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The Patents Act, 1970
IN THE MATTER OF:

A representation under section 25(1) of The
Patents Act, 1970 as amended by the Patents
(Amendment) Act 2005 (“the Act”) and Rule
55 of The Patents Rules, 2003 as amended by
the Patents Rules, 2006 (“the Rules”)

by
M/s Matrix Laboratories Limited
(the “Opponent”)

And
IN THE MATTER OF:
Indian Patent Application No.

2474/DELNP/2009, filed on 15/April/2009 by
Abbott Laboratories  (the “Applicant”)

STATEMENT OF OPPOSITION

The Opposition in brief:

The Opponent hereby files a pre-grant opposition under Section 25(1) of the
Patent Act 1970, as amended by the Patents (Amendment) Act, 2005 against the
application entitled:

“Solid pharmaceutical dosage form”, filed by Abbott Laboratories,

on 15/April/2009, bearing No. 2474/DELNP/2009 (the “Application”).

A copy of the electronic publication showing the Application’s bibliographic
detail is attached as Exhibit 1.

Maintainability of the present Opposition:
The Act states:

“25. Opposition to the patent:

(1) Where an application for a patent has been published but a patent has not
been granted, any person may, in writing, represent by way of opposition to
the Controller against the grant of patent on the ground --...”
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2.2

2.3

(a)

3.1.1

Thus, the Act clearly allows any person to file a written opposition to a published

application for patent that has not matured into a patent.

Matrix Laboratories Limited (“Matrix™), the Opponent herein, is a key player in the
pharmaceutical market and has significant commercial interests on a global level in
the business of anti-retro viral drugs (“ARV’s”), including HIV protease inhibitor
compositions, (the field to which the present Application pertains). It is a leading
supplier of generic anti-retro viral drug compositions in the global market such as
the US President’s Emergency Plan for AIDS Relief (PEPFAR) as well as other
National tenders issued by governments and as such Matrix has considerable
interests in ARVs, and in particular, protease inhibitors. Therefore Matrix is directly

impacted by the present Application.

The Opponent believes that the Application has not been abandoned, is currently
under examination and has not matured into a patent. The Opponent further states
that in its search of the Patent Office Gazette [for Gazette published until
19/March/2010], no patent was advertised as granted for this Application. Hence
the present pre-grant opposition is covered within the framework envisaged in the

Act and the Rules made there-under.

Maintainability of the Patent Application

The above application filing does not qualify as a divisional application under the
Act.

The Application has been filed as a divisional application out of parent application
No. 339/MUMNP/2006. The Opponent submits that the claims within the
Application are not maintainable in the light of the claims of said parent application
under section 16(3) of the Patents Act, 1970. A comparison of the claims of parent
application and the present Application demonstrates that the claims of the

Application are exactly the same as those of the parent .

As has been noted by the Patent Office in the matter of application No.
237/DEL/2001, the concept of divisional applications, in most statutes across the
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3.1.2

3.1.3

world is basically to protect multiple inventions disclosed in one patent application,
if such multiple inventions do not constitute a single invention concept. A similar
provision to protect multiple inventions is available in the Patents Act 1970, in the

form of section 16.

A divisional application cannot be allowed to subsist along with the parent
application where the divisional application contains effectively the same claims as
the parent application. The Patent Office has held, in the matter of application No.
748/DEL/2002, that, in the case of a divisional application filed out of a parent
application, the divisional application cannot include any claim already claimed in
the parent application. Any situation where the divisional application contains
substantially the same claims as the parent application may be considered an abuse
of the patent application process by the applicant for the sole purpose of resurrecting
claims lapsed/ rejected in an earlier patent, or for allowing substantially similar

claims to remain pending. indefinitely, with the Patent Office.

A divisional application is meant to be filed when the parent application, in
contravention of section 10(5) of the Patents Act. 1970, relates to more than one
invention or inventive concept, and therefore contains more than one invention. In
the present case, the parent application does not contain more than one invention or
inventive concept. as an examination of the prosecution history of the parent
application will show. The fact that the parent application contains only a single
inventive concept is amply demonstrated by an examination of the contents of the
present divisional application filed by the Applicant, which shows that the claims of
the present divisional application relate to exactly the same invention as that claimed

by the parent application.

The Patent Office has held, in a number of cases, including in the matter of patent
application No. 832/DEL/2001, that, in order to become eligible as a divisional
application under section 16, it is essential that the parent application out of which
the divisional application is filed, should disclose more than one invention and not

just the same invention.
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(b)
3.2.1

It is clear, therefore, that in the present situation, the Applicant has merely filed the
present divisional application not as a way to divide the subject matter of the parent
application, but to keep open the prospect of re-agitating the claims covered in the
parent at the Delhi Patent Office in the event the parent application/ 1°** divisional
application is refused by the Mumbai Patent Office. Such an abuse of the patent
application process is prohibited under section 16 of the Patents Act, 1970. This
prohibition has already been enforced by the Patent Office in a number of cases, one
example of which is the matter of patent application No. 1427/DEL/1999. In this
case, the Deputy Controller of Patents and Designs refused a divisional application
which had been filed in order to revive an earlier parent application which had been
refused under section 5(1) of the Patents Act, 1970 at the time. In refusing the

divisional application, the Deputy Controller noted that:

“The attempt of the agent for the applicants in filing the instant application as
divisional application is not to divide the subject matter of the invention on
the basis of plurality of distinct invention but to revive the abandoned
invention which was not protectable at that time which is also not the
objective of the provisions of section 16 of the Act.”

Filing parallel divisional applications is an abuse of the process:

It is a matter of fact that, on the same date on which the Applicant filed the present
Application (i.e. on April 15, 2009), the Applicant also filed divisional application
No. 726/MUMNP/2009 out of parent application No. 339/MUMNP/2006. The
Applicant, in addition to filing two divisional applications simultaneously, out of the
same parent application, has filed the first divisional application No.
726/MUMNP/2009 in the Patent Office at Mumbai, where the parent application
was filed, and has filed the second divisional application (i.e., the present
Application) in the Patent Office at New Delhi. Moreover, the divisional
application No. 726/MUMNP/2009 filed by the Applicant, contains the exact same
claims as the parent application No. 339/MUMNP/2006. The Opponent submits
that the presence of an additional divisional application filed on the exact same day
as the date of filing of the present Application, and containing the exact same claims
as the present Application and the parent application, demonstrates beyond
reasonable doubt that the Applicant has merely filed said divisional applications as

an abuse of the patent application process, and in order to keep open the prospect of

Page 4 of 25



3.2.2

(©
3.3.1

3.3.2

re-agitating the claims of parent application No. 339/MUMNP/2006 at a different
branch of the Patent Office.

It is worth pointing that these two divisional applications were filed on the day when
the Patent Office held a pre-grant opposition hearing for the parent application — the
‘339. The multiple divisional filings, and that too at different patent offices, only
highlight the vexatious attempts of an Applicant who has huge resources at his
disposal, towards patent office forum shopping so as to have an application to
perpetuate within the patent system and increase uncertainty for generic drug
companies- an unwarranted luxury which impacts the generic pharmaceuticals

sector and availability of generic drugs.

This Hon’ble Office should strictly condemn any attempt to game the system by
misusing the resources and time of the Patent Office. Thus, the Applicant’s present
Application warrants a rejection in limine. For these reasons, the Opponent submits
that the present Application is liable to be refused on the grounds of failing to
qualify under section 16(3) of the Patents Act, 1970.

Impermissibility of Changing the Appropriate Office

Additionally, the Opponent submits that the present divisional Application in not
maintainable for violation of rule 4 of the Patents Rules, 2003. The parent
application No. 339/MUMNP/2006 was filed in Mumbai on March 24, 2006. By
this, the Applicant had elected the Patent Office at Mumbai as the appropriate office
in respect of any proceedings related to its application No. 339/MUMNP/2006.
However, on April 15, 2009, the Applicant filed two divisional applications out of
the parent application.

Divisional application No. 726/MUMNP/2009 was filed in Mumbai.

The present divisional Application [‘2474], however, was filed in New Delhi.

Rule 4(2) of the Patents Act, 1970, expressly states that the appropriate office, once

decided in respect of any proceedings under the Act, shall not ordinarily be changed.

By their act of filing a divisional application before the Patent Office at New Delhi
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out of the parent application which was originally filed in Mumbai, the Applicant
has acted in contravention of rule 4 of the Patents Rules, 2003. Moreover, there can
be no justification for changing the appropriate office when the Applicant has
exercised this option in Mumbai by filing first divisional, i.e.. Application No.

726/MUMNP/2009.

Accordingly, the present Application is liable to be rejected as the same is not
maintainable before this Hon’ble Office under the Patents Act and Rules. In other
words, this Hon’ble Office does not have the jurisdiction to examine the

Application.

Jurisdiction of the Patent Office:

This Hon’ble Office does not have the jurisdiction to substantively examine the
Application or grant any patent thereto. as the same is not filed before the
appropriate office for reasons mentioned under para 3.3. The Parent Application
and another divisional were filed at the Patent Office in Mumbai. Therefore only
the Mumbai Patent Office has the jurisdiction to substantively hear and deliberate

upon this Application.

The Application — Filing details:
The Application principally claims a solid dispersion of at least one HIV protease
inhibitor in a polymer and a surfactant. The Application was filed as a divisional

filing from an earlier Indian application. Its genesis is represented below:
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5.2

5.3

Original US priority document: 10/650,178
Filed on 28/Aug/2003

A 4

PCT: WO2005/039551A1
Filed on 23/Aug/2004

Y
India - National Phase: 339/MUMNP/2006

Filed on 24/March/2006
Present divisional (2"%): 1* Divisional:
2474/DELNP/2009 < > 726/ MUMNP/2009
Filed on 15/April/2009 Filed on 15/April/2009

In view of the above, it is clear that publications or public use prior to 28/Aug/2003

will be considered as prior art against the Application and the invention claimed

therein.

At this juncture, the Opponent states the following:

a)

b)

d)

That the parent ‘339 filing currently faces multiple pre-grant oppositions by
various entities/ companies [including this Opponent].

', an opposition hearing on the

As per the information in public domain
parent ‘339 was conducted on 15/April/2009. This is the same date as the
filing of the present divisional Application.

Interestingly, the present ‘2474 was filed at the Delhi Patent Office, while
the original filing (339/MumNP/2006) was filed at the Mumbai Patent
Office.

Applicant has filed the current ‘2474 Application with the exact same set of
claims as the parent ‘339, already opposed and the simultaneously filed ‘726
at Mumbai. That means that there are three filings at two different patent

offices which have the exact same set of claims.

The Opponent would like to point out that it is in contradiction to Indian

! http://www.i-mak.org/i—mak-blog-updates/2009/5/9/new-1ook-website-and-updatcs.htm!
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6.2

patent practise detailed in section 16(3) of the Patents Act, 1970, where a
divisional is filed with different/ lesser number of claims than the original. so
as to divide the originally filed claims in 2 distinct parts- for instance —
division into product and process claims — usually to overcome a ‘unity of
invention’ objection. The Opponent believes that the present divisional
filing, using the same set of claims as the 339 parent, is against the practise
of Indian patent office.

f) As of the date of filing of the present opposition, the present Opponent is not
aware of any decision by the Patent Office on the parent ‘339 or its first
divisional — ‘726, nor is the Opponent aware of any instruction issued by the

Patent Controller seeking a divisional filing from the parent ‘339.

The Application — in brief:

The invention claimed in the Application principally relates to a solid dispersion of
at least one HIV protease inhibitor in at least one water soluble polymer in the
presence of at least one surfactant. The Specification defines the term “‘solid

dispersion” as follows:

‘"solid dispersion" defines a system in a solid state (as opposed to a liquid or
gaseous state) comprising at least two components, wherein one component
is dispersed evenly throughout the other component or components. For
example, the active ingredient or combination of active ingredients is
dispersed in a matrix comprised of the pharmaceutically acceptable water-
soluble polymer (s) and pharmaceutically acceptable surfactant (s). The term
"solid dispersion" encompasses systems having small particles, typically of
less than 1 pm in diameter, of one phase dispersed in another phase. When
said dispersion of the components is such that the system is chemically and
physically uniform or homogenous throughout or consists of one phase (as
defined in thermodynamics), such a solid dispersion will be called a "solid
solution” or a "glassy solution”. A glassy solution is a homogeneous, glassy
system in which a solute is dissolved in a glassy solvent. Glassy solutions
and solid solutions of HIV protease inhibitors are preferred physical systems.
These systems do not contain any significant amounts of active ingredients in
their crystalline or microcrystalline state, as evidenced by thermal analysis
(DSC) or X-ray diffraction analysis (WAXS).

The Specification and claims cover ritonavir and ritonavir in combination with
another protease inhibitor or protease inhibitors. However, the Specification only
provides working examples for ritonavir and the combination of ritonavir and
lopinavir. No other combination of protease inhibitors is exemplified in the

Specification, nor is any data/ working example/ guidance provided for making a
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7.

composition comprising HIV protease inhibitors.

The Application contains the following thirty seven claims:

1.

A solid pharmaceutical dosage form which comprises a solid
dispersion of at least one HIV protease inhibitor and at least one
pharmaceutically acceptable water-soluble polymer and at least one
pharmaceutically acceptable surfactant, said pharmaceutically
acceptable water-soluble polymer having a Tg of at least about 50 °C.

The dosage form of claim 1 comprising a glassy solution or solid
solution of said HIV protease inhibitor.

The dosage form of claim 1, wherein said pharmaceutically acceptable
surfactant has an HLB value of from about 4 to about 10.

The dosage form of claim 1, wherein said pharmaceutically acceptable
surfactant is a combination of at least one pharmaceutically acceptable
surfactant having an HLB value of from about 4 to about 10 and at
least one further pharmaceutically acceptable surfactant.

The dosage form of Claim 1 wherein said pharmaceutically acceptable
surfactant is a sorbitan fatty acid ester.

The dosage form of Claim 1 which comprises, relative to the weight
of the dosage form, from about 5 to about 30 % by weight of said HIV
protease inhibitor. from about 50 to about 85 % by weight of said
water-soluble polymer, from about 2 to about 20 % by weight of said
surfactant, and from about 0 to about 15 % by weight of additives.

The dosage form of claim 1, wherein said HIV protease. inhibitor is
selected from the group consisting of : (28, 3S, 58)-5- (N- (N- ( (N-
methyl-N- ( (2-isopropyl -4- thiazolyl) methyl) amino) carbonyl)-L-
valinyl) amino-2- (N- ( (5-thiazolyl) methoxy- carbonyl) -amino) -
amino-1, 6-diphenyl-3-hydroxyhexane (ritonavir); (28, 3S, 5S)-2- (2,
6-Dimethylphenoxyacetyl) amino-3- hydroxy-5- [2S-(I-tetrahydro -
pyrimid-2-onyl) -3-methylbutanoyl] amino, 1, 6-diphenylhexane
(lopinavir); N- (2 (R)-hydroxy-l (S) -indanyl) -2 (R)-phenylmethyl-4
(S)-hydroxy-5- (1- (4- (3-
pyridylmethyl) -2 (S)-N'- (t-butylcarboxamido)-piperazinyl)) -
pentaneamide (indinavir): N-tert-butyl- decahydro-2- [2 (R) —hydroxy
-4-phenyl-3 (S)- [ [N- (2-quinolylcarbonyl)-Lasparaginyl] amino]
butyl]- (4aS, 8aS) -isoquinoline-3 (S) -carboxamide (saquinavir); 5
(S) -Boc-amino-4 (S) -hydroxy-6-phenyl-2 (R)
phenylmethylhexanoyl- (L)-Val- (L)-Phemorpholin -4-ylamide; 1-
Naphthoxyacetyl-beta-methylthio -Ala- (2S, 3S) 3-amino-2-hydroxy-
4-butanoyl 1,3- thiazolidine-4t-butylamide; 5-isoquinolinoxyacetyl-
beta-methylthio-Ala- (2S, 3S) -3-amino-2-hydroxy-4-butanoyi- 1,3-
thiazolidine-4-t-butylamide; [1 S-[IR<(R-), 2S*D-N'-[3-[{[(1, 1-
dimethylethyl) amino] carbonyl] (2- methylpropyl) amino}-2hydroxy-
1- (phenylmethyl) propyl] -2- [(2quinolinylcarbonyl) amino] -
butanediamide; amprenavir (VX-478); DMP-323; DMP-450; AG1343
(nelfinavir); atazanavir (BMS 232,632) tipranavir palinavir TMC-114
R0033-4649 fosamprenavir (GW433908) P-1946, BMS 186.318; SC-
55389a; BILA 1096 BS; U-140690, or combinations thereof.
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10.

12.

13.

14.

15.

16.

17.

19.

20.

The dosage form of Claim 1 wherein said HIV protease inhibitor is
(28, 3S, 5S)-5- (N- (N- ((N-methyl-N- ( (2-isopropyl-4-thiazolyl)
methyl) amino) carbonyl) -L-valinyl) amino- 2- (N- ( (5-thiazolyl)
methoxy-carbonyl) -amino) amino-1, 6-diphenyl-3-hydroxyhexane
(ritonavir).

The dosage form of Claim 8 which shows a dose-adjusted AUC, in
dogs under non- fasting conditions, of ritonavir plasma concentration
of at least about 9 pg. h/ml/100 mg.

The dosage form of Claim 1 wherein said HIV protease inhibitor is
(28, 38, 5S)-2- (2, 6- Dimethylphenoxyacetyl)-amino-3-hydroxy-5-
[2S-(1-tetrahydropyrimid-2-onyl)-3- methyl-butanoyl] amino-1, 6-
diphenylhexane (lopinavir).

. The dosage form of claim 10 which shows a dose-adjusted AUC, in

dogs under non- fasting conditions, of lopinavir plasma concentration
of at least about 20 pg. h/ml/100 mg.

The dosage form of claim 1 wherein said HIV protease inhibitor is a
combination of (28, 3S, 5S)-5-(N-(N-((N-methyl-N-((2-isopropyl-4-
thiazolyl) methyl) amino) carbonyl)- L-valinyl) amino-2- (N- ( (5-
thiazolyl) methoxy-carbonyl)-amino)-amino-1, 6-diphenyl-3-
hydroxyhexane  (ritonavir) and (2S. 3S, 58)-2-(2, 6-
Dimethylphenoxyacetyl) amino-3- hydroxy-5- [2S- (1-
tetrahydropyrimid-2-onyl)-3-methylbutanoyl} amino-1.6-
diphenylhexane (lopinavir).

The dosage form of claim 12 which shows a dose-adjusted AUC, in
dogs under non- fasting conditions, of ritonavir plasma concentration
of at least 9 about p.g.h/ml/100 mg and a dose-adjusted AUC of
lopinavir plasma concentration of at least about 20 pg. h/ml/100mg.

The solid dosage form of Claim 1 wherein said water-soluble polymer
has a Tg of from about 80 to about 180 °C.

The solid dosage form of Claim 1 wherein said water-soluble polymer
is a homopolymer or copolymer of N-vinyl pyrrolidone.

The solid dosage form of Claim 1 wherein said water-soluble polymer
is a copolymer of N-vinyl pyrrolidone and viny! acetate.

The solid dosage form of Claim 1 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

. The solid dosage form of Claim 1 which contains, upon storage for

about 6 weeks at about 40 C and about 75% humidity, at least about
98 % of the initial content of HIV protease inhibitor.

A method of preparing a solid-dosage-form of claim 1 which

comprises:

i. preparing a homogeneous melt of said HIV protease inhibitor (s),
said water- soluble polymer (s) and said surfactant (s), and

ii. allowing the melt to solidify to obtain a solid dispersion product.

The method of claim 19 additionally comprising grinding said solid

dispersion product and compressing said solid dispersion product into
a tablet.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

A method of treating an HIV infection comprising administering the
solid dosage form of claim 1 to a mammal in need of such treatment.

A solid pharmaceutical dosage form comprising, (28, 3S, § §)-5-(N-
(N-((N-methyl-N-((2-isopropyl-4-thiazolyl) methyl) amino) carbonyl)
-L- valinyl) amino-2- (N- ( (5-thiazolyl) methoxy-carbonyl)-amino)-
amino-1, 6-diphenyl-3- hydroxyhexane (ritonavir); a homopolymer of
N-vinyl pyrrolidone; and a sorbitan fatty acid ester.

The solid dosage form of Claim 22 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

A solid pharmaceutical dosage form comprising, (28, 38, 55)-2-(2, 6-
Dimethylphenoxyacetyl) amino-3-hydroxy-5- [2S- (I-tetrahydro-
pyrimid-2- onyl) -3-methylbutanoyl] amino-1, 6-diphenylhexane
(lopinavir); a copolymer of N-vinyl pyrrolidone; and a sorbitan fatty
acid ester.

The solid dosage form of Claim 24 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

A solid pharmaceutical dosage form comprising, (2S, 3 S. 5 §)-5-(N-
(N-((N-methyl-N-((2-isopropyl-4-thiazolyl) methyl) amino)
carbonyl)-L- valinyl) amino-2-(N-((5-thiazolyl) methoxy-carbonyl)-
amino)-amino-1, 6-diphenyl-3- hydroxyhexane (ritonavir) and (28,
38, 58)-2- (2. 6-Dimethylphenoxyacetyl) amino-3-hydroxy- 5-[2S-(I-
tetrahydro-pyrimid-2-onyl)-3-methylbutanoy!] amino-1, 6-
diphenylhexane (lopinavir);

a copolymer of N-vinyl pyrrolidone and vinyl acetate; and

a sorbitan fatty acid ester.

The solid dosage form of Claim 26 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

A solid pharmaceutical dosage form comprising. (28, 3S, 5 S)-5-(N-
(N-((N-methyl-N-((2-isopropyl-4-thiazolyl) methyl) amino) carbonyl)
-L- valinyl) amino-2-(N-((5-thiazolyl) methoxy-carbonyl)-amino)-
amino-1, 6-diphenyl-3- hydroxyhexane (ritonavir) from about 5 % to
about 30 % by weight of the dosage form; a homopolymer of N-vinyl
pyrrolidone from about 50 % to about 85 % by weight of the dosage
form; and a sorbitan fatty acid ester from about 2 % to about 20 % by
weight of the dosage form.

The solid dosage form of Claim 28 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

The solid dosage form of claim 29 wherein the at least one additive is
present in an amount from about 0 % to about 15 % by weight.

A solid pharmaceutical dosage form comprising, (28, 3S, 55)-2- (2, 6-
Dimethylphenoxyacetyl)  amino-3-hydroxy-5-  [2S-(I-tetrahydro-
pyrimid-2- onyl) -3-methylbutanoyl] amino-1. 6-diphenylhexane
(lopinavir) from about 5 % to about 30 % by weight of the dosage
form; a copolymer of N-vinyl pyrrolidone from about 50 % to about
85 % by weight of the dosage form; and a sorbitan fatty acid ester
from about 2 % to about 20 % by weight of the dosage form.
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32. The solid dosage form of Claim 31 containing at least one additive
selected from flow regulators, disintegrants, bulking agents and
lubricants.

33. The solid dosage form of claim 32 wherein the at least one additive is
present in an amount from about 0 % to about 15 % by weight.

34. A solid pharmaceutical dosage form comprising, (28, 3 S, 5 S)-5-(N-
(N-((N-methyl-N-((2-isopropyl-4-thiazolyl) methyl) amino) carbonyl)
-L- valinyl) amino-2- (N- ( (5-thiazolyl) methoxy-carbonyl)-amino)-
amino-1, 6-diphenyl-3- hydroxyhexane (ritonavir) and (28, 38, 5S)-2-
(2. 6-Dimethylphenoxyacetyl) amino-3-hydroxy- 5-[2S-(I-tetrahydro-
pyrimid-2-onyl)-3-methylbutanoyl]  amino-1,  6-diphenylhexane
(lopinavir) present in an amount from about 5 % to about 30 % by
weight of the dosage form; a copolymer of N-vinyl pyrrolidone and
vinyl acetate from about 50 % to about 85 % by weight of the dosage
form; and a sorbitan fatty acid ester from about 2 % to about 20 % by
weight of the dosage form.

35. The solid dosage form of Claim 34 containing at least one additive
selected from flow regulators. disintegrants, bulking agents and
lubricants.

36. The solid dosage form of claim 35 wherein the at least one additive is

present in an amount from about 0 % to about 15 % by weight of the
dosage form.

37. A method of treating an HIV infection comprising administering the

solid dosage form of any one of claims 22-36 to a mammal in need of
such treatment.

The Opponent opposes the present application on the following grounds allowed

under section 25(1):
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10.
10.1

10.2

25. Opposition to the patent:. —
(1) Where an application for a patent has been published but a patent has not been
granted, any person may, in writing, represent by way of opposition to the Controller
against the grant of patent on the ground —
(b) that the invention so far as claimed in any claim of the complete
specification has been published before the priority date of the claim —
(ii) in India or elsewhere, in any document:...
(e) that the invention so far as claimed in any claim of the complete
specification is obvious and clearly does not involve any inventive step,
having regard to the matter published as mentioned in clause (b)
or
having regard to what was used in India before the priority date of the
applicant’s claim;
(f) that the subject of any claim of the complete specification is not an
invention within the meaning of this Act, or is not patentable under this Act;
(g) that the complete application does not sufficiently and clearly describe the
invention or the method by which it is to be performed;
(h) that the applicant failed to disclose to the Controller the information
required by section 8 or has furnished the information which in any material
particular was false to his knowledge:

Discussion of above grounds for opposition:
The Opponent opposes the Application. in its entirety. The grounds stated above are
distinct and independent of each other. Each ground provides sufficient reason to

bar the issuance of a patent from the Application.

S. 25(1)(b) Prior publication |Anticipation)
S. 25(1)(b) states:

(b) that the invention so far as claimed in any claim of the complete
specification has been published before the priority date of the claim

(i) in any specification filed in pursuance of an application for a patent
made in India on or after the 1* day of January 1912; or

(ii) in India or elsewhere, in any document:
Provided that the ground specified in sub-clause (ii) shall not be available
where such publication does not constitute an anticipation of the invention by
virtue of sub-section (2) or sub-section (3) of section 29;
(emphasis supplied)

As can be seen from the claims, Applicant’s alleged invention is a composition with
the following main components:

a) HIV protease inhibitor in a solid dispersion;

b) with a water soluble polymer having a Tg of at least about 50 °C;

c¢) with a surfactant.

i.e. a dispersion composition of a HIV protease inhibitor drug in a water soluble
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10.3

10.4

polymer + surfactant.

Solid dispersions can be made by multiple processes and solvent evaporation is one
process while melt extrusion is another alternative process. The Applicant has

himself stated:

‘Various techniques exist for preparing solid solutions including

melt-extrusion, spray drying and solution-evaporation...’
Page 10, lines 5/6 of the Specification.

The Applicant has, over the years, published a number of papers/ articles on the
development of HIV protease inhibitors and their formulations. L. Dias e al. (1996)
Pharmaceutical Research Supplement 13(9): page S-351 PDD 7475 published in
September, 1996 [Exhibit 2] is one such publication. In view of this date of

publication, this article is clearly prior art to the Application.

Dias discloses the following:

‘Poly viny! pyrrolidone (PVP) has been used to form coprecipitates
of an insoluble antiviral compound, ABT-538, in an effort to increase
bioavailability of this drug. PVP:drug coprecipitates were prepared
using solvent evaporation method.

The drug:PVP co-precipitates also showed further improvement in
bioavailabilties when combined with surfactants and acidifying
agents.”

Solid dispersions have also been conventionally known as co-precipitates. For e.g.

refer the seminal paper on solid dispersions- Win Loung Chiou, Journal of
Pharmaceutical Sciences, Vol. 60; page 1283 [1971] [Exhibit 3]. Additionally,
processes to make solid dispersions of drugs in polymer by melting and subsequent
solidification have been known for many decades. The above Chiou reference itself
gives a description of dispersion by melt method at page 1283 [column 1, 2™ full
paragraph].  The present dispersion formulation was exemplified in the
Applications’ examples by using a ’process conventionally known as melt extrusion
[e.g. 1 at page 16]. Patents disclosing melt-extrusion processes to make
pharmaceutical compositions also anticipate the present process claims; for instance
refer US 5073379 [Exhibit 4; published on 17/Dec/1991, which belongs to BASF-
the company from which the Applicant has licensed the dispersion technology]

which discloses processes to make extrusion based compositions using polymers —
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11

11.1

11.2

specifically PVP as well as N-Vinyl Pyrrolidone.

ABT 538 was the lab code for Ritonavir [Merck Index, Exhibit 5). Thus, the PDD
7475 document [Exhibit 2] clearly discloses all aspects of the present claims:

* solid dispersion of

e Ritonavir [HIV protease inhibitor]

¢ in PVP [a water soluble polymer] and

e asurfactant.
Hence, it is the Opponent’s position that the alleged invention of the Application is
anticipated by the Dias disclosure;: hence the entire set of claims is liable for
rejection, in tofo. Additionally, the process claims 19-20 are also anticipated

independently by the Chiou reference as well as US 5073379.

S. 25(1)(e) Lack of inventive step/ Obviousness:
S. 25(1)(e) states:

(e) that the invention so far as claimed in any claim of the complete
specification is obvious and clearly does not involve any inventive step.
having regard to the matter published as mentioned in clause (b)

or

having regard to what was used in India before the priority date of the
applicant’s claim;

The following definitions from the Act. are important for the present argument:

*S. 2(j) “invention” means a new product or process involving an inventive
step and capable of industrial application;

S. 2(ja) “inventive step” means a feature of an invention that involves
technical advance as compared to existing knowledge or having economic
significance or both and makes the invention not obvious to a person skilled
in the art; °

S. 2(1) “new invention™ means any invention or technology which has not
been anticipated by publication in any document or used in the country or
elsewhere in the world before the date of filing of patent application with
complete specification, i.e. the subject matter has not fallen in public domain
or that it does not form part of the state of the art;’

The critical components of the alleged invention in claim 1 are:
a) HIV protease inhibitor in a solid dispersion;
b) in a water soluble polymer having a Tg of at least about 50 °C;
c¢) with a surfactant.

Claim 12 brings in an additional HIV protease inhibitor — lopinavir and ritonavir in a
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11.4

single dosage form. Claim 34 is for a dosage and is a narrower version of claim 12
— it has the 2 drugs, polymer and surfactant in ranges. Claim 21 is a method of use
claim for treating HIV by using the dosage form of claim 1. Claim 37 takes the
dosage of claim 34 and employs this to treat HIV infection. In all the claims — the
core theme remains constant— a dispersion of HIV protease inhibitor drug in a water
soluble polymer and a surfactant. Without prejudice to the arguments made under
section 25(1)(b); Exhibit 2, without doubt, makes it obvious to use PVP and

surfactants to form solid dispersions of Ritonavir that have suitable bioavailability.

Alternatively:
WO 01/034119 [Exhibit 6: published on 17/May/2001] is a PCT application from

the Applicant. It discloses a solid dispersion of a HIV protease inhibitor in a water

soluble carrier, wherein the carrier includes PVP. Additionally, the Applicant
himself refers to an old US patent [US 4769236; Exhibit 7] that categorically
discloses a process for preparation of a stable pharmaceutical composition
containing PVP with high dissolution rate in the gastrointestinal tract. Lines 54-65
of the ‘236 patent disclose use of PVP alone to give stability and solubility by
maintaining the drug in an amorphous state. The role of surfactants in
pharmaceutical industry has been well documented. For instance, ‘Surfactants in
pharmaceutical products and systems, published within the Encyclopaedia of
Pharmaceutical Technology [2002] clearly states the following at page 2649
[Exhibit 8]:

‘Solid Dispersion Systems:

The bioavailability of hydrophobic drugs can be increased by strategies
designed to enhance the dissolution rate of the drug. This has been achieved
in many cases by forming a solid dispersion of the drug in a suitable carrier,
often a hydrophilic polymer such as polyethylene glycol (PEG) or
polyvinylpyrrolidene (PVP). The drug is dispersed in the carrier by
coprecipitation from a suitable solution containing both the drug and carrier,
by melting both components together ...."

Hence, keeping in view the prior art, it would be obvious to use PVP to make a
dispersion of a poorly water soluble drug like Ritonavir, while adding surfactants to

the composition.

Keeping in view the above state of prior art, it is the Opponent’s contention that the

present Application does not involve any technical breakthrough/ advantage nor
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does it involve any aspect which was not known to the person skilled in the art on
the priority date. On a related note, the European Patent Office too believes that the
corresponding EP application is not inventive over the same prior art document
referred above - WO 01/034119. Refer to the EPO’s rejection for EP1663183 dated
17/Apr/2009 [Exhibit 9].

12.  S.25(0)(H Not an invention
12,1 S. 25(1)(f) states:

(f) that the subject of any claim of the complete specification is not an
invention within the meaning of this Act, or is not patentable under this Act;

Chapter II of the Act is titled ‘Inventions not patentable’ and specifically enumerates
categories of developments that are, by statute, not considered to be patentable

inventions. The relevant section is set forth:

“The following inventions are not inventions within the meaning of this Act, -

(d) the mere discovery of a new form of a known substance which does not
result in the enhancement of the known efficacy of that substance

or the mere discovery of any new property

or new use of a known substance

or of the mere use of a known process, machine or apparatus unless such
known process results in a new product or employs at least one new reactant.

Explanation: For the purposes of this clause, salts, esters, ethers, polymorphs,
metabolites, pure form, particle size, isomers, mixtures of isomers,
complexes, combinations and other derivatives of known substance shall be
considered to be the same”

(e) a substance obtained by mere admixture resulting only in aggregation of
the properties of the components thereof or a process for producing such
substance;

(i) any process for the medicinal, surgical, curative. prophylactic, diagnostic,
therapeutic or other treatment of human beings or any process for a similar
treatment to animals to render them free of disease or to increase their
economic value or that of their products;(emphasis supplied)

12,2 At the outset, claims 21 and 37 of the Application are for a method of treating
human beings. That said, claims 21/ 37 are not patentable under the Act in view of

S. 25(1)(f) in conjunction with S. 3(i).

12.3 As has been noted, the product claims are for a combination of known substances- a

HIV protease inhibitor drug dispersed in a polymer and having a surfactant. All of
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12.5

these constituents were known in the prior art. In fact, Applicant’s earlier marketed
product — Kaletra™ capsule disclosed in WO 00/74677, published on 14/Dec/2000,
had Ritonavir & Lopinavir dispersed in a solvent. The only benefit of the present

dispersion composition is ‘enhanced stability’ / ‘shelf life’ versus the earlier capsule.

It is the Opponent’s contention that a combination of known substances is not
patentable per section 3(d) if enhanced efficacy is not shown. It is worthwhile to
note that enhanced stability is NOT the same as enhanced efficacy and this position
has been upheld by the Patent Office on multiple occasions, for instance the

Controller has held:

‘...a mere enhancement in stability by way of lesser degradabilty by 1 to 2%
only. does not entitle an applicant to a grant of patent. Moreover this amounts
to improvement in the quality of the product rather than the therapeutic
efficacy.’

Refer: 1577/DEL/1996

Importantly, in a case very similar to the present Application — a new composition
claimed in view of a prior art composition, the Controller squarely rejected the
argument that greater stability resulting in extended shelf life should be equated as
enhanced efficacy [refer decision IN/PCT/2000/00119]. This is the exact situation
as the present case, wherein the ‘new” dispersion tablet has arguably enhanced shelf

life but the same efficacy as the earlier capsule.

The earlier capsule dosage [having 133.3 mg lopinavir /33.3 mg ritonavir in each

capsule] for Lopinavir/ Ritonavir was three capsules twice daily, providing an

aggregate of 800 mg Lopinavir and 200 mg Ritonavir [over the course of entire
day]. The present dispersion composition — known as Kaletra heat stable tablet
[having 200 mg lopinavir /50 mg ritonavir in each tablet] — also has exactly same
gross dosage -- 2 tablets (400 mg/100 mg) twice daily. The new dispersion tablet
does not result in the patient taking lesser amount of drug, but merely results in
lesser number of tablets. The final amount of drug that the patient ingests in the
present dispersion tablet is the same as the earlier capsule [i.e. 800 mg Lopinavir
and 200 mg Ritonavir]. The applicant has failed to prove enhanced ‘in vivo’
efficacy for the said formulation. The efficacy of the drug, as per the Madras High

Court’s interpretation of section 3(d), in the case of pharmaceuticals will mean
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PDD 7473

ORAL ABSCRPTION OF XR543, A
NEUROTRANSMITTER RELEASE ENHANCER, IN
DOGS FROM VARIOUS FORMULATIONS - IN VITRO
AND IN VIVQO CORRELATION. Shiew-Mei Huang*,
Lei-Shu Wu, Maria D. Ribadeneira, Cecilia L. Chi, Philip L.
Saxton, Benjamin M. Chien, and Check Y. Quon. The
DuPont Merck Pharmaceutical Company, Newark, DE
19714

XR543 is a drug candidate for improvement of
cognitive performance in patients with Alzheimer’s-type
dementia. The purpose of this study was to determine the
oral bioavailability of XRS543 in-dogs from various
formulations. [n vitro dissolution (irr 0.1% Na dodecyl
sulfate (SDS] aqueous solution, at 100 rpm, for 60 min)
and Caco-2 permeation (passage 32, pnomn-stagnant
conditions) were also determined. XR543 (0.3 mg/kg) in
0.25% MC suspensjon or capsule formulations were
administered to groups of male beagle dogs (n=4/group)
under fasting conditions. XR543 lIevels in plasma were
determined by LC/MS/MS (QL=0.1 ng/mL). The resulis
indicate that the dry mix of XR543 and lactose was ~60%
as bioavajlable as the suspension formulation. The
formulations prepared by dissolving XR543 in ethanol or
Tween 80/ethanol solution prior to spraying on lactose
showed comparably good bioavailability (absolute % F:
25-40%) to the suspension formulations. In vitro studies
showed the -dissolution and Caco-2 flux rates of the
suspension > Tween 80/ethanol = ethanol > dry lactose.
Formulations containing dry blending or wet granulation
with $DS, which did not improve the dissolution rate, also
showed the lowest Caco-2 flux rates in vitro. Results of the
study indicate that XR543 has a good membrane
permeability and its bioavailability in vivo appears to be
dissolution-limited.

PDD 7474

METHOD OF PREPARING AN ORALLY BIOAVAILABLE
SOLID FORMULATION OF AN INSOLUBLE PROTEASE
INHIBITOR. AS A COPRECIPITATE WITHE PVP AND
OTHER EXCIPIENTS. D. Martin*. L. Al-Razzak. L. Dias.
E. Eiden, R. Gao. D. Kaul. D. Lechuga-Ballesteros. K. Marsh and
R. Poska. Pharmaceutical and Analytical R&D. Abbott Laboratories.
1401 Sheridan Road. North Chicago, Ilinois, 603064,

in order 1o enhance the oral bioavailability of a poorly soluble
antiviral compound, a coprecipitate with polyvinylpyvrrolidone (PVP)
was deposited onio a solid substrate. Granulations containing a
variety of excipients were prepared using a prototype high shear
granulator. A granulating solution (ABT-338, PVP and ethanof).
was slowly applied onto a solid substrate followed by drying. The
oral dog bioavailability of ABT-538 in the resulting formulations
was improved. however. it was highly variable. The in vivo
vaniability observed was thought to be related to either poor
formation of the coprecipitate due to the lack of process control
during drying or enhanced wettability due to the presence of residual
solvent. A fluidized bed coating technique (using a STREA-1
fludized bed coater) was found to be an effective means of
controlling the formation and drying of the coprecipitate in the
formulation. Spherical particles containing sugar spheres NF and
granules consisting of either lactose or microcrystalline cellulose
were coated with a ca. 10-30 um film of ABT-338 & PVP
coprecipitate, The coprecipitate formulation were qualitatively
studied using X-ray powder diffraction and differential scanning
calorimetry. ABT-538 was shown to exist in the amorphous state
and remained as such for up o 6 months at uncontrolled ambient
conditions, and for up to four weeks in a dry oven at 40 °C. Liquid
surfactants and solid additives were incorporated into the films to
improve wetting and ABT-538 solubility. The oral dog

bioavailability was improved at least 10 fold as compared to the
wiformulated ABT-538.

PDD 7475

PHYSICAL AND ORAL DOG BIOAVAILABILITY
EVALUATION OF ABT-538:PVP CO-PRECIPITATES.

L. Dias*. .. Al-Razzak E. Eiden, R. Gao. D. Kaul, D. Lechuga-
Ballesteros, K. Marsh and R Poska, Pharmaccutical and
Analytical R&D. Abbout Laboratories. North Chicago. iL 60064,

Polyvinylpyrillodone (PVP) has been used to form co-
precipitates of an insoluble antiviral compound. ABT-538.in an
effort 10 increase bioavailability of this drug. PVP:drug co-
precipitates were prepared using 2 solvent evaporation method.
Two techniques were used to prepare the PVP:drug co-precipitates
namely spray drying and layering onto sujtable substrates.
Several ratios of drug to PVP and various molecular weight grades
of PVP were evaluated in this study using differential scanning
calorimetry and X-ray powder diffraction. Preliminary studies
indicate that the co-precipitates maintained the drug in an
amorphous form which were stable at 80°C and at ambient room
temperature/75% RH conditions for two weeks. Evaluation of the
encapsulated spray dricd material revealed a non-disintegrating
mass during dissolution testing and this was reflected in the
formulation having no bicavailability. In order to prevent the
formation of this non-disintegrating mass and to increase the
dissolution rate, the PVP:drug co-precipitate was layered onto
substrates like microcrystalline cellulose (MCC) and silicon
dioxide since they provided a large layering surface area
Dissolution of the layered substrate showed that all the drug was
released in about one hour. However, the increase in dissolution
rate was not consistently reflected in increased bioavailability
indicating no in vitro/in-vivo correlation for this dosage form.
The drug:PVP co-precipitates also showed further improvement in
bioavailabilities when combined with swfactants and acidifying
agents. Preliminary results indicate that a dramatic increase in
the bioavailability of ABT-538 could be obtained using
formnlation modification techniques.

5-351

PDD 7476

CYCLODEXTRINS AS POTENTIAL EXCIPIENTS
IN TABLET DOSAGE FORMS

Priyashri Nayak* and Sunil Jambhekar,
Division of Pharmaceutical Sciences,
Massachusetts Ccllege of Pharmacy/A.H.S.,

173 Longwood Avenue, Boston, MA (2115

The purpose of this study was to evaluate
cyclodextrins (CYDs) as excipients with
potential for enkancing the dissolution of
poorly soluble drugs. Keteprofen (KPF), a
poorly water soluble drug, vas selarted as a
mocdel. Tablets were prepared by wet granulation
using B-CYD, hydroxypropyl B-CYD, conventioral
diluents like lactose and M.C.C., and several
combinations of conventional diluents with
CYDs. The particle size, bulk and tap densiuy,
and the angle of repose of the granules were
deterrmined. Tablets were evaluated for the in-
vitro dissolution of KPF using & modified
reverse phase HPLC method and other parameters
such as weight variation, content uniformity,
friability, hardness, and disintegracion. The
dissolution resulrs indicated that the rate and
cumulative amount of KPF dissolved from all
formulations containing CYDs was greater than
those containing lactose and/or ¥.C.C. alone.
It is postulated that the presence of CYDs may
improve the wettability of KPF which increases
the effective surface area available for
dissolution. Alternatively, faster dissolution
may be attributed to the formation of a complex
between KPF and CYD. [Supported by Zeneca
Pharmaceuticals, Tnc.]
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HISTORICAL BACKGROUND

The effect of the panicle size of drugs on their
dissolution rates and biological availability was re-
viewed comprehensively by Fincher {1). For drugs
whose GI absorption is rate limited by dissolution,
reduction of the particle size generally increases the
rate of absorption andfor total bioavailability. This
commonly occurs for drugs with poor water solubility.
For cxample, the thcrapcuuc dose of griscofulvin was
reduced to 30% by micronization (2), and it also pro-
duced a more constant and reliable blood kevel. The
commercial dose of spironolactone was also decreased
to half by just a slight reduction of particle size (J).
Such suhancement of drug ebsorption could further be
incrzased severa! fold if a micronized product was
used (3, 4).

Particle-size reduction is usuvally achicved by: (@)
cooventional trituration and grinding; (¥) ball miiling:
(c) Auvid eaergy micronization; (d) controlled precipita-
tion by change of solvents or temperature, application
of ultrasonic waves (5-7), and spray drying (8); (e)
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administration of ligsid solutions from which, upon

dilution with gastric fluids, the dissohed drug may
precipitate in very Rae particles (9); itad () administra-
tion of water-soluble salts of poorly suluble compuunds
[rom which the pucent, neural Formis muy precipitate
i ultrafine form in GI fluids. Although the reduction
of particle size van be eusily and directly sccomplished
by the first four methods (u-d). the resultunt fine
particles may not produce the expected laster dissolu-
tion and sbsorption. This primarily results from the
possible agsregution and agglomeration of che fine
particles due to their increased surfuce energy and the
subsequent stronger van der Waals™ attracdon between
nonpolar molecules. This was demonstruted by Lin
et af. (10), who showed that the in rirro dissolution
rates of micronized griseofulvin and glutethimide were
slower than those ol their courser purticles. However.
the opposite finding for griseofulvin was reported by
Chiou and Riegelman (lI, 1l1). Another inherent
disadvantage of these pure fine powders of poorly
soluble drugs is their poor wettability in water. The
wetting of powders is the first step for thens to dissolve
and sometimes disperse in fluids (13). Furthermore,
drugs with plastic properties are difficult to subdivide
by methods g-c. They have more tendency to stick
together, ¢ven if fine powders can be produced by
controlled precipitation.

Theoretically, the solvent method (¢} seems to be an
ideal approach in achieving parricle-size reduction.
However, it is not frequently employed in the com-
mercial market due to such reasons as selection of a
nontoxic solvent, limitation to drugs with a low dose,
and high 20sts of production. The water-soluble salts
of maay poorly soluble acidic or basic drugs have been
widely used clinically 2s solid dosage forms. Indeed, they
have been shown frequently to produce better absorp-
tion than their parent forms. It has been shown that
the potassium or sodium salts may react with atmo-
spheric carbon dioxide and water to precipitate out
poorly soluble parent compounds. This occwrs espe-

' cially oo the outer layer of 2 dosage form and thereby

retards raes of dissolution and absorption. This
precipitation effect is believed to be responsible for the
slower in oitro dissolution rates and the lower novo-
biocin plasma levels in dogs following the oral adminis-
tration of its soluble sodium salt rather than the Jess
soluble amorphous form of the parent compound (14),
The reported failure of the clinical response from three
commercial capsule dosage farms containing sodium
diphenylhydantoin may be caused by the same reason
(15). In addition, the alkalinity of some salts may canse
epigastric distress [ollowing administration (16).

In 1961, a unigue approach of solid dispersion to
reduce the particle size and increase rates of dissolution
and absorption was first demonstrated. by- Sekiguchi-

“and Obi (17). They propased the formation of a eutectic

mixture of a poorly soluble drug such as sulfathizzole
with a physiologically inere, easily soluble carrier such
as urea. The euteciic mixture was prepured by melting
the physical mixture of the drug and the carrier, [ol-
lowed by a rapid selidificution process. Upon exposure
to aqueous Nuids, the active drug was expected o be
refeased into the fluids as fine, dispersed particles
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because ol the line dispersion ol the drug in the solid
euteetic mintire and the rapid dissolution of the soluble
mateix. Levy (V) snd Kanig (1) subsequently noted(
the possibility of using a solid solutivn approach in
which a drug is Jdispersed moleculurly in a2 soluble
carrier. In & series of reports in 1965-1960. Goldbery
er ol (19-22) presented 4 dewsiied experinental and
theoretical discussion ol advantages of the solid
solution over the eutectic mixture.

fn 1965, Tuchibuna and Nakumurs (23) reported
a povel method tor preparing aqueous colloidal dis-
persions of 3-curotene by using water-soluble polymers
such vs polyvinylpyrrolidone. They dissolved 1he drug
and the polymec caccicr in a common selvent and then
evaporated the solvent completely. A colioidal dis-
persion was obtained when the coprecipitate was
exposed to water. [n 1966, Mayersoha and Gibaidi
(24) demonstrared that the dissolution rate of zriseo-
fulvin could be markedly enhanced when dispersed in
polyvinyipyrrolidone by the same solvent method.
The . mechanisms of increased dissolution rates of
drugs, solid dispersed in polyvinylpycrolidone carriers,
were thoroughly discussed by Simonelli e o/. (25, 26).
Chiou and Riegelman (11) recently sdvocated the
application of gluss solutions to increase dissolution
rates, The significance of the solid dispersion technique
was strengthened by the demonstration of Chiou and
Riegelman (27-29) of the fast and efmost complete
absorption of the insoluble griseofulvin in man and
dogs while the commercial micronized griscofulvin was
incompletely absorbed (30-60%7). They used poiy-
ethylene glvcal 6000 as a dispersion carrier, The
main advantages of using water-soluble polymers as
cartiers are their nontoxicity and general epplicability
1o most drugs.

1t is believed that this relatively aew keld of pharma-
ceutical technique and principles will play an important
role in increasing disso{utian, absorption, and thera.
peutic efficacy of drugs in future dosage forms. There-
forc, a thorough undesstanding of its fast-release
principies, methods of preparation, selection of suitabls
carriers, determination of physical properties, limita-
tions, end disadvantages will be essential in the practical
and efiective application of this approach. The main
purpose of this article is to review critically the hitherto
limited pharmaceutical litcrature pertinent to chis area.
Since a great amount of excellent wotk on salid disper-
sion systems has been accurmnulated in the sciences of
metallurgy, geofogy, and chemistry, & briel summary of
some of these findings would be extremely helpful in the
future study and understanding ol pharmaceutical ap-
plications of solid dispersion systems. One major objec-
1ive of this review article is to introduce and correlate
these works to possible pharmaceutical applications.

In addition to absorption cnhancement, the solid
dispersion technique may have numerous pharma-
ceutical applications which remain to be further
explored. ft is possible that such a technique can be
used to obtain a homogenecus distribution of 3 small
amount of drugs a1 solid state, to subilize saswable
drugs, to dispense liquid or gascous compounds, (o
formulate 3 [ast-release priming dos¢ in a sustained-
refease dossge formi, and o formulute sustained-



releuse o pridongedercletse reginwns of soluble drugs
by using poorly soluble or insoluble carriers. It s
hoped that this resiew paper will sumulate interest
and research in these unesplored sreus

DEFINITSON OND METIIODS OF PREP WRATION OF S061D
DISPERSIONS

Decfinition—1t seems suituble here 10 define the erm
“solid dispersions™ as used in this paper. The term
refers to the dispersion of one or more active ingredients
in an nert carrier or matrix at solid state prepared by
the melting ({usior), solvent, or melting~solvent meth-
od. The dispersion of a drug or drugs in 3 solid diluent
or dilucnts by traditional mechanical mixing is not
inctuded in this category. The solid dispersions may
also be called solid-state dispersions, as first used by
Mayersohn and Gibaldi (24). The werm “‘coprecipi-
totes” has slso been frequently used 1o refer to those
preparations obtained by the solvent’ methods such as
coprecipitates  of sulfathiazole-polyvinylpyrrolidone
(25) and reserpine~polyvinylpyrrolidone (30). Since
the dissolution rate of a component from a surflace s
affected by the second component in a multiple-
component mixture (31), the selection of the caryjer has
an ultimate influence on the dissolution characieristics
of the dispersed drug. Therefore, a water-soluble
carfer results in a fast relense of the drug. from the
matrix, and a. poorly soluble or insoluble carrier
Jeads to a slower release of the drug from the matrix.
This review paper primarily deals with fasi-release
solid dispersions, glthough some principles discussed
later may also be applied to slow-release solid disper-
sion systems. To achieve a [aster release of & drug
from the matrix, it is generally necessary that the active
drug be a minor component in the dispersion system
in terms of the percent weight (noton molar basis).

Methods of Preparation—Meliing Method—The meit-
ing or fusion mettiod was first proposed by Sekiguchi
and Obi (17) to prepare fast-release solid dispersion
dosage forms. The physical mixwre of a drug and a
water-soluble carrier was heated directly until it meited.
The melted mixture was then cooled and solidified
repidly in an ice bach under rigorous stirring. The final
solid mass was crushed, pulverized, and sieved. Such
a technique was subsequently employed with some
modification by Goldberg et of. (20-22) and Chiou
and Riegelman (11). To facilitame faster solidification,
the homogeneous melt was poured in the form of a
thin Jayer onto a ferrite plate or a stainiess steel plate
and cooled by Aowing air or water on the opposite
side of the plate. The solidified masses of drug-poly-
ethylene glycol polymer systems were often found to
require storage of | or more days in a desiccator at
ambient temperatures for hardening and ease of
powdering (1]). Some systems, such as griseolulvin
and citric acid, were found to harden more rapidly
i kept at 37° or higher temperatures (11, 32).

The main advantages of this direct melting method
are its simplicity and cconomy. In addition, 2 super-
saturaiion of a solute or drug in a system cun ofien
be obtuined by quenching the mek rapidly from a high
temperature (J4). Under such conditions, the solute

molecule s arreseed in che solvent matris by gl
fnstantcons solidiication peocess Similarly, o oweh
tiner dispersion of crystallites wus obtained 1or systems
of simpie eueeric minwres il such quenching wehnigues
were used (34 35). The diswdvantige is that many
substances. either drugs or carriers. may Jecompuose ur
evaporate during the fusion process at high wmpern-
wres. For example, succinic acid, used us a carrier for
griseofulvin (21). is quite volatile and may also par-
tially decompose by dehydration near its melting point
(36). However, this cvaporution problem can beavoided
if the physical mixture is heawed in a sealed container.
Melting under vacuum or o blanket ol an inert gas such
as nitrogen may be employed 1o prevent oxidation
of the drug or carrier (37).

The melting point of a binury system is dependent
upon its composition, i.e., the selection of the carrier
and the weight fraction of the drug in the system (33).
By proper control, the meiting point (the temperature
at which the mixture completely meits) of a binary
systemt may be much lower than the mclting points
of its two components. Under such 2 condition, this
simple melting method can still be used to prepare
solid dispersions, even if the pure drug may undergo
decomposition at or near its meling point. This
principle was used to prepare solid dispersions of ste-
10ids and a cardiac glycoside in polyethylene glyco!
6000 (38) end thet of griseofulvin in pentaerythritol
(n .

Solvent Method—This method has been used for a
long time in the preparation of solid solutions or mixed
crystai> of orgamic or inorganic compounds (33).
They are prepared by dissolving a physical mixture
of two solid components in a common solvent, fol-
lowed by evaporation of the solvent. This method was
used to prepare solid dispersions of S-carotene~poly-
vinylpyrrolidone  (23),  griseofulvin-polyvinylpyrrol-
idone (24), sulfathiazole-polyvinylpyrrolidone (25),
steroid-polyvinylpyrrolidone {26), rescrpine-polyvinyt-
pyrrolidone (30), and reserpine-deoxycholic acid (39).

The main advontage of the solvent method is that
thermal decomposition of drugs or carriers can be
prevented because of the low temperature required
for the evaporation of orgonic solvents. However,
some disadvantages associated with this method are
the higher cost of preparation, the difficulty in com-
pletely removing liquid solvent, the possible adverse
effect of the supposedly negligible amount of the
solvent on the chemical stability of the drug, the
selection of a common volatile solvent, and the diffi-
culty of reproducing crystal forms. In addition, a
supersaturation of the solute in the solid system cannot
be attained except in a system showing highly viscous
properties, as is discussed later, Jt must be ¢mphasized
that the suitability of the solvent method to prepure
simple eutectics o5 partial solid solutions remains 1o be
studied further because their final physical properties
may be quite different [rom those obtained by the
melting method.

Meliing-Solrent  Meithod—[t was shown recently
that 5-10% (wjw) of liquid compounds could be
incorporuted into polycthylene glyco! 6000 without
significant foss of its sofid property (40) Hence, it is
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possible to prepare solid dispersions by first dissolving
a drug in a suitable liguid solvent and thea incorporating
the solution directly into the meit of polyethylene glycol,
obtyinable below 70°, without removing the Liquid
solvent. Tt is possible that the sclected solvent or
dissolved drug may not be miscible with the melt of
polyethylent glycol. The polymorphic form of the drug
precipitated in the solid dispersion may be affected by
the lignid solvent used. Such a unigue method possesses
the advantages of both the meliing and solvent methods.
Unfortunately, from & practical standpoint, it is only
limited to drugs with a low therapeutic dose, eg.,
below 50 mg. The feasibilicy of this method was demon-
strated on spiroaolactone~polyethylene glycol 6000
end griseofulvin-polyethylene glycol 6000 systems (41).
Its application to other drugs 2nd carriers, however,
remains to be explored,

CLASSIFICATION AND FAST-RELEASE MECRANISMS

Although solid dispersion systems may include more
than two components, for the sake of simplicity and
practicality, this erticle is primarily limited to binary
systems. As 2 measure of the interaction between the
wwo components, 30 different phase diagrams ware
proposed for binary alloy systems (42). Vasil'ev (43)
further classified phase diagrams according to: (a)
the relative strength of interaction between similar and
different atoms, and (&) the limiting permissible degree
of deformation of the energy field of the liquid solvem
orits crysta! Jattice in the solid staze. While it is believed
that these classifications can also be applied to most
organic drugs, in this acticle it is felt more appropriate
to classify various systems of solid dispersions on the

basis of their major fast-release mechanisms, Accord-

ingly, they are discussed i thg [ollowing six groups:
Group |, simple eutectic mixtures; Group 2, solid
solutions; Group 3, glass solutions and glass siispen-
sions; Group 4, amorphous precipitations of a drug
in a crystaltine carrier; Group 5, compound or complex
formations between the drug and the carrier; and
Group 6, eay combinations among Groups 1-5,
The methods used to identily these systems are reviewed

in the next section,
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Simple Euteetic Mixtures—The simple cutectic nix-
ture is usually prepared (rom the rapid solidiication {
of the tused liquid of twe cotmpunents which show com-
plete liquid miseibility nnd negligidle solid-solid solu-
bility (33). These properties can be illustruted in a phase
diagram (Fig |) Thermodynamically, such a sysiem
is regurded as an intimutely blended physicul mixture
ol its two crystalline components (19, 33, 34).

When a cutectic (Composition E in Fig 1) composed
of a poorly soluble drug is expased to water or Gt
fluids, the carrier may be released into aqueous medium
in fine cryswiline form (17). Thisis based on the assump-
tion that both components may simultancously crystal-
lize out in very small particulute sizes (33). The increase
of the specific area due to this reduction of particle
size generaily increases rates of dissolution aad aral
absorption of poorly soluble drugs, Ulwrafine or col-
loidal crystallites of eutectics can be found in such
examples as tin-lead (34} and naphthalene~phenan-
threne (44) systems. In addition to the reduction of
the crystallite size, the following factors may contrib-
ute to the faster dissolution rate of a drug dispersed
in the eutectic:

1. An increase in drug solubility may oceur if the
majority of its solid crystallites are extremely small
(45).

2. A possible solubilization effect by the carrier may
operate in the microenvironment (diffusion layer)
immedjately surrounding the drug particle in the early
stage of dissolution since the carrier completely dis-
solves in a short time. This was demonstrated by the
faster dissolution rate of acetaminophen from its
physical mixture with urea than that of the pure
compound with comparable particle size (22). This
bypothesis was further supported by a marked increase
of acetaminophen sojubility in the presence of urea
in water (22). A similar rationale was also given to the
enhancement of dissolution rates of reserpine from a
thsical mixture of reserpine and polyvinylpyrrolidone
30).

3. The absence of aggregation and egglomeration
between fine crystallites of the pure hydrophobi¢ drug
may play a far more impertant role in increasing
rates of dissolutiop and absorption than is presently
recognized by research workers in this field, An aggre-
gate is defined as a particle or an assembly of particles
held together by strong iater- or Intramolecular or
atomic cohesive forces (46) Usually the aggregarte
is stable to high-speed mixing or ultrasonic forces.
An sgglomerate is defined as a gathering of two or
more particles and/or aggregates heid together by
relatively weak cohesive {orees. la many cases, these
forces are due to an clectrostatic surface charge gener-
ated during handling or processing operations (46).
It is nlso likely that these electrostatic forces may be
involved only in bringing particles together, but they are
not responsible for holding them together Such
sgglomeration is more severe for very finely divided
particles (about 0.1 g) due to the greater specific surface
charge. Although the apglomerates muy be broken,
their dispersion in the mildly stirred GI Auids may not
be very efficient. As mentioned previously, these
problems of aggregation and agglemerution are most



detrimentit! 1o the applivation and eflicacy of pure
fine particles bucause their effective specific surface
area s matkedly reduced! Serivus drawbucks of
agergastion and agglomeration and lumping in the
cissolution medigm betwezn pure drug particles are,
howeser. rarely present in most solid dispersion sys-
tems because the individually dispersed particles sre
surrounded in the matrix by carrier particles. It must
be emphasized that the aggregation and sgglomeration
of the solid dispersion powders may not significantly
affect the dissoiution of the drua, which can still
disintegrate quickly due ta the more rapid dissolution
of the saluble carrier. Such a unique advantage of
solid dispersion systems was demonstrated in the
in civo absorption (28, 29} of griseoluivin when dis-

i persed_in_npolyethylene glycol 6000 (107, wiw) &nd

“Mﬂu.%g&&m discussed lnter, the

109, griseofulvin dispersion in polyethylene glycol
6000 contxing at least half of the griseofulvin in the
fipely dispersed crystalline form. The dissolution rates
of the pure and dispersed griscofulvin are shown in
Fig. 2.

Z. Excelfent wettability and dispersibility of a drug
from a eutecuc or other solid dispersion system pre-
pared with 2 water-soluble matrix result in ap increased
dissolution rate of the drug in aqueous media. This
is due to the fact that each single crystallite of the drug
is very intimately encircled by the soluble carrier which
can readily dissolve and cause the water to conrtact and
wet the drug particle. As a consequence, a fine homoge-
peous suspension of 8 drug can be easily obrained with
minimum stirring (17). These striking advantages were
observed by the authors with various drug-poly-
etbylene glycol solid dispersions. In contrast, the aggre-
gates and agglomerates of poorly soluble pure powders
are surroynded by the ponpolar air, which is bard to
penctrate or displace by water.

S. Ap increased rate of dissolution and absorption
may also occur if a drug crystallizes in a metastable
form after solidification from the fused solution. A
metastable, crystalline form has a higher solubility
which, in turn, leads to a faster dissolution rate
according to the well-known Noyes-Whitney equation.
Interested readers should consult an excellent review
paper by Haleblian and McCrone (47) on the pharma-
ceutical applications of polymorphism, The high
possibility of the polymorphic crystallization during the
preparaiion of solid dispersions can be seen from the
facts that many compounds can exhibit polymorphism,
For example, 679, of steroids, 4377 of sulfonamides,
8nd 63% of barbiturates were shown to exhibit poly-
morphism in an extensive survey by Xuhnen-Brand-
stitter (48). Jt must be noted that 1he existence of a
different polymorphic form or forms results in a phase
diagram differing from that shown in Fig. 1 {47).

} Pecullar examples were encguniercd by the authors when 133 mg.
of the pure micromized grisecfulvin and” 100-200-mesh priscofulvin,
loosely packed In 2 No. 3 gelatin capsule, were studicd for datsolution
1w in {8 1 of water at 37° under a fairly vigorows stitring eondition
{Reference ]]; the capsule kept in 3 cylindrical container, 5 X 3 em..
ade of No. § mesh stainless steel screcn and moved by a standard USP
disimegration 3pparatus). The sriseofulvin lumped togethet 33 a single
mags even afice &€ hr of siody, and dissofution enly ok pliace at
the surface of the mass This phenomenon was also poted in 3 com.
mercial capsule product of griseofulvin

'
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Figure 2~Griseofidcirs dissolutiva-rate data {amowns remaining rp
be dissolved) from 125 mg. In I8 L. of woter a1 36.7°, Key. (1), 107,
griseafultin-polytthylene glycol 6000 powder; (2), 209, griseofuirin-

polyetitylene plycol 600D powder; (3), $0%, griseofidvin-polyeihylene
glycol 6000 powder; (4). wetted, micronized griseofuivin powder:
) nonwersed, micronized griseofiduin powder; (5), micronized
griseafidein in capsule; and (7), J00-200-meshr griseofudviin powder

Ineapsile.

1o addition to the possible aforamentioned differences
between the eutectics and the physical or mechanica)
mixtures, the rapidly crystzllized (quenched) eutectics
are characterized by increased hardoess (49). This was
explained on the basis of 2 high degree of sirain resulting
from the action of mechanical forces. The effeet of such
increased hardness oo the dissohuntion rate, however,
remains to be explored. Savehenko (49) advocated that
a eutectic is formed by some sort of loose molecular or
atomic interaction whick does not involve the formation
of a chemical bond. This is thought to relate to some of
the changes in physical properties of eutectic alloys
such as a reduction in electrical conductivity, vapor
pressure, and thermal effects. It must be emphasized
that a slow process of cooling and solidification from
the meit may not reswlt in fine dispersion of the phases
(49), which is primarily responsible for the higher
dissolution rate of the drug.

The composition of a eutectic may have a significant
eflect on the particle size of the crystallite. If it is made
up of a high weight [raction of drug, an ulrafine
crystallization of the drug may not be obtained.
This is logicel il one expects that the higher the dilution,
the finer the crysulline size of its precipitate. This
probably accounts for the failure to find an increased
dissolution rate of acetaminophen from the eutectic
with urea which contains 523 of the acetaminophen
(20). It is believed that the hardening effect of the
eutectic may also play a role in retarding its dissolution.

Recently, Chiou (50) contended that the sysiem of
chloramphenicoi-urea should be described as a simple
eutectic mixture with negligible solid-solid solubility
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Tigure 3—X-ray diffvaction spectra of pure cllosamphenical (botiom)
and pure nrea (top),

rather than ao extensive, partial solid solution as
previously proposed by Sckiguchi es al. (51) ead
Goldberg e af. (22). This appears to be supported
by differential thermal analysis (DTA} and X-ray
diffraction data, The endothermic peaks of 2.5 and
97 chloramphenicol resolidified samples at the euzectic
temperature (51) indicate chat the samples started to
1z at that temperature. If their compositions did

pot belong to o simple eutectic system, then the thaw
points should begin at a higher temperature (52).
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Flgure 4—X-ray diffraction spetira of a physical mixiure of 107,
chlaromplienicol-90%, urea (botiom) and resolidified fused mixture
of 107, chloramphenical-907, urea {toph Arrows indicate diffraccion
peoks due 0 the gresence of chioramphenical erysallites.
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I ‘ LT \?;ly,@ ence of the typical Xeray diffraction peaks of chior-
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In the previowsly propused phase dingram, ¢hilor.

at a concentration of 5% {w,w). Tu investigite this
system further, difftaction spectra were obtained from
4 Noreleo Xe-ray ditffractometer using CuKa radintion
The spectra of pure chlgramphenicol, pure tres, and
the physical mixture and resolidified misture of 18

¥ \‘\U .
ﬁ\} v amphenicol was shown to dissolve in the solid urea
, *%@f
I“
AL

chloramphenicol are shown in Figs. 3 and 4. The pres-

amphenicol in the (reshly prepared, quenched sample
of 107 chloramphenicol uamistakably indicates that
the sample is not 2 solid sofution but a eutectic mixture
“The height of these peaks, which are comparable with
those abrained from the physical mixture, also indicates
ihe negligibility of solid solubility. The slight increase
i1 dissolution rate of the eutectic (75 % chloramphenicol
w/w) over the pure chloramphenicol (22) may be due
to a coarser particle size of chloramphenicol crystalliza-
tion and the hardening effect of the ewtectic. The small
particle size of the precipitate at the lower concentration
of the chloramphenicol, however, may be reimarily
contributory to the reported attalament of supersatura-
tion end marked enhancement of dissolution rate from
257 solid dispersion (22, 31). Tt is further expected
that a much faster dissolution rate may be obtained
from the lower concentrations of the chioramphenicol
in such a eutectic mixture.

From their microthermal microscope studies, Gold-
berg er al. (21) reported that griseofulvin, a wa'‘er-
insoluble antibiotic, forms a solid solution with sucelnic
acid at & concentration of 257, wfw, The diszolution
rate {rom such dispersions was found to be severs! times
higher than that of the micronized griseofulvin. Further-
more, a supersatwation of about 250%; of the selubility
was also observed. Chiov and Niazi (53) recently
copcloded from their DTA aod X-ray diffraction
studies that such a binary system is a simple eutectic
mixture with negligible solid solubility. The dissolution
rates af griseofulvin were found 1o increase as the
conceptration of griseofulvin in the solid dispersion
decreased. Grovp 2T

Solid Solutions—A solid solution, compared to 2
liquid solution, is made up of 2 solid solute dissoived
in a solid solvent. 1t is ofien called a mixed crystal be-
cause the two companents crystallize together in a
homogeneous one-phase system (33 In their theoreti-
cal paper, Goldberg ef al. (19) suggested that a solid
solution of a poorly soluble drug in 2 rapidly soluble
carrier achieves a faster dissolution rate than a cutectic
mixture because the particle size of the drug in the solid,
sciution is intmum state, e, its molecy-
lar size. In other words, the dissoludion of the drug
takes place in the solid state prior to its exposure to the
liquid medium. In addition to such - maximum sizc

‘reduction, other factors such as Factors 1-4 discussed
under Simple Eutectic Mixtures may contribute to
increased rates of dissolution and absorption of drugs
dispersed in solid solutions. It must be emphasized
that the advantage of 2 solid solution may not be so
significant if the solid solution is exposed to a medium
with a volume much less capable 10 dissaive ail the
drug. Under these conditions, 8 drug may precipitate.
However, due to the maximum pacticle-size reduttion
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\ in the solid solution and o the possible solubilization

effect of the currier in the microemvironmental diffusion
layer of bulk fiuids, the drug may temporarily result
in o high supersaturation of the bulk fluid. Obviously,
this is temporary and would lead to precipitation if the

. drug is not being absorbed or removed by other proces-

508,

Solid solutions can generally be clussified according
1o the extent of miscibility between the iwo components
or the crystalline structure of the solid solution (33,
34, 54). Based on the former criterion, they con be
divided into two groups: continuous (or isomorphous,
unlimited, compicie) solid solutions and discontinuous
{or limited, restricted, partial, incomplete) solid solu-
tions. According to Lhe latter criterion, they can sho
be classified into two groups: substitutional solid
solutions and interstitial solid solutions. The Imporiant
physical properties of each group are reviewed briefly.

Convintous Solid Solution—In this system, the wwo
components, are miscible or soluble at solid state in
all proportions (Fig. 5). No established solid sofution
of this kind has been shown to exhibit fast-relense
dissolution properties, although it is theoretically
possible. It is obvious thar a faster dissolution rate
would be obtained if the drug is present as & minor
component. However, the presence of a small amount
of the soluble carrier in the crysialline lattice of the
poorly soluble drug may also produce a dissolution
rate faster than the pure compound with similar
particle size, This may be duc to & small number of the
neighboring drug molecules holding the dissolving drug
molecule after the rapid dissolution of the aeighboring
water-soluble carrier. The tota! lanice epergy of the
continuous solid solution at various compositions
theoretically should be greater than that of either pure
component, becausc the strength of bond between the
two different components at the solid state, U, s,
should be greater than that between the same species of
molecules, U4 and Uay, in order to form a continuous
solid solution (33). The solid solution azbove the
temperature of the miscibility gap, as showa in Fig, 5,
is also thermodynamically stable, with a free ¢nergy
lower thaa that anticipated from the mixture law (54,
55), The miscibility gap noted in Fig. 5 msy occur as
a tesult of limited solid-state solubility ac lower tempera-
tures, The implication of this phenomenon is discussed
later in this article.

Disconlinuous Soltd Solution—In contrast to the
continuous solid solution, there is only a limited
solubility of 2 solute in 2 solid solvent in this group
of solid solutions. This can be best depicted in a
standard phase disgram (Fig. 6). The regions of solid
solutions io this diagram arc shown as the a &nd g
regions. Each component shown is capable of dissolving
the other component to a certain degree above the
cutectic temperature, However, as the temperature is
lowered, the solid solution regions become narrower,
The implication of the decreasing solubility with
declining temperature is discussed later. The free energy
of a siable, {imited solid solution is also fower than that
of the pure sojvent (55).

In reality, some solid-state solubility can be expected
for all iwo-component systems (19, 34). However, the

TEMPERATURE INCREASING -~
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A
Figure $—A lypical phase diagram of contluows solid selution of 4
binary sysiem, A wid B. The lowesi curce ladicotes a sotubility gap
af lowcr semperaiures.,

degrec of solubility is usually small enough 10 be
considered negligible. Goldberg et af. (19) suggested
that, for practical purposes, solubility of greater than
5% of one component in the other could be considered
to be a solid solution. It is felt that such a crjterion is
not adequate, Senmsitive instruments now allow the
detection of solid solution formation below & 5 level.
Furthermore, many drugs with low therapeutic doses
(e.g., below 25 mg.) can be practically jocorporated
into solid solutions at cancentrations of Jess than 57,
The phase diagram of a sulfathiezoje-urea binary
system was studied by thermal analysis (17). It was
interpreted s & system of lmited solid solution,
in which the maximum solubility of sulfathiazole is
about 107 w/w and that of urea is about 87 w/w
(19). The eutectic composition is located at 52% of
sulfathiazole, Therefore, the eytectic of this system is

M

Figure 6—A typical phase diagrant of a discontinous solid solution
of a biary system, A ond B. a el B are regions of solid solution

Jormarion
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Yol. 60, No. 9, September 1971 (] 1287



Figure 1—Ripht diugrum shows the [ormation of an intersiitiad solid
solution, anel feft Jiagram shows ihe formation of a subsiitutional
solld solwion, Dark circles indicate solute atoms or molecules, whily
open cireles hidicare solvent atoms or molveudes (from Reference 54,

repeinted with permistion).

theoretically a physical mixture of two solid solutions,
a and . The faster absorption rawes found in man with
this eutectic mixture were claimed ta be primarily due
to these solid solutions. However, it was also rerently
noled by Chiou and Niazi (56), from their X-ray
diffraction studies, that sulfathiazole is mainly present
as an amorphous form (more correctly a glass solution)
in the freshly prepared eutectic. No significant amouc.
of sulfathiazole was found to crystallize when kept at
27° for 2 weeks. It was proposed that such an amor-
phous form, with a solubility much greater thao the
crystalline form (23), was an important contributing
factor to the increased rate of dissolution and absorp-
tion.

7 Substimional Solid Solution—In this type of solid
solution, the solute molecule substitutes for the solvent
molecule in the crystal Jattice of the solid solvent.
A schemalic diagram is shown in Fig. 7. It can form a
continnous or discontinuous solid solution. The size and
steric factors of the solute molecule were shown to
play a decisive role in the formation of solid solutions
(33, 34, 43, 54). The size of the solute and the solvent
molecule should be a3 close as possible. According to
the Hume-Ruthery rule (54, 37), an extensive solid
solution can be formed oaly when the eficctive diameter
of the seolute differs less than 159 from that of the
solvent. This has been experimenally proven jo a
variety of solid solutions of metels and inorganic
compounds.

Timmermans (60) proposed a term called the
degree of molecular isomarphism 40 express the degree
of similarity of the shape of the two compounents, He
superimposed the two molecules and calculated the
overlapping volume, r, and the nonoverlapping volume,
A. The degree of molecular isomorphism, e, is then
equelto I — Afr, From his extensive studies of phase
diagrams of organic compounds, he found that wide
or complete solubility required the value of e to be
around 0.9 Examples of continuous solid solutions of
systems include mistures of p-dibromobenzene—p-
chiorobromobenzene (61} and anthracenc-acenaph-

“thene'(62).

The distortion of the crystal lattice of the solvent
by the steric effect or chemical interaction (63) is also
important. The salubility of the solute increases until
the distortion of the lattice field of the solvent by the
solute molecule can no longer be tolerated. For example,
naphthalenc (59) can form solid solutions with its
B-decivatives substituted with bulogens, hydroxvl, or
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#mino groups but it only forms cutectic mixtures with
its a~substituted derivaiives Howeser, ¢ valucs are thy
sume fur the pairs of a- and g-derivatives with naph'
thalene.

Frequently. water-insoluble drugs contain halogens,
hydroxyl, methyl, methoxy, or other small Tunctional
groups. It might bt possible to synthesize relatively
inert soluble congeners by substituting a specific func-
tional group which will change the physical properies
with minimal changes in the degree of molecular iso-
morphism. It is expected that the insoluble drups and
the congeners can possibly form wide ranges of solid
solutions due to their similarity in size and shape.
Under such conditions, the relatively inactive soluble
derivatives can serve as carriers for the active drugs,
Such 3 combination may result in more rapid dissolu-
tion and absorption. '

It is well kaown that glabular or plastic compounds
form a wide range of solid solutions above their
plastic points. For example, pairs of cyclopentanc-2,-
2-dimethylbutane (64) and chemically unrelated
methane ard argon (65) form continvous solid sohu-
tions at appropriate temperatures, Typical properties
of globular or plastic compounds are (64): (a) low
entropy of fusion, usually less than § e.w; (6) high
triple-point temperature and pressure; (c) crystals,
usually of cubic or hexagopzl symmetry, which are
clear (almost glasslike), tacky, eod essily deformed;
and (d) ore or more energetic transitions in the sclid
state. The reasons for their mutual solubility are the
similarity Io their symmetry and almost free rotation
(bence, low lattice energy) above their plastic points.
Since plastic compounds have the lowest latice energy
and strain, [t is reasonable o expect that they will
foore easily accommodate all kinds of molecules in
their crystal lattice.

Peataerythritol, a typical plastic compound (64)
with ap ¢ptropy of fusion of 3.2 e.u., was selected as a
carrier to disperse griseofulvin (11). The 10%] grisec-
fulvin dispersion was found to dissolve much faster
than micronized gnistofulvin. In addition, a super-
saturation was rapidly obtained when ag excess amount
was studied. Its potentiel usage as a carrier for other
drugs, however, remaios to be funher explored.
A similar carrier, pentaerythritol tetraacetate, was
also shown to eshance the dissolution raie of griseo-
fulvin (11). The phase diagrams of both systems have
not beeu established. A comprebensive listing of
globular molecules aod some skeleton structures with
low entropies of [usion was compiled by Ubbelohde
(66). Interested readers should comsult it for their
possible applications.

Intersiitial Soltd Sofurion—In this type of solid solu-
tion, the solute (guest). moiecule. occupies the inter-
stitial space of the soivent (host) jartice. A schemalic
diagram is shown in Fig. 7. It usuplly forms only a
discontinuous (limited) solid solution. The size of the
solute is critical in order to fit into the interstices (34,
54). It was found that the apparent diameter of the
solute atom should be less than Q.59 that of the solvent
(54) io order to obtain an exiensive intersiitial solid
solution of metals, From this, one may calculale thit
the volume of the sofute shauld be less than 207 of



the sobent It is likely thut the principle can also be
opplied to organic compounds Water-soluble crystal-
Jine polymers of high moleculur weight appeur to be
logieal choices Tor this type of solid solution of insoluble
drugs. since the molecular weight of most organic
drugs is usunlly less than {000. Low toxicity and fack of
absorption [rom the Gl tract are the advantages of

polymer carriers.

Polyethylene glycols of 4000, 6000. and 20,000
molecular weights are crystallinc. water-soluble poly-
mers with two parallel helixes in a unit cell (67). It is
predicted that significant amounts of drug can be
trapped in the helical interstitial space when poly-
ethylene glycol-drug melts are solidified. Such sysiems
were prepared using griseofulvin, digitoxin, methyl
testosterone, prednisclone acetate, and hvdrocortisone
acetate in the matrix of polysthylens glycol 6000.
They all possess a [ast rate of dissolution (11, 33).

The results of these dissolution studies, except for...

griseofulvin, are summarized in Table 1. The griseo-
fulvin dispersed in polyethylene glycol 4000 and 20,000
was also shown to have a wmarked increase in dxssqu-
tion rate (1 1). Indomethacin dispersed in polyethylene
giycol 6000 was also shown (o produce a faster dissolu-
tion rate (63).

In addition to the large molecular size of the polymers
favoring the formation of thermodynamically stable
interstitin] solid solutions, other factors such as high
viscosity, supercooling, and physical-chemical inter-
action between the drugs and the polymers may
contribute to the formation of metastable solid solu-
tions if the drug-polyethylene glycol melt is solidified
rapidly. The melt of polyethylene glycol polymers is
highly viscous, even at a temperature of 200° (67).
Furthermore, the viscosity increases rapidly with the
decrease in iemperature. Therefore, as drug-poly-
cthylene glycol melt is allowed to solidify quickly,
the crystallization of the drug is retarded due 1o reduced
solute migration and the difficulty in nucleation of the

* drug in the viscous medium (11, 64, 69).

Although the melting points of some polyethylene
glycol polymers are higher than 50° they can often
be supercooled to below 40° (11), Such supercooling
phepomena wert also observed with the drug-poly-
ethylene glyco! mixture. For example, it was fouod
feasible to supercool 10, 20, and even 407 of griseo-
fulvia in polyethylene glycol 4000 or 6000 to about
40° before solidification started, although their upper
meliing points (when mixtures completely melt)
ranged from about 150 to 200°. The possible physical
or chemical interaction between drugs and polyethylene
glycol polymers has been well documented, as demon-
strated by their solubilization effect in the aqueous
medivm (45, 73) It is believed that such interaction
may als¢ exist in the drug-polyethylene glycol melt
and may contribute (o the retardation of crysmllizatiou
of the pure drugs. In the case of griseofulvin, its sol-
ubility was found to increase onefold in the 7%
{w/w) polyethylene glycol 6000 aqueous solution (41).

The possibility of the existence af a metastable solid
solution of a drug in polyethylene glycol was investi-
gated in quenched 5% griscolulvin-95% polyethylepe
glycol 4000 and 5% griscofulvin-95% polycthylene

Tabie 1—Twemy. Filly, and Sevenly Percent Dissolation Thues
for Sclected Deugs in Various Physical Forms in Hall~Saturation
Dissolution Test

Prepacations T, Min. T3, min. Ty, i
Pure prednisolone acetater g0 43 0 -
Fused misture of prednisolone <) .0 K10 ~06
acetare-polvethylens glycol
6000 {5:95 wiw)
Pure 1 T-methyliestosterane 20 120 30
Fused mixtures of |17-methy)- « 0 ®l0 <06
l&osumnc-polycthylcnc
glyeol 6000 {3:95 wiw)
Purg hydrocontisone acetate 20 ~ -
Fused mixture of hydrocorti- «!.0 «l 0 1§
sone ooeetate- Spolymhylcm
glycol 6000 (5295 wiw)
Pure mn:rocrysta!]inc digitoxin 15.0 80 -
mixture of digitoxin- «1.0 «l0 0303

&ol;clhylcnc glycol 6000

* This test svstem villined only 307, wturalion.

glycol 6000 (41). The freshly quenched samples of
both systems showed no noticenble X-ray diffraction
peaks of the crystailine griseofulvin, while their pow-
dered samples exhibited such peaks. It was suggested
that the powdering process might cause some of the
supersaturated griseolulvin in (be metastable solid
solution to precipilatc out. Therefore, the solid solu-
bility of griseofulvin in polysthylene glycol 4000 or
6000 is much less than 5 7. The X-ray diffraction spectra
of the griseofulvin~polyethylene glycol 6000 “system
are shown in Figs, 8 and 9. Sirnilar findings were also
reported for the 107 indomethacin-90% polyethylene
gycol 6000 sobd dnspcrsnon (68). In 10 and 209
griseofulvin dispersed in polyethylene glycol 6000
both the pulverized and nonpulverized qucuched
samples showed the diffraction spectrn of crystalline
griseofulvin. This is because the concentrations of
griseofulvin now exceeded its maximum so!id solu-
bility in the polyethylene glycol.

In addition to working as 2 universal solvcm for
the formation of stable or metastable limited solid
solutions of most drugs, the polyethylepe glycol can
also be expected to produce ag ultrafime or colloidal
crystallization of the pure drug if its concentration
is much greater than its solid solubility aod the drug-
polyethylene glycol melt is solidified rapidly (11),
This is mainly due to the difficulty of growth of the
crystallite in a highly viscous medium and the short
time joterval for the completion of solidification.
This js often referred 1o by some surface chemists
as the transition from primary to sccondary nucleation,
The phenomenon is well known and is taken advantage
of in the preparation of single crystals in microelec-
tronjes. It is also the method by which doped crystals
are prepared to render specific physical properties in o
system in which a material is crystallized in a retarded
manner due o solute depletion in the immediate
environment affecting c¢rystal growth. The highly
possible physical-chemical interaction betwcen the
drug and polyethylene glycol may also play a role in
preventing the crystalline growth. Such 2 contention
is indirectly supported by a recent study of the ability
of polyvinylpyrrolidone to inhibit the crystalline
growth of sulfuthivzole and methylprednisolone in
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Figure 8—X-ray diffraction spectra of pure griseofulciu (bortom)
and puse polyeihylene glycol 6000 powders {rop).

water, even at a very low concentration (73). The
adsorption of the polyvinylpyrrolidone on the crystal-
line surface was used to explain such a phenomenon.
It seems logical to assume that the polyethylene glycol
polymer may also act as a protective calloid in retarding
the coagulation, aggregation, or coarsening of the fine
crystallites before solidification. The possibility of an
ultrafine or coiloidal dispersion of drugs in polyethylene
glycol polymers is demonstrated by the fact that even
the solid dispersion of 4077 griseofulvin-60% poly-
ethylene glycol 6000 showed a faster dissolution rate
than the wetted micronized griseofulvin (I1). It is
believed that this rationale for employing polyethyleae
glycol polymers as ideal solid-dispersing carriers may
also be applied to other soluble polymers. As mentioned,
the short interval of solidification is critical in the
formation of metastable solid solutions fram the viscous
melt of drug-polycthylene glycol systems. Therefore,
in the solvent method of preparation, the control of
temperature and time of evaporation are very impor-
tant to the final physical properties of the solid dis-
persions (11). It wes found that big crystils of griseo-
fulvin were formed if the griseofulvin~polyethylene
- glycol 6000~ethandl iiXture was kept at high tempera-
tures (e.g., 120°) for & relatively long period (0.5-2 hr.),
A patent was obtained for the use of water-soluble
polymers such as polyethylene glycol, polyoxyethylene
esters ar cthers, polyoxyethylene sorbitan esters, or their
mixtures that form solid solutions of insoluble estrogens
for preparation of pessary dos?gc Fopns (?4). The
estrogen was claimed to be precipitated in an extremely
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fine state of subdivision when the preparation way placed
in water. The concenteation of the drug preferred was
below 20, This patent may not be known to nany re
search workers in this area, and no experimental dua ).
the pharmaceutical {iterature could be found to support
the claim. One interesting suggestion in the patent is
that the inclusion of effervescent materials, such as
combinatiens of sodium bicarbonate and eiric or
taftaric acid, would increase the distribution (or
dispersion) of the drug Upon exposure to an aqueous
medium. No oral application of such dosage formms was
advocated. Geovg 3
Glass Sojutions and Glass Suspensions—The concept
of formation of a glass solution (73) was first introduced
by Chiou and Riegelman (11) as another potential modi-
fication of dosage forms in increasing drug dissolution
and absorption. Siace physieal-chemica) properties of
glass solutions have not been adequately discussed in
the pharmacentical literature, they are briefly reviewed
in this article. A glass solution is a homogeneous,
glassy system in which a solute dissolves in a glassy
solvent. The familiar term “glass,” however, can be used
to describe either a pure chemical or a mixture of
chemicals (window glass is a mixture of ioorganic
oxides) in a glassy or vitreous state. The glassy or
vitreous state is usually obtained by an abrupt
qQueaching of the melt (76, 77). It is characterized by
transparency end brittieness below the glass-trans-
forming temperature, 7,. On heating, it softens pro-
gressively and continuously without a sharp mefting
point. This is primarily due 1o the facts that the chem.
ical bonds in the glass diffcr considerably in length aug,
therefore, in streagth and that there is no one tempera-
ture at which al) the bonds become looseped simul
taneously (34). The glassy form of pure compounds
can often be traosformed to a crystalline state upon
heating. [t is likely that such transformation may also

el

Flgure 8~ X-roy diffraciion specisa of solid dispersin of 5 griteo-
Juloin-955% palyethylene glveol 6000 The 1op speciram was op-
iained from a nonpowdered sample, and the battom spesrrum was
obtained from o powdered sumple.



occur in some ghissy solutions, Usually the thermody-
namie properties of a glass, such as specilic volume,
specific heat. viscosity, refractive index, compressibility,
and thermal conductivity, alf show critical change
around the temperature T,

" The relation of the volume between the glussy,
liquid, and solid states is shown in Fig. 10 (76) As the
liquid is cooled through the freezing point, 7,, it may
cither freeze into & crystalline solid, with a discontin-
nous change in volume, or it may conlinue as a sepes-
cooled liquid below this temperature. Many substances
may behave in either way, according to circumstances.
For example, supercooling is increasingly likely to
occur if the presence of any nuclei is carefully avoided.
The viscosity of a supercooled liquid may be so great
that the behavior of the material starts to appear
indistinguishable from that of an ordinary solid.
If the Jiquid is further cooled rapidly, a change in slope
of the volume-temperature curve occurs and the gew
slope is often nearly the same as that of the corre-
sponding curve for the crystal. The temperature at which
the curve changes slope is called the glass-transforming
temperature, 7,. Below T,, the curve is no longer an
equilibrium curve. Therefore, 2 glass or glass solution
is metastable. It i5 also interesting te note that any
liquid or supercooled liquid whose viscosity is greater
than 10! poises is generally called a gless (75).

A crystalline solid posscsses both long-range and
short-range orders of structure, whereas a glass or
liquid has a structure only with a shori-range order
(76, 78). This can be differentiated easily by X-ray
difiraction methods. A glass or liguid can only produce
weak and diffuse diffraction efiects, while crystaliites
can give strong and sharp diffraction effects (76, 79).
In this sense, a glass is also amarphous to X-ray diffrac-
tion.

Many compounds have been shown to be able to
form glasses readily upon cooling from the fiquid state.
These compounds include sucrose, glicose, ethanol, and
-3-methylhexape (66). Glass formation is commou in
many polyhydroxyl molecules such 3s sugars, pre-
sumably due to their strong hydrogen bonding which
may prevent their crystallization (64). Polymers pos-
sessing linear, fexible chains can freeze into a glassy
state of trapsparency and brittleness (66). Glass forma-
tion can occur for the pure substance itself or when in
the presence of other components. If 2 water-insoluble
drug forms 2 glass solution with a water-scipble,
glass-forming carrier, then the in situ dissolved drug
is released into the aqueous medium rapidly because
the carrier quickly dissolves upon exposure to the
aqueous medinm (1),

There is usually a relatively strong chémica) binding
between the solute and the solvent in the solid solution
(4), while the lattice energy in the glass solution is
expected to be much less because of its similarity with
the liquid sofuetion. Similarly, the dissolution rate from
a crystal is wsually faster than from 3n amorphous or
glassy solid of the same chemical identity. Therefore,
if everything is equal, the dissolution rate of drugs in
the glass solution should be theoretically faster than
that 1n the solid solution. There is another important
sdvantage of glass solutions over solid solutions. When
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Figure 10— Relation between the glossy, fquid, aud solid siares
(from Refererwce 76, reprinted with permistion).

the content of the solute exceeds the solubility i both
solutions at ambient temperatures, the particle size of
crystallization of the sofute is much smaller in the glass
solution due 1o the difficult growth of the crystal in its
viscous medium. A higher supersaturation of the drug
in the glass solution is also more {ikely to take place if
the extremely viscous melt is cooled rapidly.

Citric acid, a normal constituent of animals, was
found capable of glass fonation (I1). The melt is
highly viscous and can bt drawn into a thread or sheet?,
After standing at 37° for a few days, & hard, brittle,
and transparent glass can be obtained. However, this
glassy stete was transformed into a crystalline state
after months of standing at room temperature. Glassy
sclutions were obtained after the cooling of melts of
5 and 20% griseofulvin (11), 10 phenobarbital, and
10% hexobarbitel (12). A marked increase in the
dissolution rate of griseofulvin in the citric acid glass
solution was reported (11). The potential usage of
citric acid and the previously mentioned glass-forming
polyhydroxyl compounds as water-soluble carriers
remeins to be investigated. '

The properties of a glass may be related to the method
of solidification or cooling (79). The particle-size
distribution in the crysiallization of benzophenone
in bydrocarbon glass was shown to be a function of the
cooling rate, ranging from being invisible to opaque
in appearance as the rate of cooling was prolonged
(80). A term of *'glass suspension™ is praposed here
to fefer to a mixture in which precipitated particles are
suspended in a plassy solvent.

Pure polyvinylpyrrolidone and some other polymers
dissolved in the organic solvents may become glassy
afier 1he evaporation of the solvents. It is possible
that the precipitation of drugs introduced into the
system is inhibited due to the increase in viscosity as
the solvents evaporate. Such inhibiton may also be

It & entirely pessible thai the formaton of the citric acid plass {s
partially dqs 1o decompusilion of some molecules by Jehydration into
aconitic acid.
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Fahle 1 --Dissolutive Studies of Griseolulnn®

Rebitive Dissolution Rale

Sumpk: I ona. J min.
Micronized grisvofulvin 10 10
Griselulvin-chlorolbrm solvate 05 04
Geiscolutvin-pulyvinylpyrrolidene
1119 . 61 51
Grisenl ulvin=polyvinylpyrrolidone
(e ) ) 72 61
Griseolulvin~polyviay!pyrrolidone
(120 o 7.3

o Obtained from Reference 24,

facilizated by the possible complexation between the
drug and the polymer. Thereby, a transparent, brittle,
glassy solution is formed. This principle of glass forma-
tion probably best explains the rationale behind the
polymer approach suggested by Tachibana and Naka-
mura (23) and Mayersohn and Gibaldi (24). The
amorphous and glassy property of polyvinylpyrrolidone
is alsq_evidenced by i1s diffuse, broddening, X-ray
diffiraction spectra (25, 41). Evidence- for molccular
dispersion of drugs in polyvinylpyrrolidope (i.e.,
glass sordtior) is provided by use of the UV method
for p-carotene {23), high-resoluton electron micro-
scope method for iopanoic acid (41), 2nd X-ray diffrac-
tion method for sulfathizzole (25) and iopancic acid
(41). By the same reasoning as was discussed for the
polyethylene giycol carries, the crystallite size of the
drug may also be very fine if the drug conceotration
greatly exceeds its solubility in polyvinylpyrrolidone.
The crystallization was found to occur at the highsr
concentration of sulfathidzole by the X-ray diffraction
method (25). Amorphous precipitation of iopanoic
acid was also found in the 50% iopanoic acid-50%
polyvinylpyrrolidone 10,000 coprecipitate by the elec-
tron microscope technique (41). These systems also
appear to be metastable since cryseallization has been
initiated in fissures or cracks in the glass on standing.
Duce to the chemical stability of polyvinylpyrrolidone
. to heat (81) aad its bigh melting point (probably
decomposing before melting at 2 temperature beyond
2509), the drug-polyvinylpyrralidane solid dispersions
can only be prepared by the solvent method. Polyvinyl-
pyrrolidoae is also soluble in a variety of organic
solvents (81), an advantage in accommodating various
drugs which possess limited solubility properties, The
marked enhancemeat of griseofulvin dissolution from
the coprecipitate is shown in Table IT (24). Almost

Tabls II—Experimenta) Relative Reledse Rates of Sulfathiazole
a5 a Function of Polyvinylpy:rolidone Weight Fraction®

Polyvinylpyr-  Absolute Sulfathiazole Relativet Sulfathiazole

rolidone Weight  ——Release Rate—— ~—Releasc Rate—

Fraction Initial Limiting  Initial  Limitlng
0.0 0 135 - - —
0.40() 5:1) 0.510 014 3.78 102
050(1:1) 0 320 0.t40 185 1.04
0 60(1:1.5) 0 52 - J8s -
0 67(1:1 D 680 - 54 -
0.75 (1:0) 1155 - 8 90 -
083(1:3) 1 100 - s -
0.91(1:10) 0 934 - 591 -
0.95{1:20) 0 450 - 13 -

« Obtained from Refesence 25 * Relative to a pure sulfathiazole
crysualling Form { tablet
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1007 supersituration was alsa obtained in U min.
Such u striking efect is also reported Tor reserpine,
(30). For a 1:6 reserpine-polyviaylpyrrolidonc cupm.'\
cipitate, a 200-fold increase in dissolution was found
in comparison with the equal particle size of the pure
drug. The dissolution rutes of the drugs Jecreased us
the concentrations of the drugs in the coprecipitates
increased in both systems. Probably this is muinly due
to the increuse of particte size of the drugs in the higher
conceatration compositions {30).

Simonelli et af. (25) presented thorough experimental
studies (o ¢lucidate the dissolution mechanisms Irom a
constant surface for compressed tablets of polyvinyl-
pyrrolidone-sulfathiazole coprecipitates. The enhance.
ment of dissolution mite was found to be a function
of the molecular weight of polyvinylpyrrolidone, the
concentration of sulfathiazole in the coprecipitates,
and, in some instances, the dissoilution medivm and
time. A model was presénted to describe dissolution
mechaaisms of the coprecipitates and physical mix-

‘tures over a wide range of composition. For the copre-

cipitaics, it was concluded that the sulfathiazole was
the controlling external layer at lower polyviayl-
pyrrelidone weight fractions and the polyvinylpyr-
rolidone at higher weight fractions. For details, inter-
ested readers are urged to coasult this detailed ariginal
peper. The relative release rates of sulfathinzole as a
function of the polyvinylpyrrolidene weight fraction
are shown in Table 111, In 40 and 502 polyviaylpyr-
rolidone samples, the release rates were not linear but
changed with rime.

Several potnts arising from the Simonelli e ol (23)
paper seeqs to warrant further discussion. The possible
effect of ar_dispersiop (in this case, glass
solution) and colloida! dispersion of sulfathiazole in
the polyvinylpyrrolidone on the dissolution rate of
sulfathiazole was ignored by the authors. The necessity
of taking the molecular dispersion into account for the
enhancement of dissolution rate from tablet forms with
a constant surface was clearly demonswreted by an
approximately 10-Jold inceense ig dissolution rate from
a solid solution of 107, indomethacin-90% poly-
ethylene glycol 6000 and also a threefold increase
from a solid solution of 5% sulfathiazole-95% urea
over the physical mixtures with the same chemical
composition (63). A tablet made of (0% griseofulvin~
90 % succinic acid eutectic mixture was also found 1o
dissolve about threefold faster than the mechanicai
mixture of 10% micronized griscofulvin~%0%, succinic
acid (53). Such effects are more likely to take place at
the higher weight fractions of a carrier.

Io their dissolution model, Simoneili er af. {25)
proposed polyvinylpyrrolidone as the controlling exter-
nal layer at higher .polyvinylpyrrolidone fractions,
The identity of the controlling layer can easily be
determined by comparing the relative movement of the
solid-liquid boundary of cach component (25, 31).
On the basis of the dissolution data shown in the original
article, in the first 20 min. the ratios of the movement
of polyvinylpyrrolidone over sulfathiazole at composi
tiops of 1:20, 1:10, and 1:5 {sulfathiazole-polyvinyl.
pyrrolidone) were found to be all close to | These
ratios indicale that both components were released
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almost simultancously from the blts This finding
is contradictory w the dissolution medel proposed
by Higuchi (31). which defines a congruent dissolution
from a binary myixture tudlet oaly taking place at a single,
fixed composition. This is valid only when the solu-
bilities of the two compunents remdin constant. It js
well known that the muenitude of solubility increases
as the purticle size reduces to submicron or colloidal
range (45). In the soiid solution or glass solution of a
drug in the soluble carrier, the maxinum concentration
of a drug ac the dissolution interface is undoubtedly
much higher than the regular solubility. Furtbermore,
colloidal or molecular particulates probably cannot
aggregate or agglomeraie into bigger particles in the
short time that they exist at the dissolution surface.
If this is true, it is difficult to define the solubility value
at different weight fractions of solid dispersions.

The theoretica! dissolution rates of sullachiazole in
the higher polyvinylpyrrolidone (ractions, calculated.
accordiig to the model proposed by Simonelli ¢t al. (25),
imply that similar dissolution rates also can be obiained
from the physical mixtures. Although :2is has not been
proved experimentally, it is regarded as unlikely in light
of the striking increase of dissolution rates of the drugs
dispersed in polyvinylpyrrelidone in powdered forms
(24, 30). oo L?

Amorphous Precipitations in a Crystplline Carrier—
Instead of forming a simple eutectic mixture in which
both the drug and the carrier erystallize simultaneously
[rom a melting or a solvent method of preparation, the
drug may also precipitate out in an amorphous form
in the crystallioe carrier. Since the amecrphous form is
the highest anergy form of a pure drug, it should, under
almost all conditions?, produce faster dissolution and
absorption rates than the crystalline form whether
the crystals are or are not dispersed in a carrier. Amor-
phous novebiocin has 10-fold higher solubility than its
crystalline form (82). A much faster dissolution rate
and higher blood levels were also found for the emor-

- phous form of novobiocin (82). As discussed previously,

the amorphous sulfathiazole dispersed in the crystalline
urea was believed to be a primary contributing factor
in increasing its oral absorption in man (17). 11 is
postulated that a drug with a high supercooling prop-
erty bas more tendeacy to solidify 2s an amorphous
form in the presence of a carrier. G roup ¥

Compound or Complex Formations—In a strict sense,
the modificarion of a dosage form by a compound or
complex formation (D,Cx) between a drug (D) and an
inert soluble carrier (C) should not be classified under
the applications of solid dispersion systems. Neverthe-
less, due to their frequent occurrence during preparation
of solid dispersions by the standard méthods, it seems
worthwhile to review them here briefly.

The dissolytion and 2bsorption of @ drug into the
body from a complex or a compound are schematically
shown in Scheme 1. It is clear from Scheme I thut the
availability of a drug depends on the solubiltiy, the
dissociation constant, and the intrinsic absorption rate

—

! A large amocphous mass with entrapped ais prodably will not dis-
solve faster than iniscocrystals dispersed in a water-soluble carricr

D,C. (sohid)

Wivselution
L
C D, &y uh < wC
(in solution) = (in salunonl
&t
shrorption l 1930t plrve l
Scheme 1

of the comples. Although the water-sotuble polymers
bave been considered as idesl carriers for the solid
dispersion of poorly soluble drugs, the implication
of the possible complexation should not be overlooked.
Polyvinylpyrrolidone was shown to retard the pharma-
cological action of numerous compounds such as
penicillio, novocaine, prostigmine, hexobarbital, quinine
(83), and bexylresorcinol (84). The formation of an
insoluble complex between phenobarbital and poly-
ethylene glycol 4000 or 6000 was shown to reduce rates
of dissolution and permeation of phenobarbital through
everted guts of rats (85). The complexation betweep
griseofulvin and polyethylene glycol 6000 may be
thought to occur on the basis of the traditional solu-
bility study. (The solubility is increased onefold by the
presence of 77 polyethylene glycol 6000 in water.)
Such a water-soluble weak complex apparently did pot
retard the oral absorption of griseofulvin in man and
dogs (27-29). It is believed that in comparison with
pure, insoluble, solid drugs, the rates of dissolution
and GI ebsorption can be increased by the formation of
a soluble complex with a low association constant.

The compound formetion among simple organic
chemicals seems more common than expected. Among
12 phase diagrams, Sekiguchi et al. (51) found 1}
cases of compound formations. Guillory er ol (86)
reported four compound formations out of nine phase
diagrams studied. However, the occurrence of these
compound formations, which previously took place
at melt state, does nog necessarily mean that they will
also take place in g liquid medium. On the other hand,
the existence of compound or complex formation in a
liquid medium does not predicate its occurrence in
the solid state. This is shown in the griseofulvin-
succinic acid system. Although the solubility of griseo-
fulvin was increased markedly by the suecinic acid in
water (approximately onefold per 1.5% succinic acid),
their interaction could not be detected by the phase
diagram study (33). Groue C

Combinations and Miscellaneous Mechanisms—Quite
often a solid dispersion does not entirely belong to any
of the four groups discussed bur is made up of com-
binations of different groups. Therefore, the observed
increase in dissolution and absorption rates may be the
contribution of different mechanisms. The griseofulvin
dispersed at high concentrations in polyethylene glycol
roay exist as individual molecules and as microcrysilline
particles. The sulfathiazole dispersed at high econcen-
trations in polyvinylpyrrolidone may be present as
individual sulfathiazole and sulfathiazole-polyvinyl-
pyrrolidone complex molecules, emorphous and poly-
morphic sulfathiazole, znd possibly an amorphous
suifathiazole-polyvinylpyrrolidone comples.



The coprecipitates ol reserpine with bile steroids
stich as deoxyeholic acid (39), cholic acid. ithocholic
acid, and 3.12,24-tribydroxycholine (87) were shown
to increase blepharoptotic activity of reserpine in mice.
The exact physical propertics of such systems have not

been eluciduted. A decrease in the partick size of

teserpinc in the-coprecipitites wus proposed Irom the
in itro dissolution studies (88, 89). The ubilicy of these
carriers to reduce the surface wnsion of aqueous
fluids led Stoll et al. (89) to propose thut the carriers
may aiso fucilitate the wetting and, hence, the dissolue
tion rate of reserpine. Since these bile steroids can form
clathrate compounds (inclusion compounds) with a
variety of organic molecules (90), it is possible that
this may also occur with reserpine and thus cause
motecular or ultrafine dispersion of rescrpine in the
hollow channels of the clathrates.

METHODS OF DETERMINATION OF 1'YPES OF
SOLID DISPERSION SYSTEMS”

Many methods are available that can contribute
information regarding the physical nature of a solid
dispersion system. In many instances, a combination
of two or more methods is required (o study its complete
picture, The advantages and disadvantages of each
method are briefly expounded here,

Thermal Analysis—This is the most common ap-
proach used to study the physicochemicnl interactions
of two or more ¢ompanent systems. Several modified
techniques utilizing the principle of change of thermai
energy as a function of temperature are discussed
separately. :

Cooling-Curce Method—In this method, the physical
mixtures of various compositions are heated until 2
homogeneous melt is obtained, The temperature of the
mixture is then recorded as a function of tme. From
a series of temperature—iime curves, the phase diagram
can be estzblished (33, 34). The method suffers from
many inherent disadvantages. It is time consuming,
it requires a relatively large amount of sample, and
changes in slopes can be missed, especially if cooling
tekes place rapidly (86). In addition, the method
cannot be applied to samples that decompose after
melting. It is also difficult to detect samples with small
solid-solid solubility. This method ‘was recently used
to determine phase diagrams of deoxycholic acid-
menadione and caffeine-phenobarbital (86).

Thaw-Melt Method—In this method, a semple of a
solidified mixture in a capillary mehing-paint tube is
heated graduaily. The thaw point is referred to a
temperature on crossing a solidus line (33). This
simple method was used extensively by Rheinboldt
(91), Rheinboldt and Kircheisen (92, 93), and Guillory
et al. {86). A.stirring device in the capillary tube Wis
employed for more accurate results by Sekiguchi
et &f, (94). The sticring facilitates the attainment of a
homogeneous system: however, such stirring only
affects the melting point and not the thaw point. In
differentiating between a simple cutectic sysiem and
limited solid solution, the diagnostic point lies at the
thuw point. Therefore, the usage of this more compli-
cated device is not neeessary for such a2 purpose.
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The principul drawback ol this thaw-melt method is
that it depends on i subjective observation and. thereby,
is a0t highly reproducible (88) This is especiinlly
serious for the dewrmination of thaw points A range
ol six degrees of variation was reported in the study
of thuw points of a chloramphenicol-uren system
(31). Furthermore, a suitable, upper range of nelting
points is only limited to sbout 300° due to the problem
ussocited with capability of visualization (86, 94).
The sample used Tor study may also be prepured (rom
merely the physical mixture or the evaporated mixture
obtained after removing the liquid selvent from the
solution (%4). Thaw points are ofien found at lower
temperatures from the samples of physical mixcures,
while the melting points are not affected (94). A special
quenching method is proposed for samples exhibiting
supercooling propertics (33). A mixture that has not
completely solidified results in lower thaw and melting
points upon reheuting. This was observed in the eutectic
composition of a sullathiazole-urea system (56),

Thermomicroscopic  Method—Goldberg ef . (20)
used polurized microscopy with a hot stage to study
phase diagrams of binary systems The physicsl mixture
is placed on a slide covered with a covet slip and sealed
with silicone grease to prevent sublimation. The mixture
is heated umil it completely liquifies. Alfter cooling,
the mixture is heated at the rate of 4°/min. The thaw
and melting points are then determined by visual
observation. The advantages of this method are that
it is simple and it requires ooly a small amount of
sample. However, it suffers some disadvantages by
often being subjective, limited to thermally stable com-
pounds, and potentially inhomogeneous in distribution
after resolidification. Furthermore, the melting of
isotropic crystals often cannot be detected accurately
under a polarizing microscope (95). The existence of 2
limited solid solution of griseofulvin in succinic acid
determined by this method (21) appears to have been
disproved by the DTA and X-ray diffraction method
(33). The Kéfier contact method, alse utilizing
polarizing microscopes, was proposed to establish
various forms of phase diagrams (35). However, the
usage of such a technique seems (o require 2 good
knowledge of erystallography.

DTA—DTA is an effective thermal method for
studying phase equilibria of either a pure compaund or a
mixture. Differential effects, associated with physical
or chemical changes, are automaticslly recorded as z
function of temperature or time as the substance is
heated at a uniform rate (96). [n addition 1o thawing
and melting, polymorphic transitions, evaporation,
sublimation, desolvation, and other types of decom-
position can be detected. Apparatus permitting direct
observation of samples during heating were used-to
facilitate the observation of any physical~chemical
changes (97).

The greatest advantage of using this technique is in
constructing phase diagrams of high reproducibility;
a higher temperature sange is permitted, and preater
resolution resulis {32). A sample size of less thua | mg.
¢an be used for meusurement with some commercial
instruments. Although the sensitivity und accuracy of
the DTA thermogrums cun be influcaced by many



Jactors such as sample size, heating rate. sample
seometry, thermal conductivity of the sumple contuiner,
and method of meusurement ol the sample temperature,
these variubles can be adjusted (0 vptimize the desired
characteristics of the DTA apparitus (52).

The DTA method was used extensively 1o construct
phase dingrams of u number of birary systems (31, 52,
$6, 98-110). The correlution of DTA data with most
frequently encountered phase diagrams is shown in
Figs. Il and 12. This technique is especially valuable
in detecting the presence of a smail amount of eutectic
in the mixiure, because ils melting at the eutectic
temperature can be sensilively detected (98). The
observation of such small fractions of melting at
cutectic temperuture can often be missed when em-
ploying thaw-melt or thermomicroscopic methods.

Zone Meliing Method—This techrique was first
introduced in 1951 (111). It has been primacily used
for ultrapurlfication of metals and inorganic and organic
compounds. The phase diagram can be constructed
for metals and inorganic and organic compounds.
A molten zone effected by a heater traverses a cylindri-
cal ingot or solidified melt at o rate of about 0.5~0.001
cm.fhr. A mechanical stirring davice is also required for
the mixing of the liquid in the molten zone. After zone
melting is finished, the bar is sectioned and analyzed for
its chemical composition. From their chemical com posi-
tions and freezing temperatures of the corresponding
sections, 8 phase diagram of a binary or multicomponent
system can be constructed. This method is limited to
compounds with high thermal stability and low volatility
(111, 112). It Is especially valuable {n determining the
exact chemical composidon of a eutectic and the
minute solid-solid solubility at the eutectic temperature
by merely a single pass. The solubility of InSec in InSb
was found to be less than 1%; that of InSb in InSe
was glso found to be less than 1 7 by this method (113).
Many phase dingrams of metal systems have been

_ determined by this method (114-118).

X-Ray Diffraction Method—In this method, the
intensity of the X-ray diffraction (or reflection) from a
sample is measured as a function of diffitaction angles.
Counter and film methods detect the diffraction in-
tensity. The advantages and disadvantages of these
two methods were well discussed (119, 120). In the
former method, a better resolution of diffraction peaks
can be oblained, and it is also casier to compare their
relative diffraction intensity. However, il requires more
sample and has less reliability and more sensitivity to
sample preparation and position. The Jatter method is
mare sensitive for the detection of weak lines,

The diffraction method is a very important and effi-
cient tool in studying the physical nature of solid
dispersions. Recently, it was used to study binary
euteclic systems of chloramphenicol-urea (50) and
griscofulvin-succinic acid (53). Many phase diagrams
of inorganic and metal compounds were also detcr-
mincd by this method (121~125).

Jn simple eutectic systems, diffraction peaks of each
grystalline"component can_be Tound. in the difiraction
Speetra, In 2 substitutional solid solution, the lattice
parameter of the solvent crystal is either incressed,
unchanged, or decreused, depending on the sclative
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Figure 11—Typical DTA thermagroms cotresponding 10 o hypo-
treiicol bbury sysiermi (from Reference 52, reprinted wills permission).

size of the solute atom or molecule (55). However, &
gradual shift in the positions of the diffraction lines
with changes iz composition, which reflects the resulting
change in the lattice parameter, is accepted generally
as sufficient evidence for the existence of solid solutions.
In & system of a continuous solid solution, there will
be a shift from the position in one pure component
to those in the other (126). The interruption of this
smooth change is indicative of immiscibility in the
system. The change of lattice parameter, unit cell
volume, and density in a continuous solid solution
of ammonium chloride-ammonium bromide is shown
in Fig. 13. In an interstitial solid solution, the diffrac-
tion spectra of the solvent component may or may not
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Figure 12—A DT 4 ihermogram of a continueus solid selution sy srens
(Jrem Reference 52, reprinied with permissioi).
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be changed, while those of the solute componen:
- disappear.

The diffraction method is also particularly valuabie
in detectivg compound ar complex formation since
its spectra or lattice parameters are markedly different
from those ol pure comporents. It has been used to
disprove the existence of 2 patented selt formation
between penicillin YV and tetracycline (126). The
biggest drawback of using the diffraction method to
study dispersion systems is its frequent joability to
differentiate amorphous precipitation from molecular
dispersion if the lattice parameter of the solvent
component is not changed. This is because of the
disappearance of the diffraction peaks or lines of the
crystalline solute compound in both systems, This
problem is encountered in the lower concentrations of
drugs dispersed in polyethylene glycol (41) or poly-
vinylpyrrolidone (23) polymers. The solidified eutectic
of sullathiazole-urea has a broad (instead of sharp
melting point as found for its physical mixeure) and
lower melting range. This is attributed to the presence

" of emorphous sullathiazole. The amerphous form is
transformed into & crystelline form after anpealing at
high temperature, 25 shown by the appearance of jts
sharp diffraction peaks (56).

The diflraction method has been used to study
guantitatively the coacentration of 2 crystalline com-
ponent o the mixture (126-128). The ability of this
method to quantitate the crystailine component in solid
dispersion systems mey be fimited by its low concentra-
tion or weak iatrinsic intensity of diffraction. The
beight of diffraction peaks may be artenwated by a
reduction of crystallite size, usually below 02 p,
This is also accompanicd by a broadening of the peaks
(126). An extremely fine crystalline dispersion of
sulfathiazole in polyvinylpyrrolidope has also beco
considered oné reason leading to the disappearance
of sulfsthiazole diffraction peaks (25), Integrated
diffraction pesk areas were used to study particle-size
distribution between 0.002and 0.2 1 (125).

Nfcroscopic Mcthod—Microscopy has been used
quite often to study the polymorphism (47) and mor-
phology of solid dispersions (34, 44, 51, 54, 55, [24,
129). The fine particles of crystallization in the glassy
polyviaylpyrrolidone matrix can be readily derected
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by the polarizing microscope (41). The high resolution
of an electron microscope was used Lo study the dis-
persed particle size ol iopanoie acid in polvsinyl-
pyrrolidone (41). The application of the electron
microscope technique s, however. uswally limied to
chemicals with high atomic aumbers {130).

Spectroscopic Method—Visible absorption spectros-
capy was used 10 study the low coneentration dispersion
of B-carotene in polyvinylpyrrolidone (23). The spec-
trum of the dispersed S-carotene resembles that of
B-carotene dissolved in organic solvents but not thas
of B-carotene particles. These results indicated that
f-carotene is dispersed molecularly jn the polymer,
The undetected shift of IR bands of the dispersed
f-carotene was thought to indicate the absence of the
marked interaction between S-carotene and palyvinyl-
pyrrolidone. IR spectrascopy was also used to swdy
the solid solutions of nitrite ion in many inorganic
halides such as XBr, NaCl, and KI (131, 132).

Dissolution-Rate Method—The dissolution-rate mech-
od was recently proposed by Allen and Kwan (68)
ta study the degree of crystallinity in solid-solid equilib-
ria, especially in temperature regions below sofid-
liquid equilibria. The method involves comparing the
in titre dissolution rates of the solute component rom
a constant-surface tablet mede from molecular dis-
persion (f.e., solid or glass solution) with a physical
mixture of the same chemical composition. The tech-
nigue is simple to perform, ¢xcept that in some binary
systems the tablet surface may not remain constant
due to the leaching of particles into the dissolution
medium, Such difficulty was encountered in the me-
chanical ruixture of the high sulfathizzole to polyvinyl-
pyrrolidone ratio tablets (25), solid dispersion of
barbital-polyethylens glyco] 6000 system (41), and
physical mixture of 107 griseofulvin-90 % polyethylese
glycol 6000 (41). Tablets made up of 107 sulfathia-
20le-909, urea physical mixture under various pres-
sures were also found to disintegrate almost immediately
in the aqueous medium (56). This was primarily due to
the almost instantaneous dissolution of urea into water
because the solubility of this small molecule compound
in water is very high, approximately { g io 1 ml. The
dissolution of (0% . sulfethiazola-90% urea solid
solution from 10-20-mesh grapules was also found
to be complete almost immediately upon their exposure
to water (56). The almost instantaneous dissolution from
stich dispersion systems will make themn difficult to
compare quantitatively with the dissolution frowm
physical mixtures.

The application of this method also requires: (a)
the observed dissolution rate to be proportiona to the
surface area, (b) a reasonably large difference between
the-dissolution rate of the physical mixture and the
corresponding solid solution, and (c) the use of the-
same palymorphic form ol a drug in the tablet of the
physical mixiure as that precipilated out from the solid
dispersion (68). Most commercially available sullathia-
zole, which was often used 1o prepare solid dispersions,
is polymorphic Form !, while the precipitated sulfathiz-
zole in the suifathiazole-urea system is polymorphic
Form 11 (56). The dissolution rate of Form Il was
found to be 1.6 times higher than that of Form | (56).
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Figure 34— Dissolution rate versd degree of crysialiluity of indo-
meihacin in indomethactn-polyetiylene glycol 6000 system (from
Relcrence 68, reprinted with permission).

Furthermore, one must assume in this dissolution
method that the distribution of particle size (maybe as
small as in the subcolloidal range) precipitated {rom the
solid solution or glass solutiop does pot affect the
dissolution rate. Such assumption needs to be proved
experimentally.-

The dissolution-rate method has bezn shown to be
applicable to simulaied systems of indomethacin-
polyethylene glycol 6000 and sulfathiazole-ured. The
data oo 10% indomethacin-90% polysthylene glycol
6000 are shown in Fig. 14, The validity of this principle,
bowever, peeds Further confirmation by other methods.

Thermodynamic Method—The phase diagrams of
eutectic and solid solution systems can be coastructed
on the basis of some thermodynamic parameters (34,
. 54, 62, 121, 133, 134). A knoowledge of heats of

fusion, eotropies, aod partial pressures at various
compositions enables ope to determine the solubility
gap below the solid-liquid equilibrivm temperature
{133). A solubility gap in the continuovs solid solution
of the AgBr-NaBr system was also found from thermo-
dyoamic data obtalped from an electromotive force
study by galvagic cells (12]). The detailed mathematical
discussion of such an approach is beyond the scope

of this article.
AGING OF SOLID DISPERSIONS

The solid dispersion appears to be 2 potential dosage
form modification for increasing dissolution and absorp-
tion rates of poorly soluble drugs. However, the result
of aging or storage under various conditions and the
cffects on the fost-release characteristics and chemical
stabllities have not been reported extensively. Undoubt-
edly, this will be an interesting end important research
subject for pharmaceutical scientists before the wide
and long-range practical applications of this unique
approach are [easible. The effects of aging in many non-
pharmaceutical systems such as alloys and inorganic
compounds have been wel) studicd. The purpose of this

section s (o review these siudics with a hope that similar
principles and methodologies can be wiilized to apply
to our systems.

Aging Effects of Eutectic dMixture~—lt is well known
that the dispersed-phase particles tend to coarsen on
aging because the interfaciil enecgy of the system is re-
doced by the concomitant reduction in intcrface ares
{129). The phenomenon of particle coarsening was ex-
tensively studied both theoretically (135, 136) and ex-
perimentally (137-140). This phenomenon occurs in
cutectic systems with or without solid solution forma-
tion. The extent of coarsening increases with time and
aging temperature. The morphology and Lransparency
of 8 freshly prepared eutectic mixture of naphthalene~
phepanthrene were found to change after standing
primarily due to recrystallization of fine grains (44),

The increased hardness of freshly prepared eutectics
of Pb-Sn systems was {ound to decrease considerably
afer annealing (49). Eutectic alloys are more sepsitive

“to corrosion, becavse in the eutectics the metals are

in a somewhat activated or reactivated statc (49). It is
thought that the displacement of the electrons into
higher orbitals facilitate their transfer to 2 third com-
ponent, such as oxygen, which js ap active asent in
corrasion. One should also bear in mind that differens
polymorphic forms in the solid dispersion may also
have different chemical stabilities (47).

Aging Effects of Sciid Solution—The most important
aging effect from solid solutions is the precipitation
from supersaturated solid solutions along with the
Subsequent changes of physical-chemical properties
(33, 34, 54, 55, 63).

The precipitation (zlso called decomposition or
demixing) from a solid solulion occurs whea the cog-
centretion of the solute exceeds its equilibrium solu-
bility. As showa in Figs. 5 2and 6, the solubility in the
continuous or discontinuocus solid soludon way de-
crease with decreasing iemperature. When 2 mixture
within the solid solutioa raoge at high temperature is
quenched from the mcit t0 ambient temperature, a
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Figure 15—Phase relotion for precipiiation The sofid phaxe, 8,
precipitaies from the solid solutinn. «, on cooling (vrrow) {from
Referenee 55, p. 392, repruncd with pérmision),
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§ Figure 16—Dicgram iflusirating relasice nuclei end papicle size of

4 precipitation from supersainrated solid solutious et torious fempera:
tures ond compositions {from Reference 35, p. 398, reprivted with

parmission).
A

metastable solid solution is usualiy obtajned. Such
extess solute is bound to-precipitate out in order to
reduce the total free energy of the mixture 10 a min-
imum. The phase relstions for precipitstion are sche-
matically shown in Fig. 15, in which the supersaturated
a-phase js transformed into the saturated a-phase and
B-solid phase, The S-phase may be & pure crystalline
solute, B, or a saturated solid solution of the other
component, 4, ia the B component. The percentage of
precipitation can be calculated according to the tieline
or lever rule (34, 54, 53).-

The particle size and the raie of precipitation cer-
tainly have a critical influence upon the dissolution
behavior of the dispersed drug. Based on nucleation
and growth theory, the reiative size of stable nuclei
and subseguent precipitation are expected to vary
with the composition and storage temperature (Fig.
16). The rate of precipitalion is 2 function of time.
After an initia} delay of nucleation, it usually proceeds
rapidly and fnishes slowly (54, 124). A typical example

- — e e S e o L4 2y
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AMODUNT OF PRECIPITATE, %
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Figure 17—Amonnt nf pn-tipild/r as u function of tine it iron-
carban glioy (0.018%, carbost) allowed tu precipitale from o tuper-
satusated solurign e 767 (frone Refesence 54, p. 239, reprinted with

permlzsion)
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of the precipitution of carbon lrom an iron carbon alloy
unnvided a1 767 is shown in Fig 17 The raee of pres
cipitation alsa varies with emperature (Fig  1§)t
The rate s slow ul very low temperatares becduse (he
diffusion rate of miolecuies is very low. The precipitation
rate is al50 very Jow al emperatures just below the
solvus line In this case. the solution is only shightly
supeesaturated, and the Tree energy decrease resulting
fram the precipitution i3 very small, The nuchation
rate is accordinuly slos, ahhough the diffusion rate at
these high temperatures is high, The maximum pre-
cipitation rate, therefore, lies at an intermediate
lemperature as 4 compensiated resuit ot mioderate
diffusion and nuclestion rates.

The presence of precipitotion is usvally detected by
X-ray diffraction (54, 55, 122, (24, 129, 141-143).
X-ray small-angle scauering {141), and electran micros-
copy (54, 35, 124, 129, 141, 143, 144). A change of
lattice parameter of the solvent component after aging
is considered as definite evidence of precipitation (55).
As discussed pieviously, the capability af X-ray diffrac-
tometry may be handicapped by small particle-size
effects. Diffraction from particle sizes well belaw 0.01
# may not be detected (145). The appearance of second-
phase particles in electron microscopy is also indicative
of the occurrence of precipitation. The dissolution-rate
method was also recently proposed to study precipita-
tion (68).

The effect of precipitation from supersaturated soiid
solutions on the age-hardening of alloys is well known
(34, 54, 55). The extent of this effect is proportional
to the amount precipitated. Therefore, the hardening
effect is also a function of composition, aging tempers-
ture, and time. Holding or aging the preparations for
too long a period &t a given temperature may also
cause them to fose their hardness. This efiect is known
as overaging (54). The implications of age-hardening
on the overall performance criteria (such as dissolution,
disintegration, and tableting) of pharmaceutical solid
dispersions remain to be further investigated. In
addition to the hardening effact, the precipitation
also has caused intergranular corrosion with changes
in electrical properties, heat resistance, and specific
density (55).

Aging ERects of Glass Solution—Since & glass solution
is a metastable form, it may be subjected to aging
transformation, yielding 2 more stable form. This may
take place rapidly or extremely slowly, as in the case of
untreated ordinary window glass kept at room tem-
perature, Small-angle X-ray scattering and electron
microscope methods were used to study the kinetics
of @ metastable amorphous phase separation from CaO-
MgO-5i0; glass nt 825° (146). The growth of amor-
phous particles was found to be rate_ limited by the
diffusion ‘process. Their average redius is propot-
tional to the square root of ennealing time. The crystal-
lization of iopanoic ucid and chloramphenicol palmitaie
dispersed in polyvinylpyrrolidone 10,000 (397 wijw)
was detected by polarizing microscope visualization of
crystal needles in unpuiverized and pulverized samples.
These samples were kept at ambient temperature for
several months (41). The effect of such precipitition
on the dissolution rate should be further studied.
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Figure 18—Diogram illustrating the 1ime Jor 1007, of preciphtation
Srom a supersatursied solidd sofuton as a fissction of agiug temperature
{from Reference 54, p. 240, reprinied wiih permission).
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Aging Effects of Metastable Polymorphic Forms in
Solid Dispersions—The amorphous and other meta:
stable erystalline forms of the dispersed drug in solid
dispersions are also subject to aging changes. The im-
portance of this aspect can be seen from the merked
difference of dissolution and absorption characteristics
Between various polymorphic forms of drugs (47).
Metastable forms may range from being extremely
stable to extremely unstable. Diamond, a crystalline
form of carbon, is a good example of the first case,
Amorphous form and Form C of chleramphenicol
palmitate are examples of the latter case (127).

The methodology for the detection of polymorphic
transitions was well reviewed (47). Recently, X-ray
diffraction techniques were utilized to study the kinet
ics of the wansformation of amorphous suifathiazole
dispersed in urea at eutectic compositions and their
effect on the dissolution rate (56).

REVIEW OF I¥ Vi¥0 STUDIES

Sulfathiazole-Urea Systems—The potential of phar-
maceutical applications of solid dispersions was early
demonstrated in the human studies of che sulfathiazole-
urea system (17). The oral administration of the solidi-
fied “cutectic mixture” resulted in a faster and bigher
rate of absorption than the 50-100-mesh sulfathiazole
particles alone on the basis of blood levels and urinary
excretion data. The cumulative excretion ol the drug and
its metnbolites in 8 hr. was also 237 higher from the
“‘eutectic mixture.” The excretion rate data are shown
in Fig. 19. The presence of the urea was found not to
interfere with the absorption of the sulfathiazole.
The in eirro dissdlution rate of sulfathinzole will
probably be diminished in the presence of urea due 1o
its decreasing solubility in the aqueous solution of urea

(7).

Chiloramphenicol -Lren Systemy—In oral suspension
studies in rabbits (51). the solid dispersion of 20,
chloramphenicol-§0°7, urea produced a faster and
kigher absorpuion in the st hr. than the pure chlor
amphenivol with a similar particle-size distribution (50-
100 mwesh). The pesk value was about 707 higher [or
the solid dispersion However, the towl areas under
the blood level-time curve from both dossge Torms
were almost the same. When adntinistered in copsule
form, the solid dispersion produced a much higher
blood levef in the first 4 hr. [n the first 2 br., the ratio of
bload levels guve o threefold difference. Such murked
difference in absorption characteristics obtained in
both suspension and capsule forms hias pot been
entively explained. It is believed that in the capsule
case, this difference is a reflection of better wetting and
dispersion of solid in the uren System than in the pure,
poorly soluble chtoramphenicol system. Thess advan-
tages would become less significant when administered
in suspension form. The solid dispersion with eutectic
composition (76 % chloramphenicol-24'% urea) was
shown to be inferior in absorption than the pure com-
pound when studied in either the capsule or suspension
form,

The finer particle sizes of chloramphenicol obtained
in the low concentration of the mixture were proposed
to hove contributed to its better absorption and the
attainment ol supersaturation from the lower concen-
tration dispersed form (50, 51). Unfortunately, these
studies were conducted on rabbits whose “rate of
stomach emptying in the feeding and fasting state
differs markedly from man. The lack of suitability of
using rabbits in evalvating drug absorption was
recemly raised by Chiou et al. (147),

Reserpine-Bile Acid Coprecipitates—A more rapid
onset of blepharoptotic activity as well as a significantly
ingreased potency relative to reserpine base was shown
in mice after oral administration of reserpine-de-
oxycholic acid coprecipitates (39). The enhancement
generally increased as the concentration of reserpine
in the coprecipitates decreased. The only exception was
that of the lowest concentration dispersion studied
(1:32 molar amounts of reserpine-desoxycholic acid).
The physical mixture was also more potent than the
reserpine base, These findings were attributed 1o the
enhancement of orz] absorption of the drug dispersed
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Figure 19—dcvrage excretion raies of wial slfutliazaly in wrine
after udministration of Y g, of sulfarhivzole as a entectic mivture
(top curve) and pure compotend (lower curce) 10 o fwman sibject
(from Reference 17, Fix_ 11, reprusied with peroussion).
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CUMULATIVE EXCRETION OF 6-DEMETHYLGRISEOFULVIN
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Figure 20~~Acverage ciumilatice urittary excretion of 6-demethyl-
griseafilcin, a major melubolite, after ore! aud intratenous doses of
griseafultin in dogs. Key:' A, irracenoas dose; O, griseofilent in
polyethylene glycol 400 solutioi; O, griseofulcin dispersed in poly-
ethyiene glycol 6000 (1075 wiw): A, commerciol capsule of micro-
nited griseqfultin; and O, commercial tablet of microntzed griseo-
fulein (alf data corrected far 250-myg. dose) {from Reference 27, Fig.

2, raprinted with permission).

in the bile acid. A rank correlation with the ir vitro
dissolution rate was found (88). Similar phenomena of
increased blepharoptotic activity in mice were also
reported for the reserpine coprecipitates with ather
bile acids {87). The general application of drug copre-
cipitates in increasing drug absorption’ remains to be
explored. :
Griseofulvin~Palyethylene Glycol Polymers—In nope
. of the in viro studies of three solid dispersion systems
discussed here were comparisons made with micronized
or microcrystalline powders of pure drugs. The salid
dispersion approach will certainly appear unique and
valuable if it proves to yield better oral absorption
than thet obtainable with the commercially availabje
micron-size powders. Such critical evaluation was
first carried out in dogs (27) and man (28, 29) for micro-
nized griseofulvin and griscofulvin dispersed in poly-
ethylene glycol.

In the dog studies, the total arcas under the blood
concentration curves in the first 8 hr. for the micronized
griseofulvin, either in tablet or cepsule form, were
found to be approximately only 257 of those obtained
from capsule forms of 107 griscofulvin-80%7 poly-

. ethylene . glycol - prepared by melting metbods. By
analyzing the total etcretion of the major metabolite
in 48 hr., it was found that approximately 88 of
dispersed griszofulvin, 437 of micronized griseofulvin
in capsule form, and 339 of micronized griseolulvin
in tablet form were absorbed. The griseolulvin dissoived
in polyethylene glycol 400 wus found to be completely
absorbed. Their cumulative excreton plots are shown
in Fig. 20. From the analysis of the excretion rate data,
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it was loupd thut oral sbsorption of griscofulvin in

dogs couid proceed for more than 40 he. The amounts

absarbed were shown to correlate linearly with dwd
logarithm of the in wiro dissolution rates. The solid

dispersion of 5%, grisealulvin-95%, polyethylene glycol
4000 also produced about fourfoid the blood aren in

the first § hr. than did the micronized priseolulvin

in a dog (12). In u preliminary study, the presence of
polyethylene glycol 4000 in a physical misture was

found not to affect the oral absorption of micronized

griseofulvin (12).

To test its practical application, the absorption
studies were further carried out in human subjects,
The 10 and 20 griseofulvin dispersions in poly-
ethyiene glycal 6000 were faund to be almost completely
absorbed in eight trials, while only 43% of micronized
griseofulvin was absorbed. More sirikingly, the absorp-
tion from dispersed forms was almost complete within
2 br. efter administration. The absorption from the
micronized product was [ound to continue [or 30-80
hr. after dosing. The average cumulative excretion of
urinary metabolites (6-demethylgriseofulvin wnd its
glucuropide) obtained from administration of various
forms is plotted in Fig. 21. The rapid and complete
absorption of the inscluble antibiotic in man was
mainly atiributed to the molecular and colloidal
dispersion of the drug in 2 highly water-sotubie carrier.
Itis predicted that the polyethylene glycol can act as one

g
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Figure 21—Cumulaiice lotal G-demethylgristofulcin urinary ex-
cretion data after iniracenous end orel administration of griseofuicin
10 two human bjects (intracenous data anly for a subject others are
mean volues of elght 1tiels). Key: @, Iatravenous dose; - - -, griseo-
Sulcin dispersed in polyethylene giyeol 8000 (10 ard 20% wiw): and
——, lablets of micronized griseofidoin (afl daig corrected for 500-
mg. dose) (from Refesence 28, reprinted with permitrion).




of the ideal universal carriers Tor mast poorly soluble
drugs.

MISCELLANTOUS APPLICATION

A unique nrethod in formulating 3 liquid drug or
chemical in a solid dosage form was recently introduced
by Chiou and Smith (40}. A liquid drug such as methyl
salicylate. vitamin E, clofibrate, benzyl benzoute, and
benzonatate was mixed by mechanical stirring with the
melted liquid of polyethylene glycol 6000 at a tempera-
ture below 70°. The mixiure was then rapidly cooled,
and the resultant “'solid” mass was pulverized, encap-
sulated, and tableted. The method is particularly
valsable for drugs with low therapeutic doses because
the maximum concentration that ¢an be incorporated
into a solid form only ranged between 5 and 107
{wjw). It is believed that other thermoplastic polymers
with low meltigg points can also {unctioe as carriers for

such purposes.
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CONTINUOUS PREPARATION OF SOLID
PHARMACEUTICAL FORMS

The present invention relates to a continuous process
for the preparation of solid pharmaceutical forms by
extruding a polymer melt containing the active com-
pound and forming the still plastic extrudate between a
belt and a roller or two belts.

1t is known that polymer melts containing pharma-
ceutical active compounds can be extruded and can be
formed by injection molding or calendering (EP-A-240
904 and 240 906). The injection molding process is not
completely continuous but involves cyclic operations
which, owing to the required cooling times, cannot be
accelerated to the extent necessary for mass production.
In the case of calendering too, the production rate is
limited because the rollers make contact only along a
line, so that it is only when the rollers are running
slowly that the cooling time is sufficient to cool the hot,
still plastic extrudate sufficiently for the resulting mold-
ings to be dimensionally stable.

It is an object of the present invention to provide a
process for the continuous preparation of solid pharma-
ceutical forms, which on the one hand permits large-
scale production and on the other hand also allows the
processing of only slowly hardening mels.

‘We have found that these objects are achieved by the
processes and apparatuses described in the claims.

Although there may be cases where premixing is
advantageous, so that a simple extruder is sufficient, it is
as a rule substantially more advantageous if the extruder
is in the form of a conventional single-screw or multu-
screw mixing extruder, so that premixing is unneces-
sary. The mixing extruder (1) may have a plurality of
feed hoppers (2), if necessary for the separate addition
of solid and liguid components of the mixture, and a
pipe connection for blanketing with inert gas (as a rule
nitrogen) and/or devolatilization. In order to increase
the throughput, the extruder may have more than one
die (3) .

To ensure reliable transport of the extrudate and to
avoid breaking it off downstream of the die, extrusion is
advantageously carried out obliquely downward. The
most advantageous angle in each case depends on the
product properties and the procedure (eg. extrusion
temperature and extrusion rate).

Shaping takes place directly after the extrusion pro-
cess, The stil] plastic extrudate is passed, if necessary
with the aid of a suitable guide channel (8), through the
shaping apparatuses described in claims 18 to 23.

In general, it is practical to cool the shaping parts
{roller and belt or double belt) to 10-20° C. Unless very
expensive steps are taken, lower temperatures are disad-
vantageous owing to the expected condensation. The
shaping parts are therefore preferably provided with
the conventional cooling apparatuses for cooling with a
cooling liquid. In some cases, natural air cooling is also
sufficient. It may also be advantageous to heat the shap-
ing parts.

If the extruder has more than one die, each die is
associated with one or more rows of revolving shapeim-
parting indentations in the roller and/or in the belt or
@in the case of a double belt) in one or both belts.

In the case of the resilient belts as claimed in claims 2
and 18 (FIG. 1), the belts are provided with shape-
imparting indentations which are opposite one another
and, in pairs, determine the tablet shape. The apparatus
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advantageously contains a conventional control and
regulation means which ensures that the two mold
halves meet exactly. The belts consist of 2 fillercontain-
ing elastomer, for example polypropylene, acryloni-
trile/butadiene/styrene copolymer, polyamide, poly-
carbonate or a blend of these, each of which contains,
for example, aluminum powder or flakes as a filler, the
filler improving the thermal conductivity; the belt
thickness is slightly greater than the depth of the mold
halves.

Metal link belts (FIG. 2) may consist of various met-
als, such as brass, bronze, copper or, preferably, corro-
sion-resistant or abrasion-resistant steel. The belts are
divided into segments (links) which contain shape-
imparting indentations. A plurality of shapeimparting
indentations may be engraved per segment, both in the
longitudinal direction and side by side.

In the case of smooth belts in combination with en-
graved rollers as claimed in claims 4 and 20 (FIG. 3),
the belts may consist both of elastomers and of metal,
thin steel belts being preferred.

The smooth belt may furthermore be replaced by a
stationary smooth wall which is flat or, preferably,
curved in a concave shape to match the roller (claims §
and 21; FIG. 4).

In the case of the apparatus stated in claim 22 (FIG.
5). a resilient belt provided with shape-imparting inden-
tations, as described above, is used in combination with
a smooth roller, preferably of metal, in particular corro-
sion-resistant steel. )

Finally, the roller (4) and the belt (5) may be provided
with shape-imparting indentations (6) which corre-
spond to one another in pairs (claims 7 and 23; FIG. 6).

Because of the longer contact times between the belts
or between the belt and the roller, the cooling time 1is
substantially longer compared with the pair of rollers
descnibed in EP-A-240 906, which pair of rollers makes
contact only along a line. On the one hand, this permits
the throughput to be increased by increasing the speed
of rotation compared with the pair of rollers, while on
the other hand also making it possible to process phar-
maceutical mixtures which solidify only very slowly.

The coohng time is the longest when two belts are
used (cf. FIGS. 1 and 2). A similar situation occurs in
the arrangement according to claim 22 and FIG. § (belt
with indentations and smooth roller). Here, however,
the mold is open at the top during the major part of the
cooling time. The belt is cooled from below.

When an engraved roller is used in combination with
a smooth belt, an arrangement according to FIG. 3 or
one based on the principle of FIG. 6 is possible. In the
arrangement according to FIG. 3, it is advantageous if
only the roller is cooled, while in the arrangement based
on the principle of FIG. 6 the roller and belt may be
cooled; however, in special cases, it is also possible 1o
cool the belt and to heat the roller. In both arrange-
ments, the angle of wrap (the roller segment surrounded
by the belt) can of course be greater or smaller than in
the drawing.

The elements of the apparatus should each be ar-
ranged so that the molding can fall downward at the
end of the cooling zone. However, it is advisable, as a
precaution, also to provide a stripping roller which
ensures reliable removal from the mold without damag-
ing the moldings. The stripping roller therefore advan-
tageously has soft bristles. It simultaneously cleans the
mold.
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Extrudable pharmaceutical mixtures are mixtures of
one or more pharmaceutical active compounds with
one or more auxiliaries which are conventionally used
in the preparation of pharmaceutical tablets and are
pasty and therefore extrudable due to the melting or
softening of one or more components. These are, in
particular, mixtures which contain pharmacologically
acceptable polymers (the glass transition temperature of
the mixture being below the decomposition temperature
of all components of the mixture), for example polyvi-
nylpyrrolidone (PVP), copolymers of N-vinylpyrroli-
done (NVP) and vinyl acetate, copolymers of vinyl
acetate and crotonic acid, partially hydrolyzed polyvi-
nyl acetate, polyvinyl alcohol, ethylene/vinyl acetate
copolymers, polyhydroxyethyl methacrylate, copoly-
mers of methyl methacrylate and acrylic acid, cellulose
esters, cellulose ethers, polyethylene glycol and poly-
ethylene. The K values (according 1o H. Fikentscher,
Cellulose-Chemie 13 (1932). 58-64 and 71 and 74) of the
polymers are from 10 to 100, preferably from 12 to 70,
in particular from 12 to 35, and those of PVP are from
12 to 70, preferably from 12 to 35, in particular from 12
to 17.

In the total mixture of all components, the polymeric
binder must soften or melt at from 50 to 180° C,, prefer-
ably from 60 to 130° C., so that the mass is extrudable.
The glass transition temperature of the mixture must
thus in any case be less than 180° C., preferably less than
130° C. If required, it is reduced by means of conven-
tional pharmacologically acceptable plasticizers, such
as long-chain alcohols, ethylene glycol, propylene. .
glycol, trimethylolpropane, tniethylene glycol, butane-
diols, pentanols, hexanols, polyethylene glvcols, sili-
cones, aromatic carboxylic esters (eg. dialkyl phthal-
ates, trimellitic esters, benzoic esters or terephthalic
esters) or aliphatic dicarboxylic esters (eg. dialky! adi-
pates, sebacic esters, azelaic esters, citric esters and
tartaric esters) or fatty acid esters.

NVP polymers which, when mixed with the active
compound and, if required, conventional pharmaceuti-
cal auxiliaries, with or, preferably, without added plasti-
cizers, melt or soften in the desired temperature range
are preferred. Melting or softening below a certain
temperature may be necessary where there is a possibil-
ity of thermal and/or oxidative damage not only to the
active compound but also to the NVP polymer. The
latter may undergo yellowing during extrusion, and it is
for this reason that NVP polymers have not usually
been extruded in the past. However, there is little dan-
ger at extrusion temperatures below 180° C., especially
below 130° C,, if the polymer has not been prepared in
aqueous solution using hydrogen peroxide as the initia-
tor, but in an organic solvent or in water using an or-
ganic peroxide as the initiator, for example by the pro-
cess described in EP-A-273 238 or by the process of US
4 520 179 or 4 520 180.

If the K value is greater than 17, in particular greater
than 30 or even 40, and no components with a powerful
plasticizing effect are present, the only suitable NVP
polymers are those having a glass transition tempera-
ture Tg of less than 120° C.,, preferably less than 100° C.,
or the NVP polymer (including homopolymers) must
not have been prepared in water using H:QO: as the initia-
tor. This would give rise 10 polymer terminal groups
which would lead to yellowing at elevated tempera-
tures.

Depending on the intended use, the NVP polymer
can be rendered hydrophilic via the type and amount of
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comonomers to as great or as small an extent that the
tablets prepared therefrom dissolve or swell in the
mouth (buccal tablet) or in the stomach or only in the
intestine (rapidly or slowly) so that they release the
active compound. They have adequate swelling proper-
ties when they absorb more than 10% by weight of
water on storage at 90% relative humidity. If it is re-
quired that carboxyl-containing binders do not release
the active compound until they reach the alkaline me-
dium of the intestine, the above data on water absorp-
tion applies only to the neutralized form (salt form) of
the polymer (in which the protons of the carboxyl
groups have been completely or partly replaced by
ammonium, sodium or potassium ions).

Suitable comonomers for NVP are unsaturated car-
boxylic acids, eg. methacrylic acid, crotonic acid, ma-
leic acid and itaconic acid, and their esters with alcohols
of 1 to 12, preferably 1 to 8, carbon atoms, as well as
hydroxyethy! or hydroxypropyl acrylate and methacry-
late, (meth)acrylamide, the anhydrides and halfesters of
maleic acid and itaconic acid (the half-esters preferably
being formed only after the polymerization), N-vinylca-
prolactam and vinyl propionate. Preferred comonomers
are acrylic acid and, in particular, vinyl acetate. Pre-
ferred NVP polymers are therefore those which contain
either only NVP or vinyl acetate as the sole comono-
mer in copolymerized form. Vinyl acetate and viny!
propionate may be complefely or partly hydrolyzed
after the polymerization.

Conventional pharmaceutical auxiliaries, whose total
amount may be up to 100% by weight, based on the
polymer, are, for example, extenders, such as silicates or
diatomaceous earth, stearic acid or its salts with, for
example, magnesium or calcium, methylcellulose, so-
dium carboxymethylcellulose, talc, sucrose, lactose,
cereal starch or corn starch, potato starch and polyvinyl
alcohol, as well as wetting agents, preservatives, dis-
integrants, adsorbents, colorants and flavorings (cf. for
example H. Sucker et al., Pharmazeutische Technolo-
gie, Thieme-Verlag, Stutigart 1978).

If desired, the tablets prepared according to the in-
vention may also be provided with a conventional coat-
ing to improve the appearance and/or the flavor
(coated tablet, film tablets) or for further delaying the
release of active compound. For oral tablets with de-
layed release of active compound, it may be advanta-
geous if the tablet is prepared by one of the known
techniques in a form having closed pores, so that it
floats in the stomach and thus remains there longer.
Furthermore, the novel process can be used to produce
very small tablets, which are advantageously filled into
capsules, instead of conventional granules. For the pur-
poses of the present invention, the term tablet is associ-
ated with neither a certain shape nor oral administra-
tion. Instead, it also includes suppositories (which do
not melt at body temperature) for rectal use.

For the purposes of the present invention, pharma-
ceutical active compounds are all substances having a
pharmaceutical action and a very low level of side ef-
fects, provided that they do not decompose under the
processing conditions. The amount of active compound
per unit dose and the concentration may vary within
wide limits, depending on the efficacy and rate of re-
lease. The only condition is that they are sufficient to
achieve the desired effect. For example, the concentra-
tion of active compound may be from 0.1 to 95, prefera-
bly from 20 to 80, in particular from 30 10 70, % by
weight. Combinations of active compounds can also be
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used. For the purposes of the present invention, active
compounds include vitamins.

The novel process is suitable, for example, for pro-
cessing the following active compounds: betametha-
sone, thiocticacid, sotalol, salbutamol, norfenefrine,
silymarin, dihydergotamine, buflomedil, etofibrate, in-
domethacin, oxazepam, B-acetyldigoxin, piroxificam,
haloperidol, ISMN, amitriptyline, diclofenac, nifedi-
pine, verapamil, pyritinol, nitrendipine, doxycycline,
bromhexin, methylprednisolone, clonidine, fenofibrate,
allopurinol, pirenzepine, levothyroxine, tamoxifen,
metildigoxin, o-(8-hydroxyethyl)-rutoside, propicillin,
acyclovir mononitrate, paracetamol, naftidrofuryl, pen-
toxifylline, propafenone, acebutolol, L-thyroxine,
tramadol, bromocriptine, loperamide, ketotifen, fenote-
rol, Ca dobelisate, propranolol, minocycline, nicergo-
line, ambrozxol, metoprolol, B-sitosterine, enalapri! hy-
drogen maleate, bezafibrate, ISDN, gallopamil, xan-
thinol nicotinate, digitoxin, flunitrazepan, bencyclan,
dexapanthenol, pindolol, lorazepam, diltiazem, pirace-
tam, phenoxymethylpenicillin, furosemide, bromaze-
pam, flunarizine, erythrom.ycin, metoclopramide,
acemetacin, ranitidine, biperiden, metamizol, doxepin,
dipotassium chlorazepate, tetrazepam, estramustine
phosphate, terbutaline, captopril, maprotiline, prazo-
sine, atenolol, glibenclamide, cefaclor, etilefrine, cimeti-
dine, theophylline, hydromorphone, ibuprofen, primi-
done, clobazam, oxaceprol, medroxyprogesterone,
flecainide, Mg pyridoxal-5-phosphate glutaminate,
hymechromone, etofylline clofibrate, vincamine, cin-
narizine, diazepam, ketoprofen, flupentixol, molsido-
mine, glibornuride, dimetinden, melperone, soquinolol,
dihydrocodeine, clomethiazole, clemastine, glisoxepide,
kallidinogenase, oxyfedrine, baclofen, carboxymethyl-
cysteine, thioridacine, betalistine, L-tryptophan, myr-
tol, bromelaine, prenylamine, salazosulfapyridine, as-
temizol, sulpirid, benzerazide, dibenzepine, acetylsali-
cylic acid, miconazole, nystatin, ketoconazole, Na pico-
sulfate, colestyramine, gemfibrocil, rifampicin, fluocor-
tolone, mexiletine, amoxicillin, terfenadine, mucopoly-
saccharidepelysulfuric ester, triazolam, mianserin, tia-
profenic acid, amezinium metilsulfate, mefloquine,
probucol, quinidine, carbamazepine, Mg L-aspartate,
penbutolol, piretanide, amitriptyline, cyproterone, Na
valproinaie, mebeverine, bisacodyl, 5-aminosalicylic
acid, dihydralazine, magaldrate, phenprocoumone,
amantadine, naproxen, carteolol, famotidine, methyl-
dopa, auranofin, estriol, nadolol, levomepromazine,
doxorubicin, medofenoxate, azathioprine, flutamide,
norfloxacin, fendiline, prajmalium bitartrate and aescin.

Solid solutions of the following active compounds are
particularly preferred: acetaminophen (= paracetamol),
acetohexamide, acetyldigoxin, acetylsalicylic acid,
acromycin, anipamil, benzocaine, -carotene, chloram-
phenicol, chiordiazepoxide, chlormadinone acetate,
chlorothiazide, cinnarizine, clonazepam, codeine, dexa-
methasone, diazepam, dicumarol, digitoxin, digoxin,
dihydroergotamine, drotaverine, flunitrazepam, furose-
mide, gramicidine, griseofulvin, hexobarbital, hydro-
chlorothiazide, hydrocortisone, hydroflumethiazide,
indomethacin, ketoprofen, lonetil, medazepam, mefru-
side, methandrostenolone, methylprednisolone, methyl-
sulfadiazine (=sulfaperin), nalidixinic acid, nifedipine,
nitrazepam, nitrofurantoin, nystatin, estradiol, papaver-
ine, phenacetin, phenobarbital, phenylbutazone, phe-
nytoin, prednisone, reserpine, spironolactone, strepto-
mycin, sulfadimidine (=sulfamethazine), sulfamethi-
zole, sulfamethoxazole, sulfamethoxydiazine (=sulfam-
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eter), sulfaperin, sulfathiazole, sulfisoxazole, testoster-
one, tolazamide, tolbutamide, trimethoprim and tyro-
thricin.

The term solid solutions is familiar to the skilled
worker, for example from the literature cited at the
outset. In solid solutions of pharmaceutical active com-
pounds in polymers, the active compound is present in
molecular disperse form in the polymer.

The formation of solid solutions of the stated active
compounds in NVP polymers could not be foreseen and
is all the more surprising since many active compounds
which are sparingly soluble in water do not form solid
solutions (with molecular disperse distribution) in other
polymers but are included in the particular polymer in
the form of solid particles which can be detected by
electron microscopy. Crystalline active compounds
also exhibit a Debye-Scherrer pattern, in contrast to the
solid solutions.

In the Examples which follow, parts and percentages
are by weight.

Examples 1 to 32: Double link belt according to FIG. 2

EXAMPLE 1|

45 parts of a copolymer having a K value of 30 and
consisting of 60% by weight of N-vinylpyrrolidone and
40% by weight of vinyl acetate, 5 parts of stearyl alco-
hol and 50 parts of theophylline were mixed and ex-
truded in a twin-screw extruder. The temperatures of
the six shots of the extruder barrel were 30, 60, 60, 60,
80 and 100° C.; the die was heated to 100° C. The result-
ing extrudate was pressed directly to give oblong tab-
lets, using a double link belt which was cooled to 15° C..
Rigid tablets were formed.

The tablets thus obtained were stable to mechanical
effects and showed no abrasion during transport and
packaging.

EXAMPLE 2

50 parts of the copolymer of Example 1 and 50 parts
of theophylline were mixed and extruded in a twin-
screw extruder. In contrast to Example 1, the tempera-
tures of the shots were brought to 30, 60, 60, 60, 90 and
120° C. The die was likewise at 120° C. The extrudate
obtained was pressed to give oblong tablets similarly to
Example 1. The temperature of the double link belt was
15° C. These tablets obtained similarly to Example 1
were also stable to mechanical effects.

EXAMPLE 3

47.5 parts of a copolymer having a K value of 30 and
consisting of 60% by weight of N-vinylpyrrolidone and
40% by weight of vinyl acetate, 2.5 parts of crosslinked
PVP as a tablet disintegrant and 50 parts of theophylline
were mixed and extruded in a twin-screw extruder. The
temperatures of the five shots were each 120° C., and
the die was at 130° C. The still plastic extrudate was
pressed to give oblong tablets as in Example 1 (tempera-
ture of the double link belt: ~15° C.). The tablets were
stable to mechanical effects.

EXAMPLE 4

50 parts of a copolymer having a K value of 52 and
consisting of 309 by weight of N-vinylpyrrolidone and
70% by weight of vinyl acetate and 50 parts of theoph-
ylline were mixed and extruded in a twin-screw ex-
truder. The temperatures of the {ive shots were 30, 60,
100, 100 and 120° C. The die was likewise heated to 120°
C. The still plastic extrudate was pressed to give me-
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chanically stable oblong tablets as in Example 1 (tem-
perature of the double link belt 4-15° C)).

EXAMPLES 5 TO 8

A mixture of 50% by weight of a N-vinylpyrrolid- 5
one homopolymer (PVP), having the K value stated in
each case in the Table, and 50% by weight of theophyl-
line was melted and extruded in a single-screw extruder
at the temperature stated in each case in the Table, and

the extrudate was formed into tablets as in Example 1. 10
Ex- K TI['C) Temp. of the

am- wval- Ist 2nd 3rd  4h  Sth double link

ple ue Shot Die belt [*C]

5 12 115 125 135 135 135 145 10 15

6 17 125 125 135 145 145 155 10

7 25 145 155 165 175 115 175 15

B 30 150 160 160 170 180 180 15

8a 60 150 160 160 170 180 180 15

20
EXAMPLE 9

40 parts of a copolymer of 60% by weight of N-vinyl-
pyrrolidone and 409 by weight of vinyl acetate, having
a K value of 30, 10 parts of polyhydroxyethy! methac-
rylate and 50 parts of theophylline were processed to
give mechanically stable tablets similarly to Example 1.
Temperatures of the shots: 70, 80, 80, 80 and 80° C. Die:

90° C. Double link belt: +30° C. -

EXAMPLE 10

50 parts of a commercial, 80% hydrolyzed polyviny!
acetate and 50 parts of theophylline were processed
similarly to Example 1. The temperatures of the 5 shots
were 100, 100, 110, 120 and 130° C. Die: 150° C. Double
link belt: +32° C.

8

EXAMPLE 11

50 parts of polyhydroxyethyl methacrylate having a
K value of 30 and 50 parts of theophylline were pro-
cessed similarly to Example 1. Temperatures of the
shots: 120, 130, 150, 160 and 160° C. Die: 170° C. Dou-
ble link belt: +30° C.

EXAMPLES 12 TO 14

36 parts of a copolymer of 60% by weight of N-vinyi-
pyrrolidone and 409% by weight of vinyl acetate, having
a K value of 30, 4 parts of stearyl alcohol and 40 parts
of theophylline and 20 part of

Example 12) starch

Example 13) lactose

Example 14) sucrose
were fixed in a 6-shot twin-screw extruder and formed
into tablets similarly to Example 1. The temperatures of
the shots were 90, 100, 110, 120, 120 and 130° C. and the

- 13.0.Z. 0050/40172 temperature of the die was 135°
C. Double link belt: +15° C.

EXAMPLES 15 TO 17

50 parts of the copolymer of Examples 12 to 14 and
50 parts of verapamil were formed into tablets similarly
to Examples 12 to 14.

The following were carried out similarly to the above
Examples. The processing conditions and the release
rates in the half-change test (cf. R. Voigt, Lehrbuch der
pharmazeutischen Technologie, 5th edition, Verl. Che-
mie, Weinheim; Deerfield Beach, Florida; Basle, 1984,
page 627, in conjunction with the paddle method ac-
cording to USP 21) are tabulated. A heatable double
link belt (Examples 18 to 32), a heatable double belt
(Examples 33 to 53) and an engraved roller together
with a smooth belt (Examples 54 to 85) were used for
shaping.

TABLE |
Double link belt according to FIG. 2
Weight ratio
of active Tempera-
Exam- compound/ ture of
ple Poly- Auxil- polymer/ TI T2 T3 T4 TS Té Release double link
No.  Active compound mer  iary auxiliary ["C} Die rate belh [*C.]
18 Pseudoephedrine A /. 50/50/0 60 80 100 120 120 120 120 100% im 1k 16
47.5
Diphenhydramine
2.5 -
19 Propafenone A starch  40/40/20 60 70 90 110 110 110 110 100% in 1 h 16
20 Propafenone A StA 80/35/5 80 9% 100 120 140 140 140 100% m2h 15
21 Propafenone A StA 60/30/10 80 90 100 120 130 130 140 52% in6h 13
22 Propafenone A SiS 60/30/5 0 9% 100 110 115 115 115 42% méh 15
23 Propafenone B StA 50/40/10 65 80 95 110 110 110 110 100% in6h 5
24 Propafenone A MgSt  60/35/5 60 70 80 80 95 100 100 95% iné¢h 10
25 Propafenone A MgSt  50/40/10 60 70 80 80 95 100 100 B80% in6h 10
26 Anipamil A Mg$S:  50/40/10 30 30 40 40 60 60 60 100% in2h 10
27 Viamin Bl B /. 50/50/0 40 40 50 60 80 30 80 100%in1h 10
28 Nicotinic acid A e 50/50/0 60 70 80 95 95 100 100 100% in t h 10
29 Bipenden A StA 50/45/5 80 %0 100 120 120 130 135 100% ind h 16
30 Biperiden A /. 50/50/0 80 S0 110 120 140 140 140 100% inth 16
3 Canthaxanthine B e 50/50/0 30 30 40 40 60 60 60 100% inih 20
32 Canthaxanthine A e $0/50/0 4 4 55 60 60 80 80 100% inth 20
TABLE 2
Double belt according to FIG. |
Temperature of
Example Auxil- T T2 T3 T4 TS5 Té the double link
No. Active compound Polymer iary [*'cl Die belt [°C ]
33 Indomethacin A 50 60 70 80 80 80 80 10
34 Indomethacin B 60 80 100 120 120 120 120 10
35 Anipamil A 30 30 40 50 50 60 60 15
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TABLE 2-continued
Double belt according 1o FIG. 1

Temperature of

Example Auxil- TY T2 T3 T4 T5 Té6 the double link
No. Active compound Polymer  iary [cl Die belt [*C.]
36 Anipamil B 30 30 40 50 50 60 80 15
37 Benzocaine D 60 80 95 100 120 120 140 20
38 Benzocaine D 60 80 95 100 120 130 140 20
39 Benzocaine F 30 30 40 50 50 60 60 10
40 Benzocaine B 60 80 100 120 120 120 120 10
41 $,5-Diphenhydramine B 60 80 100 120 120 120 120 15
42 Paracetamide B 60 80 100 120 120 120 120 15
43 Sulfathiazole B 70 90 100 100 100 100 120 10
44 Sulfathiazole E 70 90 100 100 100 110 120 15
45 Benzocaine A 30 30 40 50 60 70 70 10
46 5,5-Diphenhydramine A 60 80 100 120 120 120 130 10
47 Paracetamol A 60 80 100 120 120 120 130 10
48 Sulfathiazole A 70 %0 100 100 100 100 130 10
49 Vitamin C C 5 95 95 1200 120 120 120 0
50 Benzocaine E & 70 80 120 130 130 130 15
51 Benzocaine G 60 70 70 80 80 80 120 15
52 Benzocaine H 50 60 60 60 80 9 110 10
53 Benzocaine 1 50 60 70 0I5 5 80 10
TABLE 3
Engraved roller + smooth bek according to FIG. 111
‘Weight ratio
of active Temp. of
compound/ the
Example Poly-  Auxil- polymer/ T T2 T3 T4 TS5 T6 roller
No.  Active compound  mer iary auxiliary [°Cl Die ['Cl
54 Metoprolo} A StA 40/55/5 60 70 80 80 90 80 80 18
55 Ranitidine A — 46/54/0 60 70 80 80 %0 90 80 18
56 Diclophenac A S5tA 40/55/5 65 70 %0 %0 S0 9% S0 18
57 Furosemide A StA 30/60/10 65 75 80 90 100 100 100 18
58 Nifedipine A StA 20/70/10 60 70 80 80 80 &0 80 18
59 Gallopamil A SiA 40/54/6 50 60 70 80 8O 70 16
60 Gallopamil A StA 40/48/12 50 60 70 80 80 70 70 16
61 Gallopamil A StA 4Q/42/18 S0 66 70 80 80 70 70 16
62 Gallopamil A S8 /5476 50 60 70 80 80 70 70 16
63 Gallopamil A S8 40/48/12 50 60 70 80 80 70 70 16
64 Gallopamil A S8 40/42/18 S0 60 70 80 80 70 70 . 16
65 Anipamil A StA 34/54.4/13.6 S0 60 65 65 60 60 58 10
66 Biperiden A StA 6/89/5 45 55 60 65 65 65 60 15
67 Biperiden A StA 6/84/10 45 5% 50 65 65 65 60 15
6% Biperiden A SA 6/79/15 45 55 60 65 6% 6% &0 15
69 Bipenden A StA 6/74/20 50 S0 60 60 50 50 50 10
70 Biperiden A StA 6/€9/25 40 S50 55 60 60 50 50 10
71 Bipeniden A StA 6/64/30 40 50 55 60 & 50 50 10
72 Biperiden A StA 6/59/35 4 50 55 60 60 50 50 10
73 Bezafibraie A - 61.5/38.5/0 60 70 8 80 80 80 80 15
74 Bezafibrate A StA 61.5/34/4.% & 70 80 80 80 70 0 13
75 Bezafibrate A StA 61.5/29.5/9.0 40 45 50 50 50 50 50 15
76 Metoprolol A Starch 40/45/15 60 70 80 80 80 80 80 15
77 Metoprolol A Starch 40735725 55 60 65 10 10 70 70 16
78 Anipami} A Lactose  32/43/25 55 60 70 80 70 70 65 10
79 Anipamil A Cellulose  32/61.2/6.8 55 60 70 80 65 65 60 10
80 Anipamil A Lactose 32/344/13.6 55 60 70 80 €5 65 &0 10
81 Anipamil A Starch 32/54.4/13.6 §5 60 70 80 65 65 60 15
82 Cafleine powder A StA 50/45/5 65 75 90 S0 90 %0 100 18
83 Caffeine powder A - $0/50/0 65 75 90 90 9 90 10 18
84 Cafleine powder A StA 50/45/5 65 70 70 75 75 90 80 20
8S Caffeine powder A — 5075070 65 70 70 7% 75 90 80 20

A = Copolymer of 60% by weight of NVP and 40% by weight of viny! acetate. K value about 33
B = PVP, K value 12

= PVP. K value 17

= Mowo! & 30-92 (52% hydralvzed polyvinyl alcahol)

= Mowiol & 4-80 (80% hydrolyzed polyvinly alcohol)

= Copolymer of NVP, viny} acetate and hydroxypropy! acrylate in 8 weight rauo of 30:42:30, K valuc about 18
= Cellulose acetate

B = Celluiose acetate phthalate

i = Copolymer of vinyi acetate/crotome anid: K value about 30

StA = Stearyl alcohol

StS = Siearic acid

MgSt = Magnesium stearate

asmon

65  one or more pharmacologically acceptable thermo-
We claim: plastic polymers, said polymers having a Fi-
1. A process for tabletting a mixture of kentscher K value of from 10 to 100, and
one or more pharmaceutical active compounds, optional pharmaceutical auxiliaries,
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said mixture having a glass transition temperature
below the decomposition temperature of all com-
ponents of said mixture

wherein said mixture is heated, without thermal and-

/or oxidative degradation, at a temperature of from
50° 1o 180° to render the mixture extrudable and
said heated mixture is extruded at from 50° to 180°
and the still formable extrudate is pressed between
two belts or 2 belt and a roller to give tablets, said
two belts or said belt and a roller making contact in
parts, rotating in opposite directions and running
parallel along a contact zone, at least one of said
two belts or at least one of said belt and a roller
having shape-imparting indentations,

2. A process as claimed in claim 1, wherein two resil-
ient belts having indentations which are opposite one
another and, in pairs, determine the tablet shape are
used.

3. A process as claimed in claim 1, wherein two metal
link belts which contain the shape-imparting indenta-
tions in corresponding pairs are used.

4. A process as claimed in claim 1, wherein a rotating
roller having shape-imparting indentations engraved on
the lateral surface of the roller is used together with a
smooth belt which rests against a segment of the lateral
surface of the roller and revolves with the said surface.

5. A process as claimed in claim 4, wherein the re-
volving, smooth belt is replaced by a stationary, smooth
wall.

6. A process as claimed in claim 1, wherein a rotating
smooth roller is used together with a resilient belt
which has the shape-imparting indentations in the
contact surface.

7. A process as claimed in claim 2, wherein, instead of
the second belt, a roller which rotates synchronously in
contact with the first belt and on whose lateral surface
engraved shape-imparting indentations correspond in
pairs with those of the belt is used.

8. A process as claimed in claim 1, wherein the ther-
moplastic polymer used is a solvent-free N-vinylpyr-
rolidone polymer which has a water content of not
more than 3.5 by weight and contains not less than
20% by weight of N-vinylpyrrolid-2-one (NVP) as
copolymerized units, all comonomers which may be
copolymerized containing nitrogen and/or oxygen.

9. A process as claimed in claim 8, wherein the ther-
moplastic polymer used contains not less than 609 by
weight of NVP as copolymerized units.

10. A process as claimed in claim 8, wherein the ther-
moplastic polymer used consists of polyvinylpyrroli-
done or contains only vinyl acetate as copolymerized
units in addition to NVP.

11. A process as claimed in claim 8, wherein a ther-
moplastic polymer is used whose comonomers are se-
lected from the following group: acrylic acid, meth-

40
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acrylic acid, crotonic acid, maleic acid (anhydride),
itaconic acid (anhydride), esters of the stated acids or
halfesters of the stated dicarboxylic acids with alcohols
of 1to 12 carbon atoms, hydroxyethyl and hydroxypro-
pyl acrylate and methacrylate, acrylamide, methacryl-
amide, N-vinylcaprolactam and vinyl propionate.

12. A process as claimed in claim 8, wherein the ther-
moplastic polymer used is an NVP polymer which has
been prepared either in an organic solvent or using an
organic peroxide in water.

13. A process as claimed in claim 8, wherein not more
than 209 by weight, based on the polymer, of plasticiz-
ers are used.

14. A process as claimed in claim 1, wherein the ac-
tive compound used is one which is sparingly soluble in
water, forms a molecular disperse phase in the polymer
melt without the addition of solvents or water and
forms a solid solution after solidification of the melt.

15. A process as claimed in claim 14, wherein one or
more active compounds from the following group are
used: acetaminophen (=paracetamol), acetohexamide,
acetyldigoxin, acetylsalicylic acid, acromycin, anipamil,
benzocaine, 3-carotene, chloramphenicol, chlordiazep-
oxide, chlormadinone acetate, chlorothiazide, cinnari-
zine, clonazepam, codeine, dexamethasone, diazepam,
dircumarol, digitoxin, digoxin, dihydroergotamine, dro-
taverine, flunitrazepam, furosemide, gramicidin, griseo-
fulvin, hexobarbital, hydrochlorothiazide, hydrocorti-
sone, hydroflumethiazide, indomethacin, ketoprofen,
lonetil, medazepam, mefruside, methandrostenolone,
methylprednisolone, methylsulfadiazine (=sulfaperin),
nalidixic acid, nifedipine, nitrazepam, nitrofurantoin,
nystatin, estradiol, papaverine, phenacetin, phenobarbi-
tal, phenylbutrazone, phenytoin, prednisone, reserpine,
spironolactone, streptomycin, sulfadimidine(=sulfame-
thazine), sulfamethizole, sulfamethoxazole, sulfame-
thoxydiazine (=sulfameter), sulfaperin sulfathiazole,
sulfisoxazole, testosterone, tolazamide, tolbutamide,
trimethoprim and tyrothricin.

16. A process as claimed in claim 1, wherein an NVP
polymer having a Fikentscher K value of from 10 to 50
is used.

17. A process as claimed in claim 1, wherein an NVP
polymer having a Fikentscher X value of from 12 to 35
is used.

18. A process as claimed in claim 1, wherein said
mixture is heated at a temperature of from 60 to 130° C.

19. A process as claimed in claim 1, wherein said
mixture has a glass transition temperature less than 180°
C

20. A process as claimed in claim 19, wherein said
mixture has a glass transition temperature less than 130°
C.

* LI s 3
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1, D. Gottlieb, P. Shaw, Eds. (Springer-Verlag, New York,
1967) pp 84-89.

CHy OH

OH Ristocetin A

OH

_ Crystalline sulfates. Sol in acidic aq solns; much less sol
in the neutral pH range. Generally insol in organic sol-
vents. Both components show good stability in ag acidic
solns, but are readily inactivated above pH 7.0. Commer-
cial prepns are mixtures of both with >90% ristocetin A.

Ristocetin A, CygH,,yNgO,,, ristomycin A. Cryst sulfate,
laly ~120° ta —133° zwatcr)A

Ristocetin B, ristomycin B. Cryst sulfate, [a}, —144° to
—149° (water).

USE: Tpol for investigation of platelet aggregation: How-
ard, Firkin, Thromb. Diath, Haemorrh. 26. 362 (1971).

THERAP CAT: Antibacterial.

8399._ Ritgnseﬁn. 6-(2-[4-[Bis(4-fluorophenyl)methy!-
enel-1-piperidinyljethyl]-7-methyl-5H-thiazolaf3,2-afpyrim-
idin-5-one; R-55667; Tiserton. Cp,H,F,N,O8; mol wt
477.58. C 67.90%, H 5.28%, F 7.96%, N 8.80%, O 3.35%, S

gﬂ%- Selective serotonin (5-HT,) receptor antagonist.
eifdeel::': L. E. I. Kennis er al, Eur. pat. Appl. 110,435;

o U.S. pat. 4,533,665 (1984, 1985 both to Janssen).
Isalmacclogwal profile: F. Awouters et al, Drug Dev. Res.

» 61 (1988). GC/MS determn in plasma and pharmia-
gokmencs: P. Timmerman et al, Biomed. Environ. Mass
Hpezmm 18, 498 (1989). Clinical studies: G. Nappi et al,
S; ‘tizche 30, 439 (1990%; G. Bersani et al, Acta Psychiat.
“9;‘3) 83, 244 (1991); J. M. Monti et al, Sleep 16, 647

L0
J

F

Cryatals from acetonitrile, mp 145.5° LDy, in male,

0 ;lf 3““22’:‘553‘;85‘)‘?3/kg): 28.2, 28.2, 20.0, 22.2, 24.1,
N2 v, . 993, 956, i !

(Awauters), 515, ~1280, 640-1280 orally
Page 1418

Ritanserin

L-Tartrate, CpH,;F,N,0S8.C,H,O,, solid from 2-propeéi
mp 198.7°.
THERAP CAT: Anxiolytic; antidepressant. B

8400. Ritipenem. [5R-[5a,6a(R*)]]-3-[[(Amin
yl)oxy]methyl}-6-(1-hydroxyethyl)-7-oxo-d4-thia-1-azab
[3.2.0Jhept-2-ene-2-carboxylic acid; (5R.65,8R)-6a-hy
ethyl-2-carbamoyloxymethyl-2-penem-3-carboxylic
(5R,6S5)-6-[(1R)-1-hydroxyethyl]-3-(hydroxymethyl). 74
4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
carbamare. CH,N,0OS; mol wt 28828. C 41.66% §
4.20%, N 9.72%, O 33.30%, S 11.12%. Prepn: M. Alpep
er al., Ger. pat. 3,245,270; M. Foglio er al,, U.S, pat. %
565 (1983, 1984 both to Carlo Erba). Synthesis: G. Fag
ceschi er al, J. Aniibiot. 36, 938 (1983). Total synthet
W. Cabri et al., Tetrahedron Letters 34, 3491 (1993). T
ity study: M. Brughera et al, J. Antimicrob. Chemother. §§
Suppl. C, 129 (1989). Series of articles on synthesis, /v i
activity, metabolism: ibid., 1-204 (1989). Clinical p'llg

cokinetics of acid and ester forms: S. R. Norrby et al,
25, 371 (199G); A. M. Lovering et al. ibid. 29, 179 (i
HPLC determun in serum and urine: R. Mendez et #f; 4
Chromatog. 579, 115 (1992). .

0
HoC

COOH

Sodium salt, CH,N,NaOS, FCE-2210L [a]¥ « 14
uv max (H,0): 258, 306 nm (€ 4150, 6030). LDy, in ms:
female mice. male, female rats {mg/kg): 3872, 4395, g
2201 i.v. (Brughera).

Acetoxymethyl ester, CH(N,O,S, ritipenem ates:
FCE-22891. LDy in male, female mice, male, female 1
(mg/kg): 4363, 6167, > 5000, > 5000 orally (Brughera!

THEKAP CAT: Antibacterial.

8401, Ritodrine. (R*S*)-#-Hydroxy-a-[1-f[2-(4-hw:
oxyphenylyethyllaminaojethyl]benzenemethanol; erythr g
hydroxy-a-{1-[(p-hydroxyphenethyl)aminojethyl]benzyl ak:
hol; N-[{2-(p-hydroxyphenyl)ethyl]-NV-[2-(p-hydroxyphems
2-hydroxy-{-methylethyljamine; 1-(4-hydroxyphenyl)iis
(4-hydroxyphenyl)ethylamino}lpropanol; N-(p-hydroa:
phenylethyl)-4-hydroxynorephedrine.  Cy;H;NOy mol %
287.36. C 71.06%. H 7.37%, N 4.87%, O 16.70%, s
Adrenergic agonist. Prepn: Belg. pat. 660,244 (1961 -
N.V. Philips); Claassen ez al, U.S. pat. 3,410,944 (1944 &
No. Am. Philips). Clinical investigations: Coutinho ¢ s
Am. J. Obstet. Gynecol. 104, 1053 (1969); Landesman «f #-
ibid. 110, 111 (1971); Wesselius-De Casparis et al. fid
Med. J. 3, 144 (1971). Clinical efficacy in treatment of s
term labor: J. F. Larsen ef al., Obstet. Gynecol 67, #st
(1986).

OH

H
I N N\\/\\CL
!
CH !
HO' & : 7 oH

Base, resinous mass, mp 88-90°.

Hydrochloride, Cy;H, NOy.HCl, DU-21220, Mioiwi
Prempar, Pre-Par, Utemerin, Utopar, Yutopar. mp 193.1%
(dec) from ethanol-ether. uv max: 267.5 om (e 3310).

THERAP CAT: Tocolytic.

8402. Ritonavir. [5S-(SR*,8R* 10R* 11R*)]-10-Hyi
oxy-2-methyl-5-(1-methylethyl)-1-{2-(1-methylethyl)-4-thi
zolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2,4,7,12-tetraarei®
decan-13-oic acid 5-thiazolylmethyl ester; (25,35,55)-3:4%
[N-[[N-methyl-N-[(2-isopropyl-4-thiazolyDmethyljamisg
carbonyl]valinyllamino]-2-[N-[(5-thiazolyl)methoxycar &
ylJamino)-1,6-diphenyl-3-hydroxyhexane; A-84538; Abhig
84538; ABT-538. Cj;HyN,O.S,; mol wt 720.96. C 61,68
H 6.71%, N 11.66%, O 11.10%, S 8.90%. -Peptidomimek_
HIV-1 protease inhibitor. Prepn: D. J. Kempf er al, W¥

Consult the Name Index before using this section.



Rocuronium

st Appl. 94 14,436 (1994 to Abbott). Antiretroviral
Wi, phurmacokmetms idem et al, Proc. Nat. Acad.
§ {44 93, 2484 (1995). Structural model for drug resis-
M. Markowitz et al, J. Virol. 69,701 (1995). Evalu-
‘m Ml V-infected patients: D. D. Ho er al., Nature 373,
(11, J}

3 e L
H H

@uu CAT: Antiviral.

W. Robenidine. Bis/(4-chlorophenyl)methylenejcar-
“mldic dihydrazide; 1,3-bis{(p-chlorobenzylidene)aminoj-
gabdine. C,(H,;CLN; mol wt 334.21. C 53.91%, H
%, 1 21.22%, N 20.96%. Prepn: Tomcufcik, Ger. pat.
#4112 (1970 to Am. Cyanamid), C. 4. 72, 90113c (1970).
dmv studies: Kantor er al, Science 168, 373 (1970);
’ ¢! al, Biochem. Biophys. Res. Commun. 46, 621
#1§) Metabolism: Zulalian et al, 163rd Am. Chem. Soc.
sng (Boston, April 1972) Abstracts of Papers, PEST 12,
it Apimal studies: Millard, Res. Vet Sci 11, 394 (1970);
Eniwr, Norton, ibid. 13, 279 (1972).

N
\N/

Cl

$tpdrochlonde, C\H;ClLNGHCL, robenzidene, Cycostat,
$rgn: Crystals from ethanol, mp 289-290°.
{mRAP CAT (VET): Coccidiostat

M4, Robinin. 3-//6-O-(6-Deoxy-a-i-mannopyranosyl)-
# #-giilactopyranosyljoxy]-7-{(6-deoxy-a-1.-mannopyranosyl)-
3-S-hydroxy-2-(4-hydroxyphenyl)-dH-I -benzopyran-4-one:
;w ferol 3-robinoside 7-rhamnoside. CyyH Oy mol wi
M §). C 53.51%, H 5.44%, O 41.04%, Dimorphic flava-
~id holated from the leaves and flowers of Robinia pseudo-
stweim L., Leguminosae: C. Zwenger, F. Dronke, Ann.
w, 1, 257 (1861} C. Sando, J. Biol. Chem. 94, 675
3 ). Structure: Zemplén, Bognar, Ber. 74B, 1783
“’ll) Total synthesis and structure: L. Farkas er al.
fqganhemistry 15, 215 (1976)

s dhamnose-O N (o]
S Jw
OH 0

4 Burm. Yellow crystals, mp 250-254° (Farkas); also
svorted as straw-yellow needles from ale, mp 249-250°
#wivdn). uv max (ethanol); 152, 368 nm (log ¢ 4.14, 4.18),
sl Borowitz, J. Org. Chem. 22, 1619 (1957). Sol in hot
=8t hot ale; practically insol in ether. On hydrolysis
bty kuernpferol, g.v.

s:-Form.  Obtained by crysiaflization from water and de-
kiskiating, mp 193-197° (Sando). Also reported as hydrate,
sdinw needles from aq methanol, mp 196-199° (Farkas).

MOS8, Roccellic Acld. [5-(R*S5*)]-2-Dodecyl-3-methyl-
iolc acid; (2R,38)-2~dodecyl-3-methylsuccinic acid; d-
wHedecyl-g-methyltuccinic acid; d-a-methyl-o-dodecylsuc-
wke acid. Cp8,,0, mot wi 300.44. C 67.96%, H 10.74%,
4 #1,30%. Occurs In lichens. lsoln from Lecanora sordida

“O-p-palactose—L-rhamnose

Consult the Name Index before using this section.

8407

(Pers.) Th. Fries, Parmeliaceae: Hesse, J. Prakt. Chern. 58,
497 (1898); Kennedy et al, Sci. Proc. Roy. Dublin Sec. 21,
557 (1937); from Roccella montagnei, Graphidaceae: Sub-
baraya, Seshadri, Proc. Indian Acad. Sci 12A, 466 (1940);
from Crocynia membranacae (Dicks.) Zahlbr., Chryso-
trichaceae: Akermark et al, Acta Chem. Scand. 13, 1855
(1959). Structure: Kennedy et al, loc. cit. Absolute con-
figuration: Akermark, Acta Chem. Scand. 16, 599 (1962).

Ohs

CHy(CH, ;
3(CHz)1, \/\COOH

COOH

Rectangular rods from acetone, mp 132-133°, [«]f +18°
(c = 1.84 in ethanal). Practically insol in water. Freely sol
in alcohol, ether; sol in ag sodium bicarbonate solns.
Forms a water-sol sodium salt.

8406. Rociverine. I-Hydroxy[l1,1’-bicyclohexyl}-2-carb-
oxylic acid 2-(diethylamino)-1-methylethyl ester; 2-(diethyl-
amino)-1-methylethyl cis-1-hydroxy[bicyclohexyl]-2-carb-
oxylate; LG-30158; Rilaten. CyH,,NO;; mol wt 339.52. C
70.75%, H 10.98%, N 4.13%, O 14.14%. Spasmolytic agent
with balanced neurotropic and myotropic properties.
Prepn: L. Turbanti, S, Afr. pat. 67 05649, C.4. 70, 47117d
(1969) and U.S. pat. 3,700,675 (1968, 1972 both to Guidot-
ti). Antispasmodic activity in vitre and in vivo: G. Toson et
al., Arzneimittel-Forsch. 28, 1130 (1978). Effect in cystitis or
bladder spasm: A. Manganelli, Farmaco Ed. Prat. 34, 384
(1979). Clinical studies: M. Petrillo et al, Curr. Med. Res.
Opin. 7, 73 (1980): R. Assisi, S. deStefano, dcta Ther. 6, 353
(1980); F. Marsala, Minerva Med. 73, 2179 (1982).

J\ . CH L
o /\\I ’ “CH,
HO' |

o

Os_ 0. .
RN e,

~

Oil, bpy, 148-150°. af 1.4820. Sol in alc, ether, chloro-
form, benzene, dil mineral acids. Insol in water.
THERAP CAT: Antispasmodic.

8407. Rocuronium. 1-{(28,3c,5a,168,178)-17-(4cetyl-
oxy)-3-hydroxy-2-(4-morpholinyl)androstan-16-ylj-1-(2-pro-
penyl)pyrrolidinium; 1-allyl-1-(3q,178-dihydroxy-28-mor-
pholino-5a-androstan-168-yl)pyrrolidinium 17-acetate.
[C;;Hy3N, 0,1 Non-depolarizing neuromuscular blocking
agent. Prepn: D. S. Savage er a/, Eur. pat. Appl. 287,150;
T. Sleigh er al, U.S. pat, 4,894,369 (1988, 1990 both to
Akzo). Pharmacology: A. W. Muir et al.. Brit. J. Anaesth.
63, 400 (1989); K. Khueni-Brady er al, Anesthesiology 72,
669 (1990). Clinical pharmacodynamics: T. J. Quill et al.
Anesth. Analg. 72, 203 (1991); and pharmacokinetics in the
elderty: R. 8. Matteo o1 al., ibid. 77, 1193 (1993). Com-
parative clinical trial: 1. Magorian er al, Anesthesiology 79,
913 (1993). HPLC determn: U. W. Kleef et al., J. Chroma-
tog. 621, 65 (1993). Review: T. C. Wicks, J. Am. Assoc.
Nurse Anesthet. 62, 33-38 (1994)
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INHIBITORS OF CRYSTALLIZATION IN A SOLID DISPERSION

Technical Field of the Invention

The instant invention relates to the fields of
pharmaceutical and organic chenistry, and provides novel solid
dispersion pharmaceutical formulations which demonstrate an

inhibition of crystallization.

Background of the Invention

One measure of the potent:al usefulness of an oral dosage
form of a pharmaceutical agent is the biocavailability cbserved
after oral administration of tne dosage form. Various factore
can affect the bicavailability of a drug when administered
orally. These factors include agueous solubility, drug
absorption throughout the gastr>intestinal tract, dosage
strength, and first pass effec:. Aqueous solubility is one of

the most important of these factors. When a drug has poor

agqueous solubility, attempts are often made to identify salts or

other derivatives of the drug which have improved aqueous
solubility. When a salt or cther derivative of the drug is

identified which has good agueczus solubility, it is generally
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identified which has good agueous solubility, it is
generally accepted that an aqueous solution formulation of
this salt or derivative will provide the optimum oral
bioavailability. The biocavailability of the aqueous oral
solution formulation of a drug i1is then generally used as
the standard or ideal bicavailability against which other
oral dosage forms are measured.

For a variety of reasons, including patient compliance
and taste masking, a solid dosage form, such as a capsule
or tablet, is usually preferred over a liquid dosage form.

However, oral solid dosage forms of a drug generaliy

1]

provide & lower bicavailability than oral solutions of th
drug. One goal of the development cof a suitable solid
dosage form is to obtain a biocavailability of the drug that
is as close as possible to the ideal bioavailability
demonstrated by the oral agueous solution formulation of
the drug.

Arn alternative dosage form is a solid dispersion. The
term solid dispersion refers to the dispersion of one or
more active ingredients in an inert carrier or matrix at
solid state prepared by the melting (or fusion), soclvent,
or melting-solvent methods. (Chiou and Riegelman, Journal
of Pharmaceutical Sciences, 60, 1281 (1971)). The

dispersion of a drug or drugs in a solid diluent by
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mechanical mixing is not included in this category. Solid
dispersions may also be called solid-state dispersions.
Retroviral protease inhibiting compounds are useful
for inhibiting HIV proteases in vitro and in vivo, and are
useful for inhibiting HIV (huran immunodeficiency virus)
infections and for treating AiILS (acquired immunodeficiency
syndrome) . HIV protease inhiliting compounds typically are
Gharacterized by having poor cral biocavailability.
Examples of HIV protease inhiriting compounds include

28,38,58) -5- (N- (N- ( (N-methyl-I.- { {2-isopropyl-4-

Ut

thiazolyl)methyl)amino)carbonvl)L-valinyl)amino-2- (N-((5-
thiazolyl)methoxy-carbonyl) -awino) -amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir);

(28, 38, 58)-2-(2,6-Dimethylprenoxyacetyl)
amino-3-hydroxy-5-[2S- (l-tetrahydro-pyrimid-2-onyl) -3-methyl
butanoyl] -amino-1,6-diphenylhexane (ART-378);

N- (2 {R) -hydroxy-1 (S)-indanyl -2(R)-phenylmethyl

-4 (S) -hydroxy-5-(1-{4- (3-pyriazvimethyl)-2(S)-N'- (t-butylcar
boxamido) -piperazinyl) ) -pentaneamide (indinavir);
N-tert-butyl-decahydro-2-[2 (R -hydroxy-4-phenyl-3(S)-[[N-
(2-quinolylcarbonyl) -L-asparzinyllamino] butyl] - (4aS, 8aSs)
-isoguinoline-3(S) -carboxamic: (saguinavir);

5(S) -Boc-amino-4 (S8) -hydroxy-¢ -bhenyl-2 (R} -

phenylmethylhexanoyl- (L) -Val- L) -Phe-morpholin-4-ylamide;



02}

10

02

Y

20

WO 01/34119 PCT/US00/31072

I

1 -Naphthoxyacetyl-beta-methylthio-Ala-(2S, 38)-
3-aminc-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-
t-butylamide;
5-isoquinolinoxyacetyl-beta-methylthio-Ala-(25,38)-3-
amino-2-hydroxy-4-butanoyl-1,3-thiazolidine-4-t-
butylamide;

(18- [1R- (R-),28*])-N" ([3-[[[(1,1 -
dimethylethyl)amino] carbonyl} (2-methylpropyl)aminol -2-
hydroxy-1- (phenylmethyl)propyl]-2-[{2-
guinclinylcarbonyl) amino] -butanediamide;

VX-478; DMP-323; DMP-450; AGl343 (nelfinavir);

BMS 186,318; SC-55389%a; BILA 1096 BS; and U-140690, or
combinations thereof.

While some drugs would be expected to have good
solubility in organic solvents, it would not necessarily
follow that oral administration of such a solution would
give good bicavailability for the drug.

Polyethylene glycol (PEG) solid dispersion
formulations are generally known to improve the dissclution
and bicavailability of many compounds. However, Aungst et
al. has recently demonstrated that this was unable to
improve the bicavailability of an HIV protease inhibitor

with a cyclic urea structural backbone, called DMP 323
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(Aungst et al., International Journal of Pharmaceutics,
156, 79 (1997)).

In addition, some drugs tend to form crystals when
placed in solution, which can be problematic during
formulation.

Polyvinylpyrrolidone (PVFi is known to inhibit
crystallization of drugs (Yohicka, M. et al., J. Pharm.
Sci., B84, 983, 1995). However, prior to the instant
invention, the incorporation cf PVP into a second polymer
matrix, such as polyethylene clycol, has never been
established.

U.S8. 4,610,875 teaches a process for the preparation
of a stable pharmaceutical diryridamole composition
containing PVP.

U.S. 4,769,236 teaches & process for the preparation
of a stable pharmaceutical compcsition with a high
dissolution rate in the gastro-ntestinal tract containing
PVP, wherein the pharmaceutica. agent is
hydroflumethiazide, dipyridama¢.e, hydrocnlorothiazide,
cyclothiazide, cyclopenthiaz.ue, polythiazide, methyldopa,
spironolactone, guinidine, cvanidol, metronidazole,
ibuprofen, naproxen, erythrom.-cin, glaphenin, furosemide,

suloctidil, nitrofurantoin, i:srdomethacin, flavoxate,
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phenobarbitol, cyclandelate, ketoprofen, natridrofuryl, or
triamterene.

Thus, it would be a significant contribution to the
art to provide a stable solid dispersion pharmaceutical

formulation which demonstrates a lack of crystallization.
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Summary of the Invention

The instant invention prcvides a stable solid
dispersion pharmaceutical forrulation comprising a
pharmaceutical compound, a wazer soluble carrier, such as
polyehtylene glycol (PEG), arz a crystallization inhibitor,
such as polyvinylpyrrolidone (FVP) or
hydroxypropylmethylcellulose EPMC) .

Also provided by the instent invention is a
pharmaceuzical composition comprising a stable solid
dispersion as described above with additional
pharmaceutically acceptable carriers, diluents, or
excipients.

Additionally provided by the instant invention is a
method for preparing a stable sclid dispersion as described
above.

The instant invention st:i.]l further provides methods
of treatment comprising administering an effective amount
of a stable solid dispersion a3 described above to a mammal

in need of such treatment.
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Brief Degcription of the Figures

Figure 1 illustrates the PXD patterns showing that
Amorphous ABT-538 can be isolated within PEG alone.

Figure 2 illustrates the PXD patterns showing that
Amorphous ABT-538 can be isolated with a PVP/PEG matrix.

Figure 3 illustrates the DSC thermograms of PEG, ABT-
538, a physical mixture of the two and a solid dispersion.
The absence of ABT-538 melting in the dispersion confirms
the above PXD data showing amorphous ABT-538 present in the
dispersion.

Figure 4 illustrates the DSC thermograms of PVP/PEG,
ABT-538, a physical mixture of the two and a solid
dispersion. The absence of ABT-538 melting in the
dispersion confirms the above PXD data showing amorphous
ABT-538 present in the dispersion.

Figure 5 illustrates the efiect of PEG or PVP on the
crystallization rate of amcrphous ritonavir. The heat of
fusion was used to calculate percent crystailized. In the
presence of PVP the crystallization rate is slower.

Figure 6 illustrates the inhibition of crystallization
using PVP.

Figure 7 illustrates PXD patterns of ART-538

dispersions with and without PVP stored at 50°C. The data
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demonstrate the improved physical stability of amorphous
ABT-538 on storage.

Figure 8 illustrates PXI patterns of fenofibrate
dispersions with and without »Vp,

Figure 9 illustrates PXI patterns of fenofibrate
dispersions with and without =7? and PEG.

Figure 10 illustrates PxD patterns of fenofibrate
dispersions with and without P3G.

Figure 11 illustrates PxD patterns of fenofibrate
dispersions with and without 1.3% PVP and PEG.

Figure 12 i1llustrates PxD patterns of griseofulvin
dispersions with and withou: 23G.

Figure 13 illustrates PJXD patterns of griseofulvin
dispersions with and without PEG and PVP.

Figure 14 illustrates PiD patterns of griseofulvin
dispersions with and without PEG.

Figure 15 illustrates PXD patterns of griseofulvin

dispersions with and without PEG and PVP.
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Detailed Description of the Invention

This invention pertains to the preparation of solid
dispersion systems for pharmaceuticals which demonstrate a
lack of crystallization.

The invention involves dispersion in a hydrophilic
matrix of pharmaceuticals which exhibit poor aqueous
solubility. The intent of such a formulaticn is to improve
the agueous dissolution properties and ultimately achieve
improved bioavailability. Typically, the intent of such
systems is to generate a dispersion of amorphous (high
energy) drug within the matrix. The presence of the high
energy drug form usually improves the dissolution rate.
However, these systems are not often physically stable.
The drug can crystallize over time, causing the loss of the
desired properties and reduced shelf-life. The current
invention enhances the physical stability of such
fermulations, thereby making this type of formulation more
feasible.

In the instant invention, PEG 8000 is used as the
hydrophilic matrix. Also employed in this formulation is
polyvinylpyrrolidone (PVP), which is an example of a
hydrophilic, amorphous polymer, and is used to inhibit

crystallization. Other hydrophilic, amorphous polymers



10

15

20

WO 01/34119 PCT/US00/31072

11
include hydroxypropylmethylcellulose (HPMC), or other
pharmaceutically acceptable nydrophilic, amorphous
polymers. Specifically, PVE EF 17 is used within the PEG
matrix to inhibit the crysta.lization of the drug of
interest. A range of 1%-95% (w/w) of PVP can be employed,
with a range of 1%-15% (w/w) Leing preferred.

The benefits of incorpcrating PVP into the PEG matrix
are two fold. Firstly, processsing PVP can be difficult due
to its hygroscopicity. Seccncily, when PVP dissoclves a
viscous layer at the solid-licuid interface forms. This
viscous region can hinder dissolution of the drug. Another
benefit of adding PVP is an ircrease in amorphous volume of
the polymer matrix where drugs may reside. Since
polyethylene glycols tend to be highly crystalline, this
increase in amorphous vclume could be important for fast
dissolution. PVP has the added advantage of having & high
Tg, which imparts stabilization of amorphous regions by
reducing mobility. Therefore, this invention affords the
benefits of the PEG properties in a dispersion along with
those of PVP.

A solid (molecular) dispersion comprising an HIV
protease inhibiting compound may be prepared by dissolving
or dispersing the HIV protease inhibiting compound in a

sufficient amount of an organic solvent followed by
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dispersion into a suitable water soluble carrier. Suitable
organic solvents include pharmaceutically acceptable
solvents such as methanol, ethanol, or other organic
solvents in which the protease inhibitor is soluble.
Suitable water soluble carriers include polymers such as
polyethylene gilycol (PEG), pluronics, pentaeythritol,
pentaeythritol tetraacetate, polyoxyethylene stearates,
poly-g-caprolactone, and the like.

The organic solvent (preferably ethanol) may then be
evaporated away, leaving the drug dispersed/dissolved in
the molten matrix, which is then cooled. The solid matrix
has the compound finely dispersed (molecular dispersion) in
such a way that dissclution of the drug is maximized, thus
improving the bioavailability of a drug exhibiting
dissolution rate limited absorption. Ease of manufacturing
is alsoc an attribute to this type of formulation. Once the
organic solvent is evaporated to yield a solid mass, the
mass may be ground, sized, and optionally formulated into
an appropriate delivery system. Thus, by improving the
dissolution of a poorly water soluble drug, the drug in a
suitable carrier may be filled into a gelatin capsule as a
solid, or the matrix may potentially be compressed into a

tablet.
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The delivery system of the present invention results
in increased solubility and kinavailability, and improved
dissolution rate of the HIV protease inhibiting compound.

Other pharmaceutically-acceptable excipients may be
added to the formulation prior to forming the desired
final product. Suitable excipvients include lactose,
starch, magnesium stearate, r other pharmaceutically-
acceptable fillers, diluents, lubricants, disintegrants,
and the like, that might be nesded to prepare a capsule
or tablet.

The resulting compositicn comprising the
pharmaceutical compound may be dosed directly for oral
administration, diluted into an appropriate vehicle for
oral administration, filled into capsules, or made into
tablets for oral administration, or delivered by some
other means obvious to those skilled in the art. The
composition can be used to imgprove the oral
biocavailability and solubility of said HIV protease
inhibiting compound.

Total daily dosing of tne pharmaceutical compound may
be administered to a human i~ single or divided doses in
amounts, for example, from (.C01 to 1000 mg/kg body weight
daily, but more usually 0.1 to 50 mg/kg body weight daily.

Dosage unit compositions may ccntain such amounts of
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submultiples thereof to make up the daily dose. It will be
understood, however, that the specific dose level for any
particular patient will depend upon a variety of factors
including the age, body weight, general health, sex, diet,
time of administration, rate of excretion, drugs
administered in combination and the severity of the
particular disease undergoing therapy.

One type of pharmaceutical compound that may be
employed in the practice of the present invention is an HIV
protease inhibitor. An example of an HIV protease
inhibitor is ABT-538 (ritonavir), the chemical structure of

which is represented hereinbelow as a compound of formula I

o
\ /
HiG S ch, 0
— /k/'lq N
0
H,e” CH,

A compound of formula I is an HIV protease inhibitor
marketed by Abbott Laboratories under the tradename Norvir',

with the common name ritonavir [(2S,3S,5S)-5- (N~ (N-((N-
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methyl-N- ((2-isopropyl-4-thiazslyl)-methyl)amino)carbonyl) -
L-valinyl)amino-2- (N-
({5-thiazolyl)methoxy-carbonyl) -amino) -1, 6-diphenyl-3-
hydroxyhexane] . This and other compounds as well as

5 methods for preparing same are disclosed in U.S. Patent
Nos. 5,648,497 and 5,541,206, the disclosures of which
are herein incorporated by reference.

Additional HIV protease inhibitors which may be

formulated into a solid dispersion of the instant

10 invention include compounds ©f formula II

CH;
OH o) (\,
o JIN N
YT
H
0
HaC c

Hs

15

11
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A compound of formula Il is known as ABT-378
{(28,38,58)-2-(2,6-dimethylphenoxyacetyl) -amino-3-
h?droxy—S-(ZS—(l—tetrahydropyrimid—2—ony1)—3—methyl—
butanoyl)amino-1,6-diphenylhexane). This and other
compounds, as well as methods for preparing same, are
identified in U.S. Patent No. 5,914,332, the disclosure

of which is herein incorporated by reference.

Other types of pharmaceutical compounds which may be
employed in the practice of the present invention include
but are not limited to antibacterial agents, antifungal
agents such as griseofulvin, chemotherapeutic agents,
agents for treating hyperlipidemia such as fenoifibrate,

and the like.

The following Examples are provided to further

illustrate the present invention.
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EXAMPLES

Equipment:

bsc

DSC measurements were mede using a Mettler DSC 30
unic. Samples (4-7mg) were scaled in standard 40 ul
aluminum crucibles with a sirgle hole punched in the
lids. An empty crucible of t:2 same type was used as a

reference.

X-ray Powder Diffraction Analysis

An X-ray powder diffrac:iion (XPD) pattern was
obtained with a Scintag XDS 2000 6/6 diffraction system
equipped with a 2 kW normal fozus X-ray tube and a liquid

nitrogen cooled germanium sol.d state detector.

Isothermal Calorimetry (TAM)

The recrystallization resactions of 30% ABT-538 in
PEG or PEG:PVP (95:5) solid cispersions were monitored
via isothermal calorimetry (Tnermometric 2277
Calorimeter) at 40 °C. Since =<crystallization is an

exothermic process, a positive power output indicates
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crystallization. The magnitude of the power output at
any time is proportional to the rate of crystallization.

XPD was used to confirm crystallization.

HPLC
The potency values of all the dispersions as well as
the dissolution sample concentrations were determined via

HPLC.

The effect of PVP on the crystallization rate of the
drug in each dispersion gystem (drug with polymer) was
investigated with the appropriate experimental technique.
The results of these studies are provided in Figures 1-

15.

Three pharmaceuticals of different properties were
employed to demonstrate the general applicability of the
instant invention. These compounds are identified in

Table 1 below:
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Table 1

Model Compounds

Property/Comp ABT-538 Fenofibrate Griseofulvin
ound
MW (g/mole) 720.96 360.84 352.77
Tr (°C) 124 75 218.13
Ty (°C) 45.8 -21.7 91
Example 1

Dispersion Preparations

A, Ritonavir (ABT-~538) Dispersion Preparation:

The samples were prepare¢d by dissolving ABT-538 in a
small volume of 200 proof etrhanol in a 250 ml round bottom
flask. The flask was vortexec and then placed in a water
bath maintained at 75 °C. Tne PEG 8000 was added to the hot
alcohol solution with continusl swirling until the PEG
melted. The flask was then zttached to a rotary
evaporator, immersed in the weter bath (75 °C}) under vacuum
for 15 minutes to remove the ethanol. After the majority

of ethanol had evaporated, tne flask was immersed in an ice
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bath for 15 minutes. The contents of the flask were then
vacuum dried at room temperature overnight to remove
residual alcohol. The dispersion was removed from the
flask, gently ground, and sized to 40-100 mesh size. The
5 drug loads used for these dispersions were 10, 20 and 30%

w/w.

B. ABT-378 Dispersion Preparation:
The solid dispersion of 30% ABT-538 in 395:5
10 PEGB000:PVP was prepared by dissolving the ABT-538 and
PVP 17 PF in a small volume of 200 proof ethancl in a 250
ml round bottom flask. The remainder of the process was
as described above. A 30% ABT-538 dispersion in 85:15
PEG8000:PVP was also prepared similarly as were
15 dispersions of 10 or 20% PVP 17PF in PEG 8000 without

drug.

cC. Fenofibrate Dispersion Preparation:

20 15% Fenofibrate in PEG 8000:
Both fenofibrate and PEG 8000 were sized to 40-100
mesh prior to mixing with a spatula on weighing paper.
The mixture was then added to a 25 ml beaker and heated

to 85°C in a water bath until the all the material had
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melted. The molten solution was then poured onto a
chilled X-ray sample holder to rapidly solidify the
solution. The solid sample was immediately used to
monitor the crystallization rate via X-ray powder

diffraction.

15% Fenofibrate in 90:10 PEG 8000:PVP:

Fenofibrate (40-100 mesh was added to the 90:10 PEG
8000:PVP control dispersion - cee above) which was also
sized to 40-100 mesh and mixeaz with spatula on a piece of
weighing paper. The mixture was then processed as
described above for the 15% tencfibrate dispersion in PEG

800C.

D. Griseofulvin Dispersion Preparation:

15% griseofulvin in PEG 8000:

Both griseofulvin and PE: 8000 were sized to 40-100
mesh prior to mixing on a we:rghing paper with a spatula.
The sample was then added to an 4 ml stainless steel
vessel which was sealed under a N, atmosphere. The vessel
was then immersed into an oil. bhath maintained at 180°C.

The sample was occasiocnally shaken to mix the molten

contents. After 5 minutes the vessel was immersed into a
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ligquid N, bath for 30 minutes. The contents of the vessel

were removed, gently ground and sized to 40-100 mesh.

15% griseofulvin in 80:20 PEG 8000:PVP:

This dispersion was prepared in a similar manner as
describe above for the 15% griseofulvin in PEG 8000
dispersion using the 80:20 PEG8000:PVP control

dispersion.

E. Results:
ABT-538:

Figure 1 shows the X-ray powder diffraction (XPD)
pattern of ABT-538, processed PEG 8000, a physical
mixture of the two components and the 30% solid
dispersion. A similar plot is shown in Figure 2 with PVP
incorporated into the matrix. It is apparent from these
figures that ART-538 is not crystalline within either
matrix. Figure 3 shows the DSC thermograms of ABT-538,
PEG8000, the 30% physical mixture and the dispersion. A
similar plot is seen in Figure 4 for the PEG:PVP
dispersion. The endotherm associated with drug melting
can clearly be discerned from the other components.

Thus, it is possible to follow the kinetics of ABT-538
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crystallization via DSC measurements. Crystallization
kinetics were determined by neating the samples to 85°C,
holding them isothermally fcr predetermined times
followed by heating through the melting transition
temperature of ABT-538. The heats of fusion were
determined and ratioed against the heat of fusion of the
drug melting in the physical mixture, giving the fraction
crystallized. The percent crystallized as a function of
isothermal (85°C) hold time -& shown in Figure 5. It is
clear from this experiment tnat the presence of PVP
within the matrix suppresses the crystallization rate of
ABT-538.

The crystallization rate was also followed via the
heat associated with crystali.zation of ABT-538 using a
isothermal calorimetry. The shapes and magnitudes of the
crystallization peaks in Figure 6 indicate that ABT-538
crystallizes more readily in “he PEG matrix as compared
to the PEG:PVP matrix. This stabilizing effect of PVP is
also reflected in the times required for complete
crystallization (time to reacnh baseline) which were <10
hours for PEG and >30 hours IZor PEG:PVP (95:5). These
data support the previous DI results.

An additional study wa: performed with a dispersion

containing 15% PVP. The sarples were held at 50°C (above
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the T4 of ABT-538) and X-ray diffraction patterns were
measured over time to monitor for the appearance of
crystalline ABT-538. Figure 7 shows that in the
presence of PVP, crystalline ABT-538 is not present after
272 hours, while in PEG8000 alone crystalline drug is

detected at 233 hours (and before, data not shown).

Fenofibrate:

Figure 8 shows the XPD patterns of PEG 8000,
fenofibrate, a 15% physical mixture and the 15%
fenofibrate solid dispersion. The figure illustrates
that the fenofibrate is X-ray-amorphous within the
matrix. A similar plot with the XPD patterns for the 15%
fenofibrate dispersion in a 90:10 PEG 8000:PVP matrix is
presented in Figure ¢. Again, the fenofibrate is
amorphous. Upon storage at 25°C, the fenofibrate begins
to crystallize in the PEG 8000 matrix within 1 hour
{(Figure 10). Additional crystallization follows upto 12
hours, when the experiment was terminated. In the
presence of PVP (Figure 11), the fenofibrate does not
crystallize in the timeframe of the experiment. This
clearly demonstrates the inhibitory effects of PVP on

crystallization within the PEG 8000 matrix.
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Grigeofulvin:

Similar XPD patterns for the griseofulvin dispersicn
in PEG 8000 and 80:20 PEG 80C{:PVP matrices are shown in
Figures 12 and 13, respective.y. 1In both instances,

5 amorphous griseofulvin is iscizted within the respective
matrices. The XPD rate of crvstallization experiments
show that after one hour at z:£¢C, griseofulvin begins to
crystallize (Figure 14). Howsver, in the presence of PVP
(Figure 15), crystallization .& not observed even after

10 15 hours under the same condit:ons. This again
demonstrates the inhibitory eiflects of PVP amorphous drug

crystallization within a PEG matrix.

i5 E. Conclusions:
The data presented demoncstrate that PVP incorporated
within a hydrophilic matrix, such as PEG 8000, inhibits
crystallization of drug molecules having varying

™

physicochemical properties. Taus, the instant invention
20 has a broad application to devalopment of viable solid

dispersion formulations wher: the high energy amorphous

(non-crystalline) form of a 1rug is desired.
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Example 2

Stability of Dispergion in Molten PEG 8000

The stability of the dispersion of ABT-538 in PEG
8000 in the molten state at 70 °C was examined.
Individual approximately 5 mg guantities of the
dispersion (aged for € weeks at room temperature) were
placed in 4 ml glass vials. These vials, with the
exception of the initial time point, were placed in a
70 °C oven which was sampled at pre-determined intervals,
chilled in ice water and placed in the freezer until HPLC
analysis. After all samples were collected, they were
analyzed for ABT-538 content by HPLC. The HPLC system
consisted of a Hitachi AS 4000 autosampler, SP 8800
ternary pump, Applied Biosystems 783 detector, and PE
Nelson Data acguisition system. Other chromatographic
details included a Regis Little Champ 5 cm C-18 column, a
mobile phase consisting of an agueous solution of 0.1%
trifluocroacetic acid in 10 mM agueous tetramethyl
ammonium perchlorate (TMAP) /acetonitrile/methanol
(55/40/5). The flow rate was 1 ml/minute, the wavelength
of detection was 205 nm, and the injection volume was 100

#l. Standard curves of peak area of ABT-538 vs.
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concentration in the range of interest were compared with

experimentally obtained area counts.

Example 3

Protocol For Oral Bicavailability Studies

Dogs (beagle dogs, mixea 3exes, weighing 7-14 kg) are
fasted overnight prior to dosing, but are permitted water
ad libitum. Each dog receivss a 100 pg/kg subcutaneous
dose of histamine approximatsly 30 minutes prior to dosing.
Each dog receives a single s«:id dosage form corresponding
to a 5 mg/kg dose of the druz. The dose is followed by
approximately 10 milliliters of water. Blood samples are
obtained from each animal pr:or to dosing and at 0.25, 0.5,
1.0, 1.5, 2, 3, 4, 6, 8, 10 and 12 hours after drug
administration. The plasma .s separated from the red cells
by centrifugation and frozen (- 30 °C) until analysis. The
concentrations of parent drug is determined by reverse
phase HPLC with low wavelength UV detection following
liquid-liquid extraction of the plasma samples. The parent
drug area under the curve is calculated by the trapezoidal
method over the time course cf the study. The absolute
bicavailability of each test composition is calculated by

comparing the area under the curve after oral dosing to
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that obtained from a single intravenous dose. Each capsule
or capsule composition is evaluated in a group containing
at least six dogs. The values reported are averages for

each group of dogs.
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WE CLAIM:

1. A pharmaceutical composition comprising a solid
dispersion of a pharmaceutica! compound, a water soluble
5 carrier, and a crystallization inhibitor selected from the
group consisting of polyvinyliyrrolidone (PVP) and

hydroxypropylcellulose (HPMC) .

2. The composition of T.aim 1 wherein said water

10 soluble carrier is polyethylene glycol (PEG).

3. The composition of Claim 1 wherein said
pharmaceutical compound is an HIV protease inhibitor
dissolved in an organic solvent .

15

4. The composition of Claim 3 wherein saild organic
solvent is ethanol.

5. The composition of Claim 3 wherein said HIV

20 protease inhibitor is 25,385,%31-5- (N-{(N- ((N-methyl-N-((2-
isopropyl-4-thiazolyllimethyliamnino)carbonyl)L-
valinyl)amino-2-(N- ((5-thiaz:iyl)methoxy-carbonyl)-amino) -

amino-1, 6-diphenyl-3-hydroxyhexane {(ritonavir).
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6. The composition of Claim 3 wherein said HIV
protease inhibitor is (28, 38, 58)-2-(2,6-
Dimethylphenoxyacetyl)amino-3-hydroxy-5-[25- (1-tetrahydro-
pyrimid-2-onyl)-3-methyl-butancyl] amino-1,é-diphenylhexane

(ABT-378) .

7. The composition of Claim 3 wherein said HIV
protease inhibitor is a combination of 2§,3S,58)-5-(N-(N-
{((N-methyl-N-{{(2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)L-valinyl)amino-2- (N- {(5-
thiazolyl)methoxy-carbonyl) -anino) -amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir) and (28, 3§, 58)-2-(2,6-
Dimethylphenoxyacetyl)amino-3-hydroxy-5-[2S8- (1-tetrahydro-
pyrimid-2-onyl)-3-methyl butanoyl] amino-1,6-diphenylhexane

(ABT-378) .

8. The composition of Claim 2 wherein said solid

dispersion is encapsulated in a hard gelatin capsule.

9. The composition of Claim 2 wherein said solid

dispersion is compressed into a tablet.

10. The composition of Claim 1 further comprising an

additive or a mixture of additives independently selected
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from the group consisting of pharmaceutically acceptable

surfactants and antioxidants.

11. The composition of Claim 1 wherein said

pharmaceutical compcund is fenofibrate.

12. The composition of _aim 1 wherein said

pharmaceutical compound is gr:seofulvin.

13. A method of prepar:ng a composition of Claim 1
which comprises:

a) dissolving a pharmaceutical compound inhibitor
into an organic solvent to form a solution;

b) adding a water soluble carrier to said
solution to form a mixture;

¢) adding PVP to said mixture of step b);

d) optionally flasn =vaporating said solvent;

e) optionally drying the resulting residue
remaining after evaporation;

f) optionally grinidiang and sieving the solid

dispersion to ootain a resultant product.
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14. The method of Claim 13 additionally comprising
encapsulating the solid dispersion in a hard gelatin

capsule.

15. The method of Claim 13 additionally comprising

compressing said solid dispersion into a tablet.

16. The method of Claim 13 wherein said

pharmaceutical compound is an HIV protease inhibitor.

17. The method of Claim 16 wherein said HIV protease
inhibitor is selected from the group consisting of
(25,35,58) -5- (N- (N- ( (N-methyl-N- ((2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)L-valinyl)amino-2-{(N- ((5-
thiazolyl)methoxy-carbonyl) -amino) -amino-1, 6-diphenyl-3-~
hydroxyhexane (ritonavir) and (28, 35, 58)-2-(2,6)-
Dimethylphenoxyacetyl)amino-3-hydroxy-5-

[25- (1-tetrahydro-pyrimid-2-onyl) -3-methyl butanoyl]

amino-1, 6-diphenylhexane (ABT-378).

18. The method of Claim 13 wherein said solvent is

ethanol.
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19. The method of Claim 13 wherein said water soluble

carrier is polyethylene glycc. (PEG).

20. A method of treating an HIV infection comprising
5 administering an effective anmount of a solid dispersion of
Claim 1 to a mammal in need -7 such treatment, wherein said

pharmaceutical compound is ai. HIV protease inhibitor.

21. The method of Clair. 20 wherein said HIV protease
10 inhibitor 1s selected from the group consisting of
(2S5,38,58) -5- (N- (N- ( {N-methy. -I- {(2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)L-valinyl)amino-2- (N- ({5-
thiazolyl)methoxy-carbonyl) -arino) -amino-1, é-diphenyl-3-
hydroxyhexane (ritonavir) anc (28, 38, 58)-2-(2,6)-
15 Dimethylphenoxyacetyl)amino-:-hydroxy-5-
[28- (1-tetrahydro-pyrimid-2-cryl)-3-methyl butanoyl]

amino-1,6-diphenylhexane (AET-378).

22. A method of treatinc hyperlipidemia comprising
20 administering an effective z1ount of a solid dispersion of
Claim 1 to a mammal in need -i such treatment, wherein said

pharmaceutical compound 1is fenofibrate.
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23. A method of treating a fungal infection
comprising administering an effective amount of a solid
dispersion of Claim 1 to a mammal in need of such
treatment, wherein said pharmaceutical compound is

griseofulvin.
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ABT-538 Isothermal Calorimetry (40°C)
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Figure 6



WO 01/34119 7 15 PCT/US00/31072

FN: 538peg0h .RD ID: 30X538/PEG-AT-0MA SCINTAGB/USA

DATE: 05/26/98 TIME: 12: 43 PT: 0.36000 STEP; 0.03000 WL: 1.54060
£PS 35.31 17 .66 11.78 8.838 7.078 5,901 5.064 4,436
8000.0 iyt -L ~- : 1 i 100

30XABTH538 Solid Dispersion :n PEG and PEG with 15XPVP
7200.0 Stability st 50C - 80
5400.0 - = BO
5600.0 - 15: BS5»PVP: PEG t=272h ™ 70
4800.0 - 60
15: B5=PVP: PEG t=0h

4000.0 - - 50
3200.0 r~ 40
2400.0 - - 30
1600.0 PEG t=0h 20
800.0 1 ~ 40
0.0 ) AL AL DL LA A L A0 SR N N S L S A A S A e (L B L AL L R R T T 7T [}
2.8 5.0 2.5 HING i2.5 18.0 17,8 20.0

Figure 7



WO 01/34119 8 / 15 PCT/US00/31072

FN: PEGBOOONEN . RD ID: PROCESSED PEG-8000. 59283-82 SCINTAG/USA
DATE: 06/01/88 TIME: 43; 07 PT: 0.36000 STEP: 0.03000 NL: 1.54060
hpg 17,66 6.838 5.804 4,436 3.588 2.976 2.562 2.2%2y
8000.0 l ?3 ?o ? ? ? 100
7200.0 - 80
6400.0 - B0
48XFEN SOLID DISPERSION
5600.0 IN PEG - 70
4800.0 FeN: PEG=1%: B5 PHYS MIX - 60
4000.0- - 50
3200.07 FENOFIBRATE L 40
2400, 0 - 30
1600.0 \ processen PEGBOCO - 20
800,01 - 40
o.oTrTrT T T T T T T T T T T T T T T T T T T ]
-1 A0 a5 20 258 20 =

Figure 8



WO 01/34119 9 15 PCT/US00/31072
FN: 61266188.RD ID: 10XPVP DISPERSION IN PEGBOOO SCINTAG/USA
DATE: 05/26/88 TIME: 13: 24 PT: 0.36000 STEP: 0.03000 WL: 1.54060
RS 17,66 8.838 5.9014 4. 436 3.5%8 2.976 2.%862 2.252¢
8000. ! i I AR 7 ¥ 100
7200. ! i - 80
B8400. 15XFen SD in PEG: PYPw= - 80

80: 10
5600. r 70
45X fen An PEG: PYP=SD;
4800 . phys mix -~ 80
i
4000. L 50
Fenofibrate
3200. - 40
2400. - 30
{
1600. processsd PEG: PVP=8Q: L 20
800. - 10
Q. TryrJyvrryrrrrrJyrqirrr 1 rrryYrJrrrryrrrorpr e 0
= FY-1 - 40

Figure 9




WO 01/34119 10 / 15 PCT/US00/31072

FN: FENOPEGO1 .RD ID: ASXFENO/PEG, 61266174-RT SCINTAG/USA
DATE: 05/15/898 TIME: 16: 28 PT: 1.80000 STEP: 0.03000 WL: 1.54060
bps ©.838 7.(178 5.?01 5.964 4.135 3.?43 3.?59 3.341 2.976 ¢
8000.0 ""yxxFen SD in PESE000 100
Exp performed at 25C
7200.0 - - a0
[t
6400.0 ) I ao
15XFen 8D te=i2h

5600.0 - - 70

4800.0 ~ 80
15XFen SD t=4h

4000.0 ‘ - 50

3200.0- 418XFen SD t=2h L 40

2400.0 - - 30
415XFen SO t=ih

1600.0 20
1%%Fan SO twOh

800.0 1 ~ 40

0.0 rrrrfIrtrrr I rrry T T T T L T T o

0.0 12.8 5.0 42.5 20.0 22.5

Figure 10



WO 01/34119 11 15 PCT/US00/31072

FN: 642561B5.RD ID: ASXFENOFIBRATE/PEG/10XPYP, 61266488 SCINTAG/USA
DATE: 05/22/88 TIME: 10: 34 PT: 0.36000 STEP: 0.03000 WL: 1.54060

P 8.838 7.976 §.901 5.064 4,436 3.948 3.559 3.844 2.976 x
B8000.0 j GL q 1 q "f q 100

15KFen 8D in PEG: PVP=80: 10

7200'07 Exp performed at 28C - 90

6400.0 7 - 80

15XFen S0 t=i2h 70

5600.0 -

4B00.0 / - 60

{SXFen SO t=4h
4000.0 1 !
/| ?
3200.0 - 15XFen SD tw=2h ‘) /

I~ B0

40

e

!
1
2400.0 - ] - 30
15XFen SD t=ih !
1
41500.0 J - 20
I
15XFen SD teOh
B0C.0 - 10
6.0 TIty T T v 1TIryryryr 1T T T [+
10,90 2.5 15,0 2.8 £8.0 22.8 25.0 21.8 30.0

Figure 11



WO 01/34119 12 7 15 PCT/US00/31072

FN: pegB00Onew . RO ID: PROCESSED PEG-8000, 59283-82 SCINTAG/USA
DATE: 06/04/98 TIME: 13: 07 PT: 0.36000 STEP: 0.03000 Wi: 1.54060
bps 17,66 8.838 5.901 4,436 3.558 2.§76 2.562 g
8000.0 §S go 1 ?5 q 100
7200.0 - 80
8400.0 '1 - a0
15%6rie 8D in PEGBOOO
B600.0 - 70
4800 .0 - I~ 60
Grie: PEG=15: B5 phys mix
4000.0 M - 50
3200.0 -jeriesofulvin - 40
2400.0 - - 30
1600.0 - 20
processed PEGBO0OO
800.0 - 40
0.0 LA R o SNy (N ues SN SRS ST MUY IRt S St S [N SN SN NS sy S SHND SNED SHES Suy RN S SR S | [+]
10 1S _20 25 30 a5

Figure 12



WO 01/34119 13 15 PCT/US00/31072

FN: 070387-3.RD ID: GRISEOFULVIN SIGMA SCINTAG/USA
CATE: 07/03/87 TIME: 18: 45 PT: 0.38000 STEP: 0.03000 Wi: 1.54060
bos  17.86 ©.838 5.8014 4.438 3.558 2.978 2.562
8000.0 = i 1 i 1 100
7200.0 - 80
6400.0 - 80
5600.0 7 45x6r18 50 diepersion F 70
in PES: PVP=B0: 20
4800, 0 - 60
45X8ris phye mix in
4000.0 - 50
PES: PVP=80:; 20
3200.0 - 40
PEG: PYP=B0: 20
2400.0 - 30
1600.0 - 20
Grigeofulvin
B00.0 ~] | i - 10
0.0 L NN S SN SUNSt S N R SEE NN A BN BN S i (N S S SN Sl SN S S A SRS S SR Sane San [}
10 5\ 25 30 b - S

Figure 13



WO 01734119 14 / 15 PCT/US00/31072
FN: GRIPEG251.RD 1ID; 15XGR1/PEG-25C—0 SCINTAG/USA
DATE: 05/28/68 TIME: 08: 2B PT: 4.80600 STEP: 0.03000 WL: 1.54060
pes ;7 66 11.78 8.§38 7.076 5.901 5.064 4"-3:;05
. 15XGr1m 6D in PEGBO0O Y
7200.0 Exp performed st 25C L ag
6400.0 - ;’ 3 8o
ms00.0 15%Gris SD t=isn L 7o
|
4800.0 - { B8O
15XGris SO te=ioh N
4000.0 - - 50
15XGris BD tmbh \
3200.0 - 40
2400.0 15XGris SO t=in - 30
T \.,,/ - 20
45XG6ris 5D t=0h
B00.0 - 10
0.0 T T T T T T T T T T 1 T 4]
5.0 _2.E 10.0 12.5 15.0 17.5 20.0

Figure 14



WO 01/34119 15 15 PCT/US00/31072

FN: gr3120pvp1.RD 1D: 18XGRI/PEG/20XPVP-25C-0H SCINTAG/USA
DATE: 06/02/98 TIME: 15: 07 PT: 4,80000 STEP: 0.03000 WL: 1.54060
ngoo ;7 66 11,78 &8.838 7.976 5.801 5.964 4. 3&:
) 15%6ris SO in PEG: PYP=80: 20 \‘
7200.0-] Exp psrtormec at 25C ' 90
!
8400.0 - \ a0
A
5600.0 70
15X6ris SD t=18h \
4800.0 60
15X6ris SO t=10h
3200.0- 45%6ris SD t~bh - 40
.0 30
2400-971 yuxeris SD t=th
1600.0 - 20
15%6ris SO teOh
B00.0 - 10
0.0 T 7 1 ™71 1 T T T T 171 7T Y T 71 1 17 1.3 T T 7.7 51 1. 1T 71 0
5.9 2.5 49.0 1.5 15.0 7.5 20,0

Figure 15



United States Patent [

(111 Patent Number: 4,769,236

*
Panoz et al. {451 Date of Patent: Sep. 6, 1988
[54] MEDICAMENTS WITH A HIGH DEGREE OF 2050828A  1/1981 United Kingdom .
oLOBILITY AND METHOD FOR THEIR OTHER PUBLICATIONS
' . Lippold et al., C.A. 89#12145b (1978).
(7] Tnventors: Donald E. Panoz, Athlone; OWen I patebiian, Chem Abstr., 83: 136757y (1975) of I. Pharm.
gan, ! Sci. (1975) 64(8): 1269-1288, Characterization of Habit
[73] Assignee: Elan Corporation, PLC, Athline, and Crystalline Modification of Solids and their Phar-
Ireland maceutical Applications.
[*] Notice: The portion of the term of this patent Beyer, C.A., 89#152645Q (1978) of Acta Pharm.
subsequent to Sep. 9, 2003 has been  Technol. (1978), 24(2), 171-174, Kala et al, C.A.
disclaimed. 95#12664u (1981) of Pharmazie (1981) 36(2): 106-111.
Nuernberg et al., C.A. 91#9445K (1979) of Acta
{211 Appl. No.: 864,827 Pharm. Technol. (1979), 25(1): 49-63.
[22] Filed: May 19, 1986 Junginger, C.A. 85#130430f (1976) of Pharm. Ind.
(1976) 38(5): 461-471.
Related U.S. Application Data Arita et al., C.A. 92#135314a (1980) of Gekkan Kyus-
o chi (1979), 21(12): 2737-2745.
(631 Continuation of Ser. No. 646,485, Aug. 31, 1984, Pat.  ioriyama et al, C.A. 85#123640N (1976) of Japan
o. 4,610,875, which is a continuation of Ser. No. A
422,444, Sep. 23, 1982, abandoned. Kokai, 76 63925, 02 Jun. 1976. .
. L. L. Nuernberg, C.A. 86#86034 (1977) of Prog. Colloid
{301 Foreign Application Priority Data Polym. Sci., (1976), 5 55-69.
Apr. 19, 1982 [FR]  FIANCE weruvererresmirereererecensns 8206646  Lippold et al., C.A. 89#12145b (1978) of Ger. Offen
(51] Ent, CL# oo AGIK 31/79; AGIK 9/14 2634004, 02 Feb. 1978.
[52] US.CL .. 424/80; 424/78;  Primary Examiner—Shep K. Rose
424/489; 424/497; 424/501; 514/951 Attorney, Agent, or Firm—Robert H. Falk; Randall C.
[58] Field of Search ........c.eoc.... 424/80, 78, 489, 497, Brown
4247301 159y ABSTRACT
[56] References Cited The present invention relates to medicaments with a
U.S. PATENT DOCUMENTS high degree of dissolution rate and solubility. These
4.412.986 11/1983 Kawata et al oo, 424/80 medicaments are characterized in that they are in amor-
4,540,602 9/1985 Motoyama et al. ..., 427 phous form produced by spraying in the presence of a
4,610,875 9/1986 Panoz et al wevvceveriemrssssssen. 424/80  stabilizer and of an agent inhibiting the formation of

FOREIGN PATENT DOCUMENTS
0001247 4/1979 European Pat. Off. .

crystals.

1 Claim, 2 Drawing Sheets



US. Patent  Sep. 6, 1988 Sheet 1 of 2 4,769,236

FIG.1

200 A

150

100 |

Conc . { mg/100ml.)

50-4 ?a

50 100 150 200 250



US. Patent  sep. 6, 1988 Sheet 2 of 2 4,769,236

N

20

30



4,769,236

1

MEDICAMENTS WITH A HIGH DEGREE OF
SOLUBILITY AND METHOD FOR THEIR
PRODUCTION

This application is a continuation of application Ser.
No. 646,485, filed Aug. 31, 1984, now U.S. Pat. No.
4,610,875, which in turn is a continuation of Ser. No.
422,444, filed Sept. 23, 1982, now abandoned.

The present invention relates to medicaments with a
high degree of dissolution rate and solubility and to a
method for their production.

It is known and widely demonstrated that the dissolu-
tion rate and solubility of a medicament represents a
determining factor in its therapeutic activity. It is
known that therapeutic activity depends on the bio-
availability of the medicament, which is a function of
good and/or complete absorption. The latter depends
on the degree of dissolution of the active principle form-
ing the medicament. The good dissolution of a medica-
ment is all the more indispensable as there exists a cer-
tain and very limited area of the gastro-intestinal tract
adapted to absorb the medicament and the non-availa-
bility of a medicament following its poor or incomplete
dissolution in contact with this area causes poor absorp-
tion and, thereby, a therapeutic action which ranges
from reduced to very variable. It should be added also
that a high degree of solubility of a medicament enables
the preparation, if desired, of concentrated liquid forms.
Now the liquid form of a medicament enables the posol-
ogy to be easily varied, lends itself to coloring, to sweet-
ening and to the aromatization of the medicament vehi-
cle. Once diluted, medicaments are less irritaing than in
cachets, powders, tablets or pills, pharmaceutical forms
which place them in direct contact with the mucuous
membranes, at which local irritation of the gastric mu-
cous tissue can occur. Sometimes, the liquid form is
indispensable as, for example, for hygroscopic products
and liquid eutectic mixtures which cannot be put into
powders or cachets.

It is known that crystalline forms (the most stable
forms) are those which dissolve with most difficulty;
thus for a Jong time attempts have been made to prepare
medicaments containing the active principles in amor-
phous form, of which form the solubility is higher than
that of the crystalline form (See review of J. Haleblain,
J. Pharm. Sci. 64, 1269 (1975)). However, these amor-
phous forms present the problem that they are con-
verted readily in time into crystalline forms, i.e., amor-
phous forms may not be physically stable, which is a
very serious drawback for maintaining the enhanced
dissolution of a substance for therapeutic use.

Accordingly it is an object of the present invention to
provide a medicinal form with a high degree of solubil-
ity and dissolution preserving a physical and chemical
stability necessary for any medicament.

According to the invention there is provided a medi-
cament with a high degree of solubility characterized in
that it is in amorphous form obtained by spraying in the
presence of a stabilizer and of an agent inhibiting crystal
formation.

According to an advantageous embodiment of the
present invention, the stabilizer and the crystal-forma-
tion inhibiting agent are constituted by polyvinylpyrrol-
idone.

According to another advantageous embodiment of
the present invention, the inhibiting agent is constituted

10
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2
by the mixture polyethyleneglycol-polyvinylpyrroli-
done.

According to the invention the concentration of the
inhibiting agent present at the time of spraying is com-
prised between 1 and 50% with respect to the active
principle (weight/weight). :

The amount of stabilizer and of crystal formation
inhibiting agent added before the spraying is of course a
function of the nature of the active principle utilized.
The more physically unstable the medicinal substance in
the amorphous phase or the more it tends to form crys-
tals, the greater is the amount of inhibiting polymer
added.

The inhibiting polymer must be added before the
spraying of the medicament, since the simple mixing of
the inhibitor with the active principle sprayed alone,
without the inhibitor, leads to a product whose sotubil-
ity dissolution characteristics are, by a long way, infe-
rior to those obtained with the products according to
the present invention.

Moreover, numerous analyses, and particularly dif-
ferential scanning calorimetry (DSC) carried out by
Applicant have enabled it to be envisaged that a large
part of the medicinal substance is in the form of an
amorphous complex: medicinal substance-polyvinyl-
pyrrolidone.

According to another aspect of the present invention,
there is provided a process for the preparation of medi-
caments, characterized in that the active principle and
the inhibiting polymer are dissolved in a solvent, with
heating if necessary, then atomized in a sprayer, the
input and output temperatures being comprised respec-
tively between 110° and 150° C. and 80° to 120° C.

According to an advantageous embodiment of the
method according to the present invention, the solvent
for dissolving the active substance and the inhibitor is
constituted by water and/or a low molecular weight
alcahol (Cy to Cy).

Apart from the foregoing features, the invention also
comprises other features which will emerge from the
description which follows.

The present invention will be better understood by
means of the additional description which follows, in
which examples of the preparation of novel medica-
ments according to the present invention are given, as
well as the characteristics of the various products ob-
tained.

It must be well understood, however, that these ex-
amples are given purely by way of illustration of the
invention of which they do not constitute in any way a
limitation thereof.

EXAMPLES OF THE PREPARATION
Example 1
Preparation of hydroflumethiazide

In 50 parts of ethanol are dissolved 1 part of hydro-
flumethiazide and 0.1 parts of polyvinylpyrrolidone.
This solution is then atomized (for example in a BUCHI
190 apparatus). The feed temperature is adjusted to 132°
and the output temperature to 98° C. Atomizing flow
rate: 750 ml/hour.

FIG. 1 shows the solubility graphs of unatomized
hydroflumethiazide (graph a), hydroflumethiazide at-
omized in the absence of PVP (graph b), hydroflume-
thiazide atomized but mixed with 10% of PVP (graph
c), and, hydroflumethiazide atomized according to Ex-
ample 1 (graph d).
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It is clearly seen that the process according to the
present invention enables the solubility of the medica-
ment to be considerably increased, while the latter is
much less affected by a simple hydroflume-
thiazide + PVP mixture.

The product obtained according to Example 1 is
practically unchanged in structure over at least four
months, whilst a sample of hydrolumethiazide atomized
without the presence of PVP is converted entirely into
the crystalline form at the end of 12 days.

Example 2
Preparation of dipyridamole

Procedure was as described in Example 1, but solu-
tions containing 0%, 5%, 10%, 20% and 35% of PVP
with respect to the weight of dipyridamole, were pre-
pared and them atomized.

FIG. 2 shows the X-ray diffraction curves of the
different products obtained. It is to be noted that the
diffraction curve of the mixture dipyridamole-PVP 3:1
(curve M) has an entirely different shape from the curve
5.

Curve 1 represents 0% of PVP.

Curve 2 represents 5% of PVP.

Curve 3 represents 10% of PVP.

Curve 4 represents 20% of PVP.

Curve 5 represents 35% of PVP.

The solubility of the product represented by curve §
is twice greater than that of the mixture M.

Examples 3 to 25

Results as interesting as those described in Examples
1 and 2 were obtained by utilizing the following medi-
caments: hydrochlorthiazide, cyclothiazide, cyclopen-
thiazide, polythiazide, methyldopa, spironolactone,
quinidine, cyanidol, metronidazole,ibuprofen, na-
proxen, erythromycin, glaphenin, furosemide, suloc-
tidil, nitrofurantoin, indomethacin, flavoxate, phenobar-
bital, cyclandelate, ketoprofen, naftidrofuryl and
triamterene.

It results from the foregoing description that what-
ever the types of application and embodiments adopted,
medicaments which are stable over time and of course
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solubility are obtained, much superior to that of previ-
ously known medicaments.

Thus as emerges from the foregoing, the invention is
in no way limited to those in its types of application,
embodiments and uses which have just been described
more explicitly; it encompasses thereof on the contrary
all modifications which may come to the mind of the
technician skilled in the art, without departing from the
scope, nor the range, of the present invention.

We claim:

1. A process for the preparation of a stable pharma-
ceutical composition with a high dissolution rate in the
gastrointestinal tract, in which an active principle is in
an amorphous form which is stable against changing in
time to the crystalline form, comprising the steps of:

dissolving, in a pharmaceutically acceptable solvent

constituted by water, a low molecular weight C; to
Csalcohol or mixtures thereof, an active non-amor-
phous principle soluble therein selected from the
group consisting of hydroflumethiazide, dipyrida-
mole, hydrochlorothiazide, cyclothiazide, cy-
clopenthiazide, polythiazide, methyldopa, spirono-
lactone, quinidine, cyanidol, metronidazole, ibu-
profen, naproxen, erythromycin, glaphenin, furose-
mide, suloctidil, nitrofurantoin, indomethacin, fla-
voxate, phenobarbital, cyclandelate, ketoprofen,
naftidrofuryl and triamterene wherein said active
principle is a medicament which exhibits poor solu-
bility and sub-optional biopharmaceutical proper-
ties and which is normally in crystalline form, and
a stabilizing and crystal-formation-inhibiting
amount of between about 1 to 50% w/w with re-
spect to the active principle of polyalkyleneglycol-
polyvinylpyrrolidone to form a solution;

heating said solution to about 110° to about 150° C,;

and

atomizing said heated solution at an input tempera-

ture of about 110° to about 150° C. in a sprayer
such that the output temperature is between about
80° and about 120° C. to obtain a stable amorphous
active principle-polyalkyleneglycol-polyvinylpyr-
rolidone composition.

* & % % X
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For the Examining Division

Enclosure(s): Copy of result of consultation (Form 2036)
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Consultation by telephone with the applicant / representative

Despatch for information

Participants
Applicant: Abbott Laboratories
Representative: Wolfgang Thathammer

Member(s) of the
Examining Division: Muller, Sophie

Result of consultation

In the telephone conversation of today 09 April 2009 which took place between the representative
W. Thalhammer and the examiner S. Muller, S. Muller states that the set of claims as filed with
letter of 04 April 2008 lacks inventive step in view of D2 (WO01034119).

W. Thalhammer will contact S. Muller again next week.
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