effective amount of a controlled release
material comprising (a) between 1% and 80% by weight
hydrophilic polymers, hydrophobic polymers, or mixtures
thereof; (b) from 0-60% by weight digestible C—C,,, sub-
stituted or unsubstituted hydrocarbons selected from the
group consisting of fatty acids, fatty aleohols, glycerol esters

18

of fatty acids, mineral oils, vegetable oils, waxes, and
mixtures thereof; and (c} from 0-60% by weight polyalky-
lene glycol, such ihat said preparation contains up 10 0% by
weigh of said polyalkylene giycol; such that said dosage
form has a disselution rate (measured by the Ph. Eur, Paddle
method at 100 rpm in 900 ml 8.1 N hydrochloric acid at 37°
C. and using UV detection at 270 nm), of between 0 and
50% tramadol released after 1 hour, between 0 and 75%
tramadol.
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